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SRR Regulatory  File Cyg)

Carolina Power & Light Company

Raleigh, North Carolina 27602

File: Robinson 2-0-4

Mr. D. J. Skovholt
Asst. Director for Operating Rea
Directorate of Licensing

United States Atomic Energy Commissid
Washington, D. C. 20545

H. B. ROBINSON UNIT NO. 2
LICENSE DPR-23
INTEGRITY OF STEAM GENERATORS UNDER ACCIDENT CONDITIONS

Dear Mr. Skovholt:

We have reviewed your letter of October 5, 1972, regarding the
existence of an unreviewed safety question in the operation of our H. B.
Robinson Unit No. 2 plant, and are of the opinion that adequate assurance
exists to ensure the continued operation of the plant in its present state
with no increase in.risk to the health and safety of the public.

The increase in the pressure differential between the primary
and secondary side of the steam generators due to a steam line break or
other similar accident will not cause catastrophic failure of the steam
generator tubes in their present condition. Various mechanical tests
on steam generator tubing, coupled with Robinson Plant experience, are
summarized in the attached document, and show that this is indeed the case
for the transient conditions and the flaw sizes under consideration. The
integrity of the fuel clad, however, cannot be assured under the assumed
accident condition of steam line break with collapsed clad areas. Thus,’
one of the two barriers to fission product release during this accident
cannot be assumed to exist as in the Final Safety Analysis Report.
However, the integrity of the steam generators is maintained and is
sufficient to prevent an increase in the consequences of a steam line
break accident.

In addressing the Commission's concerns specifically, the
attached document shows:

1. The present operation of the Robinson steam generators
shows no indication of any detectable primary-to-secondary
leakage. Corrective actions to the previous mechanical
and chemical operation of the plant were implemented after
the tube plugging operations in May and June, 1972, and
the absence of recurring leakage is indicative of the
success of these actions in arresting further degradation
of the tubes.
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Mr. Skovholt -2- October 27, 1972

2. The plugging operations involved all tubes which had eddy
current indications. The lower limit of detectability of
this method is approximately 25-30% penetration in the
tube wall so that the tubes plugged had penetrations
greater than this value. We are confident that all tubes
with penetrations greater than 50% were found and plugged,
based on the testing method and the pattern of tubes
tested in each generator.

3. Mechanical tests at operating temperatures of new and
service exposed tubes show that, for the maximum flaw
length found in the Robinson Plant, the pressure differential
required to cause plastic failure of a through-wall flaw
is at least 500 psi above the maximum pressure experienced
during a steam break accident. Test results also indicate
that a flaw of this type and size would exhibit a primary-
to-secondary leakage some four times greater than that
allowed under present interim technical specification limits
which require plant shutdown. The presence of wall thick-
ness (or partial through-wall penetration of the flaw) serves
to increase the margin between burst pressure and maximum
pressure resulting from the accident.

4. The pressure increase during the accident takes place
initially over a period of some ten seconds; this is not
considered "rapid" in the sense of a shock wave or pressure
pulse producing a "rapid" increase, or spike, in pressure.
The time difference between the accident pressure transient
and the pressure transients used in the mechanical tests is
therefore of little significance.

Based on the above evidence, it is concluded that the steam
generator tubes are not substantially degraded from their condition as of
June 9, 1972, and that the existing steam generator leakage limitation
and its frequency and accuracy of measurement provides assurance that the
structural integrity of the steam generator tube is unchanged from that
assumed in the H. B. Robinson Unit No. 2 Final Safety Analysis Report,
that no increase in surveillance or special hydrostatic tests are required
to substantiate this position and that no unreviewed safety problem exists.

Yours very truly,

wﬁ%‘/
yﬁ%. E?ﬁﬁziey ’1i7
Vice President

Bulk Power Supply

DBW/za

Attachment

cc: Mr., C, D. Barham
Mr. N. B. Bessac
Mr. B. J. Furr
Mr. S. Grant



DESCRIPTION OF PRESENT STATUS OF STEAM GENERATORS

CAROLINA POWER & LIGHT COMPANY

H. B. ROBINSON UNIT NO. 2

DOCKET NO. 50-261



STEAM GENERATOR INSPECTIONS

On May 14, 1972 the H. B. Robinson II plant was shutdown because of an
increase in primary to secondary leakage in steam generator "A". The

leakage in steam generator "A" increased from 55 gallons per day, which
had existed since October 1971, to approximately 10 gallons per minute
while returning to hot standby conditions following a maintenance shut-

down.

Steam Generator "A'" was visually inspected following a normal plant cool-
down and after draining the secondary side of the generator to within 4
inches above the tube sheet. The inspection revealed a single leaking
tube on the inlet side of the generator in row 7, column 43. No other

leaks were noted.

An eddy current (EC) test program was initiated in steam generator "A" to
characterize the defect in the subject tube and to determine the condition

of surrounding tubes.

A thorough EC (Eddy Current) inspection of the leaking tube, row 7, column
43, revealed a through-wall defect just above the secondary side of the
tube sheet (approximately 3 inches). No other EC indications were observed
in the inspection of this tube which covered the length of tube from the

inlet end up through the first tube support.

The sensitivity of this non-destructive testing procedure is such that in-
dications greater than 25-30% penetration in the tube wall can be detected.
It is therefore possible that indications less than this lower sensitivity
level may exist in the unit, however, as discussed in following sections,

these tubes have substantial strength.

The EC test program for steam generator "A" provided for inspection of

2029 inlet side tubes up to and through the first tube support. The area

of the tube sheet tested is shown gréphically in‘Figure 1. Of the total

2029 tubes tested, 23 tubes were found to contain eddy current indications

of varying degrees of outside-diameter originated wall penetration. Table 1
lists the EC indications observed durin% the inspection of steam generator "A'".

-/
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In addition to the testing of "A" generator tubes, an inspection program

was carried out in the YC" and "B" units. The inspection patterns were
established to give a comprehensive inspection of those areas of the gener-
ator where indications have been observed duriﬁg previous inspections and
also to avoid unnecessary deliberate exposure of personnel. These patterns
are shown in Figures 2 and 3. A total of 1588 tubes were inspected in "C"
inlet with 2 EC indications observed and 864 tubes inspected in "B" with

four indications noted. These indications are tabulated in Table 1.

In summary, a total of 4,481 tubes were inspected with the eddy current
technique in the three steam generators and 29 tubes were found to have
positive indications. Three tubes were removed from steam generator "A"
for further examination and all tubes with indications and the three loca-
tions where tubes were removed were plugged. The unit was subsequently

leak tested from the secondary side at 800 psi.

During the primary side inspection and repair, modifications were made to
the secondary side. These consisted of raising the downcomer resistance
plates in each generator to increase and restore the original recirculation
flow in each generator and the installation of new orifice plates in the

swirl vane assemblies to improve their moisture separation efficiency.

Subsequent metallographic examination of the tubes removed from the unit
revealed that they had been subjected to intergranular attack. The cracks
were very tight and ran longitudinally along the axis of the tube similar

to indications observed in tubes removed from this area in other units.

The unit was subsequently returned to service on June 9 and has been in
operation since that date at an operating pressure differential across the
tubes of approximately 1400 psi. The primary to secondary leak rate since
these repairs were made has been at the limit of detectability (0-6 gpd).
This is the most positive assurance that the action.taken to correct further

degradation of the tubes has been effective.

PROBABLE CAUSES AND CORRECTIVE ACTION.

Detailed examination of the tube samples removed from the Robinson steam
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generators revealed an intergranular attack originating on the OD surface

of the tubes. This attack was most probably a form of caustic stress

corrosion.

A review of the generator secondary side operating history identified
several factors which may have enhanced the environment contributing to
the intergranular attack on the tubes. These include:
a) reduced generator circulation ratio
b) operation with condenser in-leakage without concurrent
generator blowdown
c¢) operation with frequent out-of-specification chemistry
conditions
d) phosphate concentration (10 ppm) which was inadequate in the

presence of a), b) and c) above.

The corrective action that was implemented included:

a) plugging of all generator tubes which had positive eddy current
indications

b) return of the steam generator circulation ratio to original
design conditions

c) increase the minimum generator phosphate level to ZO‘ppm

d) continuous feed of phosphate, balanced by continuous blowdown

MECHANICAL TESTING PROGRAM

The objective of the mechanical test program conducted by Westinghouse has
been to determine to what extent service exposure has changed the mechanical
properties of Inconel 600 material and to interpret any such changes in

terms of the integrity of service tubes in the presence of possible cracking.

A series of mechanical tests were conducted with new and service exposed
Inconel 7/8" diameter steam generator tubing to compare properties. The
service exposed tubing had intergranular attack similar to that removed

from Robinson.

Through-Wall Slot Tests

In materials of high toughness the mechanism of failure of tubes containing

through-wall defects is a plastic bulge of the area adjacent to the crack.
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This is essentially a limit load or plastic instability failure. In this
event, the bulge pressure is only a function of crack length, tubing

diameter, thickness and material flow properties.

Pressure tests were conducted on tubes with through-wall slots of varying
lengths by using an internal pressure seal. The seal consisted of a 1/16"
thick neoprene bladder supported in the slot.region by a very thin steel
foil. This permitted pressure buiidup in the tube were the pressure pro-—
vided an effective seal on the bladder. The bladder did not provide any
significant strengthening to the tube. Pressure was increased in the tube
to the point where the tubes bulged sufficiently to cause extrusion of the
pressure seal. Generally, the crack opening at this point was on the order
of .10 inches. Figure 4 is a picture of the deformation of new and service

exposed inconel tubing upon reaching the bulge pressure.

The results of these tests on the 7/8" diameter tubing indicated that the
bulge pressure as a function of through-wall defect length for both new
and service exposed tubes exhibited the same behavior, as was expected.
Figure 5 is a plot of bulge pressure versus through-wall crack length. It
is noted from this plot that the bulge pressure increased with decreasing
crack length. A crack 0.6 inches long could be supported without bulging
of the tubing at a pressure above 2300 psi with minimum allowable material
properties at 600°F. With nominal properties of the material a pressure

of 3000 psi can be supported without bulging.

Partial Through-Wall Defect Tests

In order to further characterize the strength of Inconel 600 tubes in the
presence of flaws, burst tests were conducted on tubes having electric
discharge machined (EDM) defects part way through the wall. In general,
the slots were performed with 7/8" 0.D. tubing. Figure 6 is a plot of
burst pressure versus reciprocal crack lengths. It will be noted from
this data that tubing with 80 and 90% through-wall penetration has sub-
stantial additional strength as compared to the through-wall data. For

comparison the through-wall defect data 1is plotted on this figure also.

In addition, pressure tests were conducted with service exposed Inconel

tube sections which had eddy current indications. One tube was pressurized
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Ed 4300 psi at which point it developed a small leak by opening up of two
small adjacent cracks measuring about 1/16" and 1/8" in length on the 0.D.
surface. A second tube was pressurized to 5000 psi and held for ten minutes
without rupturing or leaking. This specimen was subsequently slotted through
wall and retested; it failed at a pressure slightly higher than that of new
tubes containing a similar slot. The burst pressure of an unflawed tube

is approximately 10-12,000 psi.

The results of the mechanical testing programs on service exposed material
and new inconel showed that service conditions had not significantly de-
graded the mechanical properties. Further, the tubing had substantial

strength even with through-wall or part through-wall cracks or slots.

LEAK RATE TESTS

A series of leak rate tests were performed at the Westinghouse Forest Hills
test facility to determine the leakage rates through various crack configu-
rations over a wide range of pressures. The experiments were conducted by
growing tight fatigue cracks through 7/8" diameter inconel tubing of various

lengths up to .8" long.

The sections of tubing were attached to a large autoclave which operated

at 5550°F. The pressure in the autoclave waé varied over a range of 1100 to
approximately 2000 psi. Steam was discharged through the crack in the tub-
ing to the atmosphere. The flow rates through the crack were measured by

a calibrated flow meter in the line going to the piece of tubing.

The results of these tests for a .6" and .7" crack are shown on Figures 7
and 8 respectively. It will be noted that in both cases, at 1400 psi which
is the operating pressure differential across the steam generator tubes at
power, the leak rates are in excess of 1 gpm. In addition for all the tubes
tested (.5" through .8" long cracks) the tubes retained their original round
shape after the maximum pressure (2000 psi) was relieved from the system.
The results confirm the results of the through-wall pressure testing pre-
viously discussed in the Mechanical Testing Program Section and further

indicate the ability of the tube to withstand this pressure differential.



SAFETY EVALUATION

It is our conclusion that caustic corrosion will not develop into a guillotine
or equivalent double ended break. This conclusion is based on both in-plant

experience and on material and leak rate testing.

The experience with leaking tubes in a plant has shown that the process is

an orderly one occurring over a time interval ranging from many hours to
days. Thus, when leakage has occurred it was detected readily by the oper-
ators and remained well within values which precludéd the use of any emer-
gency or abnormal operating procedures. Maximum leakages which have occurred

during power operation were on the order of 1 gpm.

Examination of tubes with intergranular attack which were removed from
operating units has shown that the corrosion process is such that corrosion
proceeds through the tube wall without achieving substantially long lengths.
The affected area was within an axial band of approximately 1 inch and no
cracks were this long. The longest crack area observed in the Robinson

tubes was approximately 9/16" long.

The failure mode of a through-wall defect is shown in Figure 4 for both new
and service-exposed tubes. The failure is a plastic deformation or bulge
of the area adjacent to the crack. 'This deformation mechanism is in direct
support of the in-plant experience of the orderliness of the leakage. Note
from the figure that there is essentially no difference in the appearance
of the deformationvbetween new and service-exposed tubing. Bulge pressure
1s plotted as a function of through-wall slot length in Figure 5 for oper-
ating temperatures. For a given crack length, as long as the pressure
differential across the tube is less than the bulge pressure, the crack
opening or displacement will be elastic and the opening will return to its
original dimensions as the pressure is reduced. If the bulge pressure is
exceeded the material will yield and the crack opening will take a permanent

set.
At a pressure differential of 1400 psi, which corresponds to the normal

operating pressure differential, with a .6" through wall tight fatigue

crack, a leak rate of approximately 1.4 gpm has been measured. For the
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1

tubing in the CP&L plant a .6" through wall crack would have a bulge pres-
sure of 2300 psi based on minimum material properties (Figure 5) and 3000
psi based on nominal properties. This leak rate is well in excess of that

at which it is currently required(l) (.3 gpm) that the plant be shutdown

and the leak repaired.

Based on the evidence which establishes that tubing retains substantial
strength with through-wall ox partial through—wall defects, on the experi-
mentally derived leakage which can be associated with defects at operating
conditions and on operational experience regarding the capability to detect
and respond to the leakage as an indicator of tube deterioration, it is

1)

concluded that the existing steam generator leakage limitation provides
assurance that the structural integrity of the steam generator tubes is
unchanged from that assumed in the H. B. Robinson Unit 2 Final Safety

Analysis Report and that there is no unreviewed safety problem.

AEC letter dated September 12, 1972 - "Interim Conditions for Operation'.
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‘ : TABLE
® 1 - @

(Tested May, 1972)

Elevation

Tubes with Indications lall Penctration % (Above Tune Sheet)
1. 5-41 % < 50 oD . 0-3"
2. 6-20 . 90 0D - 0-2" B
3. 7-41 . 60 0D 0-3"
4. 7-21 9 oD 0-3"
5. Co7-21 90 oD © 0-3"
6. 7-43 100 Leaker  OD 0-3"
7. 7-45 ' 85 oD ' ' 0-3"
8. 7-46 50 0D » 4"
9. 7-47 90 0D | 0-3"
10. 8-25 - 80 o | 0-3"
1. 8-29 85 0D ' 0-3"
12. 8-30 85 S 0D 0-3"
13. g-42 75 oD - 3"
14. - 8-45 85 0D 0-3"
15. 8-48 , 75 0D o2
16. 8-50 75 0D | 0-3"
17. 8-51 90 )i | 0-3"
18. 8-52 ‘ 60 0D _ 0-3"
19. 9-47 80 oD 0-3"
20. 15-41 . 50 SR
21. 16-40 : 75 oD 0-3"
22. 18-46 90 0D - 0-3"
23.

- 19-48 < 50 0D : 0-3"

A1l the above tubes were plugged,
In addition, the following tubes were also plugged.

24 ‘ 7-44 Indfcation free tube removed for'examination.

r - . . .
gg é_gg Required plugging due to error in plugging outlet
27 8-31 end of tubes 7-27, 8-25 and 8-30.

/
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Tubes with

Indications

18-41
20-44
20-45
20-46

19-45
- 15-48

TABLE 1

continued .

CPL STEAM GENERATOR "B"

Wall Penetration-%

75
60
75
.85

0D
0D
0D
0D

A1l four tubes plugged.

CPL STEAM GENERATOR "C"

75

75

oD
]

Both tubes plugged.

Elevation
(Above Tube Sheet)

1/2"
At Top of Tube Shect
At Top of Tube Sheet
At Top of Tube Sheet

0_2“
0-2"
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NQ Service Exposed

Bulge Bulge
Pressure ‘ Pressure
1230 psi 1230 psi

Figure 4. Deformation of new and service
exposed tubing upon reaching the
bulge pressure. Tubes contained
machined through wall slots of
1.5 inches. '



BULGE PRESSURE, PSI

Figure 5 ' BULGE PRESSURE VERSUS THROUGHWALL
DEFECT LENGTH ’
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