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FURNACE SENSITIZED STAINLESS STEEL

IN PRESSURE RETAINING AND STRUCTURAL PORTIONS
4 TMI Nos. 1 and 2 YA
- PRIMARY SYSTEM /

As a result of problems at other nuclear stations, Met-Ed
took action in the early phases of the TMI Nos. 1 and 2 Projects to eliminate
the use of all furnace sensitized stainless steel from the pressure retaining
structural portions of the primary coolant systems. As a result, furnace
sensitized stainless steel was elimim ted from the pressure retaining struc-
tural portions of the reactor vessel, pressurizer, steam generator, reactor
coolant piping, and core flooding tanks. The only furnace sensitized stain-
less steel used in these components is in the cladding which is not a pressure
retaining structural part.

The specific material and fabrication sequences being used
on the Three Mile Island Units Nos. 1 and 2 to eliminate furnace sensitized

stainless steel can be summarized as follows:

1. Reactor Vessel (See Figures l, 1A, and 1B)

a. The in-core instrument penetrations in the lower head are Inconel.

b. The closure head control rod drive penetrations are partially Inconel
and partially stainless steel, but are installed after final stress re-
lief of the head.

c. The primary coolant nozzles do not require stainless steel or Inconel
safe-ends since the piping is low alloy carbon steel.

d. The welds for penetrations of the core flooding nozzles are buttered
with Inconel. The stainless steel safe-ends and thermal sleeves are
installed after final stress relief of the vessel.
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The core stop lugs are Inconel.

The flow vanes are stainless steel and are installed after final stress
relief of the vessel.

Steam Generators (See Figure 2)

b.

C.

The primary coolant nozzles do not require stainless steel or Inconel
safe-ends since the piping is low alloy carbon steel.

The tubing is Inconel

The drain nozzle is Inconel

Pressurizer (See Figure 3 )

Of the eight nozzles less than four inches in diameter, seven will
have Inconel safe-ends and the vent nozzle will be entirely Inconel.

The four inch diameter spray and ten inch diameter surge nozzles
will be buttered with Inconel. The stainless steel safe-ends and ther
thermal sleevgs will be installed after final stress relief.

The stairless steel internals (surge deflection device and pressurizer
heaters) will be installed after final stress relief.

Primary Coolant Piping (See Figures 4A, 4B, and 4C)

a.

Nozzles less than four inches in diameter will be Inconel or have
Inconel safe-ends except that the weld preparation of the high pres-
sure injection nozzles will be buttered with Inconel and the stainless
steel safe-ends and thermal sleeves will be installed after final stress
relief.

The 12 inch decay heat and 10 inch surge nozzles will be buttered
with Inconel. The attached stainless steel piping will be welded
directly to the Inconel butter layer in the field.

The reactor coolant pump inlet and discharge safe-ends will be stain-
less steel which will be welded to an Inconel butter layer after final
stress relief.

Core Flooding Tanks (Figures 5A and 5B)

a.

On TMI No. 1 nozzles less than four inches in diameter will be carbon
steel with weld deposited stainless steel cladding and with an Inconel
safe-end. On TMI No. 2 such nozzles will be entirely Inconel.



b. The 14-inch core flooding nozzles will be buttered with Inconel.
A stainless steel saie-end will be attached to the Inconel butter
layer after final stress relief,



NOTE: NOT TO SCALE

TYPE 308 SS WELD
DEPOSIT CLADDING

PR IMARY COOLANT NOZZ
2 OUTLETS = 36” 1D

4L INLETS = 28" 1D

“H
(NOTE: SAFE-END NOT

REQUIRED SINCE P.PING

~CONTROL ROD DRIVE

PENETRATION

NUMBER =69
SIZE =2.765"I0

(SEE FIGURE IB)

r INCONEL WELD
~ DEPOSIT BUTTERING

FOR ATTACHING
y SAFE-END AFTER
e STRESS RELIEF

CORE FLOOD NOZZLES

NUMBER 2
SIZE 11.50”10

=—BASE MATERIAL-

IS CARBON STEEL CLAD
WITH STAINLESS STEEL) FORGINGS:
FLOW VANES -—”‘(’ﬁ;77 J écggg'g‘
304 STAINLESS STEEL | < ag -
INSTALLED AFTER \ |
STRESS RELIEF PLQZEéoz
GR. B
CC-1339

CORE STOP LUGS (INCONEL)
SHOWN OUT OF POSITICN

FOR CLARITY IN-CORE INSTRUMENT PENETRATIONS

NUMBER 52
SIZE 3/4" SCH.I160 INCONFEL

(SEE FIGURE IA)

METROPOL ITAN EDISON REACTOR VESSELS TMI | & 2

FIGURE |

J



-~

. NOTE: THESE ARE ’.'NATIC WELD JOINTS TO SHO\.ASIC PRINCIPLES USED 70O
PREVENT SENSITIZATION OF STRUCTURAL WELDS.THESE ARE NOT EXACT

WELD JOINT CONFIGURATIONS.

WELD DEPCSIT -
////INCONEL CLADDED

- CORE STOP LUGS (INCONEL)
(THE LUCS ARE AT THE SAME
ELEVATION AS THE FLOW VANES,
BUT ARE SHOWN OUT OF PLANE
FOR CLARITY,

WELD DEPOSIT
STAINLESS STEEL CLAD

STAINLESS STEEL FLOW VANES
WELDED, AFTER STRESS RELIEVING,
TO THE WELD DEPOSIT CLADDING

INCONEL WELD BETHEEN BASE
METALS AND INSTRUMENT
HOUSING PENETRATICN
BEFORE STRESS RELIEVINC.

|

| NCONEL

DETAILS OF REACTOR VESSEL
FIGURE 1A v can 008




INCONEL BUTTERING

STAINLESS STEEL
(NOT SENSITIZED)

INCONEL

WELD DEPOSIT
STAINLESS STEEL CLAD

INCONEL WELD (HEAD
TO PENETRATION WELD)
THIS WELD IS MADE

AFTER STRESS RELIEF.

NOTE: THESE ARE SCHEMATIC WELD JOINTS TO SHOW BASIC PRINCIPLES USED TO
PREVENT SENSITIZATION OF STRUCTURAL WELDS.THESE ARE NOT EXACT

WELD JOINT CONFIGURATIONS.

REACTOR YESSEL HEAD CONTROL ROD DRIVE PENETRATION

FICGURE 18



16“ MANWAYS (2) ARE LOW ALLOY-

36“ |.0. PriMARY INLET NOZZLE (1)
IS CARBON STEEL WITH MELD DEPOSITED
STAINLESS STEEL CLADDING

5" HANDHOLES (2) ARE LOW ALLOY-

CARBON STEEL WELD BUILD-LP » . 2 CARBON STEEL WELD BUILD-UP W!TH
WITH WELD DEPOSITED STAINLESS WELD DEPOSITED STAINLESS STEEL
STEEL CLADDING » CLADDING
e e
e —— N
o T —
P\_/‘-’—-\-

HEADS (2) ARE LOW ALLOY
CARBON STEEL WITH WELD
DEPOSITED STAINLESS STEEL

CLADDINC

28“ |.D. PRINARY QUTLET NOZZLES (2)

ARE CARBON STEEL WITH WELD

TUBE SHEETS (2) ARE LOM
ALLOY-CARBON STEEL WITH
WELD DEPOSITED INCONEL
CLADDING

DEPOSITED STAINLESS STEEL CLADDING

FIGURE

2

SCHEMATIC OF MEROPOL | TAN-EDISON’S TMI#| & THMI#2 STEAM GENERATOR




4" SCHEDULE 120 SPRAY LINE MNOZZLE (1) 1“ SCHECULE 160 VENT NOZZLE (1)
IS CARBON STEEL WITH «ELD DEPOSITED //-IS INCONEL WITH AN INCONEL SAFE-END
STAINLESS STEEL CLADDING AND AN

' L \ > ’:\ ‘v
INCONEL SAFE-END / .///,—- 2.5 RELIEF VALVE NOZ2LES (3)- CARGOM

STEEL WITH WELD DEPOSITED STAINLESS

W STEEL CLADDING AND INCONEL BUTTERING.
i THE STAINLESS STEEL FLANGES AF

WELDED ON AFTER VESSEL STRESS I2ELIEE.

\\\\—-|s~ MANHAY (1) IS CARZON

STEEL WITH WELD DEPOSITED
STAINLESS STEEL CLADDING

— 84"

1.0.

I“ SCHEDULE 160 LEVEL(S)
AND SAMPLE (1) NOZZLES ARE
WELD DEPOSITED STAINLESS ]
STEEL CLAD CARBON STEEL WITH
INCONEL SAFE-ENDS.

| | — THERMOMELL (1) IS INCONEL

[\

e

SHELL AND HEADS ARE CARBON
STEEL WITH WELD DEPOSITED
STAINLESS STEEL CLADDING

10” SCHEDULE 140 SURGE LINE NOZZLE (1)
IS CARBON STEEL WITH WELD DEPOSITED
STAINLESS STEEL CLADDING AND INCONEI
BUTTERING. A STAINLESS STEEL SAFE-END

| - FIGURE 3
SCHEMATIC OF METROPOLITAN-EDISON’S THI#| & THI#2 PRESSURIZER

1568 071

IS WELDED ON AFTER VESSEL STRESS RELIEF.




364 1.0, ARD 20% 1.D. REEENOR COOLANT
PIPING 15 Calgon STEEL DL CLASS C)
B B o A3 MY SR B I S O A
\\\
/:>—HELD DEPOSITED
STAINLESS STEEL
1 cuaooive
g e o F S — (A-371 ER, 308 L)

A. STRAIGHT SECT!ON (THI I 2 2)

STAINLESS STEEL SAFE-END ATTACHED ,f'CARBON STEEL

AFTER VYESSEL STRESS RELIEF

: (SA-376 TYPZ 316} -~
ESS g & 2 )
. e
WELD DEPUSITED
INCONEL STAINLESS SIECL
BUTTERING | o~ T cuocin
:gS!é_LEE:i V-, A AR AT A A S A 4

SCHEMATIC CF MET-ED’S

SCHEDULE 160 STAINLESS
STEEL SPRAY LINE nO2ZLE
CONNECTED O 36" |.D. PumP
OUTLET PIPING SAFE-ERD

27

36" .D. AND 28" |.0. REACTOR
COOLANT ELBOWS ARE CARBON
STEEL (A-516 GRADE 70)

C. ELBOW (Tni 1 & 2)

™l | 2 2

-~

B. PIPE CONNECTION TO REACTOR COOLANT PUMP INLET AND OUTLET (TMI | ¢ 2)

HICH ENERCY 130MDED
STAINLESS STEEL
CLADDING
(SA-240,TYPE 304)

REACTOR COOLANT SYSTEM PIPINC

FICLRE 4A
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| ‘ . CARRON STEEL

Y T A AT AT A 3 G VA A A ‘

WELD DEPOSITED
STAINLESS STEEL

” {’{ 7 = CLADDING
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INCONEL NOZZLES CASBON STEELﬂJ\INCONEL SAFE-END

(EXCEPT ONE DRAIN NOZ2ZLE IS OF
THE CARBON STEtL / INCONEL
SAFE-END TYPE AS USED OR THI~1}

D. INSTRUMENT SAMPLE VENT AND DRAIN PENETRATIONS CONNECTION TO
THE REACTOR COOLANT PIPING THAT ARE LESS THAN 4°1.0.

CARBON STEEL

B S N S A LN BT A G AT T A S AT
]
WELD DEPOSITED
j;V-STAINLESS STEEL
. - . CLADDING
//f
4
Rl T S AT AR ST ST A I 2 il

CARCON STEEL

STAINLESS STEEL SAFE-END ATTACHED - [NCOMEL BUTTERING
AFTER VESSEL STRESS RELIEF e .

€. 25 SCHEOULE 160 HICH PRESSURE INJECTION NOZZLES (4)
CONNECTION TO THE REACTOR COOLANT PIPING (TRI | & 2)

CARBON STEEL
R il

T

WELD DEPOSITED
STAINLESS STEZL

- CLADDING
///

P

I LERE AT P M AR AR A S A 8

jme——— CARBON STEEL
INCONEL BUTTERING

‘1' |
« F, 12" SCHSDULF 140 DFCAY HEAT AND 10" SCHEDULE 140 SURGE LINE
CONNECTION TO THE REACTOR COOLAKT PIPING (THI 1 & 2)

- ~ n

1 |
§ ot AW Vi

SCHEMATIC OF MET-ED’S TMI | & 2 REACTOR COOLANT SYSTEM PIPING

FICLRE 4B




~ CARBON STEEL

INCONEL

WELD DEPOSITEL
STAINLESS STEEL
CLADDING

G. RESISTANT THERMOMETER PENETRATION IN REACTOR
COOLANT PIPING (TYPICAL) (TMI 1 & 2)

SCHEMATIC OF MET-ED’S TMI | & 2 REACTOR COOLANT SYSTEM PIPING

FICURE 4C



. -2 INCH RELIEF NOZZLE:UEU’;POS!TED
*STAINLESS STEEL CLAD CARBON STEEL
"WITH INCONEL SAFE-CHD

I6 INCH | .D.MANUAY,HELD DEPOSITED
STAINLESS STEEL CLAD CARBON STCEL

WELD DEPOSIT CLAD
OVER SEAM JOINTS

_~—PLATE AND HEAD MATERIAL IS
SA-515 GR70 CARBON STEEL
WiTH SA-240 TYPE 304
ROLL-BOKDED STAINLESS STEEL

CLACDING

N&

HOTE: INSTRUMENTATION 2 SAMPLINLG NOZZLES

| INCH NOZZLES NZ,N3,N&,NS,
N6 AND N7 ARE WELD DEPOSITED

YT

9'=3%].0 ;= STAINLESS STEEL CLAD CARBON
STEEL UITH INCONEL SAFE-ENDS
EXAMPLE:

WELD DEPOSITED STAIKLESS STEEL
CLAD CARBON STEEL

/rlNCDNEL

= N6

4 INCH 1.0, OUTLET NOZZLE, WELD DEPOSITED
STAINLESS STEEL CLAD CARBON STEEL

316 STAINLESS STEEL SAFE-END(WELDED OM
"AFTER STRESS RELIEF OF VESSEL)

INCONEL WELD DEPOSIT
BUTTERIEG FOR WELDILG
ON SAFE-END

FIGURE 5A o L
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SCHEMATIC OF MET-ED'S TMI#| CORE FLOCDING TANKS
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2 INCH RELIEF NOZZLE,
‘SOL10 INCONEL

16 INCH 1.0, MANUAY,UELD DEPOSITED
STAINLESS STEEL CLAD CARBON STEEL

WELD DEPOSIT CLAD
OVER SEAN JOINTS

~PLATC AND HEAD MATERIAL IS
SA=515 GR 70 CARBCN STEEL
WITH SA-240 TYPE 304
ROLL-BONDED STAINLESS
STEEL CLADDING

22'=5*

| NOTE: INSTRUMENTATION & SAMPLING NOZZLES
| | INCH NOZZLES NZ,N3,N&,KS,

-~

......

e— Q=3 | D

N6 AND N7 ARE SOLID INCOKEL
EXAMPLE:

INCONEL

INCONEL UELD DEPOSIT
BUTTERILG FOR WELDING
ON SAFE-END

lé INCH 1,0, OUTLET NOZZLE, NELD DEPOSITED
STAINLESS STEEL CLAD CARBON STEEL

316 STAINLESS STEEL SAFE-END (MELDED ON
AFTER STRESS RELIEF OF VESSEL)

FIGURE 58 {588 Vi 0

SCHEMATIC OF MET-ED'S TMI#2 CCRE FLOODING TANKS
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