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1.

Introduction

On September 4, 1984, the San Onofre Unit 1 Provisional
Operating License (POL) DPR-13 was amended to revise
Condition 3.E which requires that a steam generator in-
spection be performed within é equivalent full power months
(EFPM) of operation from startup following the 1982 to 1984 backfit
outage. The objective of this required inspection is to monitor the
condition of the non-sleeved steam generator tubes at San Onofre
Unit 1. The time interval for this interim inspection was based
upon assigning to the non-sleeved tubes the conservatively
estimated intergranular attack (IGA) degradation rate of 15% per year
of operation. This prgviously established 15% per year degradation
rate was based on comparison of historical eddy current data from
tubes that were within active regions of steam generator A and were
also sleeved during the 1980 Sleeving Repair Project. The purpose of
this report is to provide information upon which to establish a
revised degradation rate applicable to noh—sleeved tubes which more
appropriately reflects the rate of progression of IGA among these
tubes. The appropriate interval between inspections can then be
established, based ubon this revised degradation rate.

The revised degradation rate was determined based upon a review
of historical eddy current examination data for non-sleeved tubes.
Using this data, signals at the top of the tubesheet that are
indicative of IGA were re-evaluated. The characteristics
of eddy current signals in these non-sleeved tubes, over several

inspection intervals, were then compared and contrasted with
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' signals over‘similar inspection intervals in sleeved tubes
which are known to have Qndergone active degradation due to IGA.
From such § compariseon, an assessment of IGA progression rate
was made for the relatively inactive regions and a revised value
for non—sleevéd tube degradation rate was established.

Such an assessment relies a) on the capability of eddy current

techniques to detect IGA as found at San Onofre Unit 1, and b}
on the ability to correlate the threshold of detectability
with IGA depth of penetration. To this end, the in-situ eddy
current responses of tubes, subsequently pulled from steam
generators A and C during the 1980 Sleeving Repair Project,
were re—evaluated and compared to the mefallurgical results as

% reported in the 1981 Return to Power Report (Reference 1).

” Verification of the assessment of IGA progression in
non-sleeved tubes is obtained through the results of eddy
current examinations conducted in 1982, following approximately
4.3 EFPM of operation (see Reference 2), and in 1984, +ollowing
an extended shutdown to perform plant modifications.

Assurance of the continuing validity of the assigned value

of degradation rate is supported by a review of the steam generator

water chemistry history and controls subsequent to the 1980

Sleeving Repaif Project. This review indicates that conditions which
could accelerate IGA‘progression in non-sleeved tubes are unlikely

to occur.

Section 2 of this report contains relevant background infor-

‘I. mation on plant operating history, steam generator water chemistry,
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eddy current examinations, and the 1980 Sleeving Repair Project.
This Section also presents the methodology used to re—evaluate the
steam generator inspection interval.

Section 3 contains information that confirms the detectability
of IGA at San Onofre Unit 1.

Section 4 contains the assessment of IBGA progression rate
based on review and comparison of eddy current data over a
number of inspection intervals for both non-sleeved and sleeved
tubes.

Section 5 presents the conclusions in regard to the assessment of
IGA progression rate in non-sleeved tubes, discusses the devel opment
of a revised degradation rate (10% per 15 EFPM) for the non-sleeved
tubes, and presents the proposed interval for future inspections at
San Onofre Unit 1.

Section 6 contains the list of references cited in this report.




2. Background and Re-evaluation Methodology

a.

General

During the 1980-81 Sleeving Repair Project, it was established
that IGA had occured at the top of the tubesheet in the hot legs
of San Onofre Unit 1 steam generators A, B, and C. The regions of
aggressive attack were identified by eddy current testing and
were corroborated by metallurgical examination of pulled tubes.
Al though the éffected regions of all three steam generators were
similar, steam generator A recorded the largest number of
quantifiable eddy current indications, followed by C and then B
which had the least number of affected tubes.

Figure 2-1 shows the distribution in steam generator A of
quantifiable indications based on multi-frequency, differential
bobbin coil data collected in 1980 prior to sleeving. The loca-
tion of affected tubes is similar among the three steam genera-
tors. Figure 2-2 shows the locations of tubes which were removed
from 5/G's A and C for examination and the corresponding maximum
depths of IGA penetration as determined by metallography.

Using eddy current test data and results of metallurgical
examinations of pulled tubes to identify the active regions of
IGA within each steam generator, bouﬁdaries were then formulated
which encompassed these regions and all tubes within the
boundary for each steam generator were sleeved. Figure 2-1 also
shows the sleeving boundary for 5/G A which is representative

of the boundaries for all three S/G‘'s. The regions outside the

sleeving boundaries contain non-sleeved tubes. These tubes were




S01.56G.8503. 2-2

not sleeved because analysis of eddy current data collected during
the sleeving project yielded no quantifiable indications of IGA
at the top the tubesheet.

The conditions for return to power of San Onofre Unit 1
following the 1980 Sleeving Repair Project are set forth
in Section 3 of the April, 1981 Return to Power Report
(Reference 1). The limiting condition of a & EFPM operating
interval was based on the 15% per year deqgqradation rate which
was conservatively applied to the non-sleeved tubes.

In summary, a rate of 154 per year was assumed to apply to
these tubes with the added assumption that the depth of IGA
penetration could be up to 40% before becoming detectable by eddy

current techniques. Under these assumptions, an operating

interval of & EFPM would limit non-sleeved tube degradation to
less than 4B% at the first inspection following post—sleeving
return to power. This degradation level would, in turn, be less
than the plugging limit of S50% for non-sleeved tubes.

The assumed degradation rate for non-sleeved tubes is
characterized és being conservative in the 1981 Return to Power
Report since (1) the rate was derived from tubes inside the
sleeving boundary havi?g quantifiable, unambiguous eddy current
indications of IGA and (2) the time frame over which IGA was
assumed to have pregressed from threshold detection levels to
quantifiable depth was conservatively limited to the period 1976
to 1980. Additional information on the basis for the currently

assumed degradation rate is contained in Section 2.b below.
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The assumption that non-sleeved peripheral tubes have
1GA depths near the detectability level of 40% is also a
conservativism in the formulation of the operating interval.

Eddy current examination results from the 1982 and 1984 steam
generator inspections indicate, further, that this assumption, |
when considered with an assumed degradation rate of 15% per year,
is overly conservative. These inspections showed negligible
progression of I1IGA in the non-sleeved tubes following approxi-
mately 4.3 EFPM of operation and 26 months in lay-up conditions.
Were the 15% degradation rate applicable to non-sleeved tubes
and were the depth of IGA at the 40% level at the time of the
sleeving project, then evidence of progression of IBGA in non-
sleeved tubes would have been evident in the eddy current ex-
amination data. Additional information on the scope and find-
ings of the 1982 and 1984 inspections is provided in Section

2.c below.

The apparent lack of significant progression of IBA in non¥
sleeved tubes is suppported by the improvement in steam generator
water chemistry specifications which have been in place since
the sleeving repairs were implemented. An overview of steam
generator chemistry prior to and subsequent to the sleeving
repair project is given in Section 2.d below.

The above considerations provided the incentive to re-
evaluate the degradation rate in non-sleeved tubes for the purpose

of establishing a more appropriate operating interval between

steam generator inspections. Accordingly, a re—evaluation
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of the non-sleeved tube degradation rate and steam generator
interval was performed as outlined in Section 2.e below.

Basis for 1981 Degradation Rate

The degradation rate applied to non—sleeved tubes prior
to return to power in 1981 was developed based on the
eddy current responses of 39 tubes in S/G A, locafed
in active regions within the sleeving boundary. The locations
of these tubes are shown on Figure 2-1. The reference data
base was the 1980 multi-frequency, differential bobbin coil
data. Section 3.1 of the 1981 Return to Power report describes
the methodology used in deriving the 1981 degradation
rate for these tubes. In connection with preparation of this
1985 report, the 1980 and prior eddy current data on
these tubes were independently reviewed. Appendix A contains
representative signatures from among the 39 tubes having
the most complete examination histories. It is apparent from
these signatures that the 39 tubes are within areas which

have experienced active, significant degradation over time.

No tube in the group exhibits a mormal tube sheet entry signal

throughout its inspection history which, in many cases, dates
back to 1973. Many tubes in the active regions surrounding
the 39 tubes exhibit the same cﬁaracteristics.

In comparing the eddy current signatures of the 39 tubes
from one inspection to the next, it does not appear that the
rate of degradation during any one interval is significantly

different than during another interval. In an attempt to
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verify this qualitative judgement, phase angles and corres-
ponding depths were assigned as appropriate to all available
signatures at the top of the tube sheet from the 3I9 tubes. In
those cases where it was inappropriate to assign phase angles,
but the signal was distorted, a depth of 407 was assigned as
being representative of the threshold of detectability of
volumetric IGA. The results are presented in Table 2-1.
The trends on a tube by tube basis are generally consistent
with the view that a degradation process commenced pricr
to 1973 and that degradation progressed through 1980. At
low depths of penetration, however, there is considerable scatter
in the re-evaluated data which makes reliable estimation of
degradation rates based on group statistics for early inspec-—
tion intervals uncertain. Among the factors which contri-
bute to this uncertainty are the following:
fi) Denting in combination with thinning at the top of
the tubesheet act to distort and oppose the formation
of the flaw response of the differential coil at
lower depths of IGA. The typical effect is to
foreshorten and/or distort the upper lobe of the differ-—
ential response, creating uncertainty in assignment
of the proper phase angle.
(2) The use of 400 kHz as the test frequency for ,055"
wall thickness Inconel 600 tubing results in low
depth flaws being rotated more toward the hoizontal
plane and increases the masking effect of noise and

dents on the coil response to 1GA.
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Notwithstanding the problem of reliable quantification
at the lower depths of IGA, it is evident that for tubes
in the active regions, IGA progresses at a significant rate,
is detected in earlier inspections, and significantly
alters the eddy current coil response in subsequent years.

1982 and B84 Inspection Results

In 1982 following approximately 4.3 EFPM.of operation
after the 1981 Sleeving Repair Project, a comprehensive
eddy current examination of sleeved and non-sleeved tubes
was performed in all three steam generators. In the non-
sleeved region, tubes were examined with both the 4x4 and
bobbin coil probes. A total of 1212 tubee in all three steam
generators were examined consistent with the pattern for steam
generator A in Figure 2-3. The results were reported in the 1982
Return to Power Report and showed negligible change in progression
of IBGA in non-sleeved tubes. The seven tubes in S/G C and one
tube in 5/6 A which showed evidence of minor change were located
at the sleeving boundary near previously defined active
regions. ﬂoreover, the depth of 1GA penetration was not
such that the differential bobbin response was quantifiable.

In April qf 1984, following approximately 26 months in
lay-up conditions, the steam generators were again inspected
in preparation for return to power scheduled for later 1984,
Steam generator A was selected for inspection and both sleeved
and non-sleeved tubes were eddy current examined. Approximately

226 non-sleeved tubes adjacent to the sleeving bondary were
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examined using the 4x4 probe in accordance with the inspection

pattern shown in Figure 2-4. Results showed no evidence of

IGA progression.

Overview of Steam Generator Water Chemistry

(1)

(2)

Pre-Sleeving History

San Onofre Unit 1 has operated on phosphate chémistry
since initial operation in 1948 except for a period of
approximately four months from December 1970 until April
1971 during which time volatile treatment was attempted.
Due to hideout return and condenser leakage, excessive
blowdown was required in order to maintain proper chemistry
and, therefore, phosphate treatment was resumed. The chemistry
history from that time up to the 1980 sleeving repair
outage is discussed in Appendix A of the 1981 Return to

Power Report (Reference 1).

Post-Sleeving History

On June 17, 1981, the Unit 1 returned to service fol-
lowing the steam generator sleeving repair. A revised
chemistry program was followed. This program included
(a) a cold soak, (b) a hot soak, (c) new chemistry control
parameters during heat-up, and (d) new chemistry control
parameters during power escalation and steady state opera-—
tion.

During the ensuing 4.3 EFPM of operation, there were three
occassions in which the secondary water chloride limit of

of 0.5 ppm was exceeded. On one occassion, the chloride level
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exceedéd S ppm due to a condenser leak and the unit load was
reduced to 30% to limit chloride hideout. The condenser

was repaired and normal chloride levels restored within
fourteen hours using blowdown. The other two occasions
involved lesser chloride excursions of shorter duration with-
out need for load reduction.

Phosphate concentrations during the 4.3 EFPM operating
interval were out of specification on four occasions. At no
time did this condition persist more than four hours. The
proper phosphate concentrations were restored by blowdown
and/or chemical feed.

On February 27, 1982, Unit 1 was shut down for a scheduled
‘1. steam generator sleeving repair inspection. During the 4.3
EFPM of operation, it is considered that overall steam gen-
erator chemistry was significantly improved in comparison
to pre-1981 operating history.

From February 27, 1982 through November 27, 1984, the
steam generators were maintained in wet layup while in
a Mode S extended cold shutdown. The secondary chemistry

limits for this condition are specified as follows:

f Phosphate =<{30 ppm
Chloride =< 1 ppm
Na/P04 1.0 - 3.0
pH 9.3 - 10.5

% " Hydrazine 50 - 150 ppm

. Periodic drain and refill operations were necessary to
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;. maintain these limits as sodium, phosphate and chloride
leached from the sludge pile into selution. The need to
drain and refill became less frequent as the outage pro-
gressed due to a decrease in the rate at which sodium,
phosphate, and chloride entered into solution. Draindown
was also required in order to perform steam generator
secondary side inspections.

A nitrogen blanket was maintained on the steam generators
during the outage to minimize oxygen ingress.

In Nbvember, 1984, Unit 1 was returned to service. Mode 1

steam generator chemistry limits are as follows:

: Phosphate 15 - 30 ppm
Chloride =¢ 500 ppb (typically < 100 pph)
‘ Na/P04 2.3 - 2.6

pH 9.4 — 10.2

Also, continuous blowdown of approximately 1 % is being

maintained to assist in steam generafor chemistry control.

Since the November, 1984 return to service, no primary to

secondary leakage has been detected at Unit 1.

In early 1983, a new water chemistry procedure was imple-

? mented at Unit 1. The procedure, entitled "Unit 1 Steam
Generator and Condensate/Feedwater Chemistry Control and
Sampliﬁg Frequencies", defines normal and abnormal ranges
of secondary water chemistry parameters and sampling fre-
quencies for each of the plant operating modes, including

D lay—-up periods. The administrative and management controls




|
\
|
|
. S01.SG.8503. 2-10

of the procedure are consistent with the guidance of "FWR
Secondary Water Chemistry Guidelines", EPRI Report NP-2704-
SR dated October, 1982. The response to out of range par-
ameters include mitigating actions, power reduction to

30% or less, and unit shutdown if site management determines
that continued operation could adversely affect steam
generator tube integrity. In all cases, site management

is responsible for and has taken action to reduce power
based upon the recommendations of the plant chemistry
department.

Re-evaluation of Steam Generator Inspection Interval

The application to non-sleeved tubes of a degradation rate
based on data from tubes in the active regions is judged
to be overly conéervative since (1) the non-sleeved tubes are
in an "inactive" region, (2) the 1982 and 1984 inspection
results confirm that there is no significant progression of IGA
in non-sleeved tubes, and (3) current steam generator water
chemistry controls provide assurance of continuing "inactivity".
The practical consequence of applying this conservative rate
is to require unscheduled unit shutdowns during the cycles of
operation between refuelings. Approximately four weeks are
needed to perform the evolution of cold shutdown, steam
generator inspection, analysis of results, reporting of
findings, and return to power. To the extent that such
evolutions occur more frequently than necessary, otherwise

avoidable plant operating costs and personnel radiation
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exposure are incurred without benefit. Accordingly, a re-—-
evaluation of the basis for the currently required steam
generator inspection interval is warranted in order to
Justify an interval which more appropriately reflects the
condition of the non-sleeved tubes and is adequately
conservative, but is not overly restrictive.

The approach adopted in this re-evaluation relied
on the existing eddy current data base to assess the rate
of progression of IGA in non-sleeved tubes and to assign
a degradation rate which reflects the actqal rate of
progression and at the same time is adequately conservative.

The reference inspection for assessing the progression
of IGA is the 1980 inspection which lead to the sleeving
repair effort. In that inspection, 100% of the tubes were
inspected on the hot leqg side below tﬁe fourth support in
each steam generator using the-multi—frequency bobbin coil.
The test frequencies employed included 400 kHz, 340 kHz
and 100 kHz differential and 100 kHz absolute.

In order to utilize the most extensive eddy current data
base, steam generator A was selected for performing the
assessment. The use of steam generator A in performing this
assessment is justified on the basis that all three steam
generators are performing in a like manner. Accordingly,
the resultant, revised degradation rate can be applied to
all three steam generators.

Inspections prior to 1980 were performed using single
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. frequency bobbin coil at 400 kHz differential. Therefore,
for the purpose of comparatiQe analysis of eddy current data,
pre—-1980 data is compared to the 400 kHz differential 1980
data. For comparison and evaluation of 1980 and subsequent
inspection data, all channels of eddy current data are
evaluated.

To confirm the capability of the bobbin ceil to
detect IGA as experienced at San Onofre Unit 1, the field
eddy current data in 1980 for tubes pulled from 5/G's A
and C was compared to the metallurgical findings for
these tubes. The detectability is measured by the depth
of 1GA above which there is reasonable assurance of
obtaining a bobbin coil response.

' A review of historical data for tubes in the active regions
having discretely quantifiable, unambiguous eddy current
signals in 1980 establishes the time frame over which
conditioné SQpporting IGA have been present. Tubes in
the non-sleeved regions, which have at most a distorted

! signal indicative of IGA in‘1980, can be assumed to have a

depth of IGA penetration at or near the threshold of

detectability. By assuming no IGA in these tubes at the
start of the time frame established for tubes in tﬁe
active regions, a conservative IBGA degradation rate can be
derived and assigned to the non-sleeved tubes.

The results of the 1982 and 1984 examinations provide

‘. confidence that the derived degradation rate is adequately
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conservative. The improvements in steam generator chemistry
procedures and contrels implemented since sleeving provide
assurance that conditions which could accelerate IGA
progression in non-sleeved tubes have not occured since
1981 and are unlikely to occur during future operation.

The sections which follow present the results of |
the re-evaluation effort based on the preceding approach
and present the revised degradation rate established for non-—
sleeved tubes and the corresponding appropriate operating

interval between steam generator inspections.




RE-EVALUATION OF 1981 DEGRADATION RATE DATA

TUBE NO.

28
28
30
12
33
31
32
33
33
33
13
13
13
12
11
38
39
10
11
39

8

9
36
37
11
36
36
11
37
28
24
29
26
27
25
26
25
12
12

MEAN DEPTH
OF TUBES
RE-EVALUATED

23

74
99
98
86
89
71
96
95
3
21
96
92
77
77
91
77
?1
87
79
80
0
79
82
83

86
80
?4
76
98
S
98
87
97
98
84
79
.1
?6

88.2

TABL

86
73
67
88

62

73.5

E 2-1

% DEPTH IN YEAR INSPECTED

75
92

6
81
&b

89
&2
S1

S0
&2
71
?6

95
98

77.4

63

70

29
48

19

47.4

70

40
39
24
46
36

Q0
36

47.6

54
40

40
81

28

=]

40
71
55
65
63
40
79
75

96.1
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Correlation of Eddy Current and FPulled Tube Data

The purpose of this Section is to confirm the ability
of the bobbin coil probe to detect the IGA which has
occured at San Onofre Unit 1. The methodology correlates‘
the results of the 1980 pulled tube metallurgical examina-
tion with the re-evaluated field eddy current data.

Tube lengths were removed from hot leg sides of steam
generators A and C during the Sleeving Repair Froject.

The field eddy current data collected from these tubes prior
to removal have been re-evaluated and compared to the
metallurgical examination results as reported in Table
2.2-7 of the 1981 Return to Power Report. Table 3-1
summarizes the results of this comparison. Appendix B
contains computer printouts of the field eddy current
responses for the pulled tubes.

The results show that in all cases the 100 kHz absolute
bobbin coil detects the IGA condition reported by the
metallurgical examination. The results further indicate
that the 400 kHz differential bobbin exhibits a response
to the IGA condition in the majority of cases where the
metallurgical examination shows an 1GA depth of >40%. An
exception is Row 17 Col 45, for which there is essentially
no response to the IGA which extends approximately 2 inches
axially above the tube sheet. The lack of the differential coil
response to this condition is explained by the similarity
to a thinned condition. It is noted again thét the 100 kHz

absolute does respond to the IGA in Row 17 Col 45.
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. In summary, based on correlation of bobbin coil responses
with pulled tube metallurgical examination results, it is con-
cluded that the bobbin coil can deteét I1GA, as found at San
Onofre Unit 1, at levels exceeding 20%. Specifically, the 400
kHz differential generally responds to IGA at levels in excess
of 40% and the 100 kHz absolute detects IGA at levels exceeding

20%.
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TABLE 3-1
RE-EVALUATION OF 19BC PULLED TUBE DATA

PULLED 1980 EVALUATION OF
CONDITION FIELD EDLY CURRENT
FRACTURED 400 DIFF: 953
AT T15 100 ABS: ABNORRALITY
NOTED
FRACTURED 400 DIFF: CONFLEX
AT 118 WITH DENT
100 ABS: ABRNIRHALITY
NOTEED
INTACT 40C¢ DIFF: 951 4"
) BELOW 77§
130 ARS: 95% &7
BELGR T7S
FRACTURED 400 DIFF: DTS/DENT
AT 176 10¢ ABS: ABNCRMALITY
NOTEL
RPC: <40k
INTACT 400 DIFF: DTS
100 ABS: ABRIRMALITY
- NOTED
RPC: IRDICATION
INTACY 400 DIFF: GHALL DENT
01§
100 ABS: Ok
RPL: OK
INTACT 400 DIFF: DENT/DTS
1060 ABS: DK
RPC: ABNOK®ALITY
INTALT 400 DIFF: SHALL DENT
D15
100 ABS: ABNORHALITY
NDTELD
RPC: SMALL INDICATION
FRACTURED 460 DIFF: DENT
AT 178

10¢ AEG: DENT
RFC: 381

1985 RE-EVALUATION OF

198¢ FIELD ECT DATA

400 DIFF: 93X

140 ABS: 951

400 LIFF: 921

100 ABS: 9Z3.

460 DIFF: 95% 4°

BELDK 715
109 ABS: 4B%

400 DiFF: 3137
100 ABS: 34i

400 DIFF: D%
{60 ABS: ABNORMAL
INDICATION

400 JIFF: DENT BITH
BTS
10¢ ARE: 22

400 DIFF: 213
109 ARS: 201

400 DIFF: 91%

100 ABS: 913

400 DIFF: DIST'D DENT

AND TUBESHEET
160 ABS: 52i

1930 FRACTOGRAPHY
AND METALLOGRAPHY

93% CIRCUMFERENTIAL

9¢% CIRCUMFERENTIAL

1607 3-4° BELOW TTS

30% 6® BELDW 715

30% HAk

THINNINE HAX 171

20% MRE AT 775

20% MAY IN 90 RIL
BANE AT TIS

907 BASEL ON VISUAL

801 MA




STERM
BEN'F

[t}

TUBE WO,
o
1 69
13 &7
14 70
32 1
2 4
17 45
29 8¢
10 4

TABLE 3-1
RE-EVALUATION QF 1980 PULLED TUBE DATA

PULLED 1985 EVALUATION OF 1985 RE-EVALUATION OF 1930 FRACTOGRAPHY
CONDITION FIELD EDDY CURRENT - 1980 FIELD ECT DATA AND METALLOGRAPHY
FRACTURED 400 DIFF: LARSE DENT 400 DIFF: DENT >60% FOR §BU DEE
AT T15 100 ABS: DENY 100 ABS: 50% £8% MAX
RPC: INDICATIONS
FRAZTURED 404 DIFF: DTS 400 DIFF: DIST'D 260% FOR 250 DEB
AT 118§ DENT 781 MAX
100 ABS: ABNORMALITY  10G ABS: 75
NOTED
RPC: INDICATIONS
INTACT 400 DIFF: OK 400 DIFF: OK 307 WAX IN 4C HIL
100 ABS: DK 100 ABS: (204 BAKL
RPC: INDICATIONS
FRACTUREL 400 DIFF: DENT 400 DIFF: DENT 35 AT ANE BELCH
AT T15 100 ABS: SMALL DENT 100 ABS: 49% FRACTURE
RPC: INDICATIONS °
INTALT 400 DIFF: DTS 400 DIFF: DIS 25% MAX FOR 40 RILS
100 ABS: ABNCRMALITY 100 ABS: 193
NOTED
RPC: ND INDICATIONG
INTACT 400 DIFF: 0K 430 DIFF: OK GENERRL 1GA FOR 2" ATS
104 ABS: Ok 100 ABS: 5i% 60% MRX 1° ATS
RPC: NO INDICATIONS
INTACT 400 DIFF; NDB 400 DIFF: DENY 40% MARY OVER &0 WIL
{(W/SLEEVE) 10¢ ABS: NDD 160 ARS: 28% BAND
RPC: 481
FRACTURED 400 DIFF: NDG 400 DIFF: DENT KOT PERFORMEED
AT 118 100 #BS: NDD 100 ABS: 0%

RPC: 697




4.

Assessment of 1GA Progression

This Section describes the results of the 1985 re—-evaluation
of San Onofre Unit 1 eddy current data for sleeved and non-—
sleeved tubes. Eddy current data from 1973 to 1982 was reviewed
and compared to determine the extent to which IGA and "1GA-like"
indications have been present and have changed over the vyears.

Table 4-1 lists the inspections from which eddy current data
was re—-evaluated. Also included in this Table are the probe
sizes and types as well as the test frequencies and modes and
numbers of tubes from each inspection which were re—-evaluated
in 1985.

Figures 4-1 through 4-46 show the locations of tubes re-
evaluated from each inspection. Table 4-2 lists the numbers of
re-~evaluated tubes which were common to two or more inspections.

- From the inspections prior to 1980, composite eddy current
signatures and herizontal and vertical channels of the 400 kH:z
differential bobbin were reproduced using the DDA-4 analysis
system. From the 1980 and 1982 inspections, the 400 kHz (1980
only), 340 kHz and 340/100 kHz mix were reproduced as was
the 100 kHz absolute. The documented signatures were then sorted
into groups of tubes inside and outside the sleeving boundary.
The signatures from various inspections of a given tube were
compared to determine whether responses indicative of 1GA were
present and to what extent these have changed. Identification
of IGA and "IBA-like" responses was based on pulled tube data

(Section 3), data on tubes known to have leaked due to top of tube
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sheet defects and data on tubes known to be within_the active regions
of IGA as identified in 1980.

Representative histories of tubes within active regions and
having unambigquous indications of IGA at the top of the tubesheet
in 1980 are contained in Appendix C. These histories are comparable
to and supplement those in Appendix A. For all such tubes re-evaluated,
there is evidence, dating back to the 1973 eddy current examination
records, of IGA itself or signal distortions which can be attributed
to IGA. For these tubes, there is also a consistent, detectable
pattern of change toward greater degradation.

To illustrate the regionalization of activity within the tube
bundle, eddy current signatures from columns of tubes which
traverse active areas within the sleeving boundary were reviewed
row by row to assess the similarity of responses. Representative
dafa used in this review are presenfed in Appendix D. Data from
columns 39 and 45 from the_1980 inspection and column 52 from the
1976 inspecfion are presented. Review of this type of data indicates
that, associated with active and inactive regions, there are
characteristic eddy current responses.

Representative histories of tubes in the non-sleeved regions, that
are currently in service, are presented in Appendix E. In the review
of non-sleeved tube inspection data, unlike data from tubes in active
regions, ne significant changes in eddy current signatures were ob-
served from one inspection to the next. In addition, this review did
not identify any discretely quantifiable, unambiquous IGA indications

such as those found in the active regions. However, distorted tubesheet
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indications (DTS) which may indicate the presence of IGA
sleeved region were observed. The locations of these DTS
are plotted in Figure 4-7. As noted above, comparison of

data on these DTS indications show no significant change

in the non-
indications
historical

from

inspection to inspection. From these results, it is concluded that

there is not a significant 1GA progression rate in the non-sleeved

tubes.

In summary, it is concluded that IGA and "IGA-like" eddy current

indications have been present since 1973, that there is regionaliza-

tion of IGA activity within the tube bundle, and that the non-sleeved

tubes are in a region of inactivity.




TABLE 4-1
BOBBIN COIL EXAMINATIONS
STEAM GENERATOR ‘A’

SAN ONOFRE UNIT 1

EXAMINATION DATE PROBE SIZE FREQUENCY MODE TUBES EVALUATED ('8%5)

JUNE 1973 560 SPF* 400kHz DIFF 355
| APRIL 1973 560 SPF 400kHz DIFF 519
OCT. 1976 | 3560 SPF 400kHz DIFF 541
SEPT. 1977 D60 SF*# 400kHz DIFF 201
i . JUNE 1979 960 SF 400kHz DIFF 111
APRIL 1980 o280 SF MULTI DIFF/ 3500
ABS
MARCH 1982 S60 SF MULTI 2;2F/ 427

* special flex

*% spring flex




TABLE 4-2

NUMBER OF TUBES AND EDDY CURRENT SIGNALS

COMPARED IN 1985 RE-EVALUATION

STEAM GENERATOR ‘A’

SAN ONOFRE UNIT 1

DATES OF INSPECTIONS

NUMBER OF TUBES

COMPARED COMPARED
73/80 255
73/80/82 63
73/76/80 9
73/76/80/82 4
73/77/80 4
73/77/7%9/80 1
73/77/80/82 1
75/80 76
75/76/80 25
75/76/77/80 3
75/77/80 44
75/79/80 16
76/80 243
76/80/82 37
7&/77/80 130
76/77/80/82 16
76/77/79/80 8
76/77/79/80/82 1
76/79/80 7
77/80 176
77/79/80 3

NUMBER OF TOF OF
TUBESHEET SIGNALS

510
189
27
16

12

156

75

138
48
486
111
390
b4

32

21

352




DATES OF INSPECTIONS
COMPARED

77/80/82
7%/80
79/80/82

80/82

TOTAL NUMBER OF
TUBES COMPARED

TABLE 4-2 (CONTINUED)

NUMBER OF TUBES
COMPARED

NUMBER OF TOP OF
TUBESHEET SIGNALS

=1+]

74

TOTAL NUMBER OF
1514 SIGNALS COMPARED

165

148

é

514

3494
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S. Conclusions

Based on the correlation of 1980 ECT data with the pulled
tube metallurgical results, as discussed in Section 3, the
bobbin ceil can be used to detect IGA, as found at San Onofre
Unit 1, at levels in excess of 20%. This value demonstrates the
conservatism of the commonly accepted detectability threshold
of 40%.

The results of the review presented in Section 4 of historical
eddy current inspection data clearly identify the non-sleeved tubes
as an "inactive"” region of the tube bundle. However, the presence
of non—quantifiable "IGA-like" indications in certain non-sleeved
tubes indicates that IGA may be present, but based on the detecta-
bility threshold discussed above, it is concluded that IGA in the
non—-sleeved region is not likely to have progressed to levels
greater than 40%.

Based on the comparison of historical data discussed in
Section 4, evidence of IGA-like eddy current indications is
present in the earliest available inspection data. This would
indicate that 1GA commenced sometime prior to 1973.

I+ it is conservatively assumed that the 1973 level of IGA
in all non-sleeved tubes was 0% and it is ackowledged that
IGA may have progressed to 1980 levels approaching 40%, then a
conservative dggradation rate for the non-sleeved region can
be established. Since approximately &0 EFPM of operation occured
between 1973 and 1980, the assumed, worst case IGA progression
rate is 40% per 60 EFPH, or 107 per 15 EFPM refueling cycle

operating interval.
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A review of Table 3-1 in Section 3 shows good detectability
at IGA levels > 204, which, when the DTS indications arevcon—
sidered, leads to the conclusion that the actual IGA level
in non-sleeved tubes is not likely to have exceeded the
207 to 30% level. However, using the 10% per 15 EFFM 1IGA
progression rate and conservatively assuming that IGA is near
the 40% level in the non-sleeved tubes, eddy current inspections
at refueling outage intervals will ensure that tube degradation
due to IGA will be detected consistent with the S0% plugging
limit for San Onofre Unit 1 non-sleeved tubes. Based on the
results of the anaysis presented in Appendix C.3.1 of Reference 2,
non-sleeved tubes with up to 40% remaining wall and a potential
loss of lateral support at the lower (one or two) support plates
meet the applicable tube integrity,design requirements. Therefore,
it is concluded that, with a conservatively assumed IGA level of
407% and a 10% per 15 EFPM degradation rate, at the end of a 15
EFFM refueling cycle operating interval there is a 10% margin to
the allowable minimum wall under postulated worst case accident

conditions.
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! ? T ) TTUROTATION - B [EG
% MIA 1 (S j
| \ | CHANNEL® 12 :
! : | SpaN ——-— 1824 i
! —_ —{ ROTHTION - DEG !
! ; |MIx & <>  <-- ;
; i | CHNNELS 34 i
'E | | i ! SpaN --——- 1824 :
|| 1' ! __'1 ROTATION - @ DEG |
ce PLANT UNIT® &6 LEG DRTE ZETEC Inc. - 1962
SCE SONGS 1 1 f INLET @€ P5.72 Edition 1.8 Rev 1




T el e D wawwer TURMMEL NG - 0 16 FIM 25 Col Gl

Cod .——-f'—H ?‘. \ \ : -r; N o l
S I i : . . CERER - o kMo .
] " - H

| | ! L PROTRTION - @ [€6
i o ! ‘ (Y, e & DIFF ;
| ] ! \ | FREG - 16 kHz
! | ’ ;
|
—

Y
L ' i
Y | SPAN ——— 1eed |
i -3, | ROTATION - & TEC
P jcxreeEL 3 DIFF
| i 0 | FREQ ——— 346 LhZ |
} ! | SPHN -——— 1604 .
; fot - | xoTATION - @ DEG
; i Vo ICHAMMEL 4 AES :
l
|
|
!

'
. y TREG ~——— 18 pHz .
' 11.41 vOLIS 74 & B - !

T W va. & PAN ——-— 1654 .
-‘ } T 7 ROTATION - @ LEG !
i ; : ; ; MK L s s ;
i ! ' o CHANNEL = e
. ] B
’. —- e —f FAN - TEs .
| ! - - —JROTATION - 13 DEG S
i >._—’ - _t I A A SR ‘
| | 1 ] ) CHANNEL = 2 i
i ; i i

|

¢
: i PGPAN —--— 1604
i , : { i | RGTHTION -~ & DEG
T4 PLamNT T NIt s LEG " mATE ZETEC Imc. - 193
f INMLET @5 RSB Edition 12.8 Reu !

CHANREL WO -- o 1L 1@ RO &5 CUL ame

JCHANNEL 1 DIFF :
D FREG ———= 308 xHz .
; SPAN ——— luga .
 KOTATION - B OOEG
LHENEL & DIFF

| FREQ ----- 2@

@ kHz

T _ TROTATION - @

b CHOMMEL ¢ B
CTREG -——  aB@ kHz
D TPEN —-- 4T :
. RMNIATIMN - o DET
ICHRNNEL 4 DT

. FREY ~——=- 186 kHz

ONT

| . - U oo ——-— 1024
: #6z_ +6.0 AL v
. FOTATION - DoLED
3 { [4 . -
' : ; { MIso1 o Tes
3 : ; . CHANNELS, 1&
: : i ; : L SRRN -——- 1&@d _
i < i | ROTATION - &8 DED
? { 3 MIX 2 6 <-- :
; r | . DoaeELs e
i i . ! -
i ! i \ { L SPRN —-——— 1824 :
| ! ; i | ROTATION - @ OEQ |
] { e —_ .

r

PLANT UNIT®  S/G LEG DRTE ZETEC Inc. - 1363
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APPENDIX D




1976 COLUMN 52




- CH RIVERT ,|_ CH 3HORIZ, CHANNEL NO — & an&&m 48 (L S¢
| ! - 1

! CHANNEL 1 DIFF

. . - FREG —— 468 kHz
- ] SPAN -——— 1824

- ] ROTATION - & DEG
CHANEL 2 DIFF

FREQ ~——— 208 kHz
SPAN ——— 16824
¢ ) ROTRTION - & [EC

" CHANNEL 3 NG
_ | FREG ~—— 489 kHz
: SPRN ——— 1824 : L
| ROTRTION - & DEG |
i gCHJHEL 4 QB=
I , FREQ —— 168 khz |
TS HL +6.8 SPRN ——- 1824 :
ROTATION - @ DEG |
MIX 1 (50 <(— i
I ; CHANNEL S 1z '
1 SPAN —--- 1624 .
ROTATION -  &® DEG |
MIxX 2 <6y 4— '
CHANNELS 24

‘ ! 5 b
. i SPAN -—-—— 1624 ;
i ! ROTATION - @ DEC |
i i 1 n

[T
.
| I

4@ PLANT ' UNIT® <G LEG DARTE ZETEC Imc. -~ 1963
SCE SONGS 1 -~ INLET 18876 Edition 1Z2.8 Rev 1




CHANNEL NO -- 3 ID 18 ROW 47 COL se¢i

CHAEL 1 DIFF :
FREQ —-— 468 kHz |
SPAN ——— 1624
ROTATION - @ DEG
CHANNEL 2 DIFF '
FREQ ——— 206 khHz |
SPAN --—— 1824

(7 ROTATION - @ DEG :

cHaNEL 3 TR

g

FREGQ —— 488 kHz |
<PAN ——— 1824 j
ROTATION - @ DEG |
CHANNEL 4 RES
FREQ --—- 188 khz |
TS H +6.6 SFAN ——- 1824 %
{ ROTATION - @ DEG |
MIX 1 () <—
—_— —{ CHRMNELS. 12
i | SPRN —-— 1eed :
—_ — ROTATION - 2 DEG
i mIx & ey <— ;
l _ —h CHAMNELS 34
1 | SPON ——-— 1604 5
! ; | ROTRTION - @ DEG |
LEG DATE ZETEC Imc. - 192
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1
!
1
|
{
!
!
|
i
'

CHRHNEL NO — 3 1D 18 ROW 46 COv 52l
CHAMNMEL 1 DIFF
FREQ ——— 488 kHz
SPRAN —— 1824
ROTATION - & DEG
CHANMEL 2 DIFF
FREQ —— 288 «kHz
SFAN ——- 1624
< :, ROTATION - 8 DEC
CHANNEL 3 :
FREQ -—— 488 kH:z
SPAN ———— 1824
ROTATION - @ DEG
CHANNEL 4 RABS |
FREG ———— 168 kHz |
+8.06 SPRN —— 106c4 }
ROTATION -  © DEG |
mIX 1 Sy <—
! —_ —{ CHARNELS: 1e
SPRN - 1624
— — ROTRTION - &@ DEG
MIX & (6) e
—4 CHANNEL & =4
| i | sPrN —-— 1624
1 1 1 ROTATION - @ DEG
LEG DATE ZETEC Inc. - 19€%
INMLET  16-86.76 Edition 12.8 Rev 1




CH 32 VERT

- CH 3HORIZ ,

TS HL

_+0.6

—

CHANMNEL 1 DIFF
FREQ —— 448
SPAN —— 1824
ROTATION - (-]
CHANMNEL 2 DIFF
FREG —— 2o
SPAN ——— 16824
ROTATION - L)
CHANNEL =2 N3
FREQ —— 468
SPAN ——— 1824
ROUTATION - (<]
CHANMEL 4

FREQ ———-
SPFAN —~—
ROTATION ~ (2}
MIX |1 5)  (-—-
CHANNEL S i
SPFAN ———-
ROTRTION - &
MixX & &> -
h CHRNNEL & 24
SPAN ————

ROTATION - “

kHz

DEG

kHz

DEG

kHz

DE S

khz

0 18 RO 45 COL 5!

DEG ¢

DEG |

40

PLANT
SCE SONGS

UNITH

S/6
npe

LEG
INLET

186876

CETEC Imc. -

19835

Edition 1c.€6 Rev 1




_ CH 3VERT ,|_ CH 23HORIZ , CHANMEL NO — 3 10 16 ROM 44 COL 561

P CHANEL 1 DIFF e
FREQ -—— 488 kH:

- SPAN -—— 1824
ROTATION - @ DEG
| CHANNEL 2 DIFF

FREQ —— 286 kHz
(, SPAN ———— 1804

N ROTATION -  © DEC |

9 CHANNEL 3 ;

FREQG —— 4080 kHz |

SPAN ——— 1824 :

ROTATION - @ DEG |

CHANMNEL 4 ABS !

I—- FREQ 1pe Kbs |
] 1S H +6.8 SFAN ——— 1624

ROTATION - @ DEG |
mIX 1 (5> (- i
CHANMELS . 1E ;
SPAN —— 1884 :
— ROTATION -

mix & &3y -
_IL CHANNEL S 24

L SPEN ——- 16ea :
. ; a | ROTATION - @ OEG

[
J[_ |
l
},W,J‘\/\,.N-—.
|
3
i

4@ PLANT UNIT#® &G LEG URTE ZETEC Irc. - 193
SCE SOMGS 1 “A* INLET 16-88.7 Edition 12.8 Rev 1
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i

CH 3HOKIZ ,

0 18 ROW 42 COL S|

CHONNEL 1 DIFF
FREQ —— 488
SPRN — 1824
ROTATION - @
CHANNEL 2 DIFF
FREQ —— 268
SPAN -——— 1824
ROTATION - e
creeEL 3 EHEG
FREQ ——— 40¢
SPAN —— 1624
, ROTATION - (2]
CHANNEL 4 HBS
FREG 162

Js W

+9.8

SPAN —— 18c4

ROTATION - e
MIx 1 (5> <--

—| CHANNELS 12

| SPAN ——— 1624

— ROTATION - 2@

iMIX & (&3 -

—boHawELS 34

| SPAN -—— 1624

'

1 ROTATION - @

DEG |

DEG

SCE SONGS

UNIT®
1

S6
[ L1

LEG
INLET

DATE
100676

ZETEC Ire. - 1983
Edition 12.86 Reu 1|




| |_CH BVERT ,|_ CH 3HORIZ, CHANNEL NO — 3 1D 16 ROW 48 COL 52
CHAMEL ! DIFF
FREQ — 406 kHz
SPAN ~—— 1624 i
ROTATION - @ DEG
CHANNEL & DIFF
FREQ 208 kHz |
= SPAN -—— 1624 |
= C\ ROTATION - @ DFG |
) CHANNEL 2 |
i FREG 406 kHz |
SPRAN ——- 1824 :
ROTATION - @ OEG !

CHANMEL 4 MBS |
FREQ —- 16@ kHz |

TS HL +8.6 SPAN ——- 1824
ROTATION - @ DEG
MIX 1 (5)  <—
- —_ —| CHANNELS 1& ;
SPAN -—-— 1624
! L —_ —! ROTATION - 28 DEG !
! - MIX 2 16)  4-- :
S S —HCHANNELS 34 ;
i . SPAN ——- 16¢4 ‘
- ' | i ROTATION - @ DEG |
46  PLANT UNIT® &G LEG DRTE ZETEC Inc. - 1%€3
SCE SONGS 1 "fe INET  18/08/7% Edition 12.8 Reuv 1




CH 3VERT . CH 3HORIZ, CHANNEL WO — 3 10 1@ ROW 41 COL 5@
: | ‘ CHANMNEL 1| DIFF

‘ FREG ——— 489 kHz
\. i SPAN —— 1624

o ROTATION - & DEG ®
CHANMNEL 2 DIFF '
FREQ —— 288 kHz
SPAN —— 16824 !

1
E\ ROTATION - @ DEG

CHANNEL 3 B

Y FREQ 488 kHz
- sPaN —— 1824 : '

ROTATION -~ 8 DEG
CHRNMEL 4 RES

’.

!

!

\:) FREQ 18 kHz |

4 TS HL +6.6 SPHN ——- 184 '5

ROTATION - & DEG ;

MIX 1 () {—

. - S —| CHANNELS 1 i

1 | PN -—— 1824 3

- — — | ROTATION - 28 DEG '

| iMlx 2 (6 — j

! — _ —fCHANELS 34

r f | SPAN —— 10€4 ;

L 1 1 g ROTATION - 0 :131
4@ PLANT UNIT® SG  LEG DATE ZETEC Inc. - 1963
SCE SONGS 1 *a* INMET  10/08.76 Edition 1.8 Rev 1




CH SVERT _|_ CH BHORIZ , CHANMEL NO — 3 10 18 ROM 48 (L o2

CHANMEL 1 DIJF¥

= ‘ A FREQ ——- 488 kHz
SPAN -—— 1624
] ‘ ROTATION - @ DEG

CHANNEL & DIFF

, | FREQ 208 kHz
r | SPAN -—— 1824

] ! ROTATION - @ DEG
[ CHANNEL & |
P & FREQ ——— 486 kHz |
' SPAN ——- 1824
ROTATION - @ DEC
CHANNEL 4 MBS
T S e 1% ke
TS HL +0.6 SPAN — 1824
ROTATION - @ DEG
mIX 1 (S <—
CHANNEL S 1
SPAN 1824
— — — ROTATION - 26 DEG
MIX 2 B2 -
h CHRNNEL S 34
L SPAN 1624

| | g
] Jl ! ROTATION - & DEG |
1 p— |

a8 ' ZETEC Imc. - 1983

Editior. 12.8 Rev 1




CH 3HORIZ ,

CHANNEL NG — 3

ID 16 ROM 39 COL 52

— CHANMEL 1 DIFF
FREQ ——— 408 kHz
h - SPAN —— 1624
ROTATION -  © DEG
CHANNEL 2 DIFF
FREQ —— 088 kHz
AN SPAN -—— 1824
M ROTATION - @ DEG !
CHANNEL 3 |
FREQ —— 488 kHz |
SPAN —— 1294 !
‘ ROTATION -  © DEG |
CHANNEL 4 0BS5S ,
‘L_ .54 YOL1S 169 MEE DNT FREQ 168 kmi
TS HL +0.0 SPRAN ——— 1824 i
S:—_ = —— — ROTATION - @ DEG |
i MIX 1 (5) <— I
CHANNELS .12 ;
‘ SPAN ——— 1824 i
L ] L — ROTATION - 2@ (G |
MIX & (6) {— ;
CHANNEL S 34 v
SPRN 1824 ‘
Lo m———— A __| ROTATION - @ DEG |
46 PLANT WNIT® &G  LEG DATE ZETEC Imc. - 1962
SCE SONGS I =a" INLET Edition 12.8 Rev 1




‘ ©|_ CH 3VERT CH 3HORIZ CHANNEL N0 — 3 I
- L CHAMMEL | DIFF |
‘. pr——— FREQ -——— 486 kHz |
v SPAN ——— 1824 |
ROTATION - @ DEG
Lo !
CHRMNEL 2  DIFF |
” FREG ——— 288 kHz |
! T—0 SPAN - —— 1624 |
| ROTATION - ® DEG !
e CHANEL 3 BE i
FREQ 400 kHz |
‘SPAN ——— 1204 1
| ROTATION - @ DEG |
CHANNEL 4 ABS i
3.87 vOL1S 16¢ BB & | FREQ 166 ki l
TS H +8.8 DTS | SPRN —— 18e4

i ROTATION -  © DEG |
MIX 1 (5} <— ;
CHAMNEL S 12 |
— I SPAN —-— 1624 i
. — ROTATION - 2% DEG !
. [MIX & <6y <-- i
i — -1 CHANNELS 34 i
* ! SPAN ——— 1824 !
| i | 1 ROTATION - @ DEG !

a6 pLANT UNIT® SG  LEG DATE ZETEC lmc. - 1963

I A" INET 109676 Edition 12.8 RKew 1




- CH B VERT

+]- CH 3HORIZ

CHHNNEL NO — 3

1D 16 ROW 37 COL I

CHRNNEL 1 DIFF

CHANNEL 4 AET

3.68 YOL1S 198 WD
18 HL +4.8

|

SPAN ——— 1824
ROTATION - @ DEG
MIX 1 (5) <(—
CHANNEL S 12
SPAN --— 1624

— ROTATION - 28 DEG

imIX 2 63 (-

FREG ——- 1688 kHz

FREG ———— 408 krz !
SPON ~—— 1824 '
ROTATION — e OfG |
CHANNEL 2 DIFF ;
FREQ ——— 200 ki |
SPAN ——— 1824 ;
ROTATION - ® DEG |
CHANNEL 3 BHE:

FREQ -—— 40@ kHz
SPAN ——— 1264
ROTATION - @ DEG

CHRNNEL S =4
| SPAN ——- 1624 ,
{ ROTRTION - @ DEG i
PLANT UNIT® &G LEG DATE ZETEC Inc. - 1983
SCE SONGS 1 A* INET  16/80/76 Edition 12.8 Reu 1




CH IVERT ,|_ CH 3HORIZ, CHANNEL NO —- 3 1D 18 RON 36 COL S
CHANNEL 1 DIFF
— FREQ —-— 468 kHz |
‘ SPAN ——— 1624 §
ROTATION - @ DEG |
CHANNEL 2 DIFF :
FREQ ——- 288 kHz
SPAN -—— 1624
L__; I (W ROTATION - @ DEG ;
— | CHANEL 2 I
FREQ —— 488 kH: |
! , SPAN —— 1264
ROTRTION - @ DEG |
CHAHMEL 4 FRES !
FREQ 168 kHz |
——— T8 H +8.0 SPRH —— 1824 ;
ROTATION - @ DEG |
— MIX 1 (5) <—- |
CHANNEL 3 12 |
— l_ - — SPAN ——— 16824 f
— —_ ROTATION - 2@ DEG |
M1x & 6> <--
o \ jum&: 24|
- , SPAN 1624 §
{ | [ [ ROTATION - @ DEG |
PLANT UNIT®  SG  LEG DATE ZETEC Inc. - 19
SCE SOMGS 1 A IMET 188876 Edition 12.8 Rev 1




T o avert ,|_ cH 3HORIZ | CHANNEL MO —- U 10 ROW 34 L 52
P : | CHANMEL |  DIFF

FREQ 488 kHz
\ SPAN ———— 1624
: p——
3

(S

ROTATION - 8 LEC e
CHANNEL 2 DIFF
FREQ ——— 208 khz

SPAN ——- 1824
= CT ROTATION -  © DEG f
CHANNEL 2 ',
FRED 408 kHz l
SPON —— 1204 !
! ROTATION - @ DEG |

CHANMEL 4 RES
FREG -——- 186 kHz

{

TS H +8.8 SPAN —— 1ee4 '

I ROTATION - @ DEG |

i MIX 1 (5> <—

' CHANMNEL S 12 ;

T -t —“’ SFAN ———— 16824 ;

- —_ — ROTATION - 2% OEC :

- MIX 2 <€ — i

A Tjoemas 34

! SPRN 1624 :;

. f . I | KOTATION - @ DEG |
48 PLANT UNIT®  S/G  LEG DHTE ZETEC Imc. - 196%

SCE SONGE

1 A" INET 1888/76 Edition 12.% Rev |




1980 COLUMN 39




CEH OUWERT Tl 4 vERT CHMENFEL HO - ] 1[10 18 RUW 0 C0L 3%
ICHENNEL | :

‘ FREG ~———— 4 kHz |
§ . I CPON - 1624 :
;o | RUTATION - & DEG
CHANNEL & DIFF :
FREQ ———— 18¢ kHz !
= SPAN ~—— 1624 f
RN ROTATION - & DEG .
N \ CHANNEL 5 OIFF
) ! FREQ -—— 340 kHz |
SFRN —-—- lE€4 :
ROTRTION - @ DEG
CHAHMEL e :
FREG ————- jes kHz
_—y ‘o8 | SFAN ——-—- 1884 :
7{ 5 | ROTATION - a TEG
i MIx 1 (5 <--
I T comeELs =
; ,_ { ! SPEN --—-- 1664
P | — C';’; — ROTATIAN - 33 DEG
I ! i \ i MIz & e D e=
Lo ; } ' : | oHENNELS 1z
: i : | ! ; ‘) P ROTATION - & DEG
B4 FLANT INTTH oG LEG naTE TETEC Imc. - 1983
SCE SONGS | 1 "G THLET @505 %8 Edition 12.8 FRew !




FREQ —-—— 368 kHZ |

’ e Lj | [ SPAN --——- 1624 ?
) 3 | ROTRTICN - @ DEC |

J CHEOWEL & DIFF -
FREQ -——— 16 kHz |
' : | A | SPAN —-- 1824
! 7 | RN | ROTATION - & [€C
' | N ICHAMNEL 3 DIFF ;
' i_ ~ FREQ ———- 4@ kbz |
; -— ‘ SPAN - -=— 16C4
d ROTATION -~ @ DEG |
| CHARNE L 4 < ;
| — | FREQ ———= 106 kb |
i TS W +8. 6 _j SPRN - 16ca
| { 1‘ } ‘ FOTATION - @ DED !

| _ ! S MIF 1 Css oo

; : | _I CHOMMELS &

: ' § [ l SPAN ———— 14
I I L < i —frotamion - a1 es
E ! | ? T Mk ey o ;
! | | } i { | CHANNELS 1z :
i ; — — { — SFRN -——— 1624 |
| r i \ i 1 | ROTATION - & (G,

34 FLANT UNIT®  SG  LFG DRTE © ZETEC Inc. - 1963

INLET

a5 2hee Edition

2.4 Reuv 1




! r ’:_ CH 1VERT 1 Cn avEes | CHRMEL NO —- ¢ 10 10 FOW 22tk 2al
[rm———— = CHANNEL 1 *
: - ___i o | FREQ --—-- 49€ kHz |
: 1 | | cpeN ——— 1624 5
) ROTATION - @ [€G |
é CHANMEL & DIFF |
FREQ ~—— 108 kHz
} SPRN ——— 1684 ;
i (N\\ | ROTATION - & OEG |
‘ — o~ ) CHANNEL 3 DIFF i
S FREG ——- 346 khz |
_—i— SPAN -—— 1824
ROTATION -  © [EG
itm&EL 4 AL
FREQ —--- 18€ kHz
TS M +8.6 SFAN -——— 1624
~ : e 3 | FOTATION - @ DEC
{ ‘ L ; __Vux 15y a—
i ' !—_ ‘} g 2 U CHANMELS €
| | : CPAN ——-— 1684
' ] — % —_ (} ROTATION - [EG |
x i i . mIx & 6y <
‘ | f g CHANNELS 12
— { B SPAN -——— 164
| | | ! | | l ROTRTION - & DEG
34 PLANT UNIT® &G LEG oaTE ZETEC Inc. - 195
SCE SOMGS. 1 1 qn INET @52589 Edition 12.8 Reu 1




4 VERT *; CHOMMEL MO - 8 . Em 18 ROW &8 0L 39)
T

! icHoNNEL 1 D !
g [ U FREG -———- 408 kHz |

. | SPAN ——~—- 1624 ;
‘ | ROTATION - & DEG |

s CHANMEL & DIFF :
FREQ --— 186 kHz |
_ . SPIN —-—— 16€4 i
| v ROTHTION - @ DEG |
CHAMEL 8 DIFF i

FRER -——- 348 kHz |
| SPAN ---— i@24 '

- ‘/_
.

E i | KOTRTION - B DD

i ; CHAMNEL 4 AES :

| i — FREQ —=—- 108 kH:

' ' TS HL +y, 8 | SPRH --—- 1824 .

! | i é | ; ROTATION - 6 DEG |

i ! « MI% 1Sy -- :

,; % ;’— l ; g —* CHANHEL = kS :

. i i < | SN ——- 16@s

Pl - A — ROTATION - 11 DEC

o ; | i | (% £ e i .

‘ P | | { f | CHRNNELS 1 :

! | | — { —— — SFEN -—— 1624 :

: Lo } | i i é | FUTHTION - & €D !
' 34 PLANT iHIT® oG LEG DETE SETED Inc. - 1963
SCE SONGS 1 1 apu INLET  @5/25.7% Edition 1Z.@ Rew !




Dl H 1VERT | M 4VERT R FHONEL NG - 1 B0 16 POW 24 COL 29
[ —'F == CHANNEL 1 EEER
| FREQ --—— 488 kHz

SPAN -——- 1824
ROTATION - @ DEG
CHANEL & DIFF

100 kHz

-— SPAN —-— 1804
f ROTATION - @ [EG
L@

!

CHANNEL 2 DIFF
" 246 kHz |
SPAN --—— 1624 i
ROTRATION - & OFEG !
CHRNNEL 4 AES

FREG -———- 188 kH=

.

ROTATION - @ DEG
MIK 1 <5y <
) ]
" b CHENMEL S
!

PN ——— 1604
—§ROTATION - 1! DEG

; \ mix 2 6> <=
I :

-

ST

CHANNELS 12
— SPRN ——— 1624 f
KOTATION - & DEG |

e m gt e e o i e e o i

4 PLANT UNTTH % O LEG NATE ZETEC lmc. - 19E=
SCE SONGE 1 I "A* INLET  B5-25ta Edition 1Z.8 Rev 1
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| LooH 1vERT D oW aveRT CHOTL MO - ] 10 16 ROW 25 (oL 3o

5 ! CHANNEL | BRER !

b . FREG ~—— 368 kHz

i I ] SPAN —— 164 !

| ROTATION - & DEG |

i 1 (HRNNEL &  DIFF !

| { FREQ —--— 168 kHz |

E : Ao | PN —— 1624

| " KOTATION - & DEG |

i % (HANMEL 3 DIFF i

' FREG ——— 348 KkHz |

—3 SPAN -——— 164 }

| | ROTATION - @ DED

l ic:m& 4 RES

ST AT - - e e ARG

\ TS H . SFAM ----- 1624 §

i 3 I ROTATION - @ DEG .

' - MIN 1 (S0 (— ;

! ; ! ! TP oL e 'j

‘ ! ‘ é ’ SFAN ———- 1624 ;

. g L — —JROTATION - 11 DEG |

! i / l MIR & By fe-

| ! | \ i CHANNEL ¢ oz :

! f — | - — wPEN ——— 184

i L ! f g ROTATION - & CEG
34 FLANT UNIT®#  S/G LEG DATE ZETEC Inc. - 13EE
SCE SONGE 1 I ~ar IMET  @5/252% Edition 12.4 Rev )




| 1. v 1vem ! fH 4 VERT CHANMEL MR -- | 10 16 ROW 26 (0L %)
) m—— cHoEL 1 B '
"‘Ii 3 FREG ——- 486 kHz
- — | SPEN ---— 1824
{ | POTATION - & DEG
i CHMNEL 2 DIFF
! FREQ —— 188 kHz
| PR | SPRN —— 1624
! T ROTHTION - @ DEG
: \:.) CHEMNNEL 2 DIFF
3 ! FREG - - 348 kHz
SPRN -—- 1604
T RUTATION - @ DEG |
CHEMMEL 4 ABS §
, FREG --—— 1648 kH:
| 16 H +8. b | SFaN —-—- 1604
; ] ROTATION - & DEG |
‘_ j ! ___"H]‘F\' 1 7S i
: \ CHANNEL = 2c .
Lo ! < ; SFARN —-—- 1824
! L —_ __fROTATION - 11 DEG !
' g < ’ ' M1 & cer oe- ;
| = } —r — SPEN -—-— 1&c4 ?
i ] | f i 7 ROTHTION - & D€G
¥4 pLANT wITR G LEG NATE ZETEC Inc. - 1983
SCE SOMGS 1 I Q" INLET 852588 Edition 12.8 Rev 1




T o R LT oW 4 vERT A FHERHEL N0 —— 1 ho 1o Row 27 cou 2
Pt M ims—| iC ! CIF '
| - CHAREL 1

|

FREG --—- 46w kHz |
SPAN ————- 1624

—
'! F‘?L f

i :
| ! | | ROTATION - @ DEG |
! ! ! (CHANNEL & DIFF :
| P FREQ --——- 10@ kM |
| ,‘éf e SFAN ——— 1624 ;
i ] R \ ROTATION - @ DEG |

SPEN --——- 1BE4

| ' :
i ! - < i —}rOTATION - 10 DEG
! 1 ) ! MIK & ey s .
! ; ! i CHARNMEL S 1
| | l g =2
: ) } ri
L E

i

!

!

| [

l l ! ! A |cHAEL 2 DIFF :
| | . I | FREG ——— 346 kriz
| ' B
| | IPAN - 16c4 '
i ! KOTATION - @ DEL
! r ' V- CHANNEL 4 ABS {
i FREQ -——-- 168 khz |
i 1-3 TS id, +8. 6 SPON ———- 1824 ?
] ( ! ROTATION - & DEG !
l | __1_. MIx 1 (5% i--
' o N
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