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HALF-BEAD (TEMPER) REPAIR WELDING FOR HEAVY-SECTION
STEEL TECHNOLOGY PROGRAM VESSELS*

S. W. Hisuerf P. P. Holz
ABSTRACT

The "half-bead (temper) welding technique" performed to
Section XI of the American Society of Mechanical Engineers
(ASME) Boiler and Pressure Vessel Code guidelines was used
successfully on cavities placed in three thick-walled pressure
vessel models to simulate repair welding of operational r:~lear
reactor vessels. One of the models served as a qualificac -
procedure test specimen, as required by the Code, and was
subsequently utilized for detailed metallurgical examinations.
The weld repair program was conducted by Westinghouse Tampa
Division (WTD) in Tampa, Florida, under contract to Union Car-
bide Corp., Nu:lear Division, Oak Ridge National Laboratory
(ORNL). The temper-, or half-bead, technique, in theory, is
structured such that each weld pass is applied in a manaer
which results in tempering the preceding weld pass. Thus,
brittle transformation products created during welding will
be rendered ductile. Conventional postweld thermal stress
relief is not required.

The repair welding was performed on 152.4-mm~thick (6-
in.) low-alloy steel vessel material (ASME SA-533, grade B,
class 1) in the vertical position, using 2.4-mm-diam (3/32-
in,) type 8018-C3 electrodes for the first layer and 3.2-mm-
diam (1/8-in.) electrodes of the same type for subsequent
passes and for completing the weld. After welding, a low-
temperature [260°C (500°F)| temper treatment, or postweld
ieat treatment (PWHT), was performed for 4 hr. Routine mag-
netic-particle ‘nspections were conducted for each of the first
three weld passes and thereafter on alternate passes. Final
nondestructive repair inspections were made a minimum of 48
hr after the vessels had cooled to ambient temperature. Mag-
netic-particle surface inspections and ultrasonic inspections
of the repairs revealed no indications of any delayed cracking.
A second ultrasonic inspection <f one of the vessel repairs by
ORNL approximately 12 weeks after postrepair welding also re-
vealed no indications of delayed cracking. Final ultrasonic
and radiographic test resuiis °ve =~~-;table for all repair
welds.

*
Performed by Westinghouse Electric Corporation, Westinghouse Tampa

Divisiuon, under Union Carbide Corporation, Nuclear Division, Oak Ridge
National Laboratory, Contract UCC-ND 75Y-13494V.

?Westinghouse Tampa L.visio ..



GARD, Inc.* used acoustic-emission equipment to record
sounds emitted during welding, and no significant or rejec-
table indications were identified. Strain gage instrumenta-
tion to record the residual stresses induced by welding was
attached for repair operations and was monitored by ORNL
personnel.

1. INTRODUCTION

Westinghouse Tampa Division (WTD), under contract to Union Carbide
Corp., Nuclear Division (UCC-iD), Oak Ridge National Laboratory (ORNL)
(Contract UCC-ND 75Y-13494V), used the "half-bead (temper) welding tech-
riique" to weld repair three lleavy-Section Steel Technology (HSST) Program
gimulated reactor "vessels," with the vessels placed in a fixed vertical
position., These vessels (intermediate test vessels V-7B and V-8 and a
qualification test cylinder, or prolongation V-8) had 152-mm-thick (6-in.)}
walls. The vessel V-7B work involved a through-the-wall cavity repair;
the vessel V-8 work involved a half-wall thickness repair; and the pro-
longation V-8 involved replications of both intermediate test vessel
repairs to qualify vessel repair procedures in accordance with ASME Code
Section XI requirements. The WTD contract work also included preliminary
practice and familiarization half-bead welding on test plate of similar
wall thickness and called for the preparation of tensile test plate speci-
mens to be furnished to ORNL for analysis.

The repairs made by WID involved the previously used vessel V-7A, a
new vessel V-8, and a new prolongation V-8, Their preparations for the
V-7B test included removing the V-7A flaw zone and forming appropriate
through-the-wall cavity boundaries for half-bead repair welding, as well
as similar cavity preparations on prolongation V-8, The vessels and re-
spective cavity details are shown in Fig. 1. The prolongation consisted
of an open-ended test cylinder which was manufactured from the same heat,
with heat treatment and stress relief identical to those for the vessels.
The prolongation had two test areas located 180° apart, one with a through-
the-wall cavity similar to the cavity in the V-7B vessel and the other with
a cavity about halfway through the wall similar to the cavity in the V-8

*
GARD, Inc., subsidiary of GATX Corp., 7449 Horth Natchez Ave., Niles,
I11. 60648,
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vessel., The half-wall-thickness cavities had been premachined into the
longitudinal seam welds of both the V-8 vessel and the V-8 prolongation
by ORNL. Heavy crossbraces were welded to both ends of the prolongation

cylinder for restraints.

Detailed accounts of earlier tests and repairs of vessels V-7 and V-7A
are documented in Refs., 1, 2, and 3. Post-repair-weld machining and flaw-
ing of vessel V-7B were centered in a iongitudinal heat-affected zone of
the weld repair, and the vessel was pressure tested at upper-shelf test
temperature to approximately 2 1/4 times design pressure before leakage
occurred. A report” is in preparation to cover findings from the V-7B
test. Pre.edure qualification prolongation V-8 was destructively tested
at ORNL to determine the mechanical, physical, and structural properties
of the weld repair and to evaluate strain gage stress data taken in the
areas of the repair welds and in the areas adjacent to them to determine

“»5 The final details of vessel

repair-induced residual stress criteria.
V-8 postrepair program activities are pending. The vessel is scheduled

to be fiawed in a high-residual-stress, low-toughness zone for pressure
testing in the transition temperature regime. This report provides
chronological listings and discussions for all half-bead weld repairs and
related work performed by WTD during late January and early February 1977.
UCC-ND Welding Specifications and WTD Prccess Specifications are included

in the Appendix.

The "half-bead (temper) welding technique'" is unique because of its
use of a controlled heat-affected-zone tempering process. Abcout half of

' weld layer is ground off, and the heat from the

the first, or "buttering,'
gsecond layer refines and tempers the remaining heat-affected zone between
the first layer and the base metal. Thus, the properties of transformation
products of the heat-affected zone of the prior weld layer are improved
substantially. The second layer, another "buttering" laver, and subsequent
filler layers are not ground, because tempering is necessary only for the
first layer and for the base metal. Weld repairs using che half-bead (tem-
per) method may be accomplished when it is impossible or impraciical to
perform a postweld heat treatment (PWHT) at conventional, considerably

elevated temperatures. The requirements for half-bead weld repairs are
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listed in the ASME Code, Section X1, Paragraph IWB-4420, and in Section III,

Paragraph NB-4640.

Similar half-bead weld repairs had previously been successfully
performed by Combustion Engineering, Inc., Chattanooga, Tenn., in another
section of HSST vessel V-7.° For Combustion Engineering's repairs, how-
ever, cavity preparation and haif-bead and filler welding were all done
with the vessel in a horizontal position. Flat-position welding was used.
Equally successful completion of half-bead weld repairs by WID in verti-
cally placed vessels and welding in the vertical position proves that
acceptable repairs can also be made to ASME Code guidelines for vessels

in the vertical position without conventional PWHT stress relief.
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2. GENERAL

2.1 Welding

All welding was done in the vertical position using stringer beads to
WTD Process Specification NPT-77, except 4-mm-diam (5/32-in.) electrodes
were not used because of excessive starting porosity. WTD Process Speci-
fication NPT-77, which is appended to this report, follows ASME Code,
Section XI guidelines for half-bead repair welding.

All layers of weld were staggered whenever physically possible, but
the starts and stops contained within a layer were in line with one
another for most expeditious grindout. Corner deposits were in line, and
most of the porosity was located in this area on the inside diameter,
as visually observed after removing the backing bar. Some trouble was
encountered with the fit of the two 3.2-mm-thick (1/8-in.) stacked and
contoured backing bars: the inner bar became 1listorted and separated
from the outer bar, thus leaving a gap which in .ome cases was easy to
burn through. The backing bar arrangement is detailed in typical cross-
sectional views in WTID drawing ETSK-379614-J, which is appended to this

report.

2.2 Electrode Baking

The E8018-C3 electrodes supplied by ORNL were prebaked and sealed
in vacuum packs of 45.4 g (10 1lb) each. The electrodes were removed from
their packs and placed into an oven at 121 * 14°C (250 * 25°F) prior to
being transferred to the welding station where individual welders' ovens
were used to maintain the rods at temperature. The electrode properties
are given in Table 1.

The starting end and *nhe coating of each electrode were inspected
before placing the rods into the oven and again after the rods were re-
moved from the oven. The welder also inspected each electrode end prior
to striking the arc. In this way, obvious coating cracks were eliminated.

The moisture content of the electrodes was determined for multiple
lot samples in each diameter of electrodes used and is recorded in Table

2. All moisture tests were in accordance with Specification SFA-5.5, AWS



Tahle 1. Mechanical properties of electrodesa(as
welded) — SFA 5.5, class E-8018-C3 (T05318)

Lot number 5237A AE 74 T05318b
Electrode diameter, in. 3/32 1/8 5/32
Yield strength (0.27 offset), psi 76,500 74,900 70,765
Tensile strength, psi 85,200 88,400 80,160
Elongation, % 27 29 29
Reduction of area, 7% 74 70.4 69
Charpy impact toughness @ —20°F, 99 110 e
ft=1b 100 119
100 99
Charpy impact toughnees 7 +70°F,
ft-1b
80% lateral expansion 122
847 lateral expansion 112
86% lateral expansion 120

9l in. = 25.4 mm; 1 psi = 6895 Pa; 1 ft-1b = 1.356 J.
bStress relieved 24 hr at 1125°F.
cDrop weight tests at +20°F — no break. Based on Charpy

V-notch results, RTNDT is assumed to be "+10°F.

Classification E8018-C3 of Section II of the ASME Code. Tests of welding
materials conformed to Subarticle NB-2400, Section III, of the ASME Code.
All electrodes used were well within the 0.47 maximum moisture conten.

allowance.

2.3 Heating Techniques

All preheating and postweld heating operations of the vessels were
done under the direct control of the Cooperheat Company* in accordance
with WID Process Specification NPT-77. Cooperheat resistance heaters of
the flexible ceramic pad type (with an imput voltage of 80 V) were sup-
plied from a primary source of 440—480 V, 60 Hz, 3 phase, at 200 A per

5
Cooperheat Company, Cooperheat Eastern Division, 955 [. llazelwood
Avenue, Rahway, N.J. 07065.
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Table 2., Moisture content checks of
E-8018~C3 welding electrodes

Eiectrode :i::fr:?:e Moisture Tast date Westinghouse
ot No. (in.)b (%) test No.
5237A 3/32 0.184 1/22/77 Cc-6129
AE 74 i/8 0.197 1/23/717 c~6130
5237A 3/32 0.190 1/24/71 C-6131
! WID-5318 5/32 0.141 1/24/77 C-6132
; AE 74 1/8 0.209 1/24/717 Cc-6133
AE 74 1/8 0.268 1/25/77 C-6134
AE 74 1/8 0.290 1/26/77 C-6138
; AE 74 1/8 0.202 1/27/77 C-6139
’ AE 74 1/8 0.218 1/28/77 C-6143
AE 74 1/8 0.268 1/29/77 C-6148
| 5237A 3/32 0.197 1/30/77 C-6149
AE 74 1/8 0.253 1/30/77 C-6150
AE 74 1/8 0.143 1/31/77 Cc-6151
AE 74 1/8 0.149 2/1/77 C-6158
AE 74 1/8 0.200 2/2/717 C-6159
AE 74 1/8 0.266 2/3/717 C-6162
' AE 74 1/8 0.181 2/4/77 C-6163
AE 74 1/8 0.243 2/5/77 C-6164
5237A 3/32 0.207 2/5/17 C-6165
- AE 74 1/8 0,201 2/6/77 C-6166
f AE 74 1/8 0.202 2/17/77 C-6167
5 5237A 3/32 0.205 2/8/77 Cc-6173
| AE 74 1/8 0.177 2/8/7i C-6174
I AE 74 1/8 0.150 2/9/17 c-6179
AE 74 1/8 0.139 2/10/77 C-6186
| 5237A 3/32 0.200 2/14/77 C-6206
| AE 74 1/8 0.24 2/10/717 C-6210
AE 74 1/8 0.254 2/15/77 C-6211
AE 74 1/8 0.172 2/16/77 C-6215
AE 74 1/8 0.156 2/17/717 C-6216
5237A 3/32 0.203 2/20/77 C-6217
AE 74 1/8 0.199 2/20/77 c-6218

aElecttode samples were periodically removed from the port-
able holding ovens and the moisture in the ccating was measured
using the moisture test specified in paragraph 25 of SFA-5.5,
"Specification for Low Alioy Steel Covered Arc-Welding Elec-
. 'odes," ASME Code, Section II.

bl in, = 25.4 mm.




phase. All thermocouple circuitry was Chromel/Alumel Type K and regis-
tered on a 24-point Honeywell 112 Type K recorder using a 12-hr scroll-
type chart. The thermocouples were cpot-welded onto the vessel and
insulated with ceramic high-temperature putty., Resistance he.ters were
used on the inside of the vessel; ceramic fiber insulation was used on
the outside. The exception was the weld re-repair on the inside of ves-
sel V-7B, for which resistance heaters were strapped onto the vessel's
exterior with a fiber padding cover superimposed.

During preparations, the test plates were heated locally with gas
torches and postweld heated in an electric furnace.

Auxiliary gas-fired radiant heaters were available as backup equip-

ment, but they were not needed.
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3. WELDING SEQUENCE

3.1 Prolongation

The prolongation was 648 mm tall (25.5 in.), with a 686-mm ID (27-
in.), 991-mm OD (39-in.), and a 152-mm=thick (6-in.) wall, and is shown
with qualification test cylinder details in WTD lrawing EDSK 379614-J,
which is appended to this report. Both ¢ us of the cylinder were open.
The prolongation was received with the V-8-type cavity machined from che
exterior approximately halfway into the wall. [he cavity was centered
midway up the cylinder and was located approximately halfway into the
longitudinal cylinder seam we.d. The cavity measured 318 > 83 mm (12 1/2
* 3 1/4 in.) on the vessel's outer surface and was 89 mm deep (3 1/2 in.).
Sidewalls were cut on radial planes; top and bottom ends were tapered on
45° slopes toward the cavity's ceiter. The prolongation also included a
through-the-wall cavity positioned on the opposite side. This through-
the-wall V-7-type cavity [with the wall being 152 mm thick (6 in.)] was
prepared by Westinghouse by drilling and air-arc gouging. Exterior sur-
toce measurements were V351 mm (*13.8 in.) vertical by V127 mm (5 in.)
across. Radial sides were on 97 1/2° angles — the top sloped on a 142°
incladed angle and the bottom at 112°,

The selection of typical weld repair zones for the prolongation pro-
vided specific locations for materials for subsequent detailed comparison
studies. Specimens were cut accoruiigly, and phvsical and material analy-
ses were performed later 2 ORNL. The V-8 cavity was a direct replication
ior the vessel V-8 weld repair; the V-7-type prolongation cavity repre-
sented a reduced-size version for the vessel V-73 repair. The size of
the root opening of the through-the-wall prolongation cavity was increased
from 89 mm square (3 1/2 in.) to 92 mm square (3 5/8 in.) through a mach-
ining error. The thermal gouging and grinding operatica resulted in a
slight undercut at the bottom of the joint, which, however, wus considered
accc 'e for the repair welding. See the photographs in Fig. 2.

I'he V-7B cavity backing bars consisted of two 3.2-mm=thick (1/8-in.)
carbon steel sheets rolled to the prolongation's inside diameter. The
first bar was welded all around and hammered in te ensure a good tight

fit. The second bar was then welded all around on top of the first bar.
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The prolongition was preheated locally by a gas-fired torch in order
to weld the first, or lower, crossbrace restraint. Crosses made up of
102-mm-square (4-in.) bars were fillet-welded to each end of the prolonga-
tion cylinder. A!l the material used for these braces was ASME-SA533,
grade A, class 2 plate stock. See the photographs in Fig. 3. After cool-
ing to room temperature, ORNL personnel irstalled the strain gages. Fif-
teen weldable strain gages were placed on the prolongation's exterior
surface and five gages on the interior surface. The gages provided residual
stress measurements to give insight into the residual stress field that
will exist around the weld repair zones and hence around the flaw test area.

The number and location of thermocouples attached by Cooperheat per-
sonnel are shown on drawing EDSK-379614-J appended to lanis report. The
thermocouples were located circumferentially from the center of the weld
cavity at a distance of 457 mm (18 in.), or 3 times the thickness of the
repair. Because of the short overall length of the prolongation, dis-
tances to the upper and lower thermocouples were restricted to only 305
mm (“12 in,). Additional thermocouples were also placed adjacent to the
strain gages, and a protective stainless sheet was tacked in place to cover
and protect the gages during repair welding. Cooperheat personnel then
installed the resistan.e¢ heaters to the inside surface of the prolongation.
Thereafter, both inside and outside surfaces were insulated for heat con-
trol. See the photographs in Figs. 3 and 4.

The prolongation was again preheated via the resistance heaters prioer
to welding the second, or top, crossbrace restraint. Thereafter, preheat
was maintained for the required 4~hr strain gage stabilization hold time.

Next, half-bead revairs were started for the V-8 cavity of the pro-
longation. A period of 7 hr was required to deposit the "buttering”
layer using ".4-mm-diam (3/32-in.) electrodes. This first layer was then
ground to approximately one-half of the original thickness of the deposit.
"Before" and "after" grinding measurements are shown in Table 3. There-
after, 3.2-mm-diam (1/8-in.) e¢lectrodes were used for the second layer, and
4-mm-diam (5/32-in.) electrodes were used for the third, fourth, and fifth
layers. Difficulties were encountered with the weldability of the 4-mm-
diam (5/32-in.) electrodes for vertical cavity position repairs; hence, it

was decided to discontinue using these 4-mm-diam (5/32-in.) rods and to use
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Table 3. Prolongation V-8 (V-8 cavity) and vessel V-8 half-bead

weld repairs — locations for measuring and dimensional
data for first layer grind-off (dimensions in irches)?

Top view

designation a 5 ¢
Vessel V-8
Prior to welding 1 3.055 2.815 3.485
2 3.060 2.820 3.468
3 3.080 2.835 3.478
After welding L 2.828 2,699 3:315
2 2.847 2.720 3.358
3 2:823 2,711 3.338
After grinding » 2.940 2.755 3.430
2 2,945 2,770 3.413
3 2,947 2,765 3.408
Prolongation V-8 (V-8 cavity)
Prior to welding 1 3.09% 2,926 3 446
2 3.040 2.931 3.439
3 2,078 2.916 3. 44
After welding 1 2.982 2,734 3.250
2 2.970 2.780 3312
3 2.977 2.697 50
After grinding 1 3,035 2.856 375
2 3.038 2,851 375
3 3.010 2.821 2.406
. '
f—— fin f
A + 2in
/y B | __L
A
N}
TOP VIEW SECTION

%) in. = 25.4 mm.
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3.2-mm-diam (1/8-in.) electrodes for depositing all remaining lavers.
Thirty layers were required to totally fill the remaining cavity. Ap-
proximately 80 hr were spent in making the V-8 prolongation weld repair,
and 88 2.4-mm-diam (3/32-in.), 728 3.2-mm-diam (1/8-in.), and a few 4-
mm-diam (5/32-in.) electrodes were used to fill the cavity., Magnetic=-
particle inspections were performed on the ground "buttering" layer and
on the next 3.2-mm (1/8-in.) rod layer, and thereafter on alternate layers
and the final grovwnd outer surface, with all results acceptable., Refer

to the photographs in Fig. 5, which illustrate the V-8 cavity repair
welding sequence,

Heat input to the inner surface resistance heaters was increased on
completion of the repair welding. One and one-half hours were required
to reach postweld tempering treatment temperatures. Prolongation tempera-
tures were then held in this 260 * 28°C (500 + 50°F) range for 4 hr.
Thereafter, the vessel was stripped of insulation and cooled to room tem-
perature in about 24 hr at which time stabilized final strain gage re-
cordings were taken. Another day was spent installing five internal and
six external weldable strain gages for the prolongation's through-the-wall
V-7B cavity repair. Welding commenced about 8 hr later, with 4 hr required
to achieve preheat temperatures and another 4 hr at preheat for strain gage
stabilization.

Sixte.n hours were required to deposit the first, or "butter" pass,
layer in the V-7B cavity of the prolongation, after which it was ground
down. The before- and after-grinding measurements are showm in Table 4,
It is important to note that the first weld layer deposit that covered
the backing bar was not ground. #Half-bead temper effects for this zone
were eliminated by removing the backing bar from the interio- surface by
grinding, which followed the completion of all repair welding. The re-
maining cavity required 59 layers, all of which were deposited with 3.2-
mm-diam (1/8-in.) electrodes. Magnetic-particle examinations were per-
formed the same as before. The welders began to encounter porosity while
welding in the lower quadrant of the cavity., After light grinding, a
number of clusters of fine porosity could still be seen. Magnetic-particle
inspections revealed still other small indications and one relatively

large, “v6.4-mm-long ( 1/4-in.) longitudinally oriented defect. It was
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Table 4. Prolongation V-8 (V-/B cavity) and vessel V-7B half-bead

weld repairs — locations for measuring and dimensional data

for first layer grind-off (dimensions in inches)

Top view
designation A ’ &
Vessel V-7B
Prior to welding ! 4,813 4,750 4,750
2 4.250 4,250 4,250
3 3.750 3.750 3,750
After welding 1 4,650 4.625 4.625
2 4,160 4.150 44125
3 3.560 3.620 3.650
After grinding 1 4.750 4.688 4,688
2 4,218 4,218 4.218
3 3.688 3.719 3.719
Prolongation V-8 (V-7B cavity)
Prior to well.ng 1 4,285 3.943 3.928
2 4.378 3.941 3.865
3 4,216 3.815 3.720
After welding 1 4.133 3.806 3.7713
2 4,245 3.794 3.713
3 4.102 3.702 3.596
After grinding 1 4,215 3.880 3.855
2 4,315 3.872 3.812
3 4,162 3.770 3.642
p— 18
f«—— 1 . o fn
A i
fe—r 7 2in
8
. 3
2.
¢ L

TOP VIEW

CROSS SECTION

% in. = 25.4 mm.
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necessary to grind at least 5 mm (3/16 in.,) deep for the full width of

the cavity to remove this affected area, which was located “76 mm (“3 in.)
vertically from the bott.am of the cavity., Total time for completion of
the welding was 187 hr. One hundred ninety-six 2.4-mm-diam (3/32-in.)
electrodes and 1624 3.2-mm-diam (1/8-in.) electrodes were used to fill
the V-7B cavity. See the photographs in Fig. 6, which illustrate the

prolongation V-7B cavity repair welding sequence.

One event possibly worth noting during V-7B prototype cavity repairs
was an interpass temperature excursion between 260 and 343°C (500 and
650°F) for 5 hr. A control thermocouple malfunctioned during the welding
of layers 51 and 52. These layers were located “13 mm (“1/2 in.) down
from the vessel's outer surface. The welder continued welding for 2 hr
with the vessel temperature above 260°C (500°F). After shutting off the
heat, 3 hr were required to bring the temperature below 260°C (500°F), at

which time preheat was reapplied and repair welding continued.

The top cover pass was ground smooth and found to be acceptable by
magnetic-particle inspection during the 2 hr required to achieve PWHT tem-
perature., After holding the temperature at 260 * 28°C (500 * 50°F) for
4 hr, the prolongation was stripped of insulation and cooled to room

temperature in 16 hr.

Strain gage readings were recorded after gages stabilized. Recordings
for evaluation by ORNL were also taken before, during, and after the re-

moval of the cross-braces.

The backiag bars were ground out next. All visual porosity was elim=-
inated by grinding. Slightly recessed areas, or dimples, were formed by
grinding on the prolongation interior; however, minimum allowable vessel
wall thickness dimensions were held within Code Standard tolerance limits.
See the photographs in Fig. 7, which illustrate details of the V-7B repair
weld.

All the required final magnetic-particle, ultrasonic, and radiographic
inspections were completed on both the prolongation weldments 48 hr later.

Results were acceptable to Code Standards.
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3.2 Vessel V-7B

Vessel V-7B was ~2.13 m tall (7 ft), with a 686-mm ID (27-in.),
991-mm 0D (39-in.), and a 152-mm-thick (6-in.) wall and, less flanged
head, weighed about 7222 kg (8 tons). Vessel details are shown in WID
drawing EDSK-379614) appended to this report. A through-the-wall cavity
with outside surface dimensions of 768 mm (30 1,4 in.) vertically (or
longitudinally) by 127 mm (5 in,) wide (circumferentially) was located
about midway up the vessel. Sidewalls were cut radially and formed 97 1/2°
included angles. The cavity's top end (toward the vessel's dome endd
sloped on a 142° included angle plane; the bottom end (toward the head
flange end) sloped on a 112° plane, The opening dimensiuvns of the cavity
on the vessel's inner surface measured 514 mm long (%20 )/4 in.) by 90 mm
wide (“3 1/2 in.). ORNL had furnished the vessel with the cavity's 508-mm-
long (20-in.) center portion sidewalls premachined in order to attain ac-
curat. reference surfaces for their later use to index flaw planes in the
heat-affected zones of the weld repair. These zones are estimated to be
2.0 to V2.3 mm (80 to 90 mils) wide and are formed in the adjacent parent
metal of the cavity sides. WTD prepared both connecting cavity ends by
thermal gouging to WDT Process Specification NPT-78, which appears in
the Appendix. All but the final 6.3-mm (1/4-in.) thickness was removed
by air-arc gouging. Thereafter, manual grinding was used for final metal
removal to eliminate any flame-induced heat-affected zones and/or carbon
contamination withir adjoining cavity boundary materials. Refer to the
photographs in Figs. 8 and 9, which illustrate the preparations for re-
pairing the cavity in vessel V-7B.

Backing bars were used to seal the cavity bottom; they consisted cf

2-mm~thick (1/8-in.) carbon steel sheets rolled to the vessel's inside

diameter. Two bars were used to expedite postweld bar removal by manual
grinding. The first bar was welded all around and hammered in to ensure
a good, tight fit, and then the second bar was welded all around on top
of the first bar, Installation of the strain gages by ORNL personnel
followed.

ORNL personnel installed nine external and six internal strain gages,

and Cooperheat personnel installed eight thermocouples and banded internal
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resistance heaters. Control thermocouples were placed at a 3t (thick=-
ness of repair) distance, or 457 mm (18 in.) from the center of the
cavity. Stainless steel sheet covers were applied to protect the gages
and thermocouples, and sheet blanket insulation was placed around the
inner and outer surfaces of the vessel, as shown in Fig. 9.

Approximately 9 hr were required to preheat vessel V-7B up to 177°C
(350°F), and this was followed by a 4-hr hold at preheat temperature for
gage stabilization.

Twenty hours were spent in welding the first "butter," or temper-bead
layer; and 354 electrodes, 2.4 mm in diameter (3/32 in.,) were used. Manual
grinding to remove half of the temper bead followed. It was extremely
difficult to obtain accurate reproducible measu~-ements in the cavity at
about 204°C (400°F) to determine when half of the bead had been ground
off. Measurements made before and after grinding are shown in Table 4.

No attempt was made to grind the bead deposit from atop the backing bars.
Final postrepair removal of the bars will effect similar tempering cures.
The first layer ("butter") vertical-deposit sequence is shown in the pho-
tographs of Fig. 10. The second layer was deposited with 3.2-mm-diam
(1/8-in.) electrodes and covered the first layer in the same vertical-
pass-sequence buildup from the inside outwards for both bottom and sides.
The rod-buildup sequence for cavity bottom and sides was continued for a
third layer, ucing 3.2-mm-diam (1/8-in.) electrodes. The procedure stipu-
lated that cavity welding hereafter could be made as "fill" from the
interior up only, using 3.2-mm-diam (1/8-in.) or 4-mm-diam (5/32-in.)
electrodes.* Three such fill passes vere deposited with 4-mm-diam (5/32-
in.) electrodes; however, difficulties with severe porosity formation were
encountered. The welding technicians reported that after burning a 4-mm-
diam (5/32-in,) electrode for “76 mm (*3 in.), the remainder of the elec-
trode overheated and hence could not be used. It was also noted that the
area being welded overheated, resulting in excessive undercut occurences.
Attempts were made to reduce the heat input to the electrode, but lower-

ing the welding amperage made it extremely difficult te maintain an arc.

i
Similar difficulties were also encountered on test plate and pro-
longation welding.
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Therefore, it was decided to complete filling operations using 3.2-mm-diam

(1/8-in.) eiectroues.

Some seemingly minor porosity was also encountered while using the
3.2-mm-diam (1/8-in.) rod elecircdes to fill the cavity. For the most
part, such porosity appeared to be located in the start and stop zomnes.
All porosity indications were generally visible to the naked eye and were
eliminated by grinding, as confirmed by the routine magnetic-particle in-
spections that were conducted on alternate layers.

Interpass temperature control was based on a thermocouple installed
on the vessel's outer surface 76 mm (3 in.) in from the edge cf the cavity.
This thermocouple registered every 20 sec on a separate temperature re-
corder, Temperatures did not exceed the 177°C (350°F) limit, even during
the welding of final cover passes.

Sixty-two layers were required to fill the cavity, and the work was
accomplished in 408 hr (17 days) of continuous welding. Many electrodes
were used in the welding: 371 2.4-mm-diam (3/32-in.) electrodes; 4876
3.,2-mm-diam (1/8-in.) electrodes; and several boxes (estimated at 200 ea)
of 4-mm-diam (5/32-in.) electrodes. Typical welding and grinding sequences
are shown in the photographs in Fig. 11, and typical pass and layer se-
quences are listed in Figs. 12 and 13.

An attempt was made . save time by grinding the final cover pass to
blend with the vessel's outer surface contour while increasing heater in-
put to elevate vessel temperature to the PWHT temperature plateau of 260
¢ 28°C (500 * 50°F). Air-grinding operations, however, had an effect on
the uniformity of heatup: thermocouple recordings registered considerable
temperature spread between various vessel locations, and thermocouples un-
covered for the grinding were influenced by the constant stream of air
flow associated with the air-grinding process and hence indicated low
readings. Accordingly, heat input had tc be reduced to preheat settings
until grinding was completed and the final magnetic-particle examination
was made. Thereafter, it required 3 hr to attain vessel PWHT temperature.
The vessel was then held at “260°C (500°F) for 4 hr before removal of in=-
sulation for cooldown. The vessel cooled down to ambient temperature in
about 2 days, at which time final strain gage readings were taken rrior

to gage and thermocouple removal from the vessel.
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Acoustic-emission (AE) monitoring of the vessel was performed on a
continuous basis by personnel of GARD, Inc., under the direction of D. W.

Prine, Project Engineer. Preheat, repair welding, PWHT, and the cooldown

operation were monitored using the CARD AE-monitoring equipment shown in
Fig. l4. AE sensors were attached to the vessel's outer surface just be-
yond each end of the repair cavity. The sensors were coupled to an adja-
cent mounted preamplifier, and cables connected to the preamplifier trans-
mitted boosted signals to a console located near the work station where

the signals were processed, displayed, and stored.

The GARD AE weld monitor is built around commercial Dunegan Endevco
acoustic-emission equipment with a GARD-designed flaw alarm and signal-
processing system added to permit location of the AE sources that satisfy
the flaw alarm criteria. These criteria vary for material and welding
process and include AE burst energy, frequency, and burst rate. The flaw
location information is read out on a storage oscilloscope, and permanent
records are made by photographing the scope display. Raw AE data are
stored on magnetic tape for later playback using a CARD-modified Sony
video tape recorder. Data recording band width is 0.1—1 !Hz. AE data are
also stored on paper strip chart recordings, which include burst energy
(signal ring down count) and AE alarms. Records are also made of weld

current vs time to help keep track of weld passes.

Weld repair backing bars were removed by grinding inside the vessel

with the grinder standing on the floor and inside the vessel's flanged

head opening. In removing the backing plates, the grinder encountered
visible porosity “254 mm (“10 in.) below the repair cavity centerline, or
near the junction of the vessel's inner surface and the 112° included cor-
ner angle slope toward the vessel's flanged head end. Porous areas were
then ground out as verified by magnetic-particle inspection. The resultant
newly ground inner cavity measured approximately 127 mm (5 in.) wide cir-

cumferentially by 25.5 mm (1 in.) high vertically by 22 mm (7/8 in.) deep.

The entire weld repair zone of the vessel was next subjected to both
straight and 45° shear-wave ultrasonic and radiographic inspections to

ensure that no additional repairs were needed before commencing to reweld
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the newly formed "corner cavity."

Generally acceptable ultrasonic indi-
cations were noted throughout. Questionable ultrasonic indications, how-
ever, were observed in an area near the intersection of the vessel wall
and the 142° slope. Ultrasonic shear-wave inspection recheck indications
produced signals equivalent to 20 to 307% of the distance amplitude correc-
tion (DAC) curve, and radiographic inspection confirmed these findings.
Radiography also revealed minor porosity indications adjacent to a pre-
drilled 1.6-mm-diam (1/16-in.) passage previously placed in the vessel

to establish test pressure equalization on both sides of a patch liner.
(For the final vessel pressurization test, a patch is used on the inside
surface of the vessel below the flaw to deter or stop the pressurization
media from leaking through the cracked vessel wall.) Repeat radiography
via triangulation methods indicated that these porosity effects were lo-
cated in various staggered thickness planes respectively separated by
about 25.5 mm (1 in.) of solid metal. Hence, porosity was unstacked and
not continuous. Another area of minor porcsity [“6.3 mm (“1/4 in.) in
diameter] was noted “114 mm (“4 1/2 in.) from the 1l.6-mm (1/16-in.) pas-
sage toward the vessel's head flange end adjacent to the cavity wall on
the side of the hole. Radiography indicated that the porosity was located
in two planes, 9.5 mm (3/8 in.) and 36.5 mm (1 7/16 in.), respectively,
below the vessel's outside surface. No other defects were revealed by
radiography. The surfaces and all areas adjacent to the newly ground-out

inner surface cavity appeared to be sound.

Wherever there were questionable implications of minor porosity and/or
isolated slag inclusion based on the ultrasonic and radiographic findings,
these minute areas were separated by solid metal. It was therefore decided
to limit repairs to rewelding the ground-out cavity area at the vessel's
inside diameter to the 112° slope. ORNL and WTID agreed to accept all the
minor imperfections noted on the radiographic films. The fine porosity
indications were all passable within the Code, except possibly for the
single marginal [%*3.2 mm (“1/8 in.) % 16 mm (5/8 in.)] very thin hori-
zontal defect noted near the dome end of the repair. It was also con-
sidered acceptable, however, based on repeat triangulation x rays and the

intended end use of the vessel for test purposes.
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The half-head (temper) technique (WTD Process Specification NPT-77)
was also used for the weld re-repairs on the vessel's inner surface with
additional Cooperheat resistance heaters (63-kW total capacity) this time
placed on the vessel's exterior surface only. Exterior thermocouples and
blanket insulation were installed. It required “1 day for the vessel to
reach the 177°C (350°F) preheat temperature, and then a welder wearing
protective clothing and mask entered the vessel to start repairs. "Butter"
layer welding with 2.4-mm-diam (3/32-in.) electrodes, grinding down half
of that layer, and subsequent depositing of 3.2-mm (1/8=in.) layers were
all accomplished with the welder standing upright on the floor, working
through the vessel's flanged head opening in a 177°C (350°F) highly con-
fined oven-like environment. Re-repairs were identical to earlier work,

with the following exceptions:

1. the weld repair position was horizontal;

2. magnetic-particle test inspections were conducted at similar frequency,
but using the yvoke technique;

3. strain gaging was not used;

4, AE monitoring was omitted;

5. preheat was maintained at the 177°C (350°F) minimum condition for the

immediate cavity ai~a.

About 9 hr were required to complete all re-repair welding, grinding,
and inspections. Refer to Fig. 15 for pass and layer sequences. The
"] Y0-cm® (“6~-in.’) cavity was filled with 13 2.4-mm-diam (3/32-in.) and
38 3.2-mm-diam (1/8-in.) electrodes. Additional heat input then brought
the vessel up to postweld heat temperature in about 30 min. After the
temperature was held at 260 * 28°C (500 * 50°F) for 4 hr, the vessel was
stripped of all insulation and cooled to "52°C (“125°F) in 1 day. Forty=-
eight hours later final magnetic-particle testing and ultrasonic testing
inspections were held on both the re-repair and the entire cavity repair.

Re-repairs were acceptable; other findings were as previously noted.
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ORNL-DWG 78-8251

B:9 B:8
A=4 A:=z4

1st LAYER, 3/32.n. diam Ind LAYER, 1/8 in. diam
ELECTRODES ELECTRODES
3rd 10 6th LAYER, 7th LAYER, 1/8n.diam
1/8 in. diam ELECTRODES
ELECTRODES

Bth AND FINAL LAYER,
1/8.n diam ELECTRODES

A = INITIAL SEQUENCE, B = FINAL SEQUENCE)

KEY t:ENOTES NUMBER OF WELD PASSES AND WELD SEQUENCE MOVEMENT
{
ENOTES HORIZONTAL WELDING DIRECTION FOR ALL PASSES

Fig. 15. Vessel V-7B re-repair (half-bead repair to vessel interior);
weld pass and layer sequences (1 in. = 25.4 mm).

3.3 Vessel V-8

The basic test vessels V-7B and V-8 are identical. Vessel V-/B had
previously been used in two tests; V-8 was an unused vessel. Only the re-
pair cavity and flaw sizes and the azimuth locations differed for the two
vessels. Vessel V-8 was furnished to Westinghouse with an approximately
half-wall-thickness premachined cavity midway up the vessel's cylindrical
portion extending halfway into the vessel's seam weld. This cavity, iden-
tical to the prolongation V-8 cavity, measured 318 mm (12 1/2 in.) x 82.5

mm (3 1/4 in,) on the vessel's outer surface and was 90 mm (3 1/2 in.) deep.
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Sidewalls were cut on radial planes; top and bottom ends were tapered on
45° slopes toward the cavity's center, as shown on the appended drawing
EDSK-379614J. The V-8 repair selections were made to simulate field re-
peirs to vessel weldments.

Actual vessel V-8 weld repairs were held up pending the completion
of the prolongation V-8 cavity repair to evaluate strain gage data and
to possibly alter strain gage locations. Preliminary data analysis, how-
ever, indicated that the gage number and placement selections were ade-
quate, and the vessel was instrumented the same as the prolongation.
Thermocouples were also placed on the vessel in accordance with the Code
requirements; the outermost thermocouples were located at 3T (thickness
of work), or 457 mm (18 in.), from the cavity center.

The vessel was preheated to 177°C (350°F) in 14 hr; an additional
4 hr were allowed for strain gage stabilization hold time. Thereafter,
w6 1/2 hr were required to deposit the "butter" layer with 2.4-mm-diam
(3/32-in,) electrodes, which was followed by grinding off half of the
deposit. The before- and after-grinding measurements are recorded in
Table 3. A period of 91 hr was required to complete the weldment, in-
cluding time for all prescribed magnetic-particle inspections. The final
18 layers were staggered to minimize and hopefully eliminate porosity
trends based on earlier experience with vessel V-7B repairs and ultrasonic
and radiographic inspections of those repairs. Photographs of the welding
sequence are shown in Fig. 16. Figure 17 illustrates the typical pass and
layer sequences used. One hundred twenty-four 2.4-mm-diam (3/32-in.) and
771 3.2-mm-diam (1/8-in.) electrodes were used to fill the “1557-cm’ (95~
in.’) cavity in vessel V-8,

One 8-hr shift was spent in contour-grinding the cover pass and in
making the final magnetic-particle inspection, followed by a 2-hr heatup
to postweld temper temperature — 260 *+ 28°C (500 * 50°F). After this
temperature was held for 4 hr, the vessel was stripped of insulation and
cooled to room temperature in "2 days. Forty-eight hours later, the re-
quired final magnetic-particle, ultrasonic, and radiographic inspections
were completed. These inspections indicafed that the welding was accept-

able according to ASME Code requirements.
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1st LAYER, 3/32 in. diam 2nd LAYER, 1/8.in diam
ELECTRODES ELECTRODES
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3rd :0 13th LAYERS, 14th to 32nd LAYERS,
1/8.in.diam ELECTRODES 1/8in diam ELECTRODES

DENOTES NUMBER OF WELD PASSES AND WELD SEQUENCE
MOVEMENT DIRECTION WITHIN SECTOR

KEY &DE NOTES VERTICAL WELDING DIRECTION FOR ALL PASSES

Fig. 17. Vessel V-8 — weld pass and layer sequences (1 in. = 25.4 mm).

3.4 Plate 57 and Weld Coupons

ORNL had provided WTD with A-533, grade B, class 1 plate stock for
use in familiarizing their welders with the upcoming weld repair work on
the prolongation and the two vessels. An alternate purpose for this prac-
tice plate stock was to provide ORNL with typical weldments for use in

their work on electron-beam flawing development. Job specifications also
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called for all practice work to be performed to ASME Code half-bead repair
weld guidelines, except for substituting visual examinations for otherwise
timely magnetic-particle inspections of alternate layers.

Figure 18 illustrates repair work sequences for plate 57, a 152-mm-
thick (6-in.) plate, 902 mm (35 1/2 in.) % 432 mm (17 in.), provided with
two V-8-size cavities premachined into the stock. This plate was mounted
in the vertical position and preheated to 177°C (350°F) using gas torches.
"Buttering," grinding, "rebuttering," and fill-welding required 53 and 48
hr, respect.vely, for the two cavity welds. Tie 260°C (500°F) PWHT was
also accompl.shed with gas torches and magnetic temperature indicators.

Four pregrooved weld coupons, as shewn in Fig. 16, were also provided
for additional practice block material. The SA-533B plate stock [50-mm-
thick (2-in.) .uu 132 mm (5.2 in.) % 335 mm (13.2 in.)] included continu-
ous grooves 44 mm deep (1 3/4 in.) * 38 mm wide (1 1/2 in.) and 44 mm deep
(1 3/4 in.) * 64 mm wide (2 1/2 in.), respectively, with 7 1/2° side slopes
to simulate the vessel cavity configurations. Gas torches were used for

preheat and a furnace for the PWHT.

3.5 Tensile Test Plates

WTD fabricated special support braces for welding pairs of flat bars
from SA-533B plate stock in vertical position for the manufacture of ten-
sile test plates. One set of 46-mm-thick (1.8-in.) x 89-mm-wide (3 1/2-
in.) flats and two sets of 43-mm-thick (l.7-in.) * 89-mm-wide (3 1/2-in.)
flats, all of which were 508 mm long (20 in.), were restrained into and
tack-welded to these fixture braces. The bars were tapered the same as
the vessel cavity sides; bar spacings simulated the cavity layout. Plate
backing bars, sequential heating, welding, and inspection operations were
to Process Specification NPT-77 (the WID shop specification issued to
meet ASME Code Section XI half-bead welding guid ‘ines). The plates were
preheated with gas burners and preheat and interpass temperatures were
determined by magnetically attached thermometers, as shown in Fig. 19.

The tensile specimens were ultrasonically and radiograpaically ex-
amined following the completion of welding and the pirescribed postweld

temper treatment at 260°C (500°F) in an electric furnace. Two of the
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three specimens prepared met inspection acceptance standards, but the
third specimen was rejected based on porosity indications in excess of
that permissible by the ASME Code. The tensile s, “cimens were forwarded
to ORNL for analysis.
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4, RECOMMENDATIONS

For deep vertical repair welds which are to be done manually, greater
access for welders must be provided by substantially increasing the wall
angle. Limited access hampers manual repair welding efforts, especially
for vertical-position welding. Welding the holf-wall-thickness cavity in
the prolongation and in vessel V-8 did not present unusual welding problems
because, for these repairs, the maximum welding depth was limited to 89
mm (3 1/2 in.). The welders had sufficient working room, which afforded
eas' access to the entire bottom of the repair area. The through-the-wall
155-mm (6-in.) repair cavities in both the prolongation and in vessel V-7B,
however, presented considerable problems for the welders. The primary dif-
ficulties were the limited access for welding, the 152-mm (6-in.) repair
depth, the narrowness of the area to be repaired, and the 7 1/2° angles on
each of the cavity's sidewalls.

Additional development work is suggested to test alternate techniques
for achieving proper tempering of the "butter" layer. The determination
of when the first, or "butter," layer has been ground off ends up as a
decision based on judgment. 1t is extremely difficult to establish ac-
curate reproducible depth measurements in a repair cavity at 177 to 204°C
(350 to 400°F). The literal interpretation of "grinding off half of the
first layer" resulted in many hours of discussion and measurements before
agreement was reached as to when the surface approximating the half-layer
was reached., Care can be exercised to not grind off the entire layer, but
actual ground layer measurements should not be required. The use of small
electrodes for the "buttering” layer followed by a second "buttering" layer
applied with larger-diameter electrodes may achieve adequate tempering of
the initial layer and the adjacent base metal. It may even be possible to
omit grinding of the first layer altogether.

The suggested development efforts should also test repairs employing
staggered electrode sizes for early layers only — omitting grinding.
Considerable savings could result if it were possible ro eliminate grind-
ing operations without sacrificing tempering effects. 1If these suggested
tests prove to establish repair welds of a quality equivalent to the pres-

ent half-bead repairs, then combined efforts should be solicited from the
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developer and industry to revise the present Section III and Section XI
ASME Code requirements for half-bead welding.

Semiautomated or automated process welding repairs or such repairs
in conjunction with and following manual half-bead ~rocess welding of
early layers would help to greatly reduce the time required for repairs.
For in-service repairs at a nuclear facility, this might mean vastly reduced
weldeyv exposure time. Research and development efforts should also be ex-
tended in this direction. The man-hour-to-cavity-fill deposit rate for
Wil half-bead repairs averaged caly “8.2 cm’ (V0.5 in.’) of deposit for
each man~-hour spent. The number of man-hours includes the hours worked
by all personrel assigned to : shift — generally two welders and a part-
time inspector. Equivalent clock-time-to-cavity-fill rates averaged 19
cm’ (1.16 in.?) of deposit for each clock-hour of operation.

The maximum extent of repair limitations (ASMF Code, Section III,
Paragraph NB 4642.2) and extensive welding procedure and welder prequalifi-
cation requirements (ASME Code, Section XI, Paragraph IWB 4423.3) should
now be reviewed by Code committee personnel. Favorable C.ue changes to
establish increased depth of weld repair allowances and less »xtensive
prequalification requirements seem to be in corder based on the success

of WID and Combustion Engineering on HSST vessel half-bead weld repairs.
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10/8/76 1ssue Date

WELDiING SPECIFICATION NO. W-HB-105%+

LOW HYDROGEN ELECTRODE MANUAL SHIELDED METAL~ARC
WELDING FOR "HALF-BEAD" REPAIR WELDING
(Vessel positioned vertically)

Scope

This specification covers the Welding Procedure (Part 1) and Welder Per-
formance Qualification and Procedure Qualification Tests (Part II) for manual
shielded metal-arc repair welding on 6-in.-thick low-alloy steel materials
using low-alloy, low-hydrogen steel electrodes comparable to Section XI re-
quirements. This weld procedure is specifically applicable for vessel weld
repairs from the exterior for vertically positioned vessels using the "half-
bead" technique, whereby the entire cavity of the preheated vessel is "buttered"
using 3/32-in.-diam electrodes. The "buttered" deposit thickness is then half
removed by grinding. Subsequently, the remairder of the cavity is then filled
using 1/8-in.~ and/or 5/32-in.-diam electrodes. Removal of half of the initial
weld layer (buttering) permits the heat from the next weld pass to refine the
grain size of the base metal heat-affected zone, as well as for tempering pur-
poses. Preheat is to be maintained throughout the entire welding operations.

The machined notch and the adjacent cracked and yielded zone of the ves-

sel shown in Fig. 1 will be repaired by this welding procedure. This procedure

%
Reference: ASME Boiler and Pressure Vessel Code, Section {1 (In-Service
Inspection), Subsubarticle IWB-4420 (Repair Procedure No. 4).

References to portions of the Code are to the 1974 edit .n with the
Summer 1974, 1975, and Winter 1975 addenda and are to Sectio XI unless stated
otherwise.

*In this Welding Specification "fabricator" is used to mean the subcon-
tractor in whose shop the welding is perfermed, and the "UCC-ND" is used to
mean the Union Carbide Corporation, Nuclear Division.
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also requires the preparation and welding of a qualification test piece as
follows:

Qualification Test Piece: A UCC-ND furnished 6-in.-thick wall
ASTM A533, grade B, class 1 prolongation from a vessel, as shown
in Fig. 4, along with a bracing arrangement for the backing plates
and end restraints for the cylinder ends to be furnished by the

fabricator.

The same qualification test piece shall be used also to qualify this
procedure for an apporximately half-wall thickness "half-bead weld
repair" to a submerged-arc longitudinal vessel seam weld as shown

in Fig. 8. The two cavities shall be spaced at approximately 180°
per Fig. 8 layout.

The weld repairs to the prolongation must be done sequentially. The
prolongation shall be allowed to cool to room temperature aud then to
remain at room temperature for a minimum of 24 hours in between

sequential weld repairs.
Test coupons shall also be furnished (refer to Fig. 3).

Individual welders must be qualified under Section IX of the Code for a
procedure having the same essential variables for welding performance qualifi-
cation as the procedure of Part I, or they must weld the 3 in. qualification
plate shown in Fig. 2 of tuis specification to demonstrate qualification under
this procedure. The Weld Procedu.e Qualificacion Test Piece (Fig. 4) is used
to demonstrate the qualification of the procedures used by the welders for

repair of the vessel.

Participation of UCC-ND and GARD*

The UCC-ND shall be permitted access to the fabricator's facilities to

witness all work on this project and to make strain measurements as required.

*
General American Research Division, Inc. (Subsidiary of GATX Corporation).
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GARD personnel shall be permitted access as required to acoustic emission
monitor vessel repair welding.

UCC-ND and GARD shall furnish material, labor, and equipment for this
work; the fabricator shall provide utilities to support the work. UCC-ND work
may ccnsist of the application of weldabl: strain gages that have been stahilized
to both the vessel and the prolong after the backing plate and suitable internal
brace restraints have been installed but prior to preheating. Strain gage
measurements will be recorded as follows:

1. prior to the application of preheat;

2. four hours after the vessel reaches the specified preheat range but before
welding commences;

3. after all welding is completed but prior to the post-weld heat treatment;

4. after the post-weld heat treatment is completed but before cooling;

5. after the temperature has been at ambient temperature for a minimum of
2 hours but before removal of bracing and restraints;

6. after removal of bracing and restraints.

GARD personnel will attach sensors to the vessel and connect these
sensors to their console equipment for AE monitoring.

The fabricator shall notify UCC-ND and GARD of the testing schedule at
least 24 hours prior to each measuring hold point. Should test or monitoring
personnel be unavailable for testing during these hold points, on a reasonable
basis, the fabricator shall have the authority to bypass the required strain
or acoustic measurements.

Efforts should be made to electrically ground the test vessel symmetri-
cally for repair welding and MT examinations and thereby minimize the forma-
tion of asymmetric magnetic fields which tend to cause problems if electron-

beam welding means are used tc subsequently artificially flaw the vessel.
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Acceptance of Work

The fabricator shall use UCC-ND supplied bar stock and furnish test cou-
pons made in accordance with NB-2430 of Section III of the Code for each lot
of electrodes. The coupon for each lot shall be of sufficient width and thick-
ness such that tensile and impact specimens can be removed and shall be no less
than 48 in. in total length. Coupons shall also be welded, vertically placed,
and shall be adequately restrained to avoid warpage. A typical coupon is shown
in Fig. 3.

All test pieces, the prolong, and the repaired vessel shall be accepted
by the UCC-ND upon acceptance of the vessel in accordance with Section 13 of
Part I of this specification.

The fabricator shall furnish an ultrasonic calibration tlock appropriate

for use with inspections under Section XI, Fig. 1-3131, Appendix 1 of the Code.

Records and Documentation

Appropriate records as follows shall be kept by the fabricator for in-
clusion in the final report. Information should also be transmitted inform-
ally to UCC-ND as requested and prior to issuing the final report in order
to expedite testing requirements of UCC-ND.

1. Copies of documentation qualifying welding electrode lots and methods of
handling.
2. Statements on welder certification.

3. Procedure for air-arc gouging and grinding for cavity preparation,

4. Sketches showing as-fabricated cavity preparations in the vessel and the

qualification test piece.
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5. Procedures for grinding to insure thickness control of the "buttering
layer."

6. A detailed welding procedure.

7. A summary report of the evaluation made pursuant to Section 13 of Part I
of this specification.

8. Charts, or copies thereof, from temperature recording instruments and
sketches showing locations of thermocouples related to the charts for
the vessel.

9. Sketches showing size, location, and orientation of both repaired and
allowable flaw indications found during post-weld nondestructive inspec=-

tions.
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PART 1 — WELDING PROCEDURE

1. Welding Qualification

All welding in accordance with this procedure shall be done 'y welders
qualified and currently certified under Fart II (pages 18%-15, or under Section IX.
Paragraph NB 4300, of the Code for a procedure having the same essential vari-
ables for welding performance qualification as this procedure. Welder certifi-

cation papers shall be .wailable at the job site at all times.

2. Base Mctal
The base metal will be low-alloy, high-strength carbon steel plate (ASTM
A533, grade B, class 1, or equal), P Number 3, Group 3 (Table QW 422, Section

IX of the Code).

3. Filler Metal

The filler metal shall be covered low-alloy steel electrodes and shall
conform to the requirements of Specification SFA-5.5, AWS Classification E8018-
C3 of Section II of the Code or, if the fabricator so elects, shall conform to
such other specifications as may be previously approved in writing by UCC-ND.
Electrodes shall be clean and dry, and the flux shall not be cracked or spalled.
(See Care of Welding Electrodes, Section 8 of Part I of this specification.)
Tests of welding materials shall conform to Subarticle NB-2400 of Section III.
Evaluation of each lot of weld metal shall be based upon the manufacturer's
certification test report (supplied by the fabricator) and approved in writing

by UCC-ND.

4. Electrical Characteristics

The fabricator shall determine appropriate welding voltage and amperages.
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As a guide the following conditions are suggested. Direct current at 20 to 26
volts connected for reverse polarity (DCRP), with the base metal on the nega-
tive side of the line. Amperages, based upon electrode diameter, are suggested

as follows:

Electirode Diam-In. Amperages
3/32 85-100
1/8 110-140
5/32 130-135

5. Repair Zone

For preheating purposes, each repair zone of the vessel shall consist of
the cavity plus a region around the cavity lying beneath the area circumscribed
by a line on the outside surface a minimum distance of 3T* from the boundary of
the cavity. For inspection purposes the repair zone of the vessel shall con-
sist of the regions specified above for the vessel, except the distance there

specified shall be 1T.**

6. Instrumentation

Thermocouples and recording instruments shall be used to monitor the pre-
heat, gouging, grinding, welding, and final post-weld heat treatment operations.

Thermocouples may be attached by welding where practicable.

7. Cavity Preparation and Cleaning

The cavity for the vessel repair, except for the longitudiral boundary
for the heat-affected zone flaw may be partially formed by flame cutting and/

or air-arc gouging to rough diwnc.sions and grinding to finished dimensions.

*
nT means n times the wall thickness.

ok
This is a deviation from the Code, which requires an examination of
a 3T band.
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Finished dimensicns are shown in Fig. 5 for the vessel. The repair zone shall
be preheated and maintained at temperature in the range of 350°F to 400°F until
flame or arc cutting and grinding are finished.* After such cutting is completed,
a layer of metal under the cut area a minimum of 1/4-in. in depth shall be re-
moved by grinding.

Note: The vessel's longitudinal cavity surfaces have been premilled by
UCC-ND to establish final and optirum planes for subsequent post-weld repair

heat-affected zone flaw preparations. These longitudinal surfaces shall not

be ground. The layout for gouging the top and bottom cavity boundaries must
allow for 1/4-in. post gouge grinding and the blending of ground ends to the
premachined middle section. Care should be exercised in cavity corners to re-
tain minimum radii as shown in Figs. 4 and 5. Care must also be taken to pre-
serve the preground longitudinal sides.

The V-7B cavity for the procedure qualification prolongation sha.l be formed
by the fabricator entirely by air-arc gouging and grinding. The cavity shall be
centered about the center lines now sciibed to the vessel’s outer surface. Cavity
end angles must match the angles of the vessel repair cavity ends. Dimensions
shown in Fig. 4 are finished (final ground) dimensions.

The V-8 repair cavity for the same prolongation and shown in Fig. 8 will be
furnished to the fabricator premachined and ready for half bead technique weldup.
Detailed procedures for cavity preparation and cleaning as prepared previ-

ously shall be kept and adhered to at the job site.

In final preparation for welding, the cavity shall be ground smooth and

clean, uxcept as noted above, with beveled sides and edges slightly rounded

‘This is a deviation from the Code which does not allow flame (thermal)
cutting. (With agreement of the Advisory Task Group on Weld Repair for
Pressure Vessels; PVRC, Atlanta Meeting 6/6/76).
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to provide suitable accessibility for welding. The surfaces within IT distances
of the joint shall be cleaned of all dirt, oil, grease, paint and excessive
amounts of scale and rust. The cavities of the vessel and test pieces shall

be examined by magnetic particle inspection in accordance with tiie requirements
of IWA-2221 prior to welding. Additional grinding shall be performed with pre-
heat as necessary to remove indications of flaws. Actual dimensions and loca-

tion of the cavity shall be documented.

8. Care of Welding Electrodes

The moisture content in the protective coating of the low hydrogen elec-
trodes shall not exceed 0.4%Z by weight. The following steps shall be taken
to prevent moisture pickup; provided that, with prior written approval of
UCC-ND, minor deviations may be allowed.

All coated electrodes shall have been baked before use at temperatures
of 800°F $25°F for 30 minutes to one hour. The temperature of the oven shall
be at 300°F or lower when the electrodes are placed in the oven for baking.
During the baking cycle, the temperature shall not be raised more than 300°F
per hour when oven temperatures are above 500°F, and the total time above 500°F
shall not exceed five hours. After baking, and before the electrodes are
allowed to cool below 150°F, they shall be repackaged in sealed containers.
The fabricator shall record and report moisture levels of each batch of elec-
trodes. Electrodes shall not be rebaked moie than once.

During the repair, the electrodes shall be removed from their sealed con-
tainers and thereafter kept in portable heated ovens which shall be ot the work
station. These ovens shall be at 225°F to 300°F. Electrodes shall not be out

of an oven more than 20 minutes prior to use. Electrodes not used within 20
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minutes after removal from the oven shall be returned to the holding oven and
held at 225°F tc 300°F for at least 8 hours before reissue. Random moisture
contents rechecks should be conducted at least once a day on electrodes of
each size in use and taken from the portable heater ovens at the welder work
stations. The fabricator shall initiate and maintain records to indicate con-
formance to the above electrode bakeout and rod issuance regulations.

ALl electrode end conditions should be inspected carefully before use.
The small diameter electrodes are likely to have the flux coating chipped off
at the start end. Electrode ends should be examined three times:

(1) when the electrode is rebaked,

(2) when the vacuum package is opened, and

(3) when the elecirode is taken from the electrode holding oven by the
welder, Electrodes must be rejected whenever there are any signs of cracks in
the flux coating.

Detailed fabricator procedures for the care of electrodes must be for-
warded to UCC-ND for written approval within one week after contract award.

Upon approval, these procedures shall be kept and adhered to at the job site.

9. Conditions for Welding

The prolongation, vessel and test coupons shall all be adequately braced
to prevent warpage. Test pieces shall be restrained to avoid warpage and to
simulate the restraint of che vessel. Backing plates shall be installed before
anchoring or bracing. Backing plates shall consist of two layers of precon-
toured standard fabricator steel backing material. Flat test pieces shall be
anchored to heavy support plates or welding tables. All work must be verti-

cally positioned for all welding.
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All subsequent repair work shall be performed with preheat applied to the
base material. The preheat temperature in the repair zone shall be within the
temperature range of 350 to S500°F. The temperature shall not be allowed to
fall below 350°F until the completion of either an intermedizte post-weld heat
treatment (PWHT)* of 450 to 550°F for 1/2 hour ov after a final PWHT at the
same temperatures for four hours. If electrical heat is used, standby torches
shall be provided to maintain vessel temperature or perform an intermediate
PWHT in case of prolonged power ocutages or unanticipated equipment malfunctions.
A magnetic particle test of the weld cavity would be required following any

intermediate PWHT.

10. Position of Welding

All welding shall be done with the longitudinal axis of the vessel and/or
prolong or test piece in the vertical position. For the half-bead pass and at
least the first pass thereafter, welding shall be in the vertical position for

the cavity sides.

11. Weld Metal Deposition

Welding shall be done in general accordance with the illustrations of Fig. 6.

The cavity shs1l be buttered using 3/32-in. maximum diameter electrodes as
shown in Step 1, Fig. 6. Approximately one-half the thickness of this butteriag
layer shall be removed by grinding before depositing a second layer. Special
procedures shall be established as needed to control the grinding of the butter-
ing layer. Such procedures may employ the use of workmanship specimens, dimen-
sional measurements, or other means to demoustrate compliance. The maximum

interpass temperature shall be held to 500°F. See Step 2. The second layer

*
PWHT actually infers a post-weld iempering treatment only.
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shall be deposited with either 1/8-in.- or 5/32-in.-diameter electrodes. The
maximum bead width shall not exceed four times the electrode core diameter.

Bead position shall be performed in a manccr to temper the prior beads and their
heat-affected zones as shown in Step 3 of Fig. 6. The completed weld shall have
at least one layer of weld reinforcement (crown pass) deposited. This final
layer should overlap, but shall not extenu beyond the "buttering" deposit of the
first pass. This reinforcement shall thereafter be removed by grinding, making
the finished surface of the repair substantially flush with the surface of the
vessel surrounding the repair. Likewise following all welding and the post-
heat and cooldown, the backing plate shall be removed, and the interior repair
surface shall be contoured evenly to conform to vessel inside diameter dimen-
sions plus or minus 1/8 in. Back welding may be required to satisfy this re-
quiremen. UCC-ND will be notified prior to and shall approve any back welding

operatiors. Temper-bead techniques may again be required. Peening shall not

be employed for this weld repair.

Possible benefits of controlled peening, as permitted by Section XI, shall
not be evaluated in this weld repair.

Detailed procedures for grinding and controlling the thickness of the
buttering layer and, if elected, controlled peening shall be kept at the job
site during this part of the work. Utmost care should be exercised to grind
off approximately half of the buttering layer as dimensional verification by

measurement is extremely difficult in a cavity at approximately 400°F.
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12. Inspection During Welding (Vessel and both prolongation welds)

A magnetic particle examination (MT) shall -e performed on the ground
"buttered" layer, the next 1/8-in. layer, and thereafter on alternate layers
and the final ground outside surface.* The final MT shall be completed prior
to the start of the four-hour post-weld heat treatment. Layers not inspected
by MT shall be visually irspected. Where necessary, weld defects shall be
removed and the repaired zone reinspected. I1f defects occur within 3/16 in.
of the base metal, such repairs shall be made using the "buttering" and half-
bead grinding technique. An MI' examination shall be performed on the vessel ID
after grinding and backwelding (if required). MT indications shall be removed
by grinding and blending and a subsc¢ juent MT exam shall be made to insure re-

moval of defects.

13. Post-Weld Nondestructive Inspection (Vessel and both prolongation welds)

The repair zone as defined above under Repair Zone shall be nondestructively
examined after the completed weld has been at ambient temperature for a period
of not less than 48 hours. A volumetric examination of the repair zone shall
be magde by radiography in accoruance with IWA-2231 and ultrasonic examination in
accordance with IWA-2232, except that calibration block material of the same
specification as the base material shall be deemed to meet the requirement of
paragraph I-3121. A magnetic particle examination in accordance with IWA-2221
shall be made of the surfaces of the repair zone and of areas representing
locations of weld attachments. A visual examination shall be wmade in accord-

ance with IWA-2210.

* z

This deviation from the Code, which calls for examining every layer (with
agreement of the Advisory Task Group on Weld Repair for Pressure Vessels, PVRC,
Atlanta Meeting, 6/6/75).
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Acceptance of the repaired vessel shall be determined in accoidance with
IWB-3500 and Examination Category B-A. If necessary, repairs of the repair
zone of the vessel shall be made in accordance with the half-bead weld tech-

nique as described in the foregoing sections of Part 1.

PART II — WELDER PERFORMANCE QUALIFICATION AND
PROCEDURE QUALLIFICATION TESTS (IF APPLICABLE)*

1. General
All welding shall be in accordance with the requirements of Part I. The
welder performance and procedure qualification requirements will be satisfied

upon the successful completion of the tests described below.

2. Test Welds

Test A. Each welder to be qualified under this procedure -hall be tested
by completing the welding of a plate as specified for the 3 in. qualification
plate, Fig. 2, which shall be tested in accordance with QW-302 and QW-304 of
Section IX of the Code. Each test piece of this type shall be stenciled with
the welder's stencil number on the upper surface where he originates the weld.
Figure 2 illustrates a typical setup for 3-in.-thick qualification plate weld
preparations. The fabricator will supply plate stock for this optional practice
work.

Test. B. Test B is a procedure qualification. Test piece B, previously

referred to as the vessel prolongation furnished by UCC-ND and shown in Fig. 4,

*Refer to final paragraph under SCOPE, pg. 2 of this procedure. '"Individual
welders must be qualified under Section IX of the Code for a procedure having
the same essential variables for welding performance qualification as the pro-
cedure of Part I, or they must qualify as outlined in this Part II."
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shall be prepared and welded in accordance with the procedure of Part I. Only

welders who have qualified under Test A or are qualified under Section IX of

the Code for a procedure having the same essential variables for welding per-

formance qualification as the procedure of Part I shall be permitted to weld

in Test B.

3. Welder Certification

A prequalified welder and or a welder passing Test A and thereafter
participating in the procedure qualification, Test B, shall be certified to

weld in accordance with W-HB-105.

4. Retests

A welder who fails to meet the requirements as set forth in Test A may
be retested after he has had further training or practice. A complete repeti-
tion of Test A shall be made. Retest specimens shall be tested and evaluated

by the same procedure used for the first test.

5. Period of Effectiveness

The qualification of a welder for this procedure shall be considered as
indefinite but shall expire upon termination of a 90-day period in which the

welder has not used this process. This qualification period may be extended to

six months if the welder is continuously employed in shielded metal-arc welding.

A welder's qualification may be withdrawn if the quality of his work is sub-
standard to the requirements of this procedure. When a welder leaves the em-
ployment of that particular manufacturer or contractor for whom he worked at

the time of his qualification, his qualification is automatically canceled.
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Renewal of Qualification:
Renewal of qualification may be obtained by Code Section IX provisions,

or by passing Test A.

Records:

Certified records of the welder qualification tests shall be originated
by the fabricator at the plant where the test was conducted. When a welder
from an outside agency is qualified, a record of the test shall be submitted
to and become the responsibility of that agency. A suggested form for the

reccrd is provided in Fig. 7.
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RECORD OF WELDER QUALIFICATION TEST
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Fig. 7. Record of welder qualification test.
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10/8/76 Issue Date

WELDING PROCEDURE W-HB 105

STATEMENT OF WORK

"Field Demonstration of Section XI Weld Repair and Flaw Propagation
in the Heat-Affectei Zone of the Weld Repair"
(Vessel positioned vertically)

Introduction

A major activity in the Heavy-Section Steel Technology Program is tne
*esting of pressure vessels of a size intermediate between laboratory models
and full size nuclear components. Although the specific test vessel geome-
tries have not been designed to be scale models of typical nuclear com-
ponents, they have been derigned to provide realistic demonmstrations of
fracture mechanics principles. To date, eight vessels have been tested,
and all tests demonstrated a margin of safety in excess of design rules.
This project concerns one of these vessels which has already been tested

twice, ITV-7.

Objective

It is planned to reuse intermediate test vessel 7 for a third over-
pressure test, a hydrostatic test, at a test temperature of 91°C (196°F).
The objective of the test will be to demonstrate the toughness of the heat-
affected zone of a half bead repair weld region utilizing a defect compar-
able in size to the previous tests. The heat-affected zone of such a temper
bead technique weld repair performed to procedures listed in the ASME Boiler
and Pressure Vessel Code, and without conventional post welding heat treat-

ment, represents a zone of high residual stress in the vessel. The zone
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also exhibits metal hardness with peak values up to 31 Rockwell "C" im-
mediately adjacent to the fusion line. The fracture toughness will be
determined from specimens obtained from the typical vessel prolongation
repair weld (Fig. 4) which is furnished for use in weld procedure qualifi-
cations.

Post repair machined slot and flaw indexing (relacive to the heat-

affected zone) are shown in Fig. B.

Background

ITV-7 was flawed artificially on the outside surface to a configura-
tion approximately 45-cm long x 13-cm deep (18 in. x 5.3 in.). For both
the original June 1974 hydrostatic test and the subsequent June 1976 pneu-
matic test, uniform stable crack extension occurred around the flaw periph-
ery to result in leak without break. At testing pressures of 147 and 144
MPa (21,350 and 20,920 psi) the crack front penetrated the inside surface
of the vessel and leakage occurred. Subsequently, the crack closed upon
relief of the pressure. A residual pressure of about 124.2 MPa (18,000 psi)
could be maintained in the hydraulic test; an inside 1 1/2-mm- thick (1/16~-
in.) patch liner served to retain total vessel pressure when leaking sccurred
in the pneumatic test.

Following the initial test, Combustion Engineering, Inc., Chattanooga,
Tennessee, repaired the vessel under Contract RP604-1 from the Electric
Power Research Institute, Palo Alto, California (CE Contract 10875). Rupair
operations were performed in accordance with weld repair procedure W-HB-100
prepared by Union Carbide Corporation, Nuclear Division, with technical sup-

port from the Pressure Vessel Research Committee Advisory Task Group on Weld
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conducted a limited feasibility development test on a small portion of a
tonsile specimen bar section prepared to Procedure W-HB-100 by Combustion
Engineering, Inc. during the V-7A repairs. A piece was cut from one end

of the specimen and both ends weve ground and etched to display the heat-
affected zone of the specimen's center weld. Slots were milled, centered
about and perpendicular to the straight portion of the zones on each side
of the weld; these slots were about 9 mm (3/8 in.) down from the top of

the specimen to eliminate outbound zone curvature caused by final weld
crowning passes. The bar was next mounted below the electron beam gun

and attempts were wade to place two flawing welds centered to and in line
with the heat-affected zones of the specimen weld. A third flaw weld was
also placed into the center portion of the tensile bar's weld metal deposit.
The electron beam welds were but 10-cm long (4 ir.) to retain 12.5 mm (1/2
in.) end boundaries on the 12.5 cm (5 in.) specimen for restraints during
the subsequent hydrogen charging. Figure A represents a slice from the
specimen and indicates the cracks that formed in the heat-affected zone
welds during the charging. The electron beam weld placed into the electrode
weld deposit metal did not crack during charging. Figure A also illustrates

the wavyness of the heat-affected zone and its narrow 2 mm (5/64 in.) width.

Status of Vessel 7B and Repair Requirements

The segment of the V-7A vessel wall that included the cracked flaw has
been removed from the vessel by flame cutting. A UCC-ND machine shop there-
after removed an approximately 8-mm-thick (5/16-in.) layer from each flame
cut longitudinal surface and to index align and shape the longitudinal
cavity boundaries to form radial surfaces with a 15 degree included angle.

It was decided to accurately final machine mill-cut to prepare the cavity
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sides for the repair welding to assure adequate alignment reference for
post weld flaw indexing along the weld heat-affected zones of the longi-
tudinal weld to base metal boundaries.

The future V-7B flaw will be identical to the V-7 and V-7A trapezoidal
flaw and will also locate within the typical 24-mm-wide (l-in.) slot (Fig. 1).

Cavity ends remain "as flame cut." No further machining needs are con-
templated since the "as-machined" cavity end boundaries will locate beyond
the future V-7B flaw terminations. Air-arc gouge preparations as outlined
in Welding Procedure W-HB-105, Section 7, shall be followed by the fabri-
cator to taper cavity ends appropriately and to blead longitudinal and
transverse cavity contours. Refer to Fig. 5, Sheet 1.

All repair welding shall be done in strict accordance with the appended
Welding Specification W-HB-105. UCC-ND's Weld Repair Procedure W-HB-105 for
Half Bead Technique Repair Welding in the horizontal and/or vertical posi-
tion is based upon previously used Repair Procedure W-HB-100 for Half Bead
Repair Welding to Code, Section XI requirements and for welding in the flat
position which was employed successfully during the initial weld repairs to
vessel ITV-7A at Combustion Engineering, Inc., Chattanooga, Tennessee, in
September 1975.

As before, UCC-ND will permit the Procedure Qualification and Vessel

Repair to be done concurrently for scheduling and econcmical reasons.

The Procedure Qualification is to be performed on the Vessel Prolonga-
tion labeled V-10, furnished by UCC-ND. This prolongation is from a like
vessel from the same plate. The fabricator will be required to prepare the

entire cavity (as illustrated in Fig. 4) by air-arc gouging and grinding
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and thereafter provide and attach end restraints, backing bars, and make
the weld repairs to comply with the attached Procedure W-HB-105, Part I.
The prolongation must also be positioned vertically for repair welding.
Different slope contours have been selected for the upper (142 1/2°
included angle) and the lower (112 1/2° included angle) ends of the cavity
as shown in Fig. 4. These selections were made to simplify the manual
welding operation and to retain approximately 1T, or 6 in. minimum restraint
distance based on the cylinder's upper surface beyond the repair. It is
imperative that like slopes be used for cavit- ends of vessel V-7B.

Prolong V-10 shall also be used to qualify the W-HB-105 procedure for
vessel V-8, for an approximately half wall thickness half-bead weld repair
to a submerged-arc longitudiral vessel seam weld with a vessel also posi-
tioned vertically. Figure C is included to provide schematic information
on how UCC-ND plans to later macaine into the fabricator's weld repair
(after the vessel is shipped back) to attain a slot [or flawing the heat-
affected zone of a typical cylinder seam weld region half-bead technique
weld repair.

The cavity for the partial thickness weld repair for prolongation
V=10 will be furnished to the fabricator premachined by UCC-ND as shown
in Fig. 8.

The two cavities for prolong V-10 sha’l be spaced at approximately 180°
per Fig. 8 layout. The vertical and horizontal center lines for the V-7B
qualification repair will be presciibed onto the V-10's outside cylinder
surface by UCC-ND. The fabricator shall place similar center lines to the
inner surface following his final cavity preparations. These lines are to
extend 18 in. beyond repair end to preserve the lines during the grindoff
of the backing bars. The lines will be used for gauge layout for UCC-ND's
vessel pressurization test.

Vessel 8, a new vessel identical to vessel V-7A, will also be furnished
with a premachined partial wall thickness cavity at the edge of a cylindrical
seam weld as shown in Fig. 9. The fabricator is to weld repair the cavity
in the same manner as the half-thickness repairs to prolongation V-10.

UCC-ND will install from 20 to 25 strain gages to prolongation V-10
for residual stress determinations during the fabrication process. The
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fabricator shall notify UCC-ND as soon as the prolongation starts its post
air-arc gouge cooldown to schedule UCC-ND personnel to be on hand to install

strain gages. In addition, UCC-ND will also install from 10 to 15 strain

gages to monitor vessel V-7B repairs and from 15 to 20 gauges for vessel 8 repairs.

UCC-ND has no preference regarding the order of weld repairs to prolong
V-10, except that the repairs must be done sequentially and that the prolong
be allowed to cool to room temperature and then remain at room temperature
for a minimum of 24 hours in between the sequential weld repairs during
which time gage readings will be taken by UCC-ND.

Appropriate 1 1/2 in. to ? in. thick A533, grade B, class 1 bar stock
will also be furnished to the fabricator for his groove preparation, back-
ing bar attachment, and weldup of no less than 48 in. (total leugth) of
test plates to be sent to UCC-ND fo- Purchasers' use and processing as test
coupons in accordance with NB 2431-1 of Section III of the Code. All test
plate welding must be performed to typical Prucedure outlines, including
the vertical positioning, and the use of restraints to avoid warpage.

UCC-ND will furnish the fabricator with 200 pounds of 3/32-in.-diam,
1070 pounds of 1/8-in.-diam, and 650 pounds of ,/32-irn.-diam electrodes;
each size in individual sealed 10-pound containers.* These packaged elec-
trodes comply to the acceptance requirements listed in Part 1, Section 3
of this procedure. Electrode mechanical properties are listed in Table I.

Additional electrodes may be required to complete all work. The

fabricator's proposal shall include a listing of anticipated total electrode

>

The available welding electrodes in the sealed vacuum pack containers
bave already been baked (refer Part I, Sect. 8, Para. 2), hence are ready
for use.
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requirements along with available sources for electrodes, if necessary.
Prior to the start of welding, the fabricator shall furnish UCC-ND a report
of the welding material properties for all supplemental welding electrodes.
The tensile and impact properties of the material must conform to the

Specifications of SFA 5.5, AWS Classification E 8108-C3 of Section Il of

the Code.
Table I.
MIL-E8018C3 Electrode Mechanical Properties

Lot Number 5237A AE 74 AE 77 AE 90
Electrode Size 3/32 1/8 5/32 5/32
Yield Strength 76,500 74,900 76,900 70,100

(0.2% offse.)

Tensile Strength 85,200 88,400 83,400 82,000
Elongation (%) 27 29 30 30
Reduction of Area (%) 74 70.4 70.6 73.5
Cnarpy Impacts at 99 110 87 93
-20°F 100 119 91 97

100 99 82 91

Schedules

UCC-ND personnel shall be allowed access to the fabrication facilities,
as reasonable, to follow the repair operations and to monitor strain gage
and temperature measurements on the vessel. UCC-ND's sponsors, the
Division of Reactor Safety Research, Metallurgy and Materials Research
Branch, Nuclear Regulatory Commission, Washington, D.C. is also sponsoring
inspection of welding by acoustic emission with the General American

Research Division, Inc. (GARD), a subsidiary of GATX Corporation, and
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requests permission for GARD personnel to AE monitor vessel repair weld-
ing. GARD personnel shall also be allowed access to the fabrication
facilities, as reasonable.

UCC-ND will pay for test coupon, prolong, and vessel shipping costs
to and from fabricator's plant.

Vessel ITV-7A, the prolongation and stock for weld metal test pieces
are all available for immediate shipment to the fabricator. Vessel repairs
and inspections should preferably be completed w nin a six (6) week period

for vessel return to UCC-ND, Oak Ridge, Tennessee, as soon as possible.

Reports
A final report shall be supplied to UCC-ND upon the completion of

all work. The report is to include the results of all testing, inspec-
tions, and a detailed chronology of the welding operations. Information
considered essential to this report is detailed in the welding specifica-
tion, W-HR-105. The report shall also include a discussion and evaluation
of the applied technique and recommendations for changes in procedures.
The report shall be supplied in draft form for approval within 30 days
after delivery of the vessel. Following review and approval, six (6)
copies and one camera-ready master shall be supplied to UCC-ND for repro-

duction.



-

L N TE————..

Welds 1 ard 1A Gererally within tnc heat affected zone of the weld repair.
Cracked on hydroge:n-charging.

Weld 2

In weld petal deposit. Did not c¢rack with charging.

CROSS-SECTIC!N OF HYDROCE!-CHARCED ELECTRCH BEAM
WELDS IN TENSILE BAR SPECIMEN PREPARED 3Y CCMBUSTION
ENGINEERDIG, DIC. CHATTANGOCA, Ti. AS PART OF V-TA
VES"EL BALF-BEAD TECINIQUE WELD REPAIRS TO UCC-ND
WELDING SPECIFICATION W-HB 100.

FIGURE A
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Vessel 8 will be furnished open,

without liead assembly, Vessel
weight, less head, appr. 16,500#

For weld repairs, fabricator to
place vessel vertically, either
as shown, or reversed. Support
structure, bracing, preheaters,
etc, to be furnished by fabricator

For more detailed V S cavity
layout information refer to Fig.5. #_

FIG. 9
HSST INTERMEDIATE VESSLL V 8,
ELEVATION & PARTIAL CENTER SECTION "AA"

( Section "AA" shown with half-bead
layer weld deposit iustalled. )
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PROCESS SPECIFICATIONS NPT-77, NPT-78, _
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Process Specification

NPT-77
Page 2 of 4

HALF BEAD TEMPER WELDING REPAIR OF LOW ALLOY STEE

"

£. Electrodes shall not be out of an oven more than 20 minures prior to

use.

8. Electrodes not used within 20 minutes, after remova
shall be returned to the holding oven and held at 2

8 hours before reissue.

(4) Electrode moisture test

i
AN
30 F +

a. All moisture tests shall be in accordance with ASME SFA 5.5.

(5) Electrode Inspections

a. All electrode starting end conditicns should be inspected for

flux coating as follows:

1. When the electrode is removed from the _ontainar, prior ¢
2. After baking and before transfer to the holding oven.

3. When the electrode is taken fror the ho.ding oven vy the
4. Immediately before welding.

b. Electrodes shall be rejected whenever there are any signs of

in the flux coating.

¢. Rejected electrodes shall be
for future salvage.

. Welders Qualification:

Manual welders performance qualifications shall be
are in accordance with ASME Boiler and Pressure Ves

Heating Parameters:
(1) Preheat: 350°F to 500°F.
(2) 1Interpass Temperature: JSOOF to

(3) Pos:t Weld leat Treatment: Hold a
final welding.

stored

500°F.

t 500

in specially marked contad

03 and WQ-
.

rq
"
o}
i~
)
O
[
"
.
o
o
“
-

from the
P ]

1

{4) DNote: oUnder §pecia1 conditions an intermediate post weld heat treatzent
of S00°F # 50'F held at 1/2 hour may be used.

(3) The preheat temperature shall not be allowed to
completion of aither an intermediate or final p

fall Selow 350 F uatil
ost weld heat treatment.

106, which

g

' 4

3

-

iy Westinghouse Electne Caorperaricn

age 2 of 4 Tampa Division Nuctear fnergy Sysiems

Tampa Figrida. U. S A

30 -
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Process Specification

issue 1

Transverse 7,/

NPT-77
Page 4 of 4 HALF SEAD TEMPER WELDING REPAIR OF LOW ALLOY STEEL (P13
ALl weldipp :hall %e o2
Jhe vez.el {or work)
o - P
| aatt Frane
I\* [ :
¢ i S W hhn e o : -
£ Step 1: " Butter’ ca 3 b
:’ i one layer cf weld zeta z 1
. j 3/32" diam, copted 21: 3
- ™ ! it naY® _ =
5 ' / For the half Lezd pass, o x a
o9 A { / shell be in the vertical 5 A
! /
/ £ i position for cavity zides. 4 a
; \‘.‘ Ik | / \:-_ E
AINE |/ R
, L , i/ Step 1:
[ { 4/ ol ok
I !
b |
N \A } i :
)
1

Step 2;: Rexove half
layer (“bustering la
grinding. Depocit
vith & 1/8" dian.
electrode. /
For the secord layer, welding
shall sgair de in %te wertics

rocition for csvisy sides.

'

/
)

"nn.,,_\”
oy

W

T‘“ i tdndil }

Step 5: Complete & - Ak -
using 1/8" ani/for 5 s A A
ccated electrodes. Th P

o - v

diameter. The final layer “
overlsps, but shall not extend il
beyord the "buttering” depssited £ ¥ 4
p
r

3

by Step 1, and snall them exte:xd e ’

£o a level adove the surfase, It  ° -
| ;7/

shall then de removed !u:s:aatm;‘;,w
flush vith the surface,
Step  3:

Sections

HALF BEAD WELD REPAIR SEQUENCE
SKETCH 1

7 Westinghouse Electric Carporation
f 4 Tampa Division Nuclear Energy Sysrems
Tampa Florida U S A

NPT~
Page &

~a

G

- 32 -




Effective Date: 1/18/77

Tampa Divisien Nuciear Energy Sysrems
Tampa Flarida U 5 A

Process Specification NPT-78
MANUAL ARC-AIR GOUGING OF STEEL Page 1 of 2
en———
1/18/77

1. Scope: This specification covers the "arc-air" gouging of steel in casting
forgings, plates or bars. Specific applications for which this process 1is
approved are:

4. The removal of the unfused root of a double sided weld prior to
depositing the second side.

b. Exploration and removal of defects.

¢. Scarfing grooved weld joints,

2. Operator Instruction and Qualification: Prospective arc-alr operators shall
be properly ianstructed in the technique of arc-air gouging. Formal operator
qualification is not necessarv other than the instructor's evaluation and
confidence i{n the individual's abilicy to perform the arc-air cperaticn
satisfactorily.

3. [Equipment:

3.1 Power Source: A D.C. motor generator set with a minimum output of 600
amps with high current surge protection. An alternate power source is
a 600 amp. minimum, silicon dicde rectifier provided with suitable
protection for arc-air gouging.
3.2 Manual Torch: Arc-air general purpose torch for electrodes up to
1/2" diameter.
3.3 Electrodes: Copperclad electrodes 1/4", 3/8", or 1/2" diameter.
3.% Compressed Air Source: Capable of supplying a continuous pressure of
80 to 100 psi.
4. Manual Arc-Air Gouging:
4.1 Preheat
Preheat prior to gouging varies with the type of steel and the welding
process specification preheat requirements shall be used.
4.2 Gouging
o
L The arc-air copperclad electrode produces a gouge that is approximately
f&g 1/8" wider than the diameter of the electrode used. Select an electrode
\\\ s‘ze appropriate with the joint geometry or the size cf the defective
\ casting area to be explored. Current requirements vary with the
¢ ? electrode diameter used as shown below:
(\ CURRENT REQUIREMENT
- Electrode Size 1/4" /8" 2"
Minimum Amperage 200 400 500
Maximum Amperage 400 600 600
Westinghouse Electric Corporation NPT-78

"

P.ge 1 of 2

- 33 =
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Process Specification
" l MANUAL ARC-AIR GOUGING OF STEEL

Issue 1

1/18/77

&

&~

&

Gouging (Continued)

The depth of cut varies with the angle between the electrode and the work
surface. The steeper the angle, that is, the nearer the electrode beccomes
normal to the work surface, the deeper the cut and the greater the amperage
requirement. Generally, this angle is varied between 20° to 60° with the
work.

Power and compressed air are brought to the torch through concentric cables.
As the angle of the electrode is adjusted, the compressed air nozzle
automatically compensates so as to always direct the air stream tcward the

8. W.

Wismer

Changed

electrode. The torch is held such that the air stream is always under the

electrode.

Cleaning

T c-air gouged areas are clean except for a heat

disccloration in the general area. Such areas are cleaned by

wire brushing and chipping hammer to remove any pimples, scale,
debris, etc.

4.3.2 Other areas in which the electrode is permitted to contact the
work are clearly evident. They are covered with the black scoty

remains of the electrode. These areas are to be ground smooth to

remove a layer of metal .005" minimum, thus removing any area of
possible carbon pick-up.

4.3.3 Special clean-up dimensions shall be shown on the drawing.

Inspection

All gouges and adjacen® areas shall be magnetic particle inspected and
cleared of all indicaticns if required by drawing or process specificatiocn.

NPT-78

Page 2 of 2 Tampa Division Nuyclear Energy Systems W

Westinghouse Electric Carperanion

Tampa Fioriga. U S A
- 34 =
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Process Specification
84350 LL NUCLEAR POWER COMPONENTS
Page 2 of 9 ULTRASONIC EXAMINATION OF WELDS

| 1ssue 1

b ————————

7/9/69

Welded surraces: The finished weld surfaces where accessible, shall be of
adequate smooth .ess to prevent interference with the interpretation of the
examination, The weld surface shall merge smoothly intc the surfaces of
the adjacent base materials.

Base material: After the weld is completed but before the angle beam examina-
tion, the area of the base material through which the sound will travel in
angle beam examination shall be completely scanned with a straight beam search
unit to detect reflectors which might affect the interpretation of angle beam
results. Consideration must be given to these reflectors during interpretation
of weld examination results, but their detection is not a basis for rejection
of the base material.

EXAMINATION PROCEDURE:

Basic calibration reflectors: Drilled holes shall be used as basic calibration

reflectors to establish a primary reference response of the equipment and to con-
struct a distance-amplitude corrective curve. These holes shall be located either
in production material or in a basic calibration block.

A.

Basic calibration block: If a basic calibration block is used, it shall have

a thickness relative to the production material thickness as shown by Figure
No. "A"., Where two or more thicknesses are involved, the calibration thickness
shall be determined by the thickness of the production material to which the
search unit is applied. If the contact surface of the production material has
a radius of curvature of 10 inches or less, the curvature of the basic calibra-
tion block shall correspond to the radius of the proauction material within +
1C per cent.

Basic calibration hole: The basic calibration hole shall be drilled parallel
to the contact surface of the basic calibration block or the production
material. The location, depth, and diameter of this hole shall be as given
in the table in Figure No. "A".

IC.A." lyen

H.D.Rorrer
Changed

| 216/20/75

Other calibration reflectors: In lieu of the above, other calibration reflector
are permitted, provided equivalent response is demonstrated.

BEAM METHOD:

Beam angle: The beam angle in the production material shall be in the range
of 40 degrees to 75 degrees inclusive with respect to the perpendicular to the
contact surface.

Distance-amplitude correction: Ccrpensation for the distance traversed by the
ultrasonic beam as it passes through the material shall be provided by the use
of curves, as shown by Figure No. "B" or electronically.

Determination of curves: Distance-amplitude correction curves shall be con-
structed by utilizing the responses from the basic calibration hole described
in Basic Calibration Reflectors. The first point on the curve is obtained b
placing the search unit as near as possible but not less than 3/8 yee-path, (yvee-

Tampa Division Nuclear Energy Systems
Page 2 of ¢ Tampa, Florida U. S A,

ousso il | Westinghouse Electic Corporafion @
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Process Specification
NUCLEAR POWER COMPONENTS 84350 LL
ULTRASONIC EXAMINATION OF WELDS Page 3 of 9

T

path same as node) or 2 inches, whichever is less, from the calibration hole and
positioning for maximum response. The gain control then is set so that this
response is 75 percent of full screen. This is the primary reference response.
Without changing the gain, the search unit shall be placed similarly at other
nodal positions, or additional calibration holes may be drilled, covering the
contemplated examination distance range and the corresponding responses marked
on the screen. These puints shall be joined by a smooth 1ine, the length of
which shall be such as to cover the examination range. See Figure No. "B".

Examination procedure: Coverage: Where possible, welds shall be examined
from both sides of the weld (Usually from one surface only). Each pass of the
search unit shall overlap a minimum of 10 percent transducer width and the
scanning rate shall not exceed €& inches per second.

Sensitivity level: The reference level sensitivity for monitoring discontinui-
ties is the primary reference response corrected for distance by the distance-
amplitude curve or electronically, modified by the transfer mechanism if used.

When possible, scanning shall be performed at a minimum gain setting of two
times the reference level sensitivity.

Reference level: The reference level for monitoring discontinuities is the
primary reference response corrected for distance by the distance-amplitude
curve or electronically, modified by the transfer mechanism.

Detection of defects parallel to the weld: The search unit shall be placed on
the contact surface with the beam aimed about 90 degrees to the weld and manipu-
lated laterally and longitudinally so that the ultrasonic beam passes through
all of the weld metal in two different approaches of the beam.

Techniques employing two search units may be used to detect lack of penetration
in double welded butt joints.

Detection of defects transverse to the weld: Two search units snhall be placed
on the contact surfaces adjacent to the weld, one on each side, making an angle
of 45 degrees or less with the axis of the weld as shown by Figure No. "A".
Alternatively, if the weld surface is suitable, one search unit may be placed
on the centerline of the weld with the beam directed along the weld in such a
manner that the entire depth and width of the weld is scanned.

STRAIGHT BEAM METHOD:

A.

Distance-amplitude correction: A distance-amplitude correction curve need not
be constructed when the thickness of material is one inch or less. For greater
thicknesses, using the proper basic calibration block (See Figure No. "A"),
position the search unit for maximum response for the basic calibration hole at
1/8 T (See Figure No. “D"). Adjust the signal amplitude to 50 percent of full
screen. This is the priinary reference response. Without changing the gain
control, position the search unit for maximum response for the basic calibration
maximum response from the basic calibration hole at 3/4 T and mark its amplitude
on the screen. Join the two points with a straight line and extend its length
to cover the test range.

Westinghouse Electric Corporation

‘ 84350 LL
@ Page 3 of 9
Tampa Floriga U S A l

Tampa Division Nuciear Energy Systems
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Process Specification
84350 LL NUCLEAR POWER COMPONENTS
Page 4 of 9 ULTRASONIC EXAMINATION OF WELDS

Issue 1
P ——

Examination procedure: Scanning motion: The weld shall be examined by moving

the search unit progressively along and across a sufficient contact area so as
to scan the entire weld.

Sensitivity level: When possible, scanning shall be performed at a minimum
gain setting of two (2) times the primary reference level. Evaluation of

discontinuities shall be carried out with the gain control set at the reference
level,

Verification of penetration: Penetration shall be verified by (a) obtaining
a reflection from an opposite parallel surface, or (b) obtaining the back

reflection on similar material while using approximately the same length of
scund travel,

Evaluation of indication: All indications which produce a2 response greater
than 20 percent of the reference level shall be investigated to the extent
that the operator can determine the shape, identity and location of all such
reflectors and evaluate them in terms of the acceptance standards.

ACCEPTANCE STANDARDS: Portions of welds that are shown by ultrasonic examination to

have any of the following types of discontinuities are unacceptable unless the
discontinuities are removed and the weld is repaired.

A,
8.

Cracks, lack of fusion, and incomplete penetration.

Other linear type discontinuities if the signal amplitude exceeds the reference
level and discontinuities have Tengths which exceed the following:

1/4 inch for t up to 3/4 inch inclusive.
1/3 t for t from 3/4 inch to 2 1/4 inch inclusive.
3/4 inch for t over 2 1/4 inch.

where t is the thickness of the thinner portion of the weld. If a weld joins
two members having different thicknesses at the weld, t is the thinner of these
two thicknesses,

Repairs: Repairs shall be re-examined by the same procedures used for
detection of the discontinuities. Acceptability of repairs shall be determined
by the same acceptance standards.

RECORDING EXAMINATION RESULTS: For each ultrasonic examination, fill ocut in detail

orm

-0 » 'Report o trasonic Examination."

| 7/9/69
C.A.Falyen

T.D.Rorrer
Changed
2 16/20/75

Tampa Division Nuclear Energy Systems
Page 4 of 9 tampa. Flonida U. S A

84350 LL Westinghouse Electric Corporation @
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Process Specification

PRa— NUCLEAR POWER COMPONENTS 84350 LL
T
i AR ULTRASONIC EXAMINATION OF WELDS Page 5 of 9
7/9/69 |
JA.Gal
. e FIGURE NO. "A" BASIC CALIBRATICN BLOCK -3
T.D.Rorreﬂ
hanged
MiN "
6/20/75 2 e 4
{n T
14 s
i
By .8 &
| S .
125, _
1 ¥ )
‘ < ___LOCATION OF HOLE FROM !
{ % N Y CONTACT SURFACE DETERMINED
T P - - FROM THE TABLE BELOW

{ SIDES PARALLEL

BASIC CALIBRATION HOLE WITHIN £0.003
OF DIAMETER "d"

IN. T

-

155
L = Length of block determined by the angle of search unit and the node
used for examination of Production Materials.
T = Thickness of basic calibration block (see Table below).
D = Depth of Basic Calibration hole (See Figure).
d = Diameter of Basic Calibration hole (See Table below)
t = Nominal production material thickness.

PRODUCTION BASIC CALIBRATION HOLE HOLE
Material Thickness (t) Block Thickness (T) Location Diameter (d)
Up to 1" Incl. 3/4" to t 1/2 7 3/32"

Over 1" thru 2" 1-1/2" or t /4 T 1/8"

Over 2" thry &" 3"ort 1/ 7 3/16"

Over 4" thru 6" 5" or t 1/4 7 1/4"

Qver 6" thru 8" "ort 174 7 5/16"

Over 8" thru 10" 9" or t 1/4 T 3/8"

Over 10" t 174 7 See Page 6*

Tampa Division Nuclear Energy Systems
Tampa Florida U S A

Westinghouse Electric Corporation 84350 LL
Page 5 of 9
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Process Sopecification
84350 LL NUCLEAR POWER COMPONENTS Issue !
Page 6 of 9 ULTRASONIC EXAMINATION OF WELDS
7/9/69
* For each increase in thickness of 2 inches or frz:tion thereof C.A"“lyen
the hole diameter shall increase 1/16 inch.
| M T.D.Rorrer
7} b-n%—q% 1_,1_1 . Changed
> £ 216/20/7¢
N - ’ s
\ N 7
N ”\
Oty ~3.
3 3
- “REFERENCE LEVEL
M oo 'L H» \‘
~ 20: OF \\.“
2o Ff_ERE_NC_E_ LﬂEL S~4
( % %
- NODE EXTRAPOLMED FRCM CURVE
FIG. NO. “B-1" TYPICAL DISTANCE AMPLITUDE CORRECTION CURVE

(ANGLE BEAM METHOD)
(DISTANCE IN EIGHTS OF A NODE. FOR EXAMPLE 7 is 7/8 NODE)

84350 LL Tamoa Division Nuciear Energy Systems
Page 6 of 9 Tampa, Florida U. S A

Weziinghouse Elecmc Corporation @
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Process Specification
NUCLEAR POWER COMPONENTS
ULTRASONIC EXAMINATION OF WELDS

24350 LL
Page 7 of 9

C.A.Galyen

T.D.Rorrer

6/20/794 2

MIN
i -—|'4—~
% == :f
4 // -~ ,I
r %
FOR THICKNESS 1 INCH OR LESS
———

- 50% OF I
R ‘RJI,‘F\EPENCE ;EVEL
| 1 il =

- = 20% OF
e - ‘-'REFERENET“LEVEL

_PRIMARY REFERENCE RESPONSE
SET AT 75% OF FULL SCREEN

7 10 18
£ NODE EXTRAPOLATED FROM CURE

FIG. NO. "B-2":
(ANGLE BEAM METHOD)
(Distance in eights of a node, For example,

TYPICAL DISTANCE AMPLITUDE CORRECTION CURVE

14 is 14/8 node.)

Tampa Division Nuclear Energy Systems
Tampa Florida U S A

Westinghouse Electric Corporation @

84350 LL
Page 7 of 9
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Process Specification
NUCLEAR POWER COMPONENTS Issue
ULTRASONIC INSPECTION OF WELDS ‘;7;7--
69

C.A.Ga1yen

1.0, Rorrer
Changed

216/20/75

|

UP TO 45°

X &

¢ i { ( Crf (_

S

:-/:,/

SRNY

S

(.

FIGURE NO, "C": TYPICAL TWO SEARCH UNIT TECHNIQUE FOR DETECTING

TRANSVERSE DISCONTUNITIES

84350 LL
Page 8 of 9

westinghouse Electric Corporation
Tampa Division Nuclear Energy Systems
Tampa, Floriga U. S A




lssue 1

Changed




109

Process Specification Effective 6/30/76
Issue 1 84350 NM
‘ NUCLEAR POWER COMPONENTS MAGNE]l .C PARTICLE EXAMINATION Page 1 of 12
3/13/70 A
- —————
» Keren I. Purpose: This Process Specification covers the magnetic particle examination
of materials and weldments for use in nuclear power components.
V. W. Dury Part 1: Magnetic particle examination by D.C., dry powder, continuous
W method; other than for fine-finish machined surfaces or after
g/17/701 2 final heat treatment, final machining or hydrotest; and joints
and repairs such as closures that are normally inaccessible or
$/29/73 impractical for prod application.
4/16/74 1 &
Part 1I: Magnetic particle examination by yoke method; for fine-finish
4/16/7515 machine surfaces and after final heat treatment, final machining
10725715 | 6 or hydrotest; and joints and repairs such as closures which are
normally inaccessible or impractical for prod application; A.C,
6/23.28 ! or D.C., dry powder, continuous method,

II. A, Process Qualification: This Process Specification meets the intent
and requirements of ASME, Sections 1II, V and VIII,

B. Personnel Qualifications: Personnel shall be qualified and certified
in accordance with SNT-TC-1A.

1I1. General: Use of this Process Specification will be indicated by:

A. Drawings with symbols in accordance with AWS 2.2-69, Typical symbol

MT - BC, F/PWHT

o A
B

MT - F/PWHT

N . Lartrlis

/21776

fhe following typical abbreviations arc to be used with above symbol:

MT - Magnetic Particle Exatination

Jdongphre

"6 /9/76

R - Examination of root pass

W. Beers

BC ~ Examination of back chipped weld

F - Examination of final surface as welded, machined or
ground before or after post weld heat treatment.

F/PWHT - Examination of final surface after post weld heat
treatment,

EA 3/8 - Examination of each 3/8 inch of deposited weld. (typical)
F/HYD - Examination of [inal weld after hydrotest.

ANTErsoi

LLI26

Welding specifications called for on the drawing.

C. Shop work tickets, or other special insrructiomns.

Westinghouse Electric Corporation @ 84350 NM
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NUCLEAR POWER COMPONENTS MAGNETIC PARTICLE EXAMINATION l Page 3 of 12

3/13/70
. Kerch

F. W. Dury]

—Changed

8/17/70}1 2

$420/:3 4 3

Llall &

&LAALIS,

19022/ 0 s

6/23/76 |7

VLI,

VIIL.

Surface Preparation (continued)

A.

(continued)

Back-chipping of welds shall be sufficiently ground to prevent non-
relevant indications. Root passes or subsequent layvers of welds may
be inspected in the "As Welded" condition provided there is no inter~
fering rollover or undercutting.

With the exception of incomnlete welds, all surfaces being tested shall
be the finished surfaces. 1f any metal is removed by grinding,
machining, or anv other method subsequent to the magnetic particle
inspection, the surfaces or areas so affected shall be reinspected.

Surface Conditioning: Rust, scale, slag, weld pimples, and other hard
tenacious materials siall be removed by shot blasting, wire brushing,
grinding or machining. A thin, adherent coating of aluminum or other
non-insulating paint will not interfere with the formation of indica-
tions and is considered a suitable surface condition, if the coating
material is firmly affixed and there is no evidence of peeling or other
separation, When peeling or separation is evident, it is necessary

te remove the paint or coating from the area of inspection to insure
meaningful examination.

Magnetic Pgrticle examination shall not be performed on surfaces which
exceed 600°F,

The Westingnouse Quality Control personne!l conducting the examination
shall determine the acceptaoility of the surface for magnetic particle
examination.

Acceptance Standard: Any indication which is believed to be nonrelevant

shall be regarded as a defect and shall be reexamined to verify whether

or not actual defects are present. Surface conditioning may precede the
reexamination. Nonrelevant indications which would mask indications of

defects are unacceptable .

Lefects shall be evaluated to taz acceptance standards below.

Note: For the purpose of this specification, a rounded indication may be

either circular or elliptical in shape with the longer axis less than
(3) times as long as the smaller axis and with no sharp comers.

Thus a linear indication has the major axis three (3) times or
greater than the minor axis and/or exhibits sharp corners.

Examination Extent: Examination of welds or surfaces by the magnetic
particle method shall be made over an area extending at least 1/2 inch
beyond the area of interest.

Westinghouse Eiectric Corporation
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2.

B. Unless otherwise specified below, the following relevant indications are
unacceptable. All surfaces shall be free of:

All cracks, laps, fissures and other linear defects.
All rounded indications with dimensions greater than 3/16 inch.

Four or more rounded indications in a line separated by 1/16" or
less edge-to-edge; other in<linc porosity which appears as a linear
accumulation of test med‘um power shall also be removed.

Ten or more rounded indications in any six square inches of surface,
with the major dimension of this area not to exceed 6 inches and with
the area taken in the most unfavorable location relative to the indi-
cations being evaluated,.

C. Weld Edge Preparation:

1.

All weld edge preparation surfaces in material 2 inches or more
in thickness shall be examined for cracks, laminations, or other
discontinuities.

Laminar type indications:

4. Laminar type indications are acceptable {f they do not exceed
1 inch in length.

b. Laminar type indications which exceed 1 inch in length require
Ultrasonic Testing examination of the area for evaluation of
acceptance as to the UT requirements of the product form. If
UT inspection permits acceptance of the involved area, then the
indications will be removed to a depth to accomplish elimination
or a maximum of 3/4 inch, whichever is lesser; and then be repair
welded to the applicable welding procedure. In event of material
basis UT rejection, the effective repair must be to an extent to
permit acceptance to the product form; in which situation repairs
may be more extensive than the 3/4 inch provision.

Note: Dependent on anticipated discontinuity removal or ability
to meet the one inch minimum length at a depth of removal beling
less than the 3/4 inch maximum grinding, the U.T, examination for
product form acceptance may be deferred until the initial grind-
ing is performed.

Only indications with major dimensions greater than 1/16" shall be
consideced relevant. Further, separated, nonlaminar, relevant,
lin.ar indications not exceeding 3/16" are acceptable,

Indications in weld preparations other than those specified in this
paragraph will be evaluated to the requirements of Paragraph B, 1,
2 and 3 above,

3/13/70

H, Ker

F. W. Dury
Ehon!i
2 |8/17/70
J 15/29/73
4 _J6/16/74
S J16/16/75

0/25/75
7 16/23/76

84350 N
Page &4 of 12
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3/13/70 .

Kerch D. Forging, Casting and Plate Material.

In the conduct of examination of forging, casting and plate material
; 5 indications are unacceptable on the following basis in respect to
. W. Dury :

Ratavial thitkmedes Max i mum Maximum Major Dimension

' Rounded of Linear Consideration

LLLLI0 L2 Up to 5/8" ¢ ‘eater than 1/8" greater than 1/16"
5“.29/73 } s/a" - UndQK 2" " " 3,16" " " 1/8!'
w1774 & 2" and greater r " 3/16" " *  3/16"

(16738 1 8 For linearly disposed or cluster count acceptance, same as B. 3 and B. &
i~ above, with basis that indications with major dimensions greater than
10725775 1/16" are considered relevant,

6/23/76 ] 7 _

E. Plate material repairs; at supplier or in-house.
Unacceptable surface defects shall be removed by grinding and/or
machining, provided the remaining section thickness is not reduced
below drawing minimum; the depression, after defect removal, blends
uniformly, 4:1 minimum taper, into the surrounding surface, and is
examined by the magnetic particle method to the acceptance criteria
of Paragraph D above,

F. Only such defects need be removed as to render the surface acceptable to

IX.

the requirements of this specification. Areas containing unacceptable
defects shall be gound to remove the necessary defects. The ground-out
areas shall be reinspected to insure the defect(s) being completely
eliminated. Minov cavities resulting from the removal of small discon-
tinuities, that do not reduce the wall or weld deposited overlay below
drawing requirements, or zhat do not affect machined surfaces or gasket
firs, need not be repair welded. They shall, however, be blended to a
4:1 winimum taper into the surrounding area. Other defects may be repair
welded by means of the original or other approved repair welding process.
Completed repairs shall be, at a minimum, magnetic particle examined for
final acceptance,

Repair Welding: Specific approval for repair welding must be obtained in
the following cases:

Repair of base metal defects in pressure boundary application, excluding
Weld Edge Preparation discontinuities in accordance with Paragraph VIII

€C.2.b., above, which meet material product form requirements, and repairs
accomplished in accordance with TQAI 1.5.3. Non-pressure boundary ntcrialq
(intermals) will require approval only in event of abnormal or multi-cycle
conditions for which welding or Manufacturing Engineering personnel request

Repair of weld defects, except those repairs defined as permissible in

A.
assistance,

B,
the appropriate weld process,

C. Repair of weld or base mectal cracks or fissures which persist after
the firs: cycle of repair.

D,

Repairs necessary following any one or combination of final heat treatment,
final radiographic examination or hydrostatic test.

Westinghouse Electric Corporation
Tampa Division Nuclear Energy Systems
Tampa Florida U S A
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1/13/170
e
Kerch

F. W. Dury

8/171/70} 2
$/29/73
/167241 4
4067251 5
19/25/25
8/23/76% 7

11. Procedure:
A. Pre-inspection
B, Pre-cleaning
C. Application of magnetic field
D. Application of magnetic particles
E. Removal of excess particles
F, Examination and evaluation
G, Certification of Examination
H. Demagnetization

A. Pre-Inspection: Prior to magnetic particle examination, the surface
shall be examined to determine its compliance to Paragiaph VII and a
dimensional examination including, but not necessariliy limited to
machined sizes, fillet sizes, wall thickness, and weld suitability,.
All unacceptable conditions must be corre.ted prior to magnetic
particle examination. Lighting (Paragraph V.D) and materials
(Paragraph VI) shall be checked for compliance to this specification.

B. Pre-Cleaning: The materials or parts to be examined shall be
suitably cleaned to remove all foreign matter which could interfere
with the formation or evaluation of magnetic particle powder patterns
or indications. 0il and grease shall be removed using petroleum
distillate (spirits) and/or alcohol or methyl-alcohiol., Cleaning shall
extend at least one inch on each side beyond the area to be examined.
The use of alcohol shall always follow the use of petroleum distillate.

C. Application of Magnetic Field:

1, Direction: The magnetic field shall be induced in more than one
direction to insure detection of discontinuities in any direction.
The second direction shall be at approximately 90° to the
initial direction.

2. Magnetizing Time: For application in either direct or indirect
magnetization, the current shall be passed through the part or
through the auxiliary conductor for a minimum of !/S second.

3. Precaution:; Care shall be taken to prevent local overheating,
arcing or buming the surface being inspected. The magnetizing
current shall not be turned on until the prods have been properly
positioned in contact with the surface, and the current shall be
turned off before the prods are removed. Prod tips shall be kept
cleaned and dressed.

Westinghouse Electric Corporation 84350 NM
Tampa Division Nuclear Energy Systems Page 7 of 12
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3/13/70

II. (continued) H. Ker
C. Application of Magnetic Field (continued)
F. W, Durvy
4, Exception: When the surface being examined is a weld root pass, it is Ehmngod
permissible to use altemating current. .
~ k] vI7(\
5. Direct Magnetizatjion: + k2991
a. Field Strength: When prods are employed to produce direct, 2 6024
circular magnetization, the curirent shall be at least 100 to 125
amperes per inch of prod s-acing, for normal application. i Ll8 73
b. Prod Spacing: Prods will be spaced not less then three (3) inches _ﬁ_iQiZELZ?
nor more than eight (8) inches apart for normal operations. Any 7 16/23/76
requirements for exception as a result of component configuration
or other basis shall be reviewed by the Quality Assurance Engineer
or Quality Control Supervisor.
¢. Cable Length: Cable leads in excess of 30 feet, each, shall not
be esmployed under standard practice. For any requirement of
exception, follow that of b, above.
d. Shot Sequence:
1. Welds, plate edges and joint geometry.
a. Longitudinal: Prods will be placed in line or not more
than approximately 10 off the centerline at selected
spacing. Overlap or back step of 1-1/2 to 2 inches will
be made to permit evaluation of area of previous prod
placement .
b. Transverse: Progressive prod intervals of four (4) to
five (5) inches will be made at an approximate 90
relationship to the "prod centerlines" employed in a.
above. As applicable, if an edge, prods will be set
back 1/2" to 1"; however, for joint seams or spot areas,
set back will be 1" to 1-1/2" beyound weld joint edge.
¢. All transverse shots may follow completion of longitudinal
shots, or shots may be alternated, whichever is convenient.
d. For magnetic particle examination of plate edges or root
pass or intermediate weld deposits where section thickness
is less than 3/4 inch, amperage of 90 to 110 per imch of
prod spacing shall be employed.
2. Magnetic particle examination of surfaces.
a. Surface pattern: Mark off surface in approximate 4 inch
squares .
b. Performance: Apply prods at 7-1/1 inch to 8 inch spacing
across diagonal of square. This will permit prod spacing to
¢xtend beyond corners of the square 'y about one inch.
Apply prods to opposite corners in the same ma‘ner. Proceed
from one square to the next until the surface is completed.
ke Westinghouse Eiectric Corporation
Page 8 of 12 Tampa Division Nuclear Energy Systems

Tampa Flonida U S A
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8/172/70

5428423

4/16/174

-

VS UTSAN

10/25/75

6/23/76

ndl - ¥

2. Magnetic particle examination of surfaces (continued).

¢. "Head Shot": Te impart circul.r magnetization to a
component by current flow from end to the other,
the magnetizing current shall be based on the extemal
dimension, exclusive of leagth, as follows:

1. Up to 5 inch dimension of diameter or cross
section: 700 to 900 amperes per inch for HWDC,

2. From 5 inch to 10 inch diameter; 500 to 700 amperes
per inch,.

3. In excess of 10 inch dimension: 300 to 500 amperes
per inch, HWDC,

6. Indirect Magnetization:
a. Central conductor: Same as 5,d,2,c. above.

b. Through Coils: Same as 5,d,2,c. above divided by the numbe:
of coils.

¢. Coil or wrapped cable: Provides longitudinal magnetization.

1. Field Strength: For reliable test performance, L/D ratio
must not be less than 2 nor greater than 15. Amperage is
established by formulas:

. L/D ratio equal
L/D ratio at least 2 _ 45,000D o6 &-on 35,000

but less than 4 AMPS LT greater AMPS T(2+L/D)

L: Length of specimen or testing segments
D: Diameter of specimen
T: Number of turns in coil or cable

2. When the magnetizing coil is made of cable wound around
the test part, the coils turns shall be closely spaced.
The effective field extends for about six (6) inches on
either side of the coil; longer parts shall be magnetized
in sections.

d. For use of central conductor or coil, the magnetizing element
shall be in surface contact with *he test specimen.

7. A different means than that of the first examination may be ised
for the second or necessary subseguent tests,

D. Application of Magnetic Particles: Dry magnetic particles shall ce
applied in such a manner that a light, dust-like coating settles upon
the metal surface under test. The magnetic field shall be on while
the particles are applied, see Paragraph V, C.

E. Removal of Excess Particles: While magnetic field is on, excess parti-
cles shall be removed bv means of a dry air current of sufficient force
to remove excess particles without disturbing those particles which are
indicative of discontinuities. This removal may be accomplished by bulb
blowers. If a commercial powder blower is employed for this purpose,
refer to Paragraph V, C for use of equipment and procedures.

Tampa Division Nuclear Energy Systems Page 9 of 12
Tampa Florida U S A
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‘ ] J I 3/ 9‘2
H, Ki 3
F. Examination and Evaluation: Each area shall be examined immediately upon
removal of excess particles and prior to application of the magnetic field
in another direction or location. Indications will appear as ccollections of| F. W. Dury
powder which cannot be removed by a properly directed air current. Pzr--za-
Evaluation and acceptance shall be made in accordance with Paragraph VIII. " i
Note: In that magnetic particle build-up anc retention, during the appli- 2481770
cation and removal cycle, is a function of the discontinuity to field 3 15/29/73
orientation, it is necessary to observe the area of examination during the -
course of the entire procedure cycle. Additional MT shots may thus be - C EYAUISEY
necessary in a reposirioned direction with the field at approximately 90" tols J4/16775
the suspect discontinuity alignment to obtain maximum sensitivity. 0/25/75
G. Certification of Examination: A certificatio.. of exam’nation completion 7 16/23/76
shall be made immediately on final acceptance.
ALTERNATE
G. Certification of Examination: Immediately upon final acceptance, th: party
responsible for conduct of the test shall certify complet.on by signing the
Inspection Point Progi.m, Operational Line-Up, or applicable forms desig-
nated by IPP, Line-Up, or other appropriate instructions.
H. Demagnet’ ‘ation: Refer to Paragraph X.

PART 11

“rocedure for magnetic particle examination by yoke method, for fine finish machine
surface and after final heat treatmenc, final machining or hydrotest; and joints
and repairs such as closures that are normally inaccessible or impractical fo.

prod application; A.C, or D.C., dry powder, continuous method,.

i Equipment: A hand-held eiectro-magnetic yoke capable of producing a highly
magnetized field in a uni-directional manner between the poles when placed upon
ferrous material. Ejuipment supplying either A.C. or D.C., or both, may be
used; with acknowledgement that D.C. is preferred.

II. Procedure:

A. Pre-inspection

B, Pre-cleaning

C. application of magnetic field

D. Application of magnetic particles

E. Removal o. excess particles

F. Examination and evaluation

G. Certification of inspection

H. Demagietization

A. Pre-inspection: Same as Part I, Section II , A,

B. Pre-cleaning: Same as Part 1, Section IL., A.
84350 NM Westinghouse Electric Corporation

Page 10 of 12
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3/13/70
Kerch

F. W. Dury

“Changed |

8/17/70

al22L23

4216/.25

VATV

1925023

6/23/76

~3

I1. Procedure (continued)

C.

Application of Magnetic Field:

1.
2.
3.

S

* 38 Part 1, Section 11, C.1.

Same as Part 1, Sectiom II, C.2.

Precaution: Care shall be taken to prevent local overheating
of the equipment, The magnetizing current shall not be turned
on until the poles have been properly positioned in contact
with the surface. Similarly, the current shall be turned off
before the poles are removed,

Indirect magnetization:

Field strength: Detection sensitivity is to be at least
equivalent to that of the prod method when a direct or
rectified magnetizing current of 25 to 30 amperes per inch
of prod spacing is used. A field indicator, see Paragraph V,
B., may be used to demonstrate the adequacy. Further, the
lifting power of the yoke is to be, at a minimum, as follows:

Current Pole Spacing Weight Lift
AC 3 to 6 inches 10 pounds
DC 3 to 6 inches 40 pounds

Pole spacing: Being a fixed current device, pole spacing will be
such as to comply with prerequisites of a. above.

Shot sequence:
1. Weli seanms:
a. Surface pattern: Layout as necessary.

b. Longitudinal: Poles will be placed in line or not more
than approximately 10° off the centerline at predetermined
pole spacing. Overlap or back step of 1 to 1-1/2 inches
will be employed to permit evaluation of area of prior
pole placement,

¢. Transverse: Progressive pole tntgrvals of 4 t~ 5 inches
will be used at an approximate 90 relationship to the
initial pole placement centerlines. Set back should be
approximately 1 inch beyond weld joint edge.

d. All transverse shots may follow completion of all
longitudinal shots, or shots may be alternated, which-
ever is convenient.

Note: Reference to longitudinal or transverse is in reference
to direction of yoke - not magnetic field.

Westinghouse Electric Comporation

Tampa Division Nuciear Energy Sestems
Tampa Floriga U S A
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/1 0
H. Ke
I1. Procedure (continued)
C. 4. c. Shot sequence (continued): F. W. Dury
—
2. Magnetic particle examination of surfaces: Changed
a. Surface pattern: Mark off surface in approximate 5 inch 2 §8/17/70
o gk 3 15/29/73
b. Performance: Apply poles at approximate 6 inch spacing s arsie/74

across centers of square, This should permit approximate
1/2 inch extension beyond sides of square. Examine each 5 4/16/7
square in at least two directions and proceed from one
square to the next until the surface is completed.

~3
v

6 §10/25/75

716/23/76

D. Application of Magnetic Particles: Same as Part I, Section II, D.

E. Removal of Excess Parricles: Same as Part I, Section II, E,

F. Examination and Evaluation: Same as Part I, Section II, F. Specific
attention should be given to Paragraph IX.

G, Certification of Examination: Same as Part I, Section II, G.

H. Demagnetization: Refer to Paragraph X.

84350 M Westinghouse Electric Corporation

Page 12 of 12 Tampa Division Nuclear Energy Systems
Tampa Floriga U S A
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beve 3 NUCLEAR POWER COMPONENTS 84350 RT
RADIOGRAPHIC EXAMINATION Page 1 of 7
7/9/69
C.A "alyen PURPOSE: This Process Specification covers the radiographic examination of low
T.0 .rrer alToy carbon and austinetic steel materials and weldments for use in nuclear vessels.
PROCESS QUALIFICATIONS: This Process Specification meets the reauirements of A.S.M.E.
dﬁi.n,.‘ BoiTer and Pressure Vessel Code, Section III, Nuclear Vessels,
1018/2p2 PERSONNEL QUALIFICATIONS: Nondestructive Examination persannel shall be certified in
5/3/73 |3 accordance with the Tatest issue of ASNT, Recommended Practice No. SNT-TC-1A, and V,
6/19,78| 4 except that for visual examination the Jaeger Number 1 letters shall be used or
19/ equivalent,
2/10/75{5
GENERAL: Use of this Process Specification will be indicated by:
10/18/76(6 o
(A) Drawings with symbols shall be in accordance with AWS. A typical symbol is:
\ RT A/PWHT —-<8£350 a7
The following abbreviations are to be used with the above symbol:
RT - Radiographic Examination
R - Examination of root pass
8C - Examination of back chipped weld
F - Examination of final surface as welded, machined, or ground
before post weld heat treatment,
A/PWHT - Examination of surface after post weld heat treatment
EA.3/8 - Examination of each 3/8 inch of deposited weld.
; B F/HYD - Examination of final weld after hydrostatic test
b~ Y
E-;g%ﬁ (B) Welding specifications called for on the drawing,
kS~~~
Lgkg (C) Shop work tickets, or other special instructions.
petl —4C =
- EQUIPMENT: X-ray equipment and Gamma emitters such as Iridium-192, Cobalt-60 and
2 z various radic-isotopes may be used, except that the Garma-ray method shall not be
s |& used on aluminum alloys. Minimum thickness ranges shall be as specified in Tables
b.q2s| C & D attached.
iy
S OPERATIONS:
- B O e
“ (A) Surface Preparation (F) Acceptance Standard Welds
3| §a) Film {G) Identification and Storage
-‘§> C) Sensitivity H) Castings
24 of (D) Penetrameters (I) Film Maintenance
éE‘_-; (E) Penetrameter Placement
—1= ==
=== (A) Surface Preparation: The weld ripples or weld surface irreqularities, on both

the outside and inside, shall be removed by any suitable mechanical precess to
such a degree that the resulting radicgraphic contrast due to any irregularities

1 84350 RT
ampa Division Nuclear Energy Systems .
Tampa Florida. U S A Page 1 of 7
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(F)

(6)

NUCLEAR POWER COMPONENTS Is 1
A . RADTOGRAPHIC EXAMINATION L
Page 4 of 7 7/9/69
a
(4) The film density through the section being radiographed shall be 2.0 g'A'G Tyen
minimum for single viewing, and 2.6 minimum for composite viewing of «D.. rer
double film exposures, each film of the composite set to have a minimum
density of 1.3. The maximum density allowable for either single or F
double film viewing is 4.0. hang
(5) For radiography of weldments, the penetrameter(s) shall be placed adjacent § 5°§}§ﬁ7‘
to the weld seam approximately 1/4" from weld edge, on the cpposite side /373
from the location markers, [f the weld reinforcement and/or backing strip |4 £/19/74
is not removed, a shim of a radiographically similar material to the weld 5 £/10/75
metal shall be piaced under the peretrameter. The shim thickness shall
be selected so that the total thickness being radiographed under the 6§ ho/1g7¢

(6)

penetrameter is the same as the total weld thickness.

For all other radiography, the penetrsmeter(s) shall be placed adjacent to

the area of interest (markers) in a manner that will meet the reguirements

of paragraph (3) and (4) above. Alternatively, the placement of the
penetrameter on & block is acceptable provided the block is of radiograph-

ically similar material, the same thickness as the part being radiographed,

and is placed as close as possible to the material (weld) being inspected.

Acceptance Standards: Welds that are shown by radiograph, to have any of the

following types of discontinuities are unacceptaple:

(1)
(2)

(3)

(4)

Film

Any type of crack or zone of incomplete fusion or penetration.

Any other elongated indication which has a Tength greater than:

a. 1/4 inch for t up to 3/4 inch inclusive

b. 1/3t for t from 3/4 inch to 2-1/4 inch inclusive

¢. 3/4 inch for t over 2-1/4 inch

Where t is the thickness of the thinner portion of the weld,

Any group of indications in line that have an aggregate length greater
than t in a length of 12t except where the distance between the successive
indication exceeds 6L, where L is the longest indicaticn in the group.
Porosity in excess of that shown as acceptable in Appendix VI.

identification and Storage:

(1)

Location markers, the images of which will appear on the film shall be
placed adjacent to the weld (approximately 1/4" from weld edge) on the
part, not on the film or film holder, and their location shall be marked
on the surface near the weld in such a manner that a defect appearing on
a radiograph may be accurately located and in such a manner that it is
evident on the film that complete coverage of the weld has been obtained.

(2) The date, job number, the vessel, the seam, or part and the manufacturer's
identification symbol or name shall be plainly and permanently traceable
for each film in the following manner.

84350 RT - I (::::)

Tampa Division Nuclear Energy Systems
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(3)

(4)

(a) Positive film identification shall be made by assigned sequential
X-ray numbers which shall be perforatad on each film, This perforated
X-ray number shall include positive seam identification, X-ray cycle
and the letters “T" and "W" identifying Tampa Division of Festinghouse.
The date shall be perforated on the film out of the area of interest.
Alternatively the above may be indicated by lead numbers on the film,

(b) i addition to the penetrameters as required by A.S.M.E. Sectior III
or V, location markers, the images of which will appear on the film
shall be placed adjacent to the weld on the part (not on the film or
film holder) in such a manner that a defect appearing on a radiograph
may be accurately located and in such a manner that it is evident on
the film that complete coverage of the weld has been obtained.

(c) The Radiographic Examination Record shall accompany the film at all
times and shall contain the following additional information:

Component, shep order, description of area or weld, test number, date,
shooting sketch (including location markers or numbers plus pene-
trameters and placement), technician and ASNT Level, source of
radiation, strength, focal distance, exposure time, film type and
size, thickness of material and the disposition.

The X-ray seam identification number, test number and the starting position
{0-1) shall be stenciled adjacent to the weld seam using low stressed or
blunt-nosed-interrupted-dot die stamps.

A1l vendors shill comply with the intent of this specification. The
vendor's RT prucedure ocutlining compliance with above requirements shall
be approved by WTD prior to implementation.

H) Castings: Where specified, radiography of castings shall be performed to the
requirements of this gpecification. Additicnally:

(1) Acceptance standard shall be Severity Level Il of ASTM E-71, ASTM E-448,
ASTM E-186 or ASTM E-280 as applicable for the thickness teing radiographed
for categories A, 8 and C defects. No category D, £, F or G defects are
acceptable,

(2) Penetrameters, film densities, radiography, etc. shall be as specified in
the applicable sections of this Process Specification.

(3) Additionally, repair radiographs shall be identified as R1. RZ’ etc. as
applicable,

(4) Castings radiographed prior to finished machining shall observe the
following stipulations:

(a) For thicknesses less than 6 inches, castings shall be radiographed
within 20% of the finished thickness with the penetrameter based
on final thickness.

Westinghouse Electric Corporation

Tampa Division Nuclear Energy Systems
Tampa Figriga U S A
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(t) For thicknesses 6 inches and greater, castings shall be radio- 1.0 “>rrer
graphed within 10% of the finished thickness with penetrameter
based on final thickness.

(1) A complete set of accepted radiographs on each job shall be maintained for Changed
the 1ife of the plant, at the power plant site, the manufacturer's plant or 2 10/18/7¢
other locations determined by mutual agreement. Ty

3 |5/03/7:
4 |6/19/7¢
5 [2/10/7¢%
TABLE "A 6 ho/igr
THICKNESS AND IDENTIFICATION OF PENETRAMETERS REQUIRED FOR GIVEN THICKNE 3 |
THICKNESS SOURCE SiDE FILM SIDE |
RANGE iETE | RAMETER ENETR ieR
SINGLE WALL THICKNESS DESIGNATION THICKNESS DESIGNATION
(iN.) IN.) (IN.)

Up to 1/4 incl, 0.005 5 0.003 5

Over 1/4 thru 3/8 0.0075 7 0.007 7

Over 3/8 thru 1/2 0.010 10 0.010 10

Over 1/2 thru 5/8 0.0125 12 0.012 12

Over 5/8 thry 3/4 0.015 15 0.012 12

Over 3/4 thry 7/8 0.017% 17 0.015 15

Over 7/8 thru 0.020 20 0.015 15

Qver 1 thry 1-1/4 0.025 25 0.017 17

Over 1-1/4 thru 1-1/2 0.030 30 0.020 20

Over 1-1/2 thru 2 0.035 35 0.025 25

Over 2 thru 2-1/2 0.040 40 0.030 30

Over 2-1/2 thru 3 0.045 45 0.035 3 !

Over 3 thru 4 0.050 50 0.040 40 |

Over & thry 6 0.060 80 0.045 a5 l

Over 6 % 3 0.080 80 0.050 50

Over 8 thru 10 0.100 100 0.060 60 i

Over 10 thry 12 0.120 120 0.080 80 |

Over 12 thru 16 0.160 160 0.100 100 [ l

Over 16 thry 20 0.200 200 0.120 120 |

NOTE: For any material thickness range, tne use of a penetrameter designation or
thickness less than listed in Table "A" for that range will also be acceptable,
pruvided all the other requirements for radiography are met. For welds, the thicke
ness is the single wall thickness including reinforcement.

p—

TMLE llBll

SLIT LOCATIONS IN PENETRAMETERS, 1F USED

T DIMENSIONAL TOLERANCES
T DIVENSION TOLEI

B e T R R R R R R R RRRRE=
1

ALTERNATE SLIT LOCATIONS

Length and Widtn 1768 inch

Nominal Thickness 10%

Hole Nominal Diameter 10%
1/64 _inch

84350 RT Westinghouse Electric Corporation @
Tampa Division Nuclear Energy Systems

Page 6 of 7 Tompa Flarida U S A
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T.D rrer TABLE uee
RADIOACTIVE ISOTOPES, MINIMUM THICKNESS RANGE
MATERIAL IRIDIUM-192 COBALT 60
10/18/73 2 T = )
. Steel 0.75 in. 1.50 in.
$/03/73 31 |Copper/high nickel 0.65 in. 1.30 in.
6/19/74 4 Aluminum 2.5 in,
2/10/7% §
1042816 TABLE "0
i (
20 I
15
10
g
6 i
" /
= & ]
S 3
/
2 /
#
1 MEV g
800 4
600 i
500 -
400
vy
-
g 0 //
- /
% om0 .
150 4
100 Y=157 3 4 6.81.0 152 3 4 567810 15
MINIMUM TRICKNESS (INCHES)  MAXIMUM VOLTAGE FOR STEEL
Westinghouse Electric Corporation 84350 RT
Tampa Oivision Nuclear Energy Systems Fage 7 of 7
Tampa Flonida U S A
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