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ABSTRACT g

The purpose of the insertion of a camera into the reactor vessel through a
leadscrew opening, known as the Quick Look, was to visualiy inspect a portion
of the plenum and Tuel inside the TMI-2 reactor vessel in order to make an
assessment of the.:r condition. This was accomplished by uncoupling the center
control rod drive mechanism (CRDM) leadscrew from the control rod assembly and
removing the leadscrew from the CRDM, resulting in an access path to a plenum
guide tube and to the core region. This report doscribes the preparations and
plant modifications required to accomplish this Quick Look. Additionally, the
report summarizes the containment entries, data collected, and the observations
from the camera inspections. As a result of the Quick Look, two general con-
clusions can be made: (a) although a significant amount of debris was observed,
nlenum distortion was not apparent, and (b) the top center of the core was ob-
served in the form of a loose rubble bed approximately 5 feet below the design

location.
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1. INTRODUCTION

1.1 Objective of the Quick Look Inspection

The objective of the Quick Look Inspection was to inspect control rod
guide tubes a portion of the upper grid, the tops of fuel assemblies, and, if
upper end fittings were missing, the reactor core. This inspection provided
the first visual information on the condition of the core and upper internals
and was of significant interest to both researchers and recovery planners. A
significant benchmark was established from which the projected range of core

condition and accident sequence estimates can be narrowed (see Figure 1-1)

The method for obtaining this information was to insert a radiation-
tolerant, underwater closed-ciruit television (CCTV) camera through an opening
created by the removal of a leadscrew from a control rod drive mechanism (CRDM)
(see Figure 1-2). The camera was manipulated using the camera power cable and

a separate articulating cable Lo ~btain access to the desired inspection areas

The hasic approach was to lower the TV camera from the tep of a control
rod drive mechanism, down through the leadscrew hole to the region of the tenth
spacer plate of a guide tube in tre upper plenum assembiy (see Figure 1-3).

The main inspection was to start in the general region of the tenth spacer
plate {(<ee Figure 1-4) and then, depending on the conditions found, attempt the

following inspecticns:

1. General area ‘nspecton of the tenth spacer plate and upper end
fitting of the fuel assembly (see Figure 1-5) directly below

“he opened leadscrew hole.
2. Inspection nf the upper end fittings cf the four adjacent fuel

assemblies by manipulating the TV camera out the flow holes in

the side of the guide tuhe.

1-1
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3. Following the inspection of each adjacent fuel assembly end
fitting, inspect the next outer fuel assembly which has a
control rod assembly (see Figure 1-6), in an attempt to determine

the status of its end fittings.

4. A detailed inspection of the end fitting directly below the
opened leadscrew hole, followed by a detailed inspection of the
tenth spacer plate and its guide tubes. If the inspection of
this region indicated that it has seen higher temperatures, the

eighth and ninth spacer castings were also to be inspected.

I[f, during the above examination, end fittings were found to be missing,
the general intent was to continue the inspection along the pattern described
above without Towering the camera into the fuel region. If an end fitting was
found to be missing from its normal position and the above inspections had been
basically completed, the 1V camera was to be lowered through the opening to
determine where the top of the core was generally located, and a general

inspection made to determine conditions in that region.

As a follow-up to the core inspections, leadscrew uncoupling was attempted
on all the leadscrews not uncoupled for the camera inspections. Information
gained from this activity will be used to determine what contingency tooling

will be required to support reactor vessel head removal.

1.2 Establishea Schedule

The Leadscrew Quick Look Schedule No. S-1, Figure 1-7, reflects the
originally scheduled activities with a second line showing actual or forecast
dates for progress and performance retermination. Key milestores for the task

included:

1. Safety evaluation approval

2. Lowering of the primary system water level

1-2



3. Removal and cutting of the leadscrew

4. Video inspection

The Quick Look I camera inspection was originally scheduled for the week
ending July 23, 1982, and was in fact performed on July 21, 1982. After the
Quick Look I camera inspection, Quick Look II, Quick Look III, and leadscrew

uncoupling activities were scheduled as follows:
o Quicx Look Il - August 5, 1982
0 Quick Look TII - August 12, 1982

o Leadscrew Unceup'ing - August 23 and 25, 1982

1.3 sSequence of Quick Look Camera Inspections

1.3.1 Quick Looy © - ouiy 21, 1982

Tne camer - was lowere: intou tne CRDM guide tube at position 8H (see Figure
-3, &7roy the insiue o7 the guide tube wac eramined to the level o1 the f:p
ol tne Ccove, thr camera was snaked through a flov hole in the guide tube into
an adiacent location.  Due to Lymmetry and tace o f reference points, the new

. B B, b
incation of the camera wat .ndeterminate.  In this position, as in position 8H,

the contral spider was not visibie.

The camera was ther retriscted intc the 2H guide tube and lowered into the
core vegion.  Nothing wac observed untii the camera encountered a rubble bed,
approximate ., 5 feet below the top of the core region. After scanning the
debri<. the camer3 was rotated upward into a vertical position and raiseu to a

noint from which the undercside of the upper plenum assembly was viewed.

2nce the upper plenur wac zcanned, the draw cable was lowered until the

camera was horizontal. In tnis Losition, the camera was rutated through

250 degrees at a point 1t frcnes above the rubble bed without obstruction. The

B

sweep, 0f the camera was 1 ‘rines in diameter, which indicated that the void at




the center of the core encompassed at least the nine fuel elements surrounding

position 8H.

1.3.2 Quick Look II - August 6, 1982

The leadscrews at the 8B and 3t positions were removed in preparation for
this camera inspection. An auxiliary light was lowered into the void through
the 8H guide tube. The first insertion of the camera took place on the core
periphery through 8B. O0Ouring the inspection of the control spider, which was
in its normal pesition, the Tight on the camera failed. When the camera was

replaced, the inspection of the spider continued.

The camera was raised and maneuvered into an adjacent location where a
burnable poison rod assembly (BPRA) was located. From this position, the BPRA
retainer with the spider hub inside was visib'e. Since this spider and the one
at 8B were still in their normal locations, the camera could not be lowered

further.

After the camera was withdrawn from 8B, it was lowered into the core
region through the 9t guide tube. Nothing was encountered until the camera
reached the rubble bed, approximately 5 feet below the top of the core region.
The examination of the debris in the rubble bed was extencive, since much of

the debris was identifiable.

Attempts were made to rotate the camera around a vertical axis, as was
done in the first Quick Look; however, the camera and cable were repeatedly
obstructed. The camera was then pointed upward and raised until it came into
contact with the underside of the plenum. The junction of four upper end
fittings without fuel bundles attached, but still suspended from the underside

of the plenum, was observed.
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1.3.3 Quick Look III - August 12, 1982

In this final camera inspection, the camera was inserted through the 9E
guide tube with the auxiliary light irnserted through 8H. The inside of the
guide tube was reexamined, as were the underside of the plenum and the rubble.
A stainless steel rod was used to probe the rubble at positions 8H and 9E. In
both places, the rod appeared to penetrate 14 inches into the rubble bed (see
Section 3.4).

The first camera was removed and a second camera, fitted with a right-
angle viewing lens, was inserted at 9E to perform a detailed examination of the
CRDM guide tube. When the examination had been performed, a panoramic scan

was made 2 feet 6 inches below the top of the core region.

1-5
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. < SH.3 '\l_(‘\g)m«- sH.a Oy °

472 | 4/9 | a/16] 4/23] 430 5/7@5/4 [s/11] s6/18] 6/25[ 7727 |

WEIZK ENDING

IR e

VL L e



RY DAYS

\A 4 Yy ¥ A A BB A AVERVAVAVERVAVAVS

LYy Y ¥ _ ¥ - ‘ o]
bl 5/7 [sna[s/21[s5/28 674 _6/11 6/s18] 6s25| 772 [ 7/9 [ 1116] 7/23] 7/30[ 8/6 ' 8/13{ 8720 B /27
o e oc 13 FEESET: Lom(\-, " l
N —PLATFORM FOR “OC'“: “— SEAVICE STRUCTURE
® —~9- ®
-/’; sn.S'j:i,- RS oy RV Ny PREP o oYk
: a REQUIREME nT
o & > DELETED
~
S
. ..’;"- Sh.6
PROCUAE =" —
O C
2 WOE, JE.. i3 -9 S
o Wi 4001 PACCURE OC '
- 1BATERY PACKS ) MODEL Oﬂ_o
1.6. RN R i
G.) “r\ )REV v—ﬂ_—"),’,\'j:)
w2 MSHLT
SHot T
) W
-
; -~ SERVICL STQUCTURE
- — DECON DELEYED
. PER BIBC 0]85
*—e
AN Suv

AY
T.G. INPUY TO (BC

. - pae o 534S

LEGEND ¢

O—0O START OR F:tiiSH OF WORK
ACTIVITY

@—® ACTiVvITY COMPLETED

) ENGINEERING START

@  TECHNICAL EVALUATION
REPORT

{0 PLACE PO ’CONTRACT/BiD

¢ CONSTRUCT:OM START

¥  MILESTONE

- ---=RESTRAINT INDICATES THE
OEPENDENCY OF ONE WORK
ACTIVITY OH ANOTHER

RESTRAINT FROM ANOTHER
ACTIVITY TO LINC 16

.+ RESTRAINT FROM L]
AMOTHER ACT:v:Tv'NE

_ ___(iNDICATES .
— TRrEee REDUCED WORK

STATUS DATE L

-- - =16}

16 TO

iNE

ABBREVIATIONS

BC -BECHTEL NORTHERI. CONSTRUCTION

BE -BECHTEL NORTHER:t' ENGINEERING

8L -BECHTEL NORTHERN L iAISON
ENGIMEERING

Baw -3ABCOCY. 8 W LCOX

GPUI: -GENERAL PUBLIC UTILITIES
HUJCLEAR

T.G. -LEADSCREW QUIiCK LOOK TASK
GROUP

Vi.P¥G.-WORK PACKAGE

1SS. -ISSJUE

REQ. -REQUIREMENTS

TRt -TRAIN

REV. -REVISE

PREP. -PREPARAT [ ONS
R ROVIEW

A -4PPROVE

Yt SIH-CONTATHMENT wCTivVITY
PHASE -1 SJUBMIT TO PORC.

PHLSE -1 PORC. RE/'W. 8 APPRY/._.
SUBMIT TO NRC

NRC R 8 4. GPU

PHsSE -1 11 SiGh

OF F

ey, IREVISION B PROGRESS s |20 e
e — 5 ] scwees o
BECHTEL NCATHERN CORPORAT|ON
GAITHERSBURG. MD
2 ER GENERAL PUBLIC UTILITIES NUCLEAR
O DuaSE '1:__}7) R METROPQLITAN EDIS&TT ’
— Py Py | THREE MILE ISLAND-U

Figure 1-7. Leadscrew Quick Look.
(Continued)
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SCHEDULE DESCRIPTION

WEEK ENDING ENTRY DATYS

v —¥__ ¥ ]
472 [ass 4/16[4/23]4/30 5/1 | 571 415/4115/25 6/4 ! /11 5/18] 625! 7/

SYSTFM LEVEL

>
a
e
=
—
[+ 4
a
@x
w
=
o
p)

SAMPLE PACKAGES:

CRDM VENT GAS SAMPLE (4.1)

WATER LEVEL MONITORING:

ENGINEERING-DIGTTAL
READOUT SYSTEM

-DEVELOPMENT /

PROCURE DIGITAL SYSTEM
PARTS

HOOKUP OF DIGITAL
SYSTEM

DETERMINE REQUIREMENTS
FOR TYGOGN OPTION

MOCKUP FOR CROM VENT/
SAMPL | COLLECTION

VENTING IN CONTAINMENT

ENGINEERING ASSESSMENT OF

ALTERNATE RCS SAMPLING
METHOD :

DETERMINE REQUIREMENTS

VENT HIGH POINTS

NITROGEN SYSTEM:

INSTALL REGULATOR ECM
1041

INSTALL HEADERS & HOSES

BLANKET AS REQUIRED

GPU/BNI REV -~ =i20iSH.2
a8 COmmen? et

EGBC DRAFT PKG j :

EMGINEERING (RE @

4
T

‘O 155 ECM

Iss P/R PROCURE
(GPUNY

(}_ ‘BE: : N C
® ~@—

‘ ThLTALL TS
3{) iy TURtw R ;,

DE TERMINE
REOS -

REQUIREMEKT DELETED

—S

1SS VENT ASSISSMCMT (BE

REV|

1SS ECM (BE ) INSTALL TURNOVER

T.G. INPYT 10 B.C.

4s2 | 4s9 | 4/16] 4/23] 4/30] 577 | 5/14] 57s21) 5/28 674 [ es1] 6/18| 5/25| 7|

WEEK END ING




————

v . A ,,,*]l:m'll;_Lj!,! v YY YWY U977 LU ,
5/14, 5721, 5/28; 6/ 6€/18| 6/25] 7/2 | 7/9 [1716[ 7/23] 7730 876 ' 8/13] 8/20] B/27| LEGEND:

O—0O START OR FiNISH OF WORY.
ACTIVITY
@—@ ACTIVITY COMPLETED
(O ENGINEERING START
TECHNiCAL EVALUATION
REPORT
PLACE P0O/CCHTRACT/BiD
CONSTRUCTON START
MILESTONE
— PESTRAINT INDICATES THE
DEPENDENCY OF ONE WORE
LCTIVITY Uti ANOTHER
—eiiE RESTRAINT FROM ANOTHER
1ss £cn LCTIVITY TO LiNE 16
) ' 6r--—PRESTRAINT FROM_LINE 16 TO
8 I-HOTHER ACTIVITY

pROCURE i oo JHDICATES REDUCED WORK
U'J} .

STATUS DATE LINE

5\—:“‘5"“3 TURNOVER

ABBREVIATIONS

-BECHTEL NORTHERN CONSTRUCTIOHN
-BECHTEL NORTHERN ENGINEERING

-BECHTEL HORTHERt: LIAISON
REOUIREMENT DELE TEO ENGINHEERING

B4LBCOCr & WILCOX

-GENERAL PUBLIC UTILITIES
MUCLE AR

LEADSCREW QUICKF LOOK TASY
GROUP

.~WOR¥ PACKAGE

-ISSut

-REOU "REMENTS

-TRa !

-REVISE

PREPARATIONS

REVIEW

-AFPROVE

N-COnTLINMENT ACTIVITY
SJBi£2i T Te PORC.
PORC. REVW. & LPPRV/L.
SUBMIT TO MRC
HNRC « 8 A, GPU SIGN OFF

OrPAcgSyYRIZATION OF THE
L T 5 PRECEDE VENTING OF HIGH
REY - PREP A -

>—¢ ot

TURNOVER 'y
CO- - 5 <s¢2 °¢.1510% 8 PROGRESS LTS
E . ,

Rt * FROJ
e e REMARY 5 BY j[chRENGR
f
i
;
i
?

cHECHOUT

BECHTEL NORTHERN CORPORATION

GLITHFRSBURG. WD

GENERAL PUBLIC UTILITIES NUCLEAR
METROPOLITAN EDISON
THREE MILE ISLAND-UNIT 2

Figure 1-7. Leadscrew Quick Look.
{Continued)
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WEEK ENDING v
ENTRY DAYS W . A
SCHEDULE DESCRIPTION No. 42 | as9  a/1e] 4/23] 4/30] 5/7 | 5.14] 5721, Tsvs8] 674 6/ 6/18] 672—5r7/2—| L

MAKE CUTTING TOOL

PROVIDE GLOVE BAG FOR 100L oWE AVAILABLE (BE) . .
LEADSCREW CUTTING ) _ ROV KOS g O ——-——— REQUIREMENT DELETED:3:8C 0762
*r——

PROVIDE ENCLOSURES FOR . .~ _PROVIDE MATYL
CUT LEADSCREW ) 1B () TS 1] Jk}x’!.“_

-
7| VENT 8 UNCOUPLE CRDM . e’

T.GC.
STAGE TOOLS FOR CRDM et
i?UNCOUPLlNG/LS. REMOVAL,CUTTING O

o—

UNCOUPLE /REMOVE LEADSCREW

S 4 10= =
> 0 T.G. 1HPY”

LEADSCREW R1GGING g ¥_bidcoric

PROCEDURES :

[2704-10.5,UNIT 11
CAMERA INSPECTION

SAMPLE PACKAGES:

VIDEO IVSP PLA\ (+.3)

. o 5o, Bt AL
A B H i L COMMENT

8
RCS LlOU]D SAMPLES (4 4) - 9

IN-VESSEL INSPECTION

1 (oL 8L Ap,
o - ses 2. P I

B OPER VIDEOTAPE {Z:é)

T e
4/9 4716, 4,23 4/30 5/7 ' 5/14. 5/21] 5,28’ 6/4 1 6711 6/181 6725 T/2
ENDING B oo )




RY DAYS w . R 1A 1 SV AVAVIRVEYSv : :
bo[ 5/7 [ s14] 5721 “5rze ora e 6/18] 6/25] 7/2 1/9_] 16l 1723 7730 86 | 8,131 8r20] B/27

START 99 FlliiSn OF WORK

T+ COMPLETED
EHGINEEF NG START
SAFETY ASSESSMENT/EVALUATION
CONSTRUCTI™N START
ENTRY
€ RESTRAINT INDICATES THE

DEPENDENCY OF ONE WORK
ACTIVITY ON ANOTHER

< RESTRAINT FROM ANOTHER
213,192 WENT OELETED:318C 0162 --&=16}ACTIVITY TO LINE 16

T 64 _e.- RESTRAINT FROM LINE 16 T0
T 6F-8am ANOTHER ACTIVITY
U . cag. .- - PVC T
Ot * £-TuEs : : « L INDICATES REDUCED WORK
. : EFFOR"
i SH.4 8 .

' .PKG. STATUS DATE LINE

TRN RE/ ~ 1y PREP T SH.4 54:5m.

SH.4 12311 5SH. 3

£BBREVIATIONS.

/
"
v

) : 8C -BECHTEL MNORTHERN CONSTRUCTION
J,R[V PREP . : BE -BECHTEL NORTHERN E..GINEERING
) BL -BECHTEL NORTHERN LIAISON

PN ENGINEERING
Baw 84BCOCY. 8 wWILCOX

GPUN -GENERAL PUBLIC UTILITIES
HUCLEAR

T.G. ~LEADSCREW OUICK LOOK TASK
CROUP

~#OR¥ PACKAGE
-15SUE
Ww.PKG. REOUIREMENTS
T.6.) 4. -TRAIN
8 . 78 -REVISE
1311 4kJ - . : REP. -PREPARATIONS
SH.4 REVIEW
SH.2 20+ - N 2 -4PPROVE
1M-CONTAINMENT ACTIVITY
N PEG. -5u3M1T T0 PORC.
recv% v PR - SHESE 1T -POPC. ALVW. B APPRYL.
SUBMiT TO “RC
111 -NRC 2 8 4. GPU SiGN OFF

: PIGTING REQUTREMENTS 70 &
DETERMINED FOLLOWING RAD SURVEY
OF LEADSCREW PIECES.

- i

5.0 & PROGRESS i,‘){u;‘

i  PRO.J]
1[‘4GR|ENGR

BECHTEL NORTHERN CORPORAT!ON
GALTHERSBLAG, MD
GENERAL PUBLIC UTILITIES NUCLEAR
METROPOLITAN EDISON
THREE MILE ISLAND-UNIT 2

Figure 1-7. Leadscrew Quick Look.
(Continued)
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WEEK ENDING

ENTRY Davs
DESCRIPTION Lol RESP. T . L 2 v Y Y v vv L 4
SCHEDULE DE No- 4/2 [ as9 14"514/2314’3OISWG/4 6/11] 6/18] 6725 772 [ 71/
DEPRESSURIZE RCS 1 GPUN SEE NOTE 1 e e ey
S T BSH 2 SH 3
«
> [COWER PRTMARY SYSTEM TO
o el 335 2 | cPUN
> .. ..
Ec‘ SH 3 2} SH O3y -
Z|VENT STNGLE CRDM, OBTATN Ty T
Z"|CAS 8 L1GUID SAMPLE 3| T.G Hosee Yoo we
a sH LI
] P
Z [MAINTAIN RCS LEVEL 4 GPUN
—
PROCEDURES : 5
SK xfg‘[n
2104-70.3, CROM Aess . .
UNCOUPL ING PROCEDURE 6] 8B O— 4 (O ASELL y EmssE L
D I O * -
s\E%QLEghOEESBgEREW 7 BL O~ - =uesE | _(OyPusst L ~ pHast 11
R ® @ L
SAMPLE PACKAGES: 8
CRDM UNCOUPLING DATA (4,2) | 9 | £cac | ~—SOCORNTC o e
= [ 1
w —@..
o o}
g, LEADSCREW SAMPLES (4,7) |10| Ecac | —SREODRMIEC 4 cremm T o,
o °
] - - o
Y| MEASURE MISSILE SHLD GAP 11 BC Ol Pl 2 20 P
Lt "_E,‘
3 ——-—
= [MOCKUP TRATNING FOR L.S.
& |UNCOUPLING /HOISTING 12| T.G. Oy s
AP t-
u %
MOCKUP TRAINING FOR L.S. . .
§ CUTTING N LS 13| TG j S0
% Dll.,r’g -
MOCKUP FOR L-5. RIGGING : £ar - fisaiciios
(SERVICE STRUCTURE ) 14| T.c. O BREa R CN
gt
' S * * S
TOOLS: 15
OESiGN/FAB (B 8 W) - 2200f OF 2RINCIPLE FESTS
DESIGN 8 FABRICATION 16 Baw = . —O - — = 2YL] LBLE FOR USE B TESTING
i — E———— ]
HOIST PROVISION: 17
ENGINEERING 18 BC <—\ 185 DSN DWGS (BE? ;:['aa[;[ y.’;sr. N 4_0_‘_%&]1&57_0
14
o - —&— o
N
PROCUREMENT / PRE FAB 19 crusae O-ZopEs
PROCURE (' FaAB COMPLETE
* @
Y  INSTALLATION 20 8C YR PG TR - R emee

N. PKG

VTHRK BN NG

4/2 | 4/9 | 4/&4/23@@ 6/4 [6/11] 6,18] 6725 772 [ 1 _7




P

3

RY DAYS w

vy v ¥
[ 277 [5/14 5/21] 5,28 674 Testt. 6/18 e/z

SEE NOTE 1 57

5 7. 2 L'I/S 716 7/23T7/30 8/6 B/13} 8/,20) 8/27

T "\S‘SH 3

ot 3 TR

PHASE |

P-a50 L1101

h. AEQGES ™
7

FABRIC2TION (B -

SR00° OF PRIMCIPLE TES'S

- —iilizet oina

<54 B TESTINC

-9

ClELD DSN

D1
He]

PROCURE

[

/30; S5/7

T [ c o
.5/14a] 5/21] 5728 6/a

T2

611
.

6§/18 6725,

S 179

T 7116l 1/23 7/30]

8/6 | 8/13] 8/20] 8/27|

LEGEND :

(O START OR FINISH OF WORK

ACTIVITY

@—@ ACTIVITY COMPLETED

(O  ENGINEERING START
©  SAFETY ASSESSMENT /EVALUATION
v

————— #— RESTRAINT [NDICATES THE
DEPENDENCY OF ONE WORK
ACTIViTY OMN AHOTHER

START
ENTRY

. RESTRAINT FROM ANOTHER
'ACTIVITY TO LINE 16

+-p— RESTRAINT FROM LINE 16 TO
ANOTHER ACTIVITY

v —— INDICATES REDUCEO WORK
EFFORT
STATUS DATE LINE

ABBREVIATIONS

BC
BE
BL

-BECHTEL HORTHER!! CONSTRUCTION
-BECHTEL NORTHERN ENGINEERING

-BECHTEL NORTHERN LIAISON
ENGINEERING

BABCOCK 8 WILGOZ
~GENERAL PUBL.IC UTILITIES
HUCLEAR

-LEAOSCRLW OuiC¥r
GROUP

~NORK PACKAGE
-ISSUE

-REOUIREMENTS

-TRAIN

REV.  -REVISC

PREP. -PREPARATIOHS

R -REVIEW

A -APPROVE

s ~IN-CONTAINMENT ACTIVITY

PHASE [ -SUBMIT TO PORC.

PHASE 11 -PORC. REV™W. 8 APPRVL.
SUBMI T TO NRC

~NRG R 8 4. GPU SIGN OFF

Baw
GPun

T.6. LOOY. TASK

W.PKG.
Iss.

REO.
TRN.

PHASE 111
WOTES :
1. PARTIAL DEPRESSURIZATION OF

RCS WILL PRECEDE VEMTiNG OF
HIGH POINTS.

THE

'1
; PROGRESS J
/5. ésézfnevxslou 8 PROGRES hoy [NLE | £

L |PROJ|

xS
BY IFnGRIENGR

REMARY S

REV
4O DATE!

BECHTEL NORTHERN CORPORATION

GAITHERSBURG. MO

GENERAL PUBLIC UTILITIES NUCLEAR
METROPOL I TAN EDISON
THREE MILE ISLAND-UNIT 2

Figure 1-7. Leadscrew Quick Look.
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SCHEDULE DESCRIPTION

WEEK ENDINS ENTRY DAYS

4s2 | 4a/9 | asi6] 4723] as30] 5/7 ]

PROVIDE CLOSURE MATERIALS

REMOVE CRDM P.I. CABLES

REMOVE CRDM LOCKWIRE. PREP
CLOSURE FDR REMOVAL

REMOVE CLOSURE., UNCOUPLE

REINSTALL CLOSURE

v - Y 3
5/,14] 5/s21] 6/28] 674 | 6/11] 6/18 sxzﬂv—/zyl 7/9
..

as2 ' 4/9 ' a/16 4/s23' 4736 S/7

WEEK ENDING

"S/14, 5/21] 5728 6/4

—_

6/1¢

6/18] 6/25] 7/2 | 1/




B TRY [ AYS W . v A A 4 Y A A 2N A AVARVAVAVERVAYA
o[ s/1 | sna] sr21] 5/2a| e/a ) e/n] 6/18] 6/25 172 75 i 716] 71/23] 7/30] 876 [ 8/13] B/20] B/27] LEGENG:

(w—_+q O—O START OR FINISH OF WORK
N ACTIVITY

.20 7 - @ @—@ ACTiViITY COMPLETED

Y wero [ - ' (O ENGINEERING START
by e oy fmn.

© TECHNICAL EVALUATION
PN o . REPORT
oo 'm:\ (0 PLACE PO/CONTRACT/BID
" RIS
OO N ¢ COMSTRUCTION START
- : . ¥  MILESTONE
. o e -~ RESTRAINT INDICATES THE
UL T TS SR G, SO DEPENDENCY OF ONE WORK
- 1 : ‘ .6 ACTIVITY ON ANOTHER
O———‘ : r-=i13; = RESTRA{NT FROM ANGTHER
A ) ACTIVITY TO LINE 16
LN I RN h_, INE
- _RESTRAINT FROM LINE 16 TO
{ 57T ANOTHER ACTIVITY
y
} I . INDICATES REDUCED WORK

EFFORT
STATUS DATE LINE

LRIV EETY SRRt ST

. i
. luvll‘/
R IR

[REECEE NEEEIEA A ] RN
. ‘/ ABBREVIATIONS

.- ——— BC -BECKTEL NORTHERN CONSTRUCTION
BE -BECHTEL NORTHERN ENGINEERING

BL -BECHTEL NORTHERN LIAISON
ENGINEERING

Baw BABCOCK 8 WILCOX
GPUN -GENERAL PUBLIC UTILITIES

NUCLEAR
T.G. -LEADSCREW QUICK LOOK TASK
GROUP
- W.PKG.-WORK PACKAGE
ISS. - SSUE
REOQ. -REOUIREMENTS
TRM. -TRAIN

REV. -REVISE

PREP. -PREPARATICNS

R -REVIEW

A -APPROVE

hAd ~IN-CONTAINMENT ACTIVITY
PHASE ~1 SUBMIT TO PORC.

PHASE - PORC. REV'W. 8 APPRVL.
SUBMIT TO NRC

PHASE -111 NRC R 8 A, GPU SIGN OFF

i -

/7 i
L_._..L
/5 5%2 REVISION B8 PROGRESS s = £]ReR
REVI LS. [PROJ
o DATE REMARK S BY |ENGRIENGR!

BECHTEL NORTHERN CORPORATION
AL THERSBURG. MD
GENERAL PUBLIC UTILITIES NUCLEAR
METROPOLITAN EDISON
THREE MILE ISLAND-UNIT 2

Figure 1-7. Leadscrew Quick Look.
(Continued)

J0B 1O SCHEDDLE HO SHEET REV
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i
i

ESCRIPTION Line] resp WEEK ENDING cm sy
R ShiiabathS e T R A R A h 4 A A 4 h 4
SCHEDULE D NO. 4/2 | 479 | 4/16: 4/23 4/30 5/7@] 6/18] 6/25] 172 ]
PROVIDE INSPECTION 1 aaw (- PERTORY EQUIP.C.EANI" 3 ADIFICAT 10us “BAN) L 1 1
z | EQUIPMENT - s
E [ &
STAGE INSPECTION EQUIPMENT,
85| Hookup | 2| T6S e
=z LAY . N
- - THEREGT TO INSPECTION ‘\5;.'.5-_'1 5
ﬁff PERFORM VIDEO INSPECTION 3 TG A snsiign 7 W.PYG. (TG} rfi}i" d
g SH.5 18 -~
;{? OBTAIN RCS L1QUID SAMPLE 4 TG [p-be 8 © PROVIOL SAWPLERS Q (OH-PEG. (161 i
— @ PROTOTYPE " ,,,,,,,,,,,,,,,,,,,,,,,,,, —
PROCEDURES ¢ 5 AVAILABLE FOR TRNG —

) SHt o £
2T04-10.6, CROM Pusse '
CLOSURE PROCEDURE 6 BL O s vest i F

ad & SH.T Ty v B
2104-10.8.PRIMARY PLANT PHASE 1 PHASE 11 L )
FINAL OPERATING PROCEDURE 7 | GPUN o OO PesE 1 \2‘
] Ol
w CRDM CLOSURE : 8 .8
Lot B
3 i
oy INSTALL NORMAL :
Z%|  CLOSURE DEVICE 9 TG Op-Re it g
I T
Q
< .
CLOSURE FOR STUCK L.S. 10 '
= .
° ESI G ;
= ENGINEERING 11 BAW e O :
9 T oEsicy [ ras :
g L @ i
(4] "" PROTOYPE FABRICATION B DELIVERY (BAW)
Z FABRICATION 12| saw O—0 -
- Test can pEL.
L ]. p 4
REFILL RCS,VENT L PKG.
O%| HIGH POINTS 13 715 Ot
14
15
16
17
18
19
20

452 | 479 [4/16]47/23]4/30] 577 |5/14|5/21]5/28] 6/4 [e/11[ens]6s25] 772

WEEK ENDING




Y _DAYS

L Y___ Y. ¥ . A .
S/7 . 5/141 5/21} 5/28 6/4 6/1t 6718 6/25" T2 § 1/9 1 771

LYY Y

v A 4

Y __ YY VY

/723, 1

730 876

8713, 8/20] 8/27

B M001€ICATIONS (BAW)

O e e

AN AT { YNCHBURG

;( LY YOV
2 oSHa1,1, 1181200 -
C PREPEOD'S 79 INSPECT

SH.5 20~ —

LAAA S AN AN

. O £C 8 G PROVIDE SAMPLERS

PROQTYPE

-9
FIHAL/

DEL1VEPRY

JESIGH CONTINGENCY
C_OSURE (BAW)

5/14 5721

A DELiviRY (BA&

SEL .

———@

- K.PXG.13G1 TRN REY

*———

5;28 674 6/11 6/18:6/25 7/2 ! T/9 7/16A7/23‘7/30‘ 8 /6 8/1318/29;6/27 @

>~ START OR FINICH OF WORK
ACTIVITY

ACTIVITY COMPLETED
ENGINEERING START

SKFETY ASSESSMENT /EVALUATION
CONSTRUCTION START

ENTRY

#— RESTRAINT INDICATES THE
DEFENDENCY OF ONE WORK
ACTIVITY ON ANOTEER

e
O
©
&
v

. ~~RESTRAINT FROM ANOTHER
~-B=16:ACTIVITY TO LINE 16

e _ee RESTRAINT FROM LINE 16 TO
J6r-®= ANOTHER ACTIVITY

——_, INDICATES REDUCED WORK
T T ErFORT
STATUS DATE LINE

ABBREVIATIONS

8C
BE
Bt

-BECHTEL NORTHERN CONSTRUCTION
-BECHTEL MNORTHERN ENGINEERING

~BECHTEL NORTHER# LIAISON
EMGINEERING

BABCOCK 8 WILCOX

-GENERAL PUBLIC UTILITIES
NUCLEAR

-LEADSCRE® QUICK LOOK
GROUP

-WORK PACKACE

-ISSUE

-REOUIREMENTS

-TRAIN

REY.  -REVISE

PREP. -PREPARAT:

R -REVIEW

P ~4LPPROVE

* ~iti -CONTAINMENT ACTIVITY

PHASE 1 -SUBMIT TO PORC.

PHASE 11  -PORC. REV'W. 8 APPRVL.
SUBMIT TO NRC

-NRC R 8 A, GPU SIGN OFF

Baw
GPUN

7.G. TaSK

W.PKG.
ISS.
RE0.
TRH.

CNS

PHASE 11

T >
%6g,|REVISION & PROGRESS noss | L |RR

LSL |[PROJ
ENGRIENGR

DATE REMARKS BY

BECHTEL NORTHERN CORPORATION

GAITHERSBURG, MD

GENERAL PUBLIC UTILITIES NUCLEAR
METROPOLITAN EDISON
THREE MILE ISLAND-UNIT 2

Figure 1-7. Leadscrew Quick Look.
{Continued)}
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1 2 34 56 7 8 91 11 12 13 14 15

X
A
B clx|c|x|c P
C X |c|x|c|x|c|x|c|x
D X|C|X|A|[X|c|[x|A]|Xx]|c| x| |
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2. METHODS AND APPROACH

2.1 Supporting Studies and Licensing Documents

2.1.1 Criticality Analysis

The Babcock and Wilcox (B&W) report, "Methods and Procedures of Analysis
for TMI-2 Criticality Calculations to Support Recovery Activities Through Head
Removal,"! was prepared to document criticality safety results obtained from
the analyses of various geometrical configurations of moderator, reflector, and
fuel. These configurations represented both credible and hypothetical fuel
arrangements which could exist or could occur in the reactor coolant system
(RCS) as a result of activities relating to through-head inspections and

reactor vessel closure head removal.

Examples of some of the proposed activities that could produce fuel

rearrangements o1 otherwise affect the subcriticality of the fuel system were:
0 Insertion of the axial power shaping rods (APSRs)
o CRDM uncoupling attempts

0 Insertion of inspection ard sampling equipment into the

reactor vessel through penetrations in the head %
0 Remova! of the reactor vessel head

The purpose of the analytical assessment was to demonstrate that during

all of these proposed activities, the TMI-2 reactor would be maintained in a
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safe shutdown condition considering any credible fuel configuration and con-

sidering the effects of postulated fuel disturbances and changes in physical

conditions. The specific objectives were:

o To evaluate the reactivity of postulated TMI-2 core configur-

ations.

o To evaluate the reactivity of potential fuel accumulations

outside the core region.

0o To evaluate the potential reactivity effects of various

perturbations resulting from the proposed activities.
o To verify that a boron concentration of 3500 ppm would maintain
an adequate margin of subcriticality under all postulated

credible conditions.

2.1.2 Decay Heat Removal Apalysis

The B&W report, "TMI-2 Decay Heat Removal Analysis,"? assessed the thermal
status of the core and predicted the thermal response of the system to partial
draindown of the RCS.

The criterion used in this study was based on TMI-2 operating procedures
for natural cooling, which restrict the average incore coolant temperature to
less than 170 F. This criterion was adopted as a conservative value for the

recovery program to maintain a positive margin to boiling.

The analyses were directed at evaluating two concerns: (a) system effects
of lowering the RCS levei, and (b) coolant temperatures with lTowered water
level. In order to perform this evaluation it was first necessary to assess

the current method of heat removal, thereby establishing a basis for the




predicted response to a lowered water level. This analysis was based on an RCS

water level 1 foot above the plenum cover (elevation of the plenum cover is

322'-6").

The results of the analysis showed that:

)

(SN

There appeared to be sorz migration of water through the
loops, wilh the result that the heat rejection mode prior to
lowering the RCS water level included system components beyond

the reactor vessel and head.

[nwering the reactor water level and isolating the system
components might cause an increase in reactor water equi-

librium temperature.

The reactor temperature increase to achieve equilibrium
conditions was dependent upon the heat sink temperature {i.e.,

containment temperature).

The anticipated heatup rate, after draindown to elevation
322'-6", was expected to be less than 5 F per day in mid-1982
at 100 f containment temperature. Thus, ample time was
available to monitor the actual heatup rate and determine if

enhanced heat removai would be required.

The enhanced heat removal, if required, would have been

accommodated by existing systems such as:

- Feed and bleed through letdown and the standby pressure

control system

- Refill of the RCS

- Mini-decay heat removal system
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2.1.3 Gaseous Release Analysis

Prior to venting the RCS, analyses were performed to determine the
quantities of hydrogen and krypton-85 (Kr-85) in the RCS wh':h were available

for release to the containment and the environment.

The consequences of releasing the Kr-85 first to the containment Ai.d then
to the environment might have resulted in an increase in radiological environ-
mental releases due to the release of ¥r-85 from the RCS. This potential
release was evaluated using the following assumptions: (a) the entire RCS
inventory of dissolved and free Kr-£5 was released in 1 hour into the con-
tainment. purge exhaust, (b) the Kr-85 was diluted by a plant vent stack flow
rate of 100,000 cfm, and (c) no credit was taken for Kr-85 dilution in the

containment.

The total quantity of Kr-85 in the RCS available for release was calculated
to be approximately 30 Ci. Using this result and the guidance provided in
Regulatory Guide 1.109, *the increased dose at the nearest residence was calcu-
lated to be 2.1 Xx 10_5 mrem (total body dose). The release rate of Kr-85 from
the containment resulting from the Quick Look was calculated to be well within

the 1imits of the TMI-2 Technical Specifications.

In evaluating the consequences of releasing the hydrogen to the contain-
ment, the gas vented from the RCS was assumed to be 100 percent hydrogen. It
was discharged into a dilution fiow stream with a minimum dilution factor
of 25. This prevented the discharge of a flammable hydrogen mixture to the

containment atmosphere. The discharge was directed away from personnel areas.

During leadscrew withdrawal and cutting operations the RCS was at atmo-
spheric pressure. The RCS surface area exposed to the atmosphere via the open
CRDM motor tube was less than 4 sguare inches. Hydrogen cffgassing via this
small surface area had been calculated to be approximately 0.03 scfm. Such a
lnw release rate did not present a hydrogen flammability hazard when vented

directly to the containment.
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2.1.4 Safety Evaluation

The report entitled “Safety Evaluation for Insertion of a Camera into the

Reactor Vessel Through a lLeadscrcw Opening"® (Quick Look Safety Evaluation) was

prepared in accordance with GPUN Procedure EP-016, Revision 1.

the fcilowing concerns:

It evaluated

0 The potential releaces of radioactivity to the containment

) The potential releases of radiocactivity to the environment

0 The effects on reactivity as a resdlt of potential distur-

bances of the fuel

O [he effects of RCS draindown or decay heat removal capabilities

0 The potential for inadvertent boron diiution

o The release of gases from the RCS to the containment atmosphere

G Occupational! exposure

e The effects on RCY chemictry 3¢ a resuit of breaching the

reactor couslant pressure poundary (RCEB)

Based o the ana v oo described i Sections 2.1.1, 2.1.2, and 2.1.3, and

in the Quick .nok %a‘et, ©.aruatics, "t was shown that tne activities associated

with the Quick cocy wou's 16T have const tuted an unreviewed safely question

and that trese activit s “oiia nave veen performed within existing TMI-Z
Technical Specificatic = and precenteq no andue risk to the public health and
safet .

[BS]
|
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2.2 Leadscrew Uncoupling Plan and Tool Development

To gain access to the reactor vessel for the Quick Look camera, a lead-
screw uncoupling and removal plan was established, and the tooling required for

this plan was developed.

2.2.1 Leadscrew bUrcoupling and Removal Plan

The basic approach for uncoupling and removing a leadscrew was to first
uncouple a central Teadscrew using either of two normal uncoupling techniques.
The first technique to be used was the leadscrew nut method of uncoupling; if
this was unsuccessful, the torque tube method of uncoupling would be attempted.
After successful uncoupling, the leadscrew was to be lifted to the "parked"
position. Leadscrew cutting tools were to be staged next. The 24-foot long
leadscrew had to be cut to remove it, since the clearance under the missile
shields is only about 20 feet. The leadscrew was then to be lifted out of the
CRDM and cut.

The detailed leadscrew uncoupling plan developed is illustrated in

Figure 2-1.

2.2.2 Tool Development

To perform leadscrew uncoupling and removal and the subsequent camera
inspection with the missile shields installed, existing tools had to be

modified and new tools developed

The following criteria were established for the Quick Look tool develop-

ment effort:

0 Tools were to be capable of being manually transported through

the personnel air lock and to the service structure platform.
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Since both air lock doors were permitted to be open simultaneously,

the personnel air lock would not have been a constraint on

tool design.

Leadscrew uncoupting and parking for the Quick Look were to

access CRDM shim safety drive locations in rows 7, 8, and 9.

Leadscrew up/down movement and/or spider disengagement from

plenum brazement C-tubes was acceptable prior to uncoupling.

Core disturbances were to be minimized.

Leadscrews were rotated 40 to 55 degrees and there was to be
indication of load reduction prior to attempting leadscrew

parking.

An unsuccessful uncoupling would end with refurbishment and

installation of the existing motor tube closure.

The ppotential existed that, without special radiation protec-
tion provisions, it might not have been feasible to leave a
highly contaminated leadszrew in the parked position while
other necessary operations were performed on the service
structure. In that event, the leadscrew would be lowered

until preparations for removal and cutting were completed.

A successful uncoupling would end with the ieadscrew parked in

the top of the dr ve using a leadscrew parking tool (C-washer)
Specific design functional criteria were established for all

new or modified tools (see Appendix A for design functional

criteria).
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The following new and modified tools were developed to perform leadscrew

uncoupling, removal, and camera inspection operations (see Appendix A for new

and modified tool drawings):

Modified 1lightweight leadscrew 1ifting tool - This tool is

similar to the existing Diamond Power Specialty Company (DPSC)
lightweight leadscrew 1ifting tool. The tool was modified to
reduce the overall length, enabling manuz] operation under the
TMI-2 missile shields. The tool also accommodated the use of

a leadscrew nut runner.

Nut runner - This tool is similar to the nut runner sleeve on
the existing DPSC leadscrew installation/removal tool, and
operates with the modified lightweight leadscrew 1ifting tool.

Band saw - This is a portable band saw, de igned to operate

with the worker a distance of 3 feet from the leadscrew.

Band saw mounting fixture - This is a device to facilitate
mechanical support of the band saw during leadscrew removal

and cutting operations.

Leadscrew 1ifting and cutting clamps - These clamps were
designed to 1ift the lower portion of a leadscrew after it had
been cut and to stabilize the upper portion of the leadscrew

during cutting operations.
Chip deflectcr - This is a device which provided a positive

means of preventing cutting chips from falling into the motor
tube.
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Modified jumping jack - This tool is similar to the standard

D"SC air-operated jumping jack. The tool was modified for
hydrauiic operation and to provide load indication. This tool

vias used with tne alternate uncoupling tnol.

Leadscrew closure clamp and support ring - This clamp and
support ring were designed to support a cut leadscrew under a
closure. The support ring was to be used only as a contin-

gency leadscrew parking tcol.

Motor tube contingency closure - This clusure was to be used
to secure the RCS if 3 leadscrew became stuck in the parked
positicn, or 1f a ieads.rew became stuck in a position partially

out of a motor tube.

videc camera - This is the EG&G/TIO Task Order No. &, Westing-
housz Mocel ETY 1250 camera, modified by removing the camera
screen and “nstaiiing an articuiating cable. Inciuded with

the camera were 3 control umit, tape recorder, and TV mcnitor.

To ensure safe and proper operation, proof-of-principie testing was

performed on all new or modified tooling. The criteria for the proof-of-

principie testing were:

(]

A1l toolc had to be tested against their respective tool
instructions. Proper tool operatior, performed according to

the instructions, had to be verified.

The tests performed had to verify all design functional

criteria requirements.

Equipment and tooiing operations had to be tested on mock-un-
simulating., to the maximum extent practical, the space con-

straints at ihe service structure.



4. The tests performed had to follow and verify the program plan

for uncoupling and parking.

5. The tests performed had to demonstrate that tooling and system
design had included consideration for "as low as reasonably
achievable" (ALARA) criteria (i.e., minimum time to perform

operations, maximum personnel distance from radiation sou: “es).

6. The tests had to establish estimated operating times and the
in-containment man-hour requirements for each operation to be

performed with each piece of equipment.
The following existing tools were also to be used to perform leadscrew un-

coupling associated operations: alternate uncoupling tool, leadscrew 1lifting

tool. venting tool, and leadscrew parking tool.

2.3 Plant Modification and Additions

2.3.1 Venting and Draining

To permit opening a CRDM to atmosphere for leadscrew removal, it was
necessary to depressurize and lower the RCS water level. To achieve this Quick
Look prerequisite, it was necessary to vent the RCS, partially drain it, and
provide a nitrogen cover gas to prevent corrosion of the RCS. The various
operations/changes required are described below. The venting, draining, and

nitrogen cover provisions are shown in Figure 2-2.

The RCS was to be vented to the reactor building environment. An evalu-
ation of the RCS venting operation with respect to hydrogen and Kr-85 concerns
was performed. This evaluation is discussed in Section 2.1.3. Based on the
evaluation, certain precautions were taken. These were necessary to prevent a
source of ignition from being near the discharge point and to minimize occupa-

tional exposure from Kr-85 during the venting operating. The precautions taken
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during initial venting were to connect each RCS vent point to a hose which was
routed to a duct on the discharge side of a 1750 cfm blower to provide imme-
diate dilution of the vented gas. The duct was run down inside of the D-rings,

thus directing the diluted vent gas away from personnel.

To lower the RCS water level to the Quick Look elevation of 333'-2", about
21,000 gallons of reactor coolant had to be drained. The primary side was
drained via the letdown line tec reactor coolant bleed holdup tank WDL-T-SC. An
average flow rate of 5 gpm was ouvtained during draining operations. It was not

necessary to pressurize the primary side in order to drain it.

A pressure-regulating station w«as irstalled in the auxiliary building on
the nitrogen supply piping to the reactor building. The station was added
since the regulator in the reactor buiiding was presumed faulty. The majority
of the nitrogen piping in the reactor building was not used. The piping was
isolated at wai.es NM-V207 and NM-VZ18.  The nitrogen sippiv line in the
reactor buitding cunsiztee of a hose routed from an existing test connection at
elecation 339°-6", upstream ¢f valves NM-V207 and NM-V218. to a piping manifold
at eievation .- :'-2" on top of the D-ring. The supply line contained a
BuffardTM fiites upstream of the manifold. From the manifcld, separate nitro-
gen supply hose: were rcuted to venting/nitrogen tlanketing lines at tne

following RCS 1ucations:
0 Steam generator "A" het leg
~team generator "B" hot leg
0 Pressurizer

ne 205 boundary from the csteam generator "B" hot leg venting/nitrogen

clamwet ng ine was extended beyond the hose to a double valved piping 3ssembly,

m owhich nose was routed to the aferementicpned piping manifoid. his exten-

o wds made due to high -4 sl7on levels at the "B hot teg, and permitted
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workers to vent and nitrogen blanket the steam generator "B" hot leg from

outside the D-rings.

The general sequence used to ven. and drain the RCS follows:

1. The RCS was depressurized to about 30 psig at the top of the
hot legs by reducing standby pressure control (SPC) system
pressure.

2. Each hot leg and the pressurizer were vented.

3. The SPC system was isolated.

4. RCS pressure was reduced to about 0 psig (or slightly negative)
at the top of the hot legs by letting down reactor coolant.

5. A 1-psig nitrogen blanket was added to the hot legs, with an
initial nitrogen pressure of 10 psig to clear piping/hose loop

seal arrangements of any standing liquid.

6. RCS pressure was reduced to about 0 psig (or slightly negative)

in the pressurizer by letting down reactor coolant.

7. A 1l-psig nitrogen blanket was added to the pressurizer with an
initial nitrogen pressure of 10 psig to clear the piping/hose
loop seal arrangement of any standing water.

8. CRDM 8H was vented and sampled.

9. RCS level was reduced to elevation 333'-2" by letting down

reactor coolant.




10. Nitrogen pressure was decreased to 0 psig by isolating the RCS
from the nitrogen supply system and venting the nitrogen

supply lines.

Throughout the Quick Look the water level in the secondary side of the
steam generators was maintained at an elevation below that of the RCS water
level, as required by Appendix C of Reference 3. This prevented a secondary-
to-primary leak, which could have caused a boron dilution event. It also
ensured that any accumulation of fuel in the steam generators would remain

subcritical while the RCS was drained to the level required for the Quick Look.

The secondary side was drained in two phases. First, the main steam lines
were drained. Then a nitrogen blanket was placed on Lhe secondary side via
connections on the main steam lines. Final draining of the secondary side to
the tevel required for the Quick Look (the bottom of the mair steam nozzles)

was through the mai. feedwater lines.

2.3.2 Water level Monitoring

To determine when the RCS levels were at the elevations required for
venting, CRDM uncoupling, RCS sampling, and video inspection, a highly accurate
water level monitoring system was provided. This system consisted of two
diverse primary sensing devices: level transmitter RC-LT-100 and level indi-
cator RC-LI1-101 located cn instrumert wcunt F9 at elevation 284'-6" of the fuel
handling building. Beth devices, which were connected to the normal decay heat
line, were provided with an elevated zero to sense the head of water in the RCS
between the centertine of the reactor vessel not leq nozzle (elevation 315'-6")
and the top of the hot leqg (elevation 262'-3"). A range of 0 to 600 inches of

water was selected to cover this elevation Jdifference.

The transmitter was wired to anaiog indicator RC-LI-100 on panel SPC-PNL-1
in the fuel handling building. and te dizital indicator RC-LI-100A a0 . iy

chart recorder RC-LR-iUG on panel SPC-FHi-3 in the main control room. ‘fhe
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accuracy of this Toop was 5 inches of water and the accuracy of the local

indicator was #6 inches of water.

To ensure that this system was not affected by RCS nitrogen overpressure,
a compensating line was installed to the low pressure connections on the trans-
mitter and local indicator from the nitrogen system. This line also served to
compensate the level indication for any differential pressure between the fuel
handling building and reactor building when the nitrogen was vented in the con-

tainment prier to opening the RCS.

2.3.3 Leadscrew Rigging and Handling

The rigging and handling devices descritcd below were used to remove the
leadscrew from CRDM 8H, position the leadscrew far cutting, and place the cut

leadscrew sections into containers.

A hoist/trolley assembly was installed on reactor prescure vessel (RPV)
missile shields R2 and R3, and was used to remove and position the leadscrew.
The assembly consisted of a trolley which traversed across the top of the
missile shields, a connecting load support penetrating the gap between the
missile shields, and a hoist attached to the lower end of the load support
below the missile shields. This design limited the hoist to leadscrews in
CRDMs in rows seven, eight, and nine. Both the hoist and the trolley were
manually operated. The trolley was operated from the east side of the service
structure using a rope/pulley control arrangement. The hoist was a hand-

operated chain type. The hoist/trolley assembly was rated for a load of 1 ton.

A 500-pound spring scale was used to provide indication of any binding
that developed during leadscrew removal from the drive mechanism. The spring
scale also provided flexibility in the rigging while manipulating the lead-
screw. _The shrring scale was installed between the chain hoist hook and the

leadscrew 1ifting tool.
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The leadscrew was cut into two sections and each section was placed into
separate leadscrew storage containers using the hoist/trolley. The containers
basically consisted of 4-inch, schedule 40 polyvinyl chloride (PVC) pipe
sections with end caps and rope attached to each end of each container for
rigging and transfer purposes. Once loaded, both containers were secured to
the service structure hanrdrail, and were suspended vertically into the refuel-

ing canal for temporary storage.

2.3.4 Communications Systems

Audio communications consisted of two separate systems. The first provided
communications ior the inspection team and the second estabiished communi-

cations between the inspection team and the command center (See Figure 2-3).

The inspection team c<vstem was 3 hard-wired system which permitted the
three members of the inspectiorn team {TV control unit operator, technical
directaor, and TV camera manipulator) to converse. Each individual was provided
with a headset which was wired to an audio mixer. The audio mixer, in addition
to providing ta‘k-around capability. produced a composite audio signal which
was wired tc the underwater inspecticn camera videotape recorder (VIR) #1.
Thus, a tape was produced which combined the video signal 3nd the real-time

cenversations of the inspection team.

The cystem which pro.ided communications between the containment and the

compand center was a two-way duplex radic cystem which included the foliowing

Two antennas (one each for receive and transmit) were iocated
in the containment to provide coverage for the inspection team
on the se. vice structure. The receive and transmit antennas
were located at elevations 347'-6" and 305'-0", respeclively.
an additional rece’ ¢ antenna was located at elevation 205'-0".
These antennas were w rd to the base station in Lthe command

center via RG58 coaxial cables through penetration R507. fwo
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additional antennas (receive and transmit) were located in the
anteroom to permit checkout of the system prior to entering

the containment. B

o The signal from the containment was generated by transmitter
T24. This transmitter was wired to VIR #1 to transmit the
composite audio signal produced by the inspection team system.
The signal was received at the base statiun by receiver R24

via the containment receive antenna.

o From the base station in the command center, the audio signal
was fed to VIR #2, speakers in the command center, and speakers
in the new command center. The speakers in the new command

center supplemented the "VIP" video monitors.

0 To allow the command center to talk to the inspection team,
transmitter 728 was provided in the base station to transmit,
via the transmit antenna, the output from a microphone located
in the command center to the R28 receiver in the containment.
(The microphone output is also fed to the speakers and VIR
described in the previous paragraph.) An R28 receiver was
wired to the headset of the inspection team technical director

to permit direct communications with the command center.

Video communications inside the containment consisted of the Task No. 8
underwater inspection camera and camera control unit, VTR #1, and a video
monitor. The camera control unit, videotape recorder, and video monitor were
located on the service structure. The output from the underwater camera was
wired to VTR #1 via tne camera control unit. The video output of VIR #1
provided the input to the video monitor for the inspection team. The video Ki
output from the video monitor was wired to the command center CCTV console via : 10
the existing CCTV system (CCTV camera #5 circuit). (Note: VTR #1 is the same 3

VTR that is recording the inspection team's dialogue.)
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At the command center, the signal was displayed on the CCTV console and
was recorded on VIR #2, which was provided with a dedicated monitor. The

signal was also fed to "VIP" video monitors located in the new command center.

2.4 Operator Training

Operator training on the use of the CRDM tools was completed at the
Diamond Power Specialty Company facility in Lancaster, Ohio. The training

covered the following topics:

o CRDM construction

o CRDM venting

0 Leadscrew uncoupling and parking procedure

0 Leadscrew removal and cutting procedure

o CRDM contingency closure

The camera inspection team consisted of perscnnel experienced in this
area. Team training included a demonstration of the camera at TMI Unit 1 and
training at B&W in Lynchburg, Virginia.

A site mock-up of the service structure was constructed and was available
for training on July 2. 1982. The mock-up was full scale and included a CRDM,
the hoisting mechanism, and the space constraints presented by the missile
shields. The mock-up was used for walklhroughs of all planned in-containment

activities. Work packages were modified as activities were fine-tuned as a

result of the walk-throughs.
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A dress rehearsal was conducted, reviewed, and approved by GPUN Radio-

logical Engineering and the NRC. The dress rehearsal included the work pack-

ages for leadscrew uncoupling and parking, and leadscrew removal and cutting.

2.5 Procedure Preparation

A total of 11 procedures were written and six procedures revised to

prepare and maintain the primary system in the condicion required for the Quick

Look.

An additioral five procedures were written to cover the Quick Look itself.

These procedures anu a brief description of the subject covered follow:

0

2104-10.3

2104-10.4

2104-10.5

2104-10.6

2104-10.7

The CRDM Uncoupiing Procedure provided instructions
for the normal and alternate methods to uncouple

and park the designated Teadscrew.

The Leadscrew Removal Procedure provided instruc-
tions for the method used to remove and cut a

parked leadscrew.

Tne Unit Il Core Camera Inspection Procedure
defined the equipment to be used and the portions
of the reactor internals to be inspected during

the camera inspection.

The CRDM Closure Procedure provided instructions
to remove or install the CRDM normal closure and

to install or remove a contingency closure.
The CRDM and Sample Handling Procedure provided

instructions for obtaining a CRDM vent gas sampie

and a core water sample.
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A Tisting of the proceaures used to support the Quick Look is included
Table 2-1.

TABLE 2-1. PROCEDURE WORK SUPPORTING QUICK LOOK

NEW PROCEDURES GENERATED

Opecrating Procedures

2104-10.
2104-19.

CROM and Sample Handling Procedure
Frimary Plant Final Operating Procedure

2104-10.U0 Sequencing and Administration Document
2104-1G.1 Seccndary Plant Procedure
2104-10.2 Primary Plant Procedure
2104-10. 23 CRDM Uncoupling Procedure
2104-10.4 Leadscrew Removal Procedure
2104-10.5 Unit Il Core Camera Inspection Procedure
2104-10.6 CRDM Closure Prorcedure
7
8

Fmergenc, Procedures

22u2-1G. . Changing RC. Water Level beyond Normal Span for CRDM

Camera Inspection

2202-1t. . Changing CT56 Water Level Beyond Hormal 5Span fer CRDM

Camera Inspection
Y

272u2-% 5 Loss ¢t “Cs teve! Irdication

Misce ! laneous Frocedures

Gion-ADM-32400 0 Ao Y work in the Zontainmeat Budiding
Tov beoeo g Theyg fpicor 1 teom COT

S0 oo Loand verting Core Flooo Tande

0k Pt Lo toeet neck G Portaiogns bt N

D aae Pesltor Bailding

- . . RS - I , - et g H [ . T S O
FxlnTING Pholrnimt o we e ormbn Al wEL D SED A ELESYAY

sperating »’!‘(;,Q;i‘,A e

Nitygoe coNor Te and Padwaste Sustem

s

- 1
lub-27.4 Feedw.:te:
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TABLE 2-1. (Continued)

Emergency Procedures

2202-4.18 RCS Leak and Small Break LOCA
2202-5.2 Los: of RCS Pressure Indication
2202-1.2 Unanticipated Criticality
2202-2.6  OTSG Tube Rupture

In support of Quick Look tasks subsequent to the initial inspection,
several Temporary Change Notices (TCNs) to the procedures were required. These

changes included:

Revised technique for obtaining RCS liquid samples

Additional in-vessel video inspections

1
2
3. Core probing
4 Installation of in-vessel acoustical monitor
5

CRDM uncoupling
In addition, two Special Operating Procedures (SOPs) were written to
measure the gas buildup in the reactor vessel and to sample the gas from the RCS

system high points:

1. SOP-R-2-82-53 Gas Sampiing Core Location H8
2. SOP-R-2-82-56 RCS High Point Vents Gas Sampling
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2.6 Radiological Considerations

2.6.1 Radiological Predictions

2.6.1.1 Man-Rem Prediction. Approximately 50 to 150 man-rem of exposure

were estimated for the performance of the Quick Look. These numbers were based
on the Quick Look requiring an estimated 300 man-hours in radiation fields of
0.15 to 30 rem/hour.

2.6.1.2 Dose Rate from Leadccrew. To estimate the dose rate .rom the

removed leadscrew, two approachs were taken. The first approach was to relate
the change i1n gamma dose rate ouctside the CRDM to the gamma dose rate from the
leadscrew once it . s removed. The second approach attempted to establish an
upper bound for the gamma dose rate from the removed leadscrew by assuming
worst-case plateout conditions and physical restrictions. Specific assumptions

and results for each approach are given below.

2.6.1.2.1 Prediction of Leadscrew Activity by Dose Rate Measurements--

The background radiation was established at a specified position outside the
CRDM motor tube prior to parking the leadscrew. The detector position chosen
was sufficiently distant from the inserted leadscrew that the ieadscrew surface
activity had minimal effect on the measured background level. The leadscrew
was then moved from the fully inserted position to the parked pesition. The
change in background radiation tevel at the point of measurement was then

directly attyributable to the parked leadscrew.

An analysis was performed to delermine the shielding effectiveness of the
CROM motor tube and torque tube. It was assumed that Cs-137 was the source

with a gzrma ~=ergy of 0.661 Me¥. Tne result of the analysis was

Gamma dose rate for leadscrew = 1.25 « (increase in gamma dose
removed from the CRDM (detector rate due to parking the
at same distance from leadscrew leadscrew)

as when located outside CRDM

motor tube)

2-21



The effect of different isotopes with different gamma energies on the

above relationship is:

0 For higher energies the relationship is conservative (i.e.,

over-predicts dose rate)

0 For lower energies the relationship is non-conservative (i.e.,

under-predicts dose rate)

2.6.1.2.2 Prediction of Leadscrew Activity by Estimation of Plateout--

To provide a "feel" for what could be expected, it was necessary to perform a
calculation which scoped a broad range of possible source activities. The
physical quantity of material required to attain the given level of activity
and its corresponding dose rate was of particular interest. This physical
quantity was used to determine a realistic upper bound for the dose rate from

the leadscrew.

To perform the analysis, several simplifying assumptions were made. The

major assumptions were:

1. Source could be modeled as a line source 10 feet long.

2. No credit was taken for the leadscrew acting as a shielding

material for the activity on the backside of the leadscrew.

3. The radiation source was Cs-137. The source strength (Ci/cm?)
was based on the initial core shutdown inventory decayed to
July 1982, divided by the total volume of the fuel. The
density of the material on the leadscrew was assumed to be the

same as that of fuel prior to the accident (i.e., =10.15 gm/cm3).

4. Thickness of source on leadscrew was assumed to be *1/16 of an

inch.
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The overall effect of the given assumptions produced conservative results.

Nevertheless, the results provided a "feel" for the maanitude of the dose rate

from a removed leadscrew.

The results of the analysis predicted a conservative upper bound of = 46
rem/hour at 1 foot from the leadscrew. 1In addition to the upper bound gamma
dose rate, a more realistic gamma dose rate range of 0.5 to 10 rem/hr at 1 foot
was estimated. This was done using the same model but a more realistic plate-

out source on the leadscrew.

2.6.2 ALARA Provisions

ALARA provisions were implemented in procedures and too! design for the

Quick Louk. Provisions for ALARA are summarized below.

2.6.2.1 Procedures.

1. Attempt to unthread leadscrew nut first.

By first attempting to rotate the leadscrew nut, the
operator obtained an early indication of whether the
leadscrew could be removed. If the leadscrew nut
was damaged and could not be unthreaded, the lead-
screw couid not be removed from the drive even
though 1t might be uncoupled and parke:. Because
leadscrew removal was a key prerequisite to the
Quick Look, early determination of nut functionality
would reduce the man-rem expended on damaged drive

locations.

no

Lteave the tcrque taker in a lowered position unless

raising 1s recessary.
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If the leadscrew could be lowered 3/8 inch after

unthreading the leadscrew nut, the leadscrew could A
be uncoupled, parked, and removed without raising §
the torque taker. 1n normal operating plants, the AN

torque taker is a significant radiation source
because its magnet tends to collect radioactive

crud.

Monitor the uncoupling operations closely for

indications of interference.

'

Critical steps (e.g., leadscrew 1ifting and removal)

were closely monitored in an attempt to avoid

jamming a leadscrew inside the drive. If increased

load indications were noted during ieadscrew with-

drawal, operations would be terminated at that drive

location and uncoupling and removal operations would A
proceed to the next sequential drive location. This -
action would avoid, to the extent practical, the

need for invoking contingency closure instailation

operations.
Prov'de for a leadscrew lowering contingency.

While the leadscrew was being lifted and parked, the
radiation level was monitored. If the levels rose
above a predetermined 1imit, the leadscrew could be
lowered back into the drive until removal and

cutting equipment was set up.
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Disconnect position indicator (PI) cables.

The PI cables were disconnected from the PIs and
removed from the service structure to reduce radiation
exposures from the cables and to improve worker
access, as a prerequisite to CRDM leadscrew uncoupling

and removal operations.

Install platforms.

Platforms to facilitate personnel access and equip-

ment laydown were installed.

Provide borated water.

Borated flush water was provided to flush contami-

nated equipment if necessary.

Provide an electrically driven hydraulic pump.

The electrically driven hydraulic pump was used with
the modified jumping jack for leadscrew uncoupling
activities. A manual hydraulic pump was used for
removing the leadscrews for the camera inspections.
The electrically driven pump reduced the time

required for leadscrew uncoupling.
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2.6.2.2 Tool Design.

Long-handled clamp

Because the leadscrew could be a source of high
radiation levels, the leadscrew clamp was designed
to be tightened by an operator located 3 feet away

from the leadscrew.

Saw stand

The band saw cutting fixture was designed for quick
installation (i.e., gravity mount onto adjacent
motor tubes), quick saw changeout (i.e., saw fixed
to mounting plate; assembly could have been changed
out in a matter of seconds), and quick blade change-
out (i.e., if a blade broke, the second saw and
mounting plate assembly could have been installed
and the damaged blade replaced in a reduced radi-
ation exposure area). In addition, the band saw had
a 5-foot T-handle which allowed the operator to
stand as far as 6 feet away from the leadscrew

during cutting operations.

Equipment maneuverability

A1l tools were designed to minimize the amount of
in-containment assembly and material transport
problems. The heaviest piece of equipment was the
band saw support base (weight-30 1bs.), which was
easily carried by one man. There were two long-
handled tools (approximately 14 feet long); however,

the two tools together were less than 30 pounds.

2-26




4, Mock-up testing

Mock-up testing of tool designs included the re-
straints and restrictions imposed by contamination
control equipment, e.g., amount of anti-contamination
gear worn, types of gloves, and types and sizes of

contamination control enclosures.

Chip collector

(Oa)

Plastic sleeving and a chip collector were provided
for contamination control during leadscrew cutting

operations.

6. Beta shields

Beta shields were provided to shield against beta
radiation from the leadscrew during leadscrew
cutting operations and while transporting the

leadscrew to the disposal container.

2.6.3 Operational Radiological Controls

Early in the development of the procedures for the Quick Look, it was
dec'ded that detailed radiological control measures would be more appropriately
included in the work packages than the procedures. Generally, specific instruc-
tions were written into the work packages at points where the potential existed
for significant changes in the radiclogical conditions. At these points the
radiological controls technician monitored radiation levels and reported to the
command center. Appropriate stay times or instructions were written into the
work packages based on anticipated radiological conditions. This was done to
allow flexibility in allowing work to continue if significant changes in

radiation levels were encountered.
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Initial surveys were taken on the head service structure prior to initi-

ating a work package; stay times for the job were based on this survey. If the
general area gamma exposure rates exceeded 1 R/hour during the execution of the
work package, the team was to secure the job, since the performance of the work
as planned would have resulted in personnel exceeding their authorized

exposure.

During leadscrew removal and cutting the radiological controls technician
monitored the beta and gamma dose rates. If these dose rates measured at
1 foot exceeded 10 R/hour gamma or 300 rad/hour beta, the team was to secure

the work and await instructions from the command center.

Radiation detectors were located on the service structure to continuously
monitor radiation levels. The operation of these monitors was written into the
work packages as a prerequisite step. These monitors consisted of the follow-
ing detectors connected to Eberline RM-16TM meters, which were located on a

card table placed on the position indicator cable support platform:

1. A neutron detector placed on the card table Lehind the meter;

it was set to alarm at 10 mrem/hour

2. A gamma detector placed on the card table on top of the meter;

it was set to alarm at 2 R/hour

3. A gamma detector placed alongside the CRDM motor tube from
which the leadscrew was being removed; the detector was sus-
pended 12 feet below the top of the motor tube with the meter
set to alarm at 80 R/hour.

Contamination control was provided by raising the leadscrew into a 10-inch
diameter plastic sleeve. This prevented loose contamination on the leadscrew
from spreading or becoming airborne. The area where the leadscrew was to be
cut was tightly wrapped with cloth tape about 6 inches above and below the cut

line. Containment of the chips from the leadscrew cutting operation was not
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~onsidered to be essential due to the fact that the loose surface contamination
levels on the head service structure exceedeu 107 dpm/100 cm?. The leadscrew

chips were not expected to increase these levels significantly.

Protection from beta radiation was provided by the use ot shielding and
clothing requirements as necessary. A shield was constructed of 1/4-inch

P1exig]assTM and was designed to shield workers on the working platform as the

leadscrew was being raised. An additional shield was constructed of a 10-foot
length of PVC pipe approximately 3/8-inch thick, split lengthwise into two
halves and hinged by a length of cloth tape. Thke shield was placed and taped
around the upper and lower sections of the leadscrew after each had been raised
out of the motor tube. This effectively encased the leadscrew and eliminated

the beta radiation.

Protection from beta radiation was provided by eye protection and protec-
tive clothing, especially the ice vests used for body cooling. During
evolutions wnere the skin of the extremities was expected to be exposed to beta
dose rates high enough to approach the quarterly administrative 1imit (6 rem)
or when pulling items out of the motor tube, the operators were instructed to

wear lineman's gloves.

A1l tools and equipment that came into contact with reactor coolant were
wiped down to remove contamination. If deemed necessary by monitoring, borated
water was available to flush an item as it was being raised out of the motor

tube in an effort to remove contamination.
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3. EXECUTION

3.1 Containment Entries

Table 3-1 describes the accomplishments of each containment entry
associated with the Quick Look. Man-hours and man-rem associated with each

task are also given.

TABLE 3-1. QUICK LOOK CONTAINMENT ENTRIES

Entry Entry 3 b
Number Date Accomplishments Man-Hours™ Man-Rem

62 5/13/82 Measured missile shield gap 2.1 0.354

62 5/13/82 Radiological survey of service 2.4 0.4
structure

62 5/13/82 Remote survey of "B" D-ring .43
63 5/26/82 Remote survey of "B" D-ring .76
63 5/26/82 Survey of "A" D-ring .34
63 5/26/82 Walkdown of nitrogen system . 46
64 6/3/82 Inventory of CRDM tools .14

64 6/3/82 Relocated CCTV Nos. 7 and 8 to .19
D-ring catwalks

65 6/10/82 Performed operational check .26
of the nitrogen system

65 6/10/82 Installed emergency lights on .39
the service structure; Tested
110/480 V receptacles on eleva-
tion 347

6/17/82 Staged lead bhlankets on
elevation 347"
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TABLE 3-1. (Continued)

Entry Entry a b
Number Date Accomplishments Man-Hours™ Man-Rem
67 6/22/82 Installed portable power 2.94 0.411
distribution center on
elevation 347'; Installed
portable lighting on D-ring
catwalks
69 7/1/82 Installed CRDM work platforms 1.1 0.251
69 7/1/82 Installed hoist/trolley on the 3.03 0.502
missile shields
69 7/1/82 Performed a high pressure flush 4.35 0.731
of the "B" D-ring
69 7/1/82 Remote survey of "B" D-ring 1.26 0.215
70 7/8/82 Installed temporary nitrogen 4.71 1.0
system manifolds and hoses
70 7/8/82 Remote survey of "B" D-ring 2.06 0.34
71 7/12/82 Low pressure flush of "A" and 4.57 0.967
"B" D-rings
72 7/14/82 Surveyed SV-V-25A and SV-V-26A 1.14 0.232
72 7/14/82 Installed compound pressure gauge 2.85 0.963
on the "A" loop; Connected the
"B" loop to the vent manifold
72 7/14/82 Completed installation of service 2.26 0.322
structure emergency lighting and
extension cords;Tﬁttempted to
relocate Earmark '~ receive antenna
72 7/14/82 Depressurized secondary side - 3.06 0.6
nitrogen blanket and vented
the "A" Toop
72 7/14/82 Vented the "B" loop and the 2.67 0.707

pressurizer
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TABLE 3-1. (Continued)

Entry

Entry

Number Date Accomplishments Man-Hours® Man-Remb

72 7/14/82 Nitrogen blanketed "A" and "B" 1.0 0.225
loops

73 7/15/82 Nitrogen blanketed the pressurizer 0.6 0.187
and closed secondary side valves

73 7/15/82 Installed radiation detectors 1.06 0.174

73 7/15/82 Obtained CRDM gas samples and 4.15 0.525
initiated venting

73 7/15/82 Completed venting and obtained 5.51 0.719
CRDM liqguid sample

74 7/14/82 Depressurized RCS nitrogen blanket 0.86 0.18

74 7/19/82 Installed PVC leadscrew sleeves 4.85 0.753
and stagea CRDM tools

74 7/19/82 Vented, uncoupled, and parked 7.61 1.193
leadscrew (first team)

74 7/19/82 Vented, uncoupled, and parked 4.54 0.594
leadscrew (second team)

75 7/21/82 Removed, cut, and rigged leadscrew 6.7 1.409
off service structure

75 7/21/82 Replaced ?ﬂd relocated the 2.90 0.502
Earmark  receive antenna

75 7/21/82 Obtained an RCS liqguid sample 4.23 0.582

75 7/21/82 Installed camera, video, and 3.21 0.34
recording equipment

75 7/21/82 Performed Quick Look camera 6.66 1.203
inspection

76 7/28/82 Radiological survey of service 0.67 0.105
structure

76 7/28/82 Obtained three RCS liquid samples 3.54 0.546

77 8/4/82 Obtained an RCS liquid sample 2.16 0.268




TABLE 3-1. (Continued)

Ji
£
H
o
¢
H
}
q
H

: Entry Entry

| Number Date
77 8/4/82
77 8/4/82
77 8/4/82
77 8/4/82
77 8/4/82
77 8/4/82
78 8/5/82
78 8/5/82
78 8/5/82
78 8/5/82
79 8/6/82
79 8/6/82
79 8/6/82
79 8/6/82
80 8/12/82
80 8/12/82

Accomplishments Man-Hours® Man—Remb

Disconnected and removed the rod 4.5 0.612
position indication cabling

Prepared six CRDMs for Quick 1.6 0.19
Look II

Relocated radiation detector 1.5 0.178
on service structure

Staged camera and video equipment 1.05 0.148

Relocated leadscrew sections that 3.15 0. 397
were previously cut and removed

Verified operability of Earmark " 0.86 0.15
communications system

Obtained an RCS liquid sample 0.99 0.25

Vented, uncoupled, and parked 8.3 0.95
leadscrew 8B

Vented, uncoupled, and parked 6.92 0.719

leadscrew 9E

Removed, cut, and rigged leadscrew 5.06 2.316
9E off service structure

Removed cut, and rigged leadscrew 6.5 1.933
8B off service structure

Installed camera, video, and 2.79 0.481
recording equipment

Performed Quick Look II 10.07 1.5
camera inspection

Removed video equipment and 3.0 0.358
cleaned service structure

Obtained an RCS liquid sample 3.66 0.493

Installed camera, video, and 1.39 0.163

recording equipment, and probe
tool on service structure




TABLE 3-1. (Continued)

- Entry Entry b
1% Number Date Accomplishments Man-Hours® Man-Rem
By
80 8/12/82 Cut and removed about two-thirds 4.16 0.487
of the CRDM lockwires
80 8/12/82 Performed Quick lLook III camera 13.87 1.487
inspection and core probe
81 8/13/82 Obtained gas samples from 2.43 0.273
three CRDMs
83 8/18/82 Obtained an RCS liquid sample 2.0 0.243
83 8/18/82 Cut and removed remaining 2.0 0.242
CRDM Tlockwires
85 8/23/82 Removed about one-half of the 4.0 0.448
CRDM closures
85 8/23/82 Installed acoustical monitor in 0.66 0.09
CRDM 9E
85 8/23/82 Uncoupled about one-half of the 4.61 0.628
CRDMs
86 8/25/82 Obtained an RCS liquid sample 2.0 0.244
86 8/25/82 Removed remaining CRDM closures 5.28 0.644
86 8/25/82 Uncoupled remaining CRDMs 5.68 0.783
(except for three)
3
89 9/1/82 Obtained an RCS liquid sample 1.98 0.299
90 9/3/82 Installed manometer on CRDM 8H 4.10 0.629
and obtained gas sample
91 9/8/82 Obtained an RCS liqguid sample 0.9 0.134
91 9/8/82 Obtained a CRDM gas sample 0.9 0.133
92 9/10/82 Obtained a CRDM gas sample 1.42 0.18

3-5




e T e

S

TABLE 3-1. (Continued)

Entry Entry b

Number Date Accomplishments Man-Hours® Man-Rem
93 9/15/82 Obtained an RCS liquid sample 1.1 0.174
93 9/15/82 Obtained a CRDM gas sample 2.0 0.287

TOTALS 243.2 40.684

a Man-hours were calculated based on the sum of the individual team member's

man-hours.

b Man-rem were calculated based on the sum of the individual dosimeter reading

recorded on each radiation work permit (RWP). These readings will not neces-
sarily coincide with the TLD readings.
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3.2 Preliminary Data Collected

3.2.1 Gas and Liquid Samples

Three CRDM samples were obtained during entry 73 on July 15, 1982. These
samples consisted of two gas samples (one line purge sample and one system
sample) and one liquid sample. 2'! CRDM samples were obtained using evacuated,
150 ml sample bombs attached to the CRDM venting tool back-up valve. After
obtaining the CRDM purge and gas samples, the CRDM venting tool was connected
to the blower and ductwork assembly to dilute the remainder of the gas from the
CRDM. Following the complete venting of the CRDM, a CRDOM liquid sample was
obtained by connecting an evacuated 150 ml sample bomb to the isolation valve
of the venting tool. Tables 3-2, 3-3, and 23-4 present the analysis results for
these samples.

TABLE 3-2. CRDM PURGE SAMPLE FROM 10H CRDM VENT
(July 15, 1982 - Sample No. 86548)

Analysis Results Units Uncertainty Units
Kr-85 1. 1EQ uCi/cc 1.2E-2 1Ci/cc
Cs-137 3.5E-5 uCi/cc 5.2E-6 pCi/cc
0, 4 %

N, 21 %
H2 57 %
Other 18 %

NOTE: Positive particulate results on Marinelli beakers should cinly be
considered as qualitative.
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TABLE 3-3. CRDM GAS SAMPLE FROM 10H CRDM VENT
(July 15, 1982 - Sample No. 86547)

Analysis Results Units Uncertainty Units

Kr-85 1.1E0 uCi/cc 1.2E-2 uCi/cc




TABLE 3-4. CRDM LIQUID SAMPLE FROM 10H CRDM VENT
(July 15, 1982 - Sample No. 86546)

Results LLD Units Uncertainty Units

B 3820 ppm
Cl 2.5 ppm
Na ppm
pH
H-3 pCi/ml
Sr-90 ) pCi/ml
Turbidity
(before
filtration)
Turbidity

(after
filtration) ( NTU

a
Cs-134 . pCi/ml pCi/ml
Cs-137 ) pCi/ml 3. pCi/ml
Co-58 pCi/ml
Co-60 . pCi/ml : pCi/ml
Ru-106 . pCi/ml . pCi/ml
Sb-125 .5E pCi/ml : pCi/ml
Ce-144 . pCi/ml . pCi/mi
Mn-54 . pCi/ml . pCi/ml

Gross alpha . pCi/ml . pCi/ml

Gross beta . pCi/ml . pCi/ml

a. NTU = normal turbidily units.




Contact RO-2A readings on the gas and liquid samples collected were as

follows:

CRDM gas samples:

Line purge: 150 mR/hour gamma and 400 mrad/hour beta

System vent: 150 mR/hour gamma and 520 mrad/hour beta

CRDM liquid sample: 150 mR/hour gamma and 400 mrad/hour beta

One RCS liquid sample was obtained during entry 75 on July 21, 1982. The
sample was obtained using a solenoid actuated, 150 ml sample bomb which was
lowered into the reactor vessel through the CRDM, to a depth 28 feet below the
top of the motor tube. The sample bomb was lowered into the motor tube using
four 10-foot aluminum support tubes. Support tubes were connected as required
to reach the prescribed depth and supported at that depth using a tripod
assemply. The sample solenoid was energized by a power supply brought into the
containment by the entry team. Table 3-5 presents the analysis results for
this RCS sample.

RCS 1iquid samples were taken each week thereafter and similar analyses

were conducted. After using evacuated sample bombs several times, the sampling

technique was changed to the use of a manually operated pump that would draw
RCS 1iquid up a suction hose inside the CRDM and discharge into a sample

container.

During tasks involving the removal of CRDM closures, it became evident
that gas was being generated under the reactor vessel head at unexpected rates.
Gas samples were obtained from the tops of CRDMs at positions 2H, 7G, and 7K.
Analysis of the samples indicated that when a CRDM closure was opened, the gas
mixture in the motor tube changed from hydrogen with an oxygen deficiency to a
mixture that had higher oxygen and nitrogen concentrations and a lower hydrngen

concentration.




TABLE 3-5.

(July 21, 1982 - Sample No. 86798)

RCS LIQUID SAMPLE ANALYSIS FROM REACTOR VESSEL

Analysis
Cs-134

Cs-137
co-h8
Co-60
Ru-106
Sb-125
Ce-144
Gross beta
Gross alpha
pH
B
Cl
Na
H-3
Sr-90

Turbidity

Results LLD Units

1.9€-1 pCi/ml
2.3E0 pCi/ml
pCi/ml
pCi/ml
pCi/ml
pCi/ml
pCi/ml
pCi/ml

pCi/ml

ppm

ppm

ppm
HCi/ml
pCi/ml

NTU®

a. NTU = normal turbidity units

Uncertainty

Units

9.3E-4

2.9E-3

pCi/ml

pCi/mil

pCi/ml

pCi/ml

uCi/ml




After the CRDM uncoupling attempts were completed, a manometer was
connected to the CRDM vent tool (see Figure 3-1) that was installed on the
central CRPM (8H) (see Figure 3-2). The gases generated under the reactor
vessel head collected in the central CRDM, where - 2 gas buildup could be
measurea with the manometer. The CRDM and manometer were intially purged with
nitrogen and gas samples were taken periodically. The analysis results of
these CRDM gas samples are preserted in Tanle 3-6. Observations of the

manometer indicated that gas buildup was approximately 0.04 to 0.05 cubic foot
per day.

TABLE 3-6. CRDM 8H GAS SAMPLE ANALYSES

Sample Sample Sample Sample Sample
9,/3/82 9/8/82 9/10/82 9/15/6¢ 9/15/82
Coanstituent (%) (%) (%) (%) (%)
Ny 95.5 87.4 91.9 89.3 86.8
Ho <0.1 6.3 8.0 11.8 12.5
0, 4.3 4.3 1.6 1.7 1.0
Others - 2.0 - - -
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Contact R0O-2A readings on the RCS liquid sample bomb were 100 mR/hour
gamma and 240 mrad/hour beta.

3.2.2 LlLeadscrew Information

During removal of the leadscrews, no apparent warpage or deformities were
observed. Except for the leadscrew bayonet couplings and the lead,: . 2w at
position 8B, the leadscrew surfaces were clean. The bayonet couplings and the

leadc<crew at positicon 8B were covered with a black powdery substance.

Dose rate profiles of the three leadscrews that were removed are presented
in Figures 3-3, 3-4, and 3-5.

Three leadscrew-related samples were removed from the reactor buiiding for

analysis. These samples were:

o A scraping sample off the inside of CRDM 88 (#88905)

o A small fleck observed on the service structure after removing lead-
screw 8B (#88906)

o A sample of the cuttiag remnants (shaving) of the leadscrews (mostly
position 8B) (#s8904).

The ~craping samole only consisted of several small flecks. The 8B
lezuscrew sample was a single fleck approximately 1/8 inch in diameter, while
the shavings sample consisted of several grams of miscellaneous shavings. Four
sub-samples of each type of material were removed from the cuttings and placed
in separate pztri dishes. Microscopic examinations showed that portions of the
cuttings sample had the same general appearance as the scraping and leadscrew

samples.

Approximately 100 mg of the cuttings sample were tested for pyrophoric
characteristics. First, the sample was heated on a hot plate to approximately
150 C for 10 minutes in air. No spontaneous ignition was observed. However,
while the sample initially contained flecks of various sizes and colors, all

the material changed to a uniform dark gray to black color after heating.



The heated sample was then exposed to a flint/steel spark source with no
spontaneous ignition observed after several direct strikes. Approximately
10 mg of the heated sample were then directly heated with an alcohol flame for
several minutes. There was no evidence of spontaneous ignition. A maximum

temperature of 1000 C was ectimated.

A small pertion of the 150 C heated sample was then placed in a petri dish
and a sm3il portion of the flamed sample was placed in another petri dish, for
visual comparison with the unheated samples. All eight of these petri dishes

were then examined with a 60 power microscope prior to quantitative assay.

A1l samples were counted for gamma and beta activities. The results are
summarized on Table 3-7. The data indicate a wide range of activities for
these samples. The CRDM scrape sample had the lowest Cs-137 to Sr-90 ratio,
while the crud sample that fell off during the 8B leadscrew removal had the
highest ratio. For reference, the Cs-137 to Sr-90 ratio for a variety of
samples is also given in this table. General conclusions are difficult to draw

from these data.

3.2.3 Leadscrew Uncoupling Descriptions for Drive Locations 8H and 7K

During the first attempt to uncouple the leadscrew on drive 8H, there were
indications of interferences or damage because the initial load reading was 350
pounds. The leadscrew nut rotated freely. Initially the leadscrew did not
lower; therefore, the leadscrew would not rotate. After tapping on the light-
weight leadscrew lifting tool, the leadscrew lowered enough to allow it to

rotate 45 degrees to the uncoupled position.

At this point the leadscrew and tool weight should have been 170 pounds;

however, the leadscrew would not lift above 1 inch without exceeding the

administrative load Timit of 350 pounds.




TABLE 3-7. RADIOACTIVITY ANALYSES OF LEADSCREW SAMPLES

Sample Total Activity (Ci)

Number C«-137 Cs-134 Sr-90 Cs-137/Sr-90
88905° 4 6E-2 3.6E-3 8.9E-3 5.2
88906 6.2E-1 4.8E-2 2.4E-3 258
88904-1 1.3E-1 1.1E-2 7.4E-4 176
88904-2 2.9E-3 1.7€-4 <2k-4 -
88904-3 1.3E-1 1.1E-2 1.2€-3 108
88904-4 4.2E-1 3.8E-2 5.7E-3 74
38904-heat 3.1E-2 2.4E-3 <5.5E-4 -
88904-f 1ame 2.4E-1 2.2E-2 7.4E-4 324

a. Other activities detected in this sample only:
Co-60 = 2.8E-4, Ru-106 = 3.9E-3, Sb-125 = 3.7E-2, Ce-144 = 1.5E-3

For Keference Cs-137/5r-90

RB sump - typical range 10 to 20

RCS prior to processing 0.8

RCS prior to Quick Look 0.3

Air in containment ~20 :
Smears 1n containment 10 to 20 f
Filterable RCS 0.001 to 0.5 :;
Filterable RE sump 0.5 to | gi
CRDM purge filter sample 0.1 ]
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The Teadscrew was raised, lovered, and rotated for several minutes until
the decision was made to go to the next drive. During these movements of the
leadscrew it was rotated beyond the 45-degree point; later analysis indicated
that it was likely that the spider had fallen off. However, the interference

still existed and the leadscrew could not be removed

After an unsuccessful attempt to uncouple the leadscrew at CRDM 7K,
another attempt was made at CRDM 8H. The nut was rotated clockwise to the hard
stop in order to return the drive to its original position. The nut rotated 20
times in lieu of the 4 to 7 expected. This gave a positive indication that the
leadscrew was in an uncoupled position and the nut was bottomed on the lead-

screw engagement pins.

When the leadscrew was loaded it still did not move beyond the 1l-inch mark
without exceeding the 350-pound administrative load Timit. In Tight of the
positive indication of uncoupling, the operator was instructed to jar the tool
in an attempt to determine where the problem was. During this step the lead-
screw broke loose and the load reading was 170 pounds. The remainder of the
leadscrew parking and removal process indicated that there was no detectable

damage to the leadscrew.

As previously noted, after the first attempt to remove the leadscrew at
CRDM 8H was unsuccessful, an attempt was made to remove the leadscrew at CRDM
7K. This leadscrew also had indications that there were interferences or
damage because of the initial Toad reading of 350 pounds. Although the lead-
screw nut rotated freely, initially the leadscrew did not move up or down;
however, as with position 8H, after tapping on the leadscrew 1lifting tool, the
leadscrew moved up, down, and rotated. The leadscrew was lifted after rotating
it 45 degrees, although it woutd not move more than 1 inch without exceeding
the 350-pound load Timit.

After several up and down movements and several rotations (0 degrees to
45 degrees to 0 degrees) of the leadscrew 1ifting tool, the leadscrew was in a
condition where it could not be rotated with the 1ightweight leadscrew 1ifting
tool. At this point the 1ifting tool and nut runner were removed and the

alternate uncoupling tool (see Figure 3-6) was tried.
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When the jumping jack and alternate uncoupling tool were engaged, the jack
was actuated and the torque tube (see Figures 3-7 and 3-8) was raised and
lTowered normally. The torque tube rotated only 30 to 35 degrees. In an
attempt to gain a full 45-degree rotation, the torque tube was rotated back and
forth several times. During these rotations it was observed that the reverse
hard stop was approximately 25 degrees behind the normal uncoupled position.

No clear conclusion could be drawn from these observations. After several
unsuccessful attempts to gain the 45-degree rotation for uncoupling, the torque
tube was returned to the coupled position and recoupled inside the motor tube.

At this point operations on drive 7K were terminated.

3.3 Observations from the Camera Inspections

The Quick Look camera inspections were performed inside of the TMI-2
reactor vessel on July 21, August 6, and August 12, 1982. The camera revealed
that the upper central portion of the reactor fuel has collapsed and forms a
loose bed of rubble, whose upper surface is about 5 feet below the normal top
of the core. This appears to support earlier studies of the accident that
theorized severe damage in the upper central portion of the core where the

temperatures were the highest.

The first look involved inserting the camera down the space vacated by the
remova: of the leadscrew drive from the central CRDM. The camera showed no
visible damage to the plenum assembly ahove the core. However, when the camera
was lowered to the point where the control rod and fuel assembly should have
been, it was found that the core had slumped away from the plenum. The camera
was then lowered an additional 5 teet where the top of the bed of rubble was
observed. Only a very limited part of the core could be observed during this

inspection due to water clarity and lighting conditions.

Airter removing two more control rod leadscrew drives at the edge of the
core and at a point midway between the outer edge and the center, the second
inspection was co: ducted. 72 pictures at the edge revealed that the control

rod and the fuel assembly in this position were still in place. In the pic-

tures taken at the midpoint between the edge and the center, more evidence of
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the bed of rubble could be seen. The top of the rubble at this point was also
observed to be 5 feet below the plenum assembly, as was the case at the center
position. These pictures revealed several recognizable components in the core,
including fuel rod springs, intact or partially intact nonfue) bearing tubes,

and severai partial fuel assemblies hanging from their position in Lhe plenum

assembly. The quality of the pictures was improved due to the installation of
a supplementary light into the center position (used for the first inspection)

and possibly due to improved water clarity.

The third inspection included probing the rubble bed to determine its
constituency. A steel rod was inserted down the same position between the edge
and the center of the core as was used for the second inspection. The rod was
lowered until it rested on the top of the rubble. It was then pushed into the
rubble with relatively little force for a distance of 14 inches, indicaling
that at least the top layer at this point is loose rubble. The probe test was
then conducted at the center of the core, where it was also found that the

upper 14 inches of the rubble bed is loose material.

Several preliminary conclusions have been made based on a review of the camera
inspections. The initial conclusions are limited only to areas explored by the

camera:

o A significant portion of the Unit 2 fuel assemblies was severely
damaged during the 1979 accident, with the result that some of them

are in a bed of rubble.

o An approximateily 5-foot-deep void exists in the upper portion of the

core, extending from the core's center line about halfway to its edge.
0 No evidence of melted fuel pellets was found; however, no generalized
conclusions have been made on whether or not any of the fuel pellets

within the core had melted.

0 At two points, one at the center and the other midway to the edge, the

rubble at the bottom of the void is composed of loose material to a
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depth of at least 14 inches, and in those two areas the rubble is not

a fused mass.

o As expected, there appeared to be evidence of partial melting of
nonfuel material, such as metal components that have melting points

much lower than uranium oxide fuel.

0 The plenum, a major reactor component just above the core, appeared to
be substantially undamaged. At a point between the center and the
periphery of the core, parts of fuel assemblies were seen hanging from

the lower plate of the plenum.

A committee, the Quick Look Tape Review Group, which was composed of
individuals who were familiar with the details of the construction of fuel and
core internais, and with videos technology, reviewed the videotapes. The
details of the Guick look Tape Review Group conclusions can be found in their

report, Data Report - Quick Look Inspection Results (TP0O/TMI-026), December 1982,

GPU Nuclear Technical Planning Department. The following sections are a brief

sumnmary of some of the observations from the report.

3.3.1 Observed Condition of the Plenum

The interior curfaces of the CRDM guide tubes (8B, £H, and 9E) were
thoroughly examined and appeared to be in good condition. Nearly all of the
setscrews, which fasten the guide tubes to the bLrazement support plates, were
focated. All screws had cleariy visible, intact threads. Varying amounts of
fine surface deposits, as well as some small flakes, were observed on the top
surface of the screws. All support plates inspected were unbroken, free of
distortion, and genevally undamaged, although the top surfaces were covered
with layers of flake= at every location inspected. The junctions of the
support plates with the C-tubes and split tubes appeared to be normal with no
evidence of melting. The boltom end of one of the split tubes at the 9E
iocation showed evidence of mincr wastage of metal. Some of the nearby C-tubes

also showed signs of melting below the tenth support. Other C-tubes only

centimeters away at 9E were undamaged.

o




Since markings on the camera cable allowed the depth of the camera lens to
be known to within 1 inch, it was possible to determine that the grid plate had
not sagged at any of the three locations examined. The brazement support
plates, ends of the C-tubes and split tubes, grid plate surfaces, and pressure

pads were all found in their normal locations.

At location 9E, the fuel element upper end fitting and the three adjacent
upper end fittings (8D, 8E, and 9D) were suspended from the underside of the
grid plate. The grillage was completely missing on the 9E upper end fitting.
The spider, spring, and spring retainer were also missing. The grillage on
the other three visible upper end fittings was present, but partially damaged.
One of the upper end fittings had other identifiable components suspended from
it. A spacer grid, stubs of control elements, and partial fuel pins were

visible.

The 9E upper end fitting was scanned from inside with the right angle lens
and appeared to be in its normal position with respect to the grid structure.
Metal chips and debris were found in the tight space between the center tabs on
the end fitting and the grid. This debris may be what is holding the end
fitting in piace, although the remainder of the fuel element was missing. Some
areas of the 9E upper end fitting look like metal that has been cut by a torch,

while adjacent areas appear to be in the as-manufactured condition.

3.3.2 Distribution of Core Debris

Flakes of debris 1/8 inch in diameter or less were observed on nearly
every horizontal surface. The thickest layer of flakes seen was not more than
1/16 inch in depth. These layers were loosely deposited, since the motion of

the camera in the water often disturbed the flakes.

Each support plate observed in the CRDM guide tube at location 9E had a
layer of flakes, whose thickness increased with depth, on the top surface. The
undersides of the horizontal surfaces were clean and free of loose debris.
Vertical surfaces were clean and free of loose debris. Vertical surfaces of

the CRDM guide tubes and C-tubes were relatively free of debris near the top of
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the plenum, although some slight deposit of material was evident as the camera

was lowered.

Debris of larger characteristic size was lodged in the narrow space
between the upper end fitting centering tabs and the plenum grid plate. This
debris appeared to be metal chips or fragments, rather than tiny flakes. One

piece of debris looked like a fuel pellet fragment.

Whenever the camera impacted the rubble bed, a cloud of very fine parti-
cles, which settled or dispersed quickly, was generated. The turbidity of the
water varied from one camera inspection te the next. During the first camera
inspection, the water was quite cloudy with visibility limited to 3 inches
beyond the camera at most. The visibility increased to about 9 inches beyord

the lens during the second camera inspection; however. it appeared that visi-

' - .
Tor Ly w3

¢ abie Tight rather Lian by turpidiy,.  Buring ine
third camera inspecticn, available light also appeared to be the factor limit-
ing visibility, causing objects to be indistinct, although discernibie, from 1

or 2 feet beyond the camera.

3.3.2 Extent of Core Damage

A void exists in the upper central portion of the core. At position 8H,
the center ot the core, the void extends from the bottom of the plenum to a
vubble bea., the top surtace of which is 5 feetl beluw the bottom of the plenum.
This void includes at 'east the central nine fuel locations. At the 9E loca-
tion, the void alsc extends Y teet below the lower surface of the plenum. It
w3s not pocsible to rotate the —amera 36U degrees, as was done at position &H,
since the camera was prevented from turning on every attempt. Stubs of rods
were seen extending upward from the rubble at pusitien SE.  Rud stubs were also
observed hanging downward alcng the west edge of the core at the 50 location.
Ihey were suspended 1ivom the remains ot the upper end fitting, which was stiil

in place.

At position 8H the entire upper end fitting was missing, as was an adjacent
one. At positions &b, 8E, 9L, and 9F, the upper end fittings were still

suspended from the plenum gria plate. The spider assemblies were encountered

3-21




|

in their normal positions at location 88 and one adjacent location, which
indicates that the fuel bundles in these locations were sufficiently intact to

support the spiders.
3.4 Core Probe

The rubble bed was probed by inserting a 1/2-inch-diameter steel rod into
the reactor vessel through the 8H CRDM guide tube until it touched the rubble.
It was then rotated and allowed to penetrate the debris by the force of its own
weight (about 30 pounds). The probe easily penetrated the debris to a depth of
14 inches, where it was stopped by an unyielding obstruction. The rod penetrated

the debris to the same depth at location 9E.

3.5.1 Description

CRDM uncoupling and core mapping were planned to obtain the earliest
possible data on the condition of the CRDMs. The uncoupling consisted of a
series of operations that attempted to disconnect drive mechanism leadscrews

from core controi elements. The goals of these operations were to:

0 Obtain data that can be used toc assess the condition of the core

0o Uncouple CRDM Teadscrews from control rod assemblies Lo permit lead-

screw parking and CRDM removal (if required)

o Obtain data on the condition of individual CRDMs in erder to develop

the most efficient plan for contingency uncoupling and parking.

The uncoupling sequence was set up to obtain six major data items and any
associated data that may be pertinent to the data evaluation process. These
data consisted eof four pressure gauge readings taken from 3 hydraulic pressure
gauge on the jumping jack tool, the extent of leadscrew rotation, and whether

or not the hard stops were felt by the operator. Other information, such as
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the operator's feel tor the rotation, the inability to rotate back to the

coupled position, or whetrer the drop of the spider was felt, was also recorded.

Alternate uncoupling of the CROM is performed by rotating the majority of
the drive's internals. When leadscrew remeval is not required (e.g., head
removal, normal plast outages, etc.), alternate uncoupling is used to reduce
the time and man-rem associatec with CRDM uncoupling and parking. The differ-
ence hetween the normal ancoupling {used during the Quick Look leadscrew

uncoup g and remaval) and the alternate uncoupling is:

0 Normal cocoupiing untbreads Lhe leadscrew nut (see Figure 3-9) and

»

then urcoupies the teadscrew from the spider and torque taker simul-

taneausiv, lhus ailowing the leadscrew Lo be removed frem the drive

NN S ‘ni?i,uu;,," iy LihLuug s ULhe Lo gue Libe frotn Lie molor Lupe and
“otates the entive internals assembl, (1.e., torque tube, torque
taker, and leadscrew), Lhus uncoupling the leadscrew from the spider
without diztarbing the leadscrew-torque taker connection. The lead-

crew can then be parked by hanging the toryue taker inside the torque
tube Without wubsequent operations {(1.e., unthreading of the lead-
(Crew nat ), the jeadscrew cannut be removed from the drive using this

me thaorl.

ihe aiternate ancoupiing tool is normally used in conjuction with an
Cemopeeated umping fack o pertorm the 1ifling and lowering. In order to

Cate e iahing tre dhive cemponents al various intervale in the uncoupling
Svvieroe . the tami iy tack was aoditied to be hydrautical by operated.  The tool
wa -t calibrated for weiogbhing, During caiibration, 1t was determined that
there was 4 oosestant 2o-possd ereor dn Lhe weight conversion: the conversion
tacte o L peneds ta oo o=t For example. 53 psioequals 250 pounds.  In
itins to the Zi-pound constant seight evreer, the actual psi gauge readings
fould coiy be recorded G 43 psi. This added additional uncertainties into the
Actuat weight indicatior:: however, (he weighing capabilities were sufficient
tar determining trends o the data accumulated.  This data analysis 1s dis-

cussed in detail later
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Another major portion of data accumulated relates to the rotation of the

leadscrew. These data were determined based on the design of the bayonet
connection between the leadscrew and spider. This connection is a flat bayonet
with no J-slots. There are four male tabs cn the leadscrew and four female
slots in the spider's coupling. There is a 2-inch engagement length between
the tabs and slots which, when mated, allows very little (less than 5 degrees)
relative rotation. The characteristics of the rotation of this coupling are
discussed in detail later.

APSRs were also uncoupled using the alternate uncoupling method. Because
the leadscrew's weight is supported by the APSR roller nuts, the weight indica-
tions throughout will be different than shim safety drives. The major difference
between APSR and shim safety drives stems from their function in the reactor.
Because the APSRs never scram, their torque tubes do not have belleville
springs and their roller nuts and leadscrew are always engaged. Different
uncoupling plans were veauirved oply for APSH 10N, where the Lorgue laker was
bottomed on the torque tube during insertion tests. For the remaining seven
APSRs, there was sufficient clearance between the torque tube and torque taker

to allow the torque tube to be lifted and alternate uncoupling to be performed.

For APSR leadscrew parking, the stators will have to be energized to
withdraw the leadscrew from the constraints of the spider's coupling (approxi-
mately 2 inches). Once this has been performed, the APSR leadscrews can be
parked manually by rotating the torque tube and leadscrew using the alternate
uncoupling tool. This method requires 168 revolutions of the torque tube (for
drives with the APSRs in the fully inserted position). Stators could be used
to park the leadscrews; however, without stator coc’ing water the risk of
overheating is possible. In run speed, it takes 4% minutes to drive the
lTeadscrew to the park position. During the APSR insertion tests, cooling water
was not used. To part the shim safety drives, the leadscrew is engaged using a
leadscrew 1ifting tool and the leadscrew is lifted through the roller nuts.

Additional information concerning leadscrew parking will be discussed later.
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3.5.2 Data Explanation

The first gauge reading was taken after the lift of the entire assembly.
This included the control rod assembly, leadscrew, torque tube, torque taker,
and uncoupling tool. Their combined weight was 390 pounds. For a normal drive
(the assembly moved up freely and the entire control rod assembly was present),
this pressure reading should have been approximately 75 psi. Since combina-
tions of crud huildup and missing control elements could also cause a normal
reading (75 psi), tre combination of all readings anu rotatinons was the only
way of determining a truly normal assembly uncoupling. It should also be noted
that if the first qauge reading exceeded about 390 psi, it indicated that the
belleville springs were being compressed in order to gain the upward torque
tube motion required.

Tha cacond gauge reading wac raken 17tor oyering the ortice aoqpms’
prior to rctation of the assembly. The vertical position of the torgque tube
was just below its seated position for this reading. Again, for a normal
assemblv this reading should have been about 75 psi. However, if the leadscrew
or spider wis stuck (and thus their weight was being supported in the drive or
by the control rod pin damage), the second reading should have been about
28 psi. This corresponded to the weight of the alternate uncoupling tool and

the torque tube. 7 the leadscrew was stuck it was still possible for the

torque tube Lo slide down the leadscrew.

The third gauge reading was taken after rotation of the assembly. The
vertica! nositien of the torque tube was the same as for the second reading.
This reading determined f the contro! rod ascembly or any weight dropped off
the leadecrew. A normal uncoupling wou:d have a gauge reading of about 521 pe<i
at this point. In cawes where orly Lhe spider assembly may hsave been present,
the drep of 10 to 15 pounds (eqguivalent tu 7 to 3 psi on the nydraulic gauge)

was undetectable, due !to¢ the accuiracy of the lcad measuring device.

The fourth gauge reading was taken after the leadscrew and torgue tube
were lifted and prior to recoupling the toryue tube to the molor tube. For a
normal drive uncoupling, this reading should also have been 53 psi. There were

several drivec which uncoupled (as indicated by the leadscrew rotation and/or a
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drop in weight indication) but required more than 53 psi to lift the assembly.
This increase in load seems to be a result of the same types of interrerences
that were detected during Quick Look I and I' unceupling and parking. These

higher readings are used to identify potential parking problems at CROM loca-

tions.

It should be noted that vertical downward movement of the torque tube was

Timited to 5/8 inch during the uncoupling attempt.

~
&

There were four different rotational conditions that were observed during
CRDM uncoupiing: (a) no rotation, (b) rotation back and forth with hard stops
at app.~ximarely -10 and +55 degrees, (c) rotatien to the uncoupled position

with no further rctation back or forth, and (Jd) 36G-degree rotation.

0 The three drives that did not uncouple fall into the category of no
— rotation.  During the actua! uncoupiiiag atiempl Lhere was minor
rotation; however, this is representative of the clearances built intu

the torque tube, torque taker, and leadscrew interfice.

o A continued rotation back and forth with hard stops indicates that the
spider (and possibly the control rods) did not move down after uncou-

pling.

0 Rotation to the uncoupled position with no further rotaticn back or

N ' forth indicsted that the spider (and possibiy the control rods) moved
,;i down greater than 0 inches and less than 2 inches. The inability to
ot rotate back and forth was likely rcaused by the inierference of tlre
i?" male tabs of the leadscrew bayonet and the female slats of the spider
72" hub. A normal uncoupling would give this indication, because the

spider would fall and be supported by the end fitting. Hewever, this
rotational indication, in addition to the normal ivad veadirgs. wor!?

be required to clearly identify an undamaged CROM.

0 Finally, the 360-degree rotatior indicated that the spider dropped
I greater than 2 inches. This indication was verified by the uncoupling

of the 8H and 9F leadscrews during Quick Look T and II folliowed by the
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subsequent camera inspections. This indication does not verify that

the spider dropped into the core, only that it dropped greater than
the 2 inches required to clear the tabs of the leadscrew and spider
hub.

The remarks section of the data sheet was used to report unusual types of
information, such as a stuck torque tube support ring, the operator's opinion
of how the rotation of the leadscrew felt (compared to other B&W plants and
training facilities), and clues as to what may have caused the indications that
were recorded. In most cases, these comments were real time assessments of
what the data indicated.

3.5.7 Results of Leadscrew Uncoupling Activities

The following summary of results categorizes the data into more usable

information.

Based on analysis of the data obtained during leadscrew uncoupling, there
are several categories into which the leadscrews can be grouped (t.ie categories

are not mutually exclusive).

0 Locations where the control rod spiders never moved up or down (see
Figure 3-10).

0 Locations where the spiders moved down less than 2 inches after

uncoupling (see Figure 3-11).

0 Locations where the spiders moved up when Tifted, but did not move

down after uncoupling (see Figure 3-12).

o Locations where the spiders dropped greater than 2 inches after

uncoupling (see Figure 3-13).

0 Ltocations where the leadscrew has been uncoupled but parking the

leadscrew may be difficult (see Figure 3-14).




Locations wnere the leadscrew and torque taker are not bottomed on the

torque taker belleville springs (see Figure 3-15).

Locations where lack of leadscrew movement will not allow a poten-
tially stuck leadscrew to be identified (see Figure 3-16).

Following is an explanation of how each of these conditions was identified.

3.5.3.1 Spiders Did Not Move Up or Down. Locations where the spiders

never moved up or down (see Figure 3-10) were identified based on the

following:

The first gauge reading was greater than 90 psi, indicating that
the leadscrew was stuck in the drive or that the spider was
holding it down. In these cases the belleville springs were

compressed to gain the upward movement of the torque tube.

The second gauge reading was approximately 28 psi, which indicated
that only the torque tube was lowered and not the leadscrew and
spider.

During rotation, the leadscrew moved back and forth between hard
stops repeatedly, which indicated that the spider was not moving
down when the leadscrew was in the uncoupled position. In this

position there was no mechanism in the drive to support the

spider, and it should have fallen.

The third gauge reading remained near 28 psi, which indicated that
the leadscrew was still supported. This support could have been

from the spider or interferences in the drive.

The fourth gauge reading was less than the first reading, which
indicated that the major interferences (stuck leadscrew) in the
first reading were caused by the engagement of the leadscrew with

the frozen spider assembly.




3.5.3.2 Spiders Moved Down Less Than 2 Inches. Locations where the

spiders moved down less than 2 inches after uncoupling (see Figure 3-11)

were identified based on the following:

The first gauge reading was less than 90 psi (75 psi is normal),
which indicated that there were no significant interferences and

the leadscrew was moving up.

The second gauge reading was about the same as the first, which
indicated again that the assembly was moving up and down without
interference from below. As this reading approached 53 psi it
could be assumed that large portions of the control rod assembly
were missing; however, this determination was not as positive as

others because of inaccuracies in the weighing system.

During rotation, the leadscrew rotated to the uncoupled position

and could not be rotated back or forth, which indicated that when
the leadscrew was rotated to the uncoupled position the spider
dropped off the leadscrew and was supported 0 to 2 inches bhelow

the leadscrew rotating position. In this position the spider
coupling and leadscrew were interlocked and the spider was supported
by something (e.q., the end fitting). If an undamagad drive was
uncoupled with this equipment and procedure, this condition would

be expected.

The third gauge reading should have been in the range of 53 psi,

which would indicate that the leadscrew was not supported from the

spider (or drive).

The fourth gauge reading should have been the same. If the
reading was higher, this could have been attributed to interfer-
ences inside the drive mechanism since the spider dropped down

when uncoupled.




3.5.3.3 Spider Moved Up When Lifted but Did Not Move Down When Uncoupled.

Locations where the spiders moved up when 1ifted, but did not move down

after uncoupling (see Figure 3-12), were identified based on the following:

1. The first gauge reading was greater than 60 psi and less than
90 psi, indicating that the leadscrew was lifted but the belleville
springs were compressed.

2. The second gauge reading (although not important for the overall
conclusion) gave additional information. If the reading was
greater than 53 psi, the entire assembly was lowering. If the
reading was about 28 psi, again this indicated something (e.g.,

the spider) was supporting the leadscrew weight.
3. During rotation, the leadscrew rotated back and forth between the
hard stops repeatedly, which indicated that the spider did not

drop when the leadscrew was in the uncoupled position.

4. The third gauge reading was the same as the second, which indi-

cated that nothing had changed due to rotation.

5. The fourth gauge reading was the same as the first, which indicated
that the interferences were in the drive; or the gauge reading was
less than the first, which indicated that some interferences were

lost when the leadscrew was uncoupled from the spider.

3.5.3.4 Spiders Dropped More Than 2 Inches. Locations where the spiders

dror-~d more than 2 inches after uncoupling (see Figure 3-13) were identi-
fied based on the following: during rotation the leadscrew rotated
greater than 55 degrees, which indicated that the spider had fallen away
and therefore there were no hard stops. This indication was verified at
locations 8H and 9E during the Quick Look CRDM leadscrew uncoupling and

removal.
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3.5.3.5 Uncoupled but Leadscrew May be Sticking. Locations where the

leadscrew has been uncoupled but future parking of the Teadscrew may be

difficult (see Figure 3-14) were identified by the following:

1. The first gauge reading was greater than 75 psi, which indicated

that some interferences existed or the spider was stuck.

2. The second gauge reading was around 28 psi, which indicated that

the leadscrew was not lowered.

3. During rotation the leadscrew was rotated to the uncoupled posi-

tion, which indicated that it was uncoupled from the spider.

4. The third gauge reading was around 28 psi, which indicated that

the leadscrew was still supported.

5. The fourth gauge reading was greater than 60 psi, which indicated

that the force required to move the leadscrew up was greater than

350 pounds (the design capacity of the leadscrew lifting tool).

3.5.3.6 Torque Taker Not Bottomed on Springs. Locations where the

leadscrew and torque taker were not bottomed on the torque tube belleville
springs (see Figure 3-15) were identified by the following: all four
gauge readings were approximately 28 psi, which indicated that the bottom
of the torque taker was a minimum of 3/8 inch above the top of the belle-
ville springs. This indication was verified by the gauge readings of APSR
uncouplings. In the case of APSRs the leadscrews were held in this
position by the CRDM roller nuts and the only component 1ifted and lowered
was the torque tube (i.e., 28 psi). Because the leadscrew rotation on
these drives indicated that the spider was still present, it was concluded
that something was holding the spider (and control rod assembly) greater
than 3/8 inch higher than the CRDM scram position. The exact height of
the leadscrew was not known, although it could be determined by placing a
dipstick in the top of the motor tube and measuring the distance from the

top of the leadscrew to the top of the motor tube.
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3.5.3.7 Locations Where Potentially Stuck Leadscrews Cannot Be Identi-

fied. Locations where a lack of leadscrew movement will not allow a
potentially stuck leadscrew to be identified (see Figure 3-16) can be

divided into two categories:

L oty T T g T

| 1. APSR leadscrews are supported throughout the uncoupling sequence
by the roller nuts; therefore, movement of the torque tube does

not permit direct weighing of the leadscrew and/or its attachments

or interferences. Because the APSR leadscrews were not moved or
weighed during uncoupling operations, potential problems have not

been identified; however, they may exist.

2. Locations where the torque taker was nut bottomed on the belle-
ville springs (see Section 3.5.3.6) because these leadscrews were
supported during the uncoupling operations and were not moved or
weighed during the uncoupling operations. Although parking
problems have not been identified (due to lack of sufficient

data), problems may exist.

3.5.4 Explanation of Each Uncoupling (see Figure 1-8)

10P - Belleville springs compressed (165 psi)
- Leadscrew did not lower (30 psi)
- Rotation felt smooth
- Hard stops were felt several times
- Parking problems are anticipated

- Leadscrew was uncoupled from spider

110 - Leadscrew uncoupling attempted four times
- Uncoupling was successful on the fourth attempt
- Weights indicated Teadscrew was stuck two out of four attempts
1 - Hard stops were felt several times
f - Rotation felt stiff and sticky
! - Parking problems are anticipated

- Leadscrew was uncoupled from spider
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12N - Leadscrew uncoupling attempted four times

- Belleville springs compressed four times (168 psi average)

- Leadscrew did not lower four times (31 psi average) :
= . - Leadscrew did not rotate :

- Leadscrew was not uncoupled

- Parking problems cannot be identified due to lack of data
- Damage could be hetween CRDM and leadscrew or between the
leadscrew and spider

13M - Belleville springs were compressed (190 psi)
- lLeadscrew did not lower (37 psi)
- Hard stops felt several times
- Rotation felt smooth
- Parking problems are anticipated

- Leadscrew was uncoupled from spider

14L - Belleville springs were compressed (190 psi)
- lLeadscrew did not lower (29 psi)
- Hard stops felt several times
- Rotation felt smooth
- Parking problems are anticipated

- lLeadscrew was uncoupled from spider

14H - Torque tube and leadscrew were moving up and down
- Contro! assembly weight less than normal
- Spider did not move down when uncouplad
- Rotation felt smooth
- No parking problems are anticipated

- ceadscrew was uncoupled from spider

13K - Torque tube and Teadscrew were moving up and down
- Control assembly weight less than normal
- Spider fell less than 2 inches when uncoupled
- No parking problems are anticipated

- Leadscrew was uncoupled from spider

¥
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12L

1M

10N

90

APSR (4 percent withdrawn during insertion tests)

Torque tube weight indications normal

Spider fell less than 2 inches

Parking problems cannot be identified due to lack of data

Stator must raise leadscrew a minimun of 2 inches in order to park

Leadscrew was uncoupled from spider

Torque tube and leadscrew were moving up and down
Control rod assembly weight less than normal
Spider fell greater than 2 inches

No parking problems are anticipated

Leadscrew was uncoupled from spider

APSR (0 percent withdrawn during insertion tests)

Torque taker bottom on torque tube

First attempt, torque tube could not be lifted

Leadscrew nut backed off three turns, creating clearance to lift
torque tube

Second attempt, torque tube was uncoupled

High first reading indicated that clearances between roller nuts
and leadscrew had to be used to create the clearance needed to
uncouple the torque tube from the motor tube

Once torque tube was uncoupled, readings were normal

Spider did not drop

Stator must raise leadscrew a minimum of 2 inches in order to park
Parking problems cannot be identified due to lack of data

Leadscrew was uncoupled from spider

First reading was less than normal (65 psi)

Second and third readings indicated stuck leadscrew (35 psi)
Rotation felt smooth

Spider did not drop

Parking problems are anticipated (65 psi)

Leadscrew was uncoupled from spider
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8P - Drive was uncoupled during Quick Look I1I

- Leadscrew could not be parked with 350 pounds

- Leadscrew lifted, indicating a stuck leadscrew; did not indicate
compressing of bellevilles (75 psi)

- Second and third readings indicated stuck leadscrew

- Hard stops were felt

- Spider did not drop

- Parking problems are anticipated (and proven via Quick Look II
activities)

- Leadscrew was uncoupled from spider

6P - Belleville springs were compressed
- Leadscrew supported (30 psi)
- Rotation never moved
- Parking problems are anticipated (60 psi)

- Leadscrew was uncoupled from spider

70 - Belleville springs were compressed (140 psi)

- Leadscrew supported (30 psi)

- Spider never moved
- Rotation felt smooth
- Parking problems are anticipated (75 psi)

- Leadscrew was uncoupled from spider

8N - Belleville springs were compressed (170 psi)
- Leadscrew supported (30 psi)
- Rotation felt smooth
- Spider never moved
- Parking problems are anticipated (90 psi)

- Leadscrew was uncoupled from spider

9M - Belleville springs were compressed (225 psi)
- Leadscrew supported (30 psi)

- Rotation felt smooth

8 - Spider never moved




9M
(Cont)

10L

11K

12H

13G

14F

13E

Parking problems are anticipated (60 psi)

Leadscrew was uncoupled from spider

Leadscrew and torque tube moving up and down
Control rod assembly weight less than normal
Spider dropped greater than 2 inches

Parking problems are anticipated

Leadscrew was uncoupled from spider

Leadscrew and torque tube moving up and down
Control rod assembly weight less than normal
Spider dropped less than 2 inches after two hard stops were felt
No parking problems are anticipated (55 psi)

Leadscrew was uncounled from spider

Leadscrew and torque tube moving up and down
Control rod assembly weight less than normal
Spider dropped greater than 2 inches

Parking problems are anticipated (60 psi)

Leadscrew was uncoupled from spider

Leadscrew and torque tube moving up and down
Control rod assembly weight less than normal
Spider dropped less than 2 inches

Parking problems are anticipated (60 psi)

Leadscrew was uncoupled from spider

Belleville springs were compressed (125 psi)
Leadscrew was supported prior to rotation
Spider never moved

Parking problems are anticipated

Leadscrew was uncoupled from spider

First attempt, the torque ftube support ring was stuck to the
torque tube
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13E
(Cont)

12F

11G

10H

9K

Tapping with the rubber mallet freed tire binding

Second attempt, compressed belleville springs (245 psi)
Leadscrew seemed to move down (60 psi)

Leadscrew was supported after rotation (30 psi)

Spider did not move down +hen uncoupled

Parking problems are anticipated (65 psi)

Leadscrew was uncoupled from spider

APSR (1 percent withdrawn during insertion tests)

Weight indication normal

Rotation felt hard (could be due to leadscrew rotating through
roller nuts)

Spider did not d.op

Stator must raise leadscrew a minimum of 2 inches prior to park
Parking problems cannot be identified due to lack of data

Leadscrew was uncoupled from spider

Leadscrew and torque tube moved up and down
Control rod assembly weight less than normal
Rotation felt smooth

Spider dropped greater than 2 inches

No parking problems are anticipated

Leadscrew was uncoupled from spider

Leadscrew and torque tube moved up and down
Control rod assembly weight less than normal
Spider dropped less than 2 inches

No parking problems are anticipated

Leadscrew was uncoupled from spider

Leadscrew and torque tube moved up and down
Control rod assembly weight less than normal
Spider dropped less than 2 inches

No parking probiems are anticipated

Leadscrew was unceupied rrom spider



AR AN LG N AR, ) o 100

8L

™

6N

50

4N

Belleville springs were compressed (165 psi)
Leadscrew supported before and after rotation
Spider never moved

Rotation felt smooth

Parking problems are anticipated (72 psi)

Leadscrew was uncoupled from spider

Leadscrew and torque tube moved up and down
Control rod assembly weight less than normal
Spider did not drop after uncoupling
Rotation felt smooth

No parking problems are anticipated

.eadscrew was uncoupled from spider

APSR (25 percent withdrawn during insertion tests)

Weight indications were normal

Rotation felt rough (probably due to rotation of leadscrew in
roller nuts)

Spider did not drop after uncoupling

Stator must raise leadscrew a minimum of 2 inches in order to park
Parking problems cannot be identified due to lack of data

Leadscrew was uncoupled from spider

Leadscrew weights were low throughout, indicating that the
leadscrew and torque taker were not bottomed on the belleville
springs

Spider did not drop after uncoupling

Parking problems cannot be identified due to lack of data

Leadscrew was uncoupled from spider

Leadscrew weight lower than normal (65 psi)
Leadscrew supported prior to rotation (30 psi)
Rotation felt rought (little interference)
Spider did not drop after uncoupling

Leadscrew not supported after rotation (55 psi)
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4N
(Cont)

e 6L

9C

10F

- Leadscrew and torque tube moved up and down

Parking problems are anticipated (66 psi)

Leadscrew was uncoupled from spider

l.eadscrew weights were low throughout, indicating that the

leadscrew and torque taker were not bottomed on the belleville

springs
Rotation was rough %
Spider did not drop after uncoupling '
Parking problems cannot be identified due to lack of data

Leadscrew was uncoupled from spider

Belleville springs were compressed
Leadscrew was supported (35 psi)

Rotation smooth

Spider never moved

Parking problems are anticipated (8C psi)

Leasscrew was uncoupled from spider

uncoupling was attempted during Quick Look 1

Second attempt, leadscrew weight indication was low, indicating
no ccntro! eiements present (verified by Quick Look inspection)
Approximately 20-degree rctation

Parking problems cannot be identified due to lack of data

Leadscrew was not uncoupled from spider
Uncoupled and removed during Quick Look I (see Section 3.2.3)

Leadscrew and torque tube moved up and down
Control rod weight less than normal
Rotation felt smooth

Spider did not move down after uncoupling
Parking problems are anticipated

Leadscrew was uncoupled from spider
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10F
(Cont)

11E

12D

11C

10D -

Control rod weight less than normal

Rotation felt sticky at 180-degree rotation
Spider dropped greater than 2 inches
No parking problems are anticipated

Leadscrew was uncoupled from spider

Leadscrew and torque tube moved up and down
Control rod assembly weight less tﬁan normal
Rotation was sticky at 180 degrees

Spider dropped greater than 2 inches

No parking problems can be anticipated

Leadscrew was uncoupled from spider

Leadscrew weight greater than normal (85 psi)
Leadscrew was supported prior to rotation
Rotation smooth

Spider did not move down after uncoupling
Parking problems are anticipated

Leadscrew was uncoupled from spider

Belleville springs were compressed

Leadscrew was supported before and after rotation
Spider never moved

Rotation felt smooth

Parking problems are anticipated

Leadscrew was uncoupled from spider

APSR (23 percent withdrawn during insertion tests)
Weights normal
Rotation sticky clockwise (probably because of interface between
leadscrew and roller nuts)
Spider did not move down after uncoupling
Stator must raise leadscrew a minimum of 2 inches in order to park
Parking problems cannot be identified due to lack of data

Leadscrew was uncoupled from spider
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10F - Control rod weight less than normal
(Cont) - Rotation felt sticky at 180-degree rotation
- Spider dropped greater than 2 inches
- No parking problems are anticipated

- Leadscrew was uncoupled from spider

11E - Leadscrew and torque tube moved up and down
- Control rod assembly weight less than normal
- Rotation was sticky at 180 degrees
- Spider dropped greater than 2 inches
- No parking problems can be anticipated

- Leadscrew was uncoupled from spider

12D - Leadscrew weight greater than normal (85 psi)
- Leadscrew was supported prior to rotation
- Rotation smooth
- Spider did not move down after uncoupling
- Parking problems are anticipated |

- Leadscrew was uncoupled from spider

11C - Bellevilie springs were compressed
- Leadscrew was supported before and after rotation
- Spider never moved
- Rotation felt smooth
- Parking problems are anticipated
- Leadscrew was uncoupled from spider

10D - APSR (23 percent withdrawn during insertion tests)
- Weights normal
- Rotation sticky clockwise (probably because of interface between
leadscrew and roller nuts)
- Spider did not move down after uncoupling
- Stator must raise leadscrew a minimum of 2 inches in order to park
- Parking problems cannot be identified due to lack of data

J - Leadscrew was uncoupled from spider
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8F

7G

6H

5K

Leadscrew uncoupled and removed during Quick Look I1I

Leadscrew weights were low through, indicating that the leadscrew
and torque taker were not bottomed on the belleville springs
Rotation rough and got easier with additional rotations

Spider did not drop after uncoupling

Parking problems cannot be identified due to lack of data
Leadscrew was uncoupled from spider

Leadscrew and torque tube moved up and down
Control rod assembly weight less than normal
Rotation was rough, then stopped, then free
Spider dropped greater than 2 inches
Parking problems are anticipated

Leadscrew was uncoupled from spider

Leadscrew and torque tube moved up and down
Control rod assembly weight less than normal
Rotation felt smooth

Spider dropped greater than 2 inches

No parking problems are anticipated

Leadscrew was uncoupled from spider

Leadscrew and torque tube moved up and down
Control rod assembly weight less than normal
Rotation was rough at 180 degrees

Spider dropped greater than 2 inches

No parking problems are anticipated

Leadscrew was uncoupled from spider

APSR (19 percent withdrawn during insertion tests)

Weight indications normal

Spider did not drop after uncoupling

Stator must raise leadscrew a minimum of 2 inches in order to park
Parking problems cannot be identified due to lack of data

Leadscrew was uncoupled from spider
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3M - Leadscrew did not uncouple during first attempt ‘
- Leadscrew and torque tube moved up and down during both attempts .
- First attempt, no rotation
- Second attempt, stiff rotation
- Spider dropped greater than 2 inches

No parking problems anticipated

- Leadscrew was uncoupled from spider

2L - Belleville springs were compressed (170 psi)
- Leadscrew was supported before and after rotation
- Rotation was rough with 1ittle change

- Spider never moved

- Parking problems are anticipated (125 psi)

- Leadscrew was uncoupled from spider

3K - Leadscrew and torque tube moved up and down

- Control rod assembly weight less than normal

- Rotation was smooth
- Spider dropped greater than 2 inches
- No parking problems are anticipated

- Leadscrew was uncoupled from spider %

4H - Leadscrew weight normal
- Assembly seemed to move up and down
- Control assembly weight may be low
- Rotation a little rough
- Spider dropped greater than 2 inches

- Parking problems are anticipated

- Leadscrew was uncoupled from spider

56 - Leadscrew and torque tube moved up and down
- Some interferences noticeable
- Rotation felt smooth

- Spider dropped greater than 2 inches

- Parking problems are anticipated

g e T A R £ 3

- Leadscrew was uncoupled from spider
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6F

7E

8D

9C

108

Leadscrew and torque tube moved up and down
Control rod assembly weight less than normal
Rotation felt smooth

Spider dropped greater than 2 inches

No parking problems are anticipated

Leadscrew was uncoupled from spider

Leadscrew and torque tube moved up and down

Control rod assembly weight seemed normal for first reading
Spider did not drop after uncoupling

Rotation felt smooth

No parking problems are anticipated

Leadscrew was uncoupled from spider

Leadscrew weights were low throughout, indicating that the
leadscrew and torque taker were not bottomed on the belleville
springs

Rotation felt smooth

Spider did not drop after uncoupling

Parking problems cannot be identified due to lack of data

Leadscrew was uncoupled from spider

Belleville springs were compressed

Leadscrew was supported before and afte: rotation
Rotation felt a little rough

Spider never moved

Parking problems are anticipated

Leadscrew was uncoupled from spider

Leadscrew weights were low throughout, indicating that the
leadscrew and torque taker were not bottomed on the belleville
springs

Spider did not drop after uncoupling

Rotation felt smooth

Parking problems cannot be identified due to lack of data

Leadscrew was uncoupled from spider
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88

7C

6D

S5E

4F

3G

Uncoupled and removed during Quick Look II

Leadscrew and torque tube moved up and down
Some interferences detected

Rotation felt a little rough

Spider dropped greater than 2 inches

No parking problems are anticipated

Leadscrew was uncoupled from spider

APSR (26 percent withdrawn during insertion tests)

Weight indications normal

Rotation a little rough (due to leadscrew roller nut interface)
Spider did not drop after uncoupling

Stator must raise the leadscrew a minimum of 2 inches in order
to park

Parking problems cannot be identified due to lack of data

Leadscrew was uncoupled from spider

Leadscrew and forque tube moved up and down
Control rod assembly weight less than normal
Spider dropped less than 2 inches after uncoupling
No parking problems are anticipated

Leadscrew was uncoupled from spider

APSR (5 percent withdrawn during insertion tests)

Weight indications normal

Spider dropped less than 2 inches after uncoupling

Stator must raise the leadscrew a minimum of 2 inches prior to park
Parking problems cannot be identified due to lack of data

Leadscrew was uncoupled from spider

Leadscrew and torque tube moved up and down

Control rod assembly weight Tess than normal

Spider dropped less than 2 inches after two hard stc . were felt
No parking problems are anticipated

Leadscrew was uncoupled from spider
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2H

2F

3E

4D

5C

Leadscrew weights were low throughout, indicating that the
leadscrew and torque taker were not bottomed on the belleville
springs

Rotation felt spongy

Spider did not drop after uncoupling

Parking problems cannot be identified due to lack of data
Leadscrew was uncoupled from spider

Leadscrew weights were low throughout, indicating that the
leadscrew and torque taker were not bottomed on the belleville
springs

Excessive amount of torque was applied to the tool and the
leadscrew would not rotate

Rotation attempts may have increased interferences

Leadscrew was not uncoupled from the spider

Belleville springs were compressed

Leadscrew supported before and after rotation
Rotation felt smooth

Spider never moved

No parking problems are anticipated

Leadscrew was uncoupled from spider

Belleville springs were compressed

Leadscrew supported before and after rotation
Spider never moved

Rotation felt smnoth

No parking problems are anticipated

Leadscrew was uncoupled from spider

Belleville springs were compressed

Leadscrew supported before and after rotation
Spider never moved

Rotation felt smooth

No parking problems are anticipated

Leadscrew was uncoupted from spider
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6B - Leadscrew weights were low throughout, indicating that the
leadscrew and torque taker were not bottomed on the belleville
springs
- Rotation felt smooth
- Spider did not drop after uncoupling
- Parking problems cannot be identified due to lack of data

- Leadscrew was uncoupled from spider

3.6 Descriptions of Photographs

Figure 3-17 - This photograph shows the cutting of the leadscrew by band saw.
The band saw is mounted to three CRDM motor tubes and is being operated from

3 feet away.

The leadscrew is wrapped in Herculite for contamination control. In addition, a
chip deflector is mounted over the motor tube so that filings from the cut do

not fall into the motor tube during cutting.

The cut was completed in less than 1 minute.

Figure 3-18 - This photograph shows the operators transporting the wrapped
leadscrew from the CRDM motor tube to a storage pipe at the side of the service
structure. The leadscrew is hanging from an overhead hoist and is being
directed into the storage tube by a long-handled tool to keep distance between

the operator and the leadscrew.

Figure 3-19 - This photograph shows the camera being lowered into the CRDM
motor tube. Work platforms are provided for ease of access around the array of

motor tubes.

Figure 3-20 - This photograph shows either a control rod spring or a fuel rod
spring lying in the core debris bed. More specific identification of the
spring could not be made because the only difference between the two springs is

the length, which could not be determined.
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Figure 3-21 - This photograph shows a portion of the spider found during the
initial inspection at location 8H. This portion of the spider is an extreme
close-up of the 'web," i.e., the connection of two of the spider arms (see

Figure 1-6).

Figure 3-22 - This is a photograph of the debris or rubble bed found ~5' below
the normal top of the core. Material of this type was found at both the 8H and
9E locations.

Figure 3-23 - The right-angle viewing attachment used with the camera during
Quick Look III allowed for inspection of debris deposited on the horizontal

surfaces in the guide tubes at location 9E.

Figure 3-24 - This photograph shows a broken fuel rod among an array of other-

wise intact rods.

Figure 3-25 - This photograph shows a burnable poison rod pellet. It is not a

fuel pellet, since fuel pellets are manufactured with dishzd ends.

Figure 3-26 - The top of a spring retainer plug (Figure 3-29) is visible in the
far right center of the picture. Debris is lodged between the ears of an upper

end fitting, above the spring retainer plug, and against the plenum grid pad.

Figure 3-27 - This photograph shows a corner between four end fittings. The

fourth end fitting is barely visible in the Tower left center of the picture.

Figure 3-28 - This photograph is a view up from the void area at a split tube
in the last (tenth) brazement. The tube provides guidance for the inner

control rods and is fabricated from 304 stainless steel.
Figure 3-29 - This photograph shows an end fitting spring retainer plug (loca-

tion 9E). The debris shown in Figure 3-26 is barely visible. A small gas

bubble is trapped between the spring retainer plug and end fitting car.
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Figure 3-17. Cutting of the leadscrew by the band saw.
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Figure 3-18. Removing the wrapped leadscrew from tne service structure to a storage tube at the side 5 the
<ervice structure.
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Figure 3-19. Insertion of the camera into a CRDM motor housing.
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Figure 3-22. The debris bed as observed during Quick Look | near the 8H position.




*(dn st 33| J9mo0|) "£¢-€ 3inbi4

e e e b oo




‘3§ UOIIBD0| WOL) MO[3q
woJy Pamaln se g uonedoj 1e spol jan4 ‘pg-¢ ainbiy




] ‘uonisod p4g 8yl Jeau paq
suqgap ayl uo 3ajjad pos uosiod ajqewing ‘Gg-¢ 84nbiy







'(3Yybu 1addn ye abe||ub paposs alou) uonisod 36 943 1e esawed yim pub saddn syl je dn Bupjooy ‘zz-¢ ainbiy

e e




‘uonyisod 3 9yl ul Ajquiasse apinb pos |013L09 e Jo agn3 Mjds e e dn Buiyoo -gz-g ainbiy




*(dn s 348]) Buniy pus seddn 3g 9yl ul (4838welp Ul youi | Aj@tewnxoldde) 6nid 18uteias buuds "6Z-¢ 24nbi4

. {

)




4. SUMMARY

4.1 Quick Look Objectives and Schedule

The Quick Look was designed to provide the first visual information on the

condition of the core and upper irternals by inspecting the control rod guide

tubes, a portion of the upper grid, the tops of fuel assemblies, and, in the

event that the upper end-fittings were missing, the reactor core. This infor-

mation was to be obtained by inserting a radiation-tolerant underwater CCTV

camera through an opening created by the removal of a leadscrew from a CRDM.

The initial inspection was conducted on July 21, 1982, as originally scheduled.

Additional inspections were conducted on August 5 and 12, 1982.

As a follow-up to the core inspections, Teadscrew uncoupling was completed
on August 23 and 25, 1982.

4.2 Methods and Approach

Preparations had to be made in the following areas:

(0]

(0]

Supporting studies and licensing documents development

Uncoupling and removal tool design and methods planning

Plant modifications and additions

Operator training

Procedure preparation

Radiological predictions and ALARA provisions

For the most part, these activities took place concurrently.
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4.2.1 Supporting Studies and Licensing Documents

Several studies were performed whose results were applicable to the safety
concerns of this activity. The B&W report, "Methods and Procedures of Analysis
for TMI-2 Criticality Calculations to Support Recovery Activities Through Head
Removal," was prepared to document criticality safety results from the analyses
of various geometrical configurations of moderator, reflector, and fuel. The
assessment demonstrated that, during all of the proposed activities that could
produce fuel rearrangements or otherwise affect the subcriticality of the fuel

system, the TMI-2 reactor would be maintained in a safe shutdown condition.

The thermal status of the core and predictions of the thermal response of
the system to partial draindown of the RCS were discussed in the B&W report,
""TMI-2 Decay Heat Removal Analysis." The results of the analysis showed that
lowering the reactor water level and isolating the system components might
cause an increase in reactor water equilibrium temperature at a rate of Tless
than 5 F per day in mid-1982. This increase was dependent upon the containment
air temperature. If enhanced heat removal was required, it could be accomp-

lished by existing systems.

An analysis was performed to determine the quantities of hydrogen and
Kr-85 in the RCS available for release to the containment and the environment.
The total amount of Kr-85 available for release was conservativeiy calculated
to be approximately 30 Ci, which would result in an increased dose rate at the
nearest residence of 2.1 x 10 5 mrem (total body dose). It was concluded that
all radioactive releases from the containment as a result of the Quick Look
would be well within the limits of the TMI-2 Technical Specifications. The gas
vented from the RCS was assumed to be 100 percent hydrogen. To prevent the
discharge of a flammable hydrogen mixture to the containment atmosphere, the

RCS was vented into a dilution air stream.

The rate of hydrogen offgassing via the open CRDM motor tube was conser-
vatively calculated at approximately 0.03 scfm. Although appropriate precau-
tions were taken, it was determined that such a low release rate would not have
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presented a hydrogen flammability hazard when vented directly to the contain-

ment.

The results of analyses identified above were used in the "Safety Evalu-
ation for Insertion of a Camera into the Reactor Vessel Through a Leadscrew
Opening" (Quick lLook Safety Evaluation), which was the primary licensing
document for this activity. The report also evaluated the potential for
inadvertent boron dilution, occupational exposure, and the effects on RCS
chemistry as a resuit of breaching the RCPB. The conciusions of this report,
which were accepted by the NRC, were that the activities associated with the
Quick Look would not present an unreviewed zafety issue, nor would they present

undue risk to the health and safety of the public.

4.2.2 Leadscrew Uncoupling Plan and Tool Development

The basic approach was to uncouple a central lTeadscrew using one of two
normal uncoupling techniques: the leadscrew nut method, or if that was unsuc-
cessful, the torque tube method. After successful uncoupling, the leadscrew
was to be lifted into the parked position. Once the cutting tocls were staged,
the leadscrew would be cut to remove it, since it was too long to be completely
withdrawn under the missile shields.

To perform leadscrew uncoupling, removal, and subsequent camera inspection
with the missile shields in place, existing tools had to be modified and new
tools developed. C(riteria reflecting such concerns as ALARA, space and mate-
rial constraints, and manual transportation of tools were established for the
development effort. To ensure safe and proper operation, proof-of-principle

testing was performed on all new or modified tools.

4.2.3 Plant Modifications and Additions

Modifications or additions were made to existing systems for venting and
draining, water level monitoring, leadscrew rigging and handling, and com-

munications. Only those modifications or additions necessary for the Quick
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Look were made, so as to minimize the man-rem and man-hours expended on this
task.

4.2.4 Operator Training and Procedure Preparation

Operators were trained in the use of the CRDM tools and in the operation
of the special video camera. This training included all aspects of the equip-
ment, activities to be performed with the equipment, and the interfacing
systems. In addition to this equipment-specific training, dress rehearsals
were performed on a full-scale mock-up of the service structure. The meck-up

included a CRDM, the missile shields, and the hoisting mechanism.

Sixteen new operating and emergency procedures were generated and six
procedures were modified for the Quick Look. Subsequent to Quick took I, five
Temporary Change Notices to procedures were required, and two special operating

procedures were written.

4.2.5 Radiological Predictions and ALARA Consideraticns

Approximately 50 to 150 man-rem were estimated for the Quick Look. These
figures were arrived at by estimating the in-containment man-hours that wculd
be required for the task and assuming general area dose rates. It was also
necessary to determine the dose rate from the leadscrew so that adequate
shielding for the leadscrew could be provided once it was removed to prevent
unneccessary personnel exposure.

ALARA provisions were implemented in procedures anc tocl design. These
provisions included long-handled tools, mock-up testing, ccntingency procedures,

increasing equipment maneuverability, and time-saving devices.

Detailed radiological control measures were included in the work packages

rather than the procedures. Appropriate stay ..mes or special instructions
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were written into the work package based on anticipated radiological condi-

tions. This was done to permit flexibility in allowing work to continue if '

significant changes in radiation levels were encountered.

During leadscrew removal and cutting the radiological controls technician
monitored the beta and gamma dose rates. Radiation detectors were also located

on the service structure to continuously monitor radiation levels.

Protection from Leta radiation was proviced by the use of shielding and
clothing requirements, as necessary. Additional protection from beta radiation
was provided by the ice vests used for body cooling, lineman's gloves, and eye
protection.

4.3 Execution

4.3.1 Containment Entries and Data Collection

A total of 27 containment entries and 243 in-containment man-hours were
required to prepare for and perform the Quick Look. The accomplishments of
these entries included primary and secondary side venting and draining, gas and
liquid sample collection, leadscrew removal, performance of the Quick Look

camera inspections, and leadscrew uncoupling.

During entry 73, two gas samples (une line purge sample and one system
sample) and one liquid sample were obtained from the CRDM. Contact RO-2A
readings on the gas samples were 150 mR/hour gamma from both, and 400 mrad/hour
beta from the 1line purge ana 520 mrad/houi beta from the system vent. The
contact reading or the liquid sample was 150 mR/hour: gamma and 400 mrad/hour
beta.

One RCS liquid sample was obtained during entry 75. The sample was

obtained by lowering a 150 ml sample bomb into the rezactor vessel through the
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CRDM to a depth 28 feet below the top of the motor tube. Contact RO-2A read-
ings on the RCS liquid sample bomb were 100 mR/hour gamma and 240 mrad/hour
beta.

When the leadscrew was removed no warpage or other deformity was noted.
The highest radiation reading from the leadscrew was 6.0 R/hour gamma at a

distance of 1 foot from the second half of the leadscrew.

4.3.2 Leadscrew Uncoupling Descriptions for Drive Locations 7K and 8H

During the first attempt to uncouple the leadscrew on CRCHM 8H, there were
indications of interference or damage because the ir“tial load reading of 350
pounds exceeded the anticipated load reading. Although the leadscrew nut
rotated freely, the leadscrew would not lower or rotate. Finally, the lead-
screw was tapped down far enough to allow rotation through approximately 45
degrees. The leadscrew still could not be lifted without exceeding the adminis-
trative load limit of 350 pounds. In the continuing attempts to uncouple the
leadscrew it was rotated beyond the 45-degree point, which, accerding to later

analysis, indicated that the spider had probably fallen off

Since no apparent progress was being made, the uncoupling of the leadscrew
at CRDM 7K was attempted; however, these attempts were also unsuccessful and
efforts were resumed on the leadscrew at CRDM 8H. The leadscrew nut was
rotated clockwise in order to return the drive to its original position. When
the nut rotated 20 times instead of the expected 4 to 7 times, it was taken as
an indicatien that the leadscrew was in fact uncoupled and the nut was bottomed

on the ieadscrew engagement pins.

The leadscrew wouid still not move when loaded to the administrative limit
of 350 pounds, so the operator was instructed to jar the tool in an attempt to
determine the location of the hang-up. At this point the leadscrew broke free
and the load reading was 170 pounds as expected. The removal process then

continued as planned.
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4.3.3 Observations from the Camera Inspections

The Quick Look camera inspections were performed inside the TMI-2 reactor
vessel on July 21, August 6, and August 12, 1982. The camera revealed that
the upper central portion of the reactor fuel has collapsed and forms a loose
bed of rubble, whose upper surface is about 5 feet below the normal top of the

core.

The Quick Look Tape Review Group report, Data Report - Quick Look Inspec-
tion Results (TOP/TMI-026), December 1982, GPU Nuclear Planning Department,

documents the review group's observations from their review of the videotapes

of the camera inspections.

4.3.4 Core Probe Experiment

The core probe experiment was conducted concurrently with the Quick
Look III camera inspection. The core probe was inserted into the 8H and 9E
positions. At both positions, the probe was inserted about 14 inches into the
rubble bed.

4.3.5 Leadscrew Uncoupling Activities

The uncoupling of each leadscrew is described in Section 3.5. Based on
analysis of the data obtained during uncoupling, the leadscrews can be grouped
into the following categories, which are not mutually exclusive:

1. Locations where the control rod spiders never moved up or down.

2. Locations where the spiders moved down less than 2 inches after

uncoupling.

3. Locations where the spiders moved up when lifted but did not move down

after uncoupling.
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Locations where the spiders dropped greater than 2 inches after
uncoupling.

Locations where the leadscrew has been uncoupled but Teadscrew parking
may be difficult.

Locations where the leadscrew and torque taker are not bottomed on the

torque taker belleville springs.

Locations where lack of leadscrew movement will not allow a potential-

ly stuck leadscrew to be identified.
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11.
12.
13.
14.
15.

16.
17.

18.

DESIGN FUNCTIONAL CRITERIA
MODIFIED LIGHTWEIGHT LEADSCREW LIFTING TOOL

Pick up Teadscrew by engaging leadscrew nut.

Rotate leadscrew while 1ifting in order to uncouple from spider and
torque taker.

Pull test to minimum of twice Teadscrew weight, 350 pounds minimum.
Work within geometric constraints of CRDM, i.e., fit in torque tube.
Designed to be hand carried to the service structure.

Material compatible with RCS.

Work in conjunction with leadscrew nut runner tool, i.e., fit
through the nut runner and the leadscrew jacking device simultaneously.

A11 potential loose parts captured.

Equipment shall be designed to facilitate installation and operation
by personnel performing under the constraints imposed by protective
clothing.

Maximize use of design features of the existing DPSC lightweight
leadscrew lifting tool.

No painted parts.

Smooth surfaces wherever practical for ease of decontamination.
Burr-free with no sharp edges.

Ball lock mechanism does not release upon loss of air.

Capable of engaging a leadscrew in the full up or down position with
nut runner installed.

Compatible with C-washers.

Designed to 1ift and hold the leadscrew during nut unthreading
operations.

Tool design shall address ALARA.
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Specific design functional criteria were established for each new or
modified tool. These criteria and drawings for these tools are included
in this appendix.
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10.
11.
12.
13.
14,
15.

DESIGN FUNCTIONAL CRITERIA

LEADSCREW NUT RUNNER

Engage and turn leadscrew nut in both directions.

Capable of exerting a minimum of 50 foot-pounds torque on leadscrew
nut.

Work within geometric constraints of CRDM, i.e., fit in torque tube.

Break down as necessary to fit through personnel hatch, if easily
achievable.

Be designed to be hand carried to the service structure.
Material compatible with RCS.

Work in conjunction with modified lightweight leadscrew 1lifting
tool, i.e., I.D. greater than 0.D. of same.

A1l potential Toose parts captured.

Equipment shall be designed to facilitate installation and operation
by personnel performing under the constraints imposed by protective
clothing.

No painted parts.

Smooth surfaces wherever practical for ease of decontamination.
Burr-free with no sharp edges.

Tool design shall address ALARA.

Capable of engaging a leadscrew in the full up or down position.

Designed to work with jacking device in place.




10.

11.

12.

13.

14.

15.

16.

DESIGN FUNCTIONAL CRITERIA

LEADSCREW CUTTING EQUIPMENT

Equipment shall enable an operator to perform cutting operations
under manual control at a distance of not less than, and preferably
greater than, 3 feet from the leadscrew.

Equipment design will be such that it shall be possible to access
and cut any selected leadscrew by changing the stand location.

Saw mount construction will incorporate quick change features to
permit rapid removal and irstallation of saw units (less than
60 seconds) while using no tools.

Rapid blade changes shall be possible on the saw units and will
require no tool usage.

The saw stand will be designed to mount on adjacen: motor tubes. It
shall mount without using tools and shall incorporate quick change
features.

A11 cutting equipment components will be designed to be hand carried

to the service structure and will use lightweight materials of construc-
tion as much as is consistent with required characteristics of
durability and strength.

The cutting equipment must be designed such as not to interfere with

the holding/1ifting clamps that will be installed during cutting
operations.

The saw blade must not require lubrication prior to or during
cutting.

Break down as necessary to fit through the personnel hatch, if
easily achievable.

Equipment shall be designed to facilitate installation and operation
by personnel performing :inder the constraints imposed by protective
clothing.

No support services other than a source of 120 V, 60 Hz electricity
will be required.

A1l potential loose parts captured.

Must be designed to work with jacking device and jacking clamps.
Must cut through the leadscrew in less than 2 minutes.

No painted parts.

Smooth surfaces wherever practical for ease of decontamination.
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LEADSCREW CUTTING EQUIPMENT (Continued)

17. Burr-free with no sharp edges.

18. Tool design shall address ALARA.
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10.

11.
12.
13.
14.

15.

DESIGN FUNCTIONAL CRITERIA !
LEADSCREW LIFTING CLAMP

Must be capable of being installed from at least 3 feet away.
Ability to be installed with saw and stand in operating position.

Contain integrai 1ifting bail with 500 pounds minimum load carrying
capability.

Clamp boch threaded or unthreaded portions of leadscrew.
Material compatible with RCS.
A11 potential loose parts captured.

Clamping force sufficient to provide 1ifting capability of 500 pounds
minimum.

Equipment shall be designed to facilitate installation and operation
by personnel performing under the constraints imposed by protective
clothing.

Must fit within 5-inch I.D. pipe after installation on leadscrew.

Remote clamping capabilities fat least 3 feet away) must be developed
as contingency.

No painted parts.

Smooth surfaces wherever practical for ease of decontamination.
Burr-free with no sharp edges.

Clamps shall prevent leadscrew from falling inside motor tube.

Tool desi~n shall address ALARA.
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10.
11.
12.
13.
14.

DESIGN FUNCTIONAL CRITERIA
MODIFIED JUMPING JACK FOR UNCOUPLING

Work in conjunction with alternate uncoupling tool.

Capable of exerting lifting force of 3000 pounds minimum with direct
load readout accurate to within 5 percent.

Work within geometric constiraints of CRDM.
Designed to be hand carried to the service structure.

A11 hydraulic connections designed for quick assembly and leak-free
operation.

Hand pump to be of sufficient capacity to allow full extension of
cylinders with adequate reserve.

Hose to be Tong enough to allow operation at a reasonable distance
from CRDM, 5 feet minimum.

A1l potential loose parts captured.

Ecuipment shall be designed to facilitate installation and operation
by personnel performing under the constraints imposed by protective
clothing.

Hydraulic fluid to be compatible with RCS.

No painted parts.

Smooth surfaces whereve:r practical for ease of decontamination.

Burr-free with ro sharp edges.

Tool design shall address ALARA.




10.

DESIGN FUNCTIONAL CRITERIA

QUICK LOOK CHIP DEFLECTOR
Shall be designed for rapid installation around the Teadscrew to
permit installation while the Teadscrew is suspended by a hoist.
The interface between the cinip deflector and the leadscrew will be
designed to accommodate the variations present in leadscrew geometry

during its withdrawal from the motor tube.

A11 chip deflector parts are to be captured or fastened to prevent
entry into the motor tube.

Design shall consider the constraints imposed by protective clothing
and will aliow installation and removal without the use of tools.

Shall be constructed of lightweight materials for ease of transport.
Tool design shall address ALARA.

Smooth surfaces wherever possible for ease of decontamination.
Burr-free with no sharp edges.

No painted parts.

Material compatible with the RCS.

;
t
.
H




‘1003 Buiy Mmeiospes) 1ySiemiyB) peyipow “L-v 8InBiy

9 SHIN4N0D 0L NIYIY 013K 5 G ON3 ¥IN0Y WO¥I .8 10D

6 d¥3 ON3 0L Niv3y 0730 3 8 ON3 ¥34dN mpdd .9 1M

-~

-

‘980 #70 ¥3d SY 0300 NIIE JAYH SITONVH

YIHLIB0L 0307138 Iv3S SIBvd DAL HIVI 1334 I/ | A9 933003

NII8 JAYH CKI3A11034538 S T @ L4 'S3GAL 1411 HIBOT ONY ¥3ddh IKL 40 SHIINNY

~

B313RYI0 S00° @ Q051 O

KAOO Q3NHAL NI38 JAYH ¥ Ld 'MIGNITAD HIY 'HOLITHRDZ ONY ‘8 “Ld 'ONIT4N0D (1

(BED T send
THNI  vi0 266 —

SYIYY INIM0YITCS IRL NI QI1J10OW N3IFE SYH 1001

N )6 , _
P : al _
7]
anﬂ.al N_L_.A_ A.i._ TNL_PQ::
ol _
Wann amx—- ! . E
01—t m»~ x-.sasnu
_ - wen
CLRET
! Ty 542 _\\_r
TZ7 335 MNOI; ¥ UG *LAVAV. ORI SIVON (2)
vl WOL10Q oyu::uva\.rom
$dI3IQ 218 v 'vid -
v / T YINY :...vlbwm/.
- hx S .
N - ~ N S | -

mll.ll

A 08) SN2 7 = - -
AV now
(Y / /
@ ® D e@\ @@\ @

004k

7/A)
(#5301 03 Biw WO SN P 4




‘19UUNJ JNU M3IOSpRaT] 'Z-Y aanbiy

Tiavataly
|
f'
1
<

M — (av o)
= \ S 'Ad 20 QN3
% X va Z = 4 < LA ST BE
L - | oL (AANL) R 1
[>~YA Vi /
Y
LA
\
7
11
) %
)
|
1
P
\
\ i
|
l
= AT, TMWRRNO g4 W\ -,




‘juewdinbe Bunino maiaspees

2,

"€V einbiy

N

4l

2
:

*

9

PRTP R

MIN NV

or

o

o

A\ o
o

. Tﬁfw
LT
: RN

e e
A4
oo

el

el




RS = B =
,
s
o
d
]
i
;
i
3
7 (1 i
= Tac weco g
i
i
- 15 } ner i
-——ee — i
/s - aot0R TuBE i
» > !
9 ‘ ‘ -
3
£ a
LA TRANNNN ~ senosemces i

LERDSCREW CLAMP & CLOSURE ARRET -8

o
P

- _—
woron r.ae
a s
R R B e e e /_ :
. mmee }{ ,
e : e ,
s T SRR - N ‘P_ T ~—
; j

L -see oavan .

LERDSCREW CLAMP € CLOSURE ARRGT -A

Figure A-4. Leadscrew lifting clamp.




~& PLTUBE, REF.

£.11 HEX MUY, 2 REQ.

/—-uz. :

— =12 FIMING, 2 REQ'D.

~ LELAISTING Yoot

(0

—— - | PLATE

(ﬁ,] — -2 UPPER PLATE aSSY
/I

— -3 GAUGE

~— -9 .OWER PLATE ASSY

~19 S-16~ 1 g
HEX HD CAPS (R¥ly 3 /
8REQD -- —/ L}/ A o A —-5¢YL. 2 REQ'D

/

MOTOR TLBE — ' - -6 FIT/NG
REF. !
- L— -7 FITTING

| — -eFrimme

j— - FUTING

— -0 TUDE,2 REQ D

P

— ~1) FITTING 2 REQ'D

Figure A-5. Modified jumping jack for uncoupling.




Ve -~ DRaL MRD B TR 612
3 veee enin 3 on
23 cananns

on avie
TUnG

Frowm 1 Aramum RATE

wes
ueo - - —— ”{
: - 1,00
o5

QUK LD Crih LIFLEQOY
SUbPERT Rne (Faar

385
CYLUNDEL Fy Hhem QR PETER
WM IO TOMATW Q0 fomsnne

OF SIPFOMY RNG (Prer 1)

FroM: § Aunanana Puse

S QAL LOOR L DRFLECTOIL
SLEEVE waLves (Fren 3)

Figure A-6. Quick Look chip deflector.

OB WS Tweasaa
ercw 3 On ?lf‘.}'um caan

w ON Weamy
OF fam \ AER
PRORNNG
FN’AI* Nives ms BUS,
i
QA% 319
QN0
¥ [ 8 7

“QUR DO P DEFLToa TooT
e (Ragy 23

- gt 1 (Dwo WO NDON2-AY

T
i ! '~\V
FLEXIBLE BOUH: BY
i J oaw sBe—l) {

" e
b ol
— 6-521% wenws {12)
Prax

?
(6. 1O 132O1B-A)

M
1
|
|

=

i

—mRT 5
(ov6 wo

— FASTN Guiw CUEP HALES 1O
Stemtras of PR 3 TO
HOLT STCWEWTE CLosED
(CLnps BY OTHERS)

[P, / 133014)

WELD AUSNUIA WHEE

TO SEGIENIS OF Pty
€.xu Tue A CYUN®ET ¢
FOteen Lmen SEMORG
G QotEo.

PART 4:075 "FROSY mitic™ FELT
WEATHER STRIP TAPE WRAPOED TaiZl

PART 5. @75 “FRO3T WING™ FOAM
WEATHER STRIF TAPE WRAPFIDTWIlE




