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License zmendments have been granted for plants to operate with eddy current
limits on steam generator tube testing augmented by more stringent primary to
secondary leak criteria. One such plant, the plant specifically mentioned in
the DPO, was selected as the Base Case for this prioritization (a four-loop W

PWR) . y

The concern stated in the DPO is "...a Main Steam Line Break outside
containment could trigger multiple steam generator tube failures which would
then result in a core melt because of depletion of coolant inventory." The
concern applies to PWR operation with multiple steam generator tube through-
wall-crecks or other tube degradations. This statement of concern defines the

issue prioritized herein.
Safety Significance

A PWR main steam line break (MSLB) concurrent with steam generator tube
rupture (SGTR) could result in a containment bypass loss of coolant accident.
If the SGTR involved enough tubes and if the MSLB was not isolable, core
damage would ensue upon refueling water storage tank (RWST) depletion. The
ruptured tubes and open steam line would then provide a direct path to the
atmosphere for fission products from the deteriorating reactor core. For
pricritization purposes, the MSLEB will be assumed to occur in the steam line
segment between containment and the first MSIV., BWRs are not affected by this

issue.



Possible Solutions

One solution is repair of tubes or replacement of large portions of seriously
degraded steam generators.

A second solution is to install a feature to prevent depressurization, given a
MSLB; 1.e. the steam line between containment and the first main steam
fsolation valve (MSIV) should be provided with a guard pipe assembly to
maintain secondary system pressure given a MSLB. The MSIVs should be of
sufficiently high availability for the case where MSLBs occur downstream of

the MSIVs,

A third solution 1s to mitigate the seriousness of loss of RCS inventory by
providing borated water sources sufficient to maintain core cooling long
enough beyond RWST depletion to initiate and maintain cooling by the decay

heat removal (DHR) system.

A fourth sciution might be to add MSIVs inside containment. However, due to
the potential for installation and maintainability problems for such valves,

this option was not pursued.

PRIORITY DETERMINATION
frequency Estimate

Reference 5 estimated the probability of a MSLB in the segment between

containment and the MSIV as 1.0E-3 per reactor year (RY) with an assumed



4

worst-case peak differential of 2600 psid. An unpublished estimate aas also
been made, using an expert judgement approach, by a team assembled under the
*Evaluation and Improvement of NDE Reliability for Inservice Inspection of
Light Water Reactors® program sponsored by the NRC. The team median estimate
(to be published) was' 1.7(-4 per reactor year per segment, for 3 leak volume
greater than 50 gallons per minute, which gives 6.8E-4 per reactor year for a
four Toop plant. Due to lack of data, Reference 6 could only estimate an
vpper bound of 7.CE-3 per RY for “reaks in secondary system piping greater
than three inches in diameter. For this exercise, 6.8E-4 per RY per four loop

unit will be assumed as the initiating event frequency.

The Base Case W plant identified 3025 flawed tubes of which 25897 were
repaired by either plugging or slesving during 1991. Tha balance of 428
were approved to be left in service (Ref. 7) under new steam generator (SG)
tube eddy current testing criteria and more stringent primary to secondary
leakage limits. In the following evaluation, the 428 tubes are assumed to
have flaw depth greater than 40% through-wall based on evidence from pulled

tubes (Ref. 7).

From Reference 8, there are 87, €7, 101, and 173 flawed tubes in the Base Cace
SGs ., B, C, and D respectively. It is assumed herein that flaw depth is
uniformly distributed through the tube walls. Under this assumption, there
are approximately 15, 11, 17, and 29 flaws in the respective SGs with depths
between N and N+10 percent through wall for N=40, 50, ---, 90 assuming only
one flaw per tube. ([There are probably several flaws per tube, particularly

at the support plates. It should also bz recognized that many more flawed
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tubes could exist at the Base Case Plant than the 428 in question. These
conditions are both due to the fnherent weaknesses in eddy current testing.
Feference 4 describes an exercise where several different techniques were used
tc detect laboratory nroduced flaws. Detection probability ranged from 0.2 to
0.75 with an average of 0.5. Flaw sizing ability was poor.)

Figure 1 1s a plot of curves 11lustrating normalized burst pressure vs. flaw
length for a family of flaw penetration curves [cf. Reference 9, Uniform
Thinning Equation]. FPo 13 the burst pressure of a virgin (unflawed) tube, P
is the burst pressure of a flawed tube, t is virgin tube thickness, and a is
flaw depth. Po is approximately 10E+4 psid, thus 0 26 on the P/Po scale
corresponds to approximately 2600 psid. From the figure, tubes with an a/t
ratio of 0.75 or more would leak or break at a pressure of 2600 psid or less
depending upon flaw length, Again assuming uniform distribution of flaw
depth, there are about 36, 28, 42, and 72 flaws, ii the respective SGs with
depths 0.75 or more. No attempt will be made to estimate flaw length., It is,
however, noted from the figure that flaw length can be quite small for flaws
greater than 0.9 through-wall to exhibit leakage at pi.ssure much less than
2600 psid. Actual rupture of ten or mure tubes at 2600 psid appears to be a
reasonable assumption. A leak-before-break (LB8) concept is inherent in the
Safety Evaluation (Ref. 7) for the Base Case plant licensing amendment which
is the subject of the DPO. Reference 11 cautions that, "It is not recommended
that the LBB concept be applied to piping systems that are susceptible to
IGSCC [intergranular stress corrosion cracking] or to water hammer and to

piping subject to erosion, such as portions of the steam extraction systems."”
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For a large main steam line break with more than 10 steam generator tube
ruptures, Sequence B¢ of Reference 5 has an assigned probability of 0.5 for
failure to denressurize the RCS to atmospheric pressure before RWST depletion,
The estimated core damage frequency for the case under consideration is then
F(MSLB) X P(more than' 10 tube rupt ) X P(failure to depressurizé) or (6.8L-
4) X (1.0) X (0.5) =3.4E-4 everts per reactor year. The 0.5 for failure
to depressurize is not elaborated upon (other than being time-based) in

Reference 5 ard could be conservative,

Reference 12 states that, "Initiatives that are directed to prevention of
core damage should also assess the potential for early failure or bypass

of the containment in order not to exceeo the large release frequency of
1.0E-6/reactor year." Although Reference 12 is not yet implemented, with a
frequency goal of 1.0E-6 per reactor year for this containment bypass
sequence, virtually all of the 3.4E-4 events per reactor year constitutes the

frequency reduction potential [(3.4E-4) - (1.0E-6) =3.39(-4).

Consequence fstimate

Reference 13 (cf. Table 7, Page 3-24) assigns a PWR-1 release category to an
MSLB with multiple (»10) SGTRs. The whole body dose per PWR-1 event is 5.4E+6
person-rem. The offsite public dose consequence is thus (3.4E-4) x (5.4E+6)
=].8E+3 person-rem per reactor year. Although the license amendment granted
for the Base Case unit was for cycle 14, it is assumed that extensions will be
granted through the remaining four years of unit operation (not yet approved

by the NRC) currently desired by the owners. With an assumed 4 years of
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Another possible solution, involves installing main steam 1ine guard pipes.
This appears to be economically more attractive due to short main steam line
segments between the containment wall and the first MSIV. This 1s also a
preventive action, Which would meet .he Reference 12 CDF goal for a
containment bypass sequence since the calculation of F(MSLB) x P(>10 tube
ruptures) x P (failure to depressurize) yields (6.8f-4)" x (1.0) x (0.5) »

2.3t~ 7 < 1.0E- 6 events per reactor year.

It was astumed that four MSIVs would require replacement in addition to

guard pipe installation because of new large flanges required on each MSIV.
Cost estimates were taken from Tables 4.1 and 4.2, Abstract 2.1.9,

Reference 16, after noting from Reference 17 that guard pipes need not be
designed for greater pressure and temperature than the enciosed pipe.
Allowing room for the enclosed pipe and insulation, 36 inch diameter carbon
steel pipe was selected. The nearest satisfactory pipe thickness tabulated
was 2 inch. A 4% inflation factor of 1.22 was used for the years 1988 - 1992

inclusive.

) Carbon Steel Pipe (36 in diam., 2 inch thick)
Number of Linear Feet: &4

Unit Installation Labor: 316 MH/LF (man-hours/linear

feet)

Labor Rate X Overhead Factor:

Factory Cost:
Site Materials:
Carbon Steel Pipe Cost:

$24.90/MH X 1.59 =$39.60/MH
$2914/LF
$818/LF

1.22 X 44 X [(316 X $39.60) + $818 + $2514] =3$872,064
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0 Carbon Steel Stop Valves (30 inch)

Number of Valves: ¢

Unit Installation Labor 33IMH/Valve

Labor Rate X Overhead Factor $29.90/MH X 1.59 «$39.60/MH
Factory Cost: $34897 /Valve

Carbon Steel Stop Valves Cost:

1.22 X 4 [(333 X $39.60) + $34897) « $234,649

Total Guard Pipe Irnstallation Costs =$1,106,713 per four loop
plant,

NRC Cost

Development of a sclution is estimated to cost three and one half person-years
of contractor labor at a cost of $125K/person-year to investigate solutions to
this issue and related problems [cf. Other Considerations). NRC Project
Manager cost would be about $41K or 1000 hours (Ref. 16). Assuming the
results indicate a rulemaking activity for operation with degraded SG tubes,
an additional 1000 hours of staff time would be required. Tech. Spec.
changes, supporting Reg. guides, and other regulatory costs for the 75
reactors involved total $1.6M (also Ref. 16). Total NRL cost is estimated to
be $2.1M.

Total Cost

Assuming the current population of 75 PWRs for eventual operation similar to

the Base Case unit wi, modified SG tube piugging requirements and
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primary/secondary leakag. ~iteria, total industry and NRC costs are about
$65M for the total number steam 1ines fnvolved. That figure is obtained by
scaling the $1.11M per plant appropriately for 2 and 3-loop plants, totalling
over the numbers of plants, and adding the NRC costs.

Yalue/Impact Assessment

Based on an estimated total industry risk reduction of 4.1E+5 person-rem and

total cost of $65M for the solution considered, the value/impact score is:

S = 4 1E+5 person.rem
$65M

= 6.3E+3 person.rem/$M

Other Considerations

The PWR issue considered herein was a -ore damage scenario initiated by a main
steam line break (MSLB) in the pipe segment between containment and the MSIV.
Loss of pressure in the secondary side resulted in a primary to secondary side
pressure differential sufficient to rupture flawed steam generator tubes. It
must be reccgnized that a MSLB is not the only initiating event for a high
primary/secondary pressure differential. Stuck open relief valve, break in
the main feed line, or MSLB downstream of a stuck open MSIV should also be
considered as initiators of similar scenarios. Other issues may be affected
by multiple steam generator tube ruptures, such as Pressurized Thermal Shock.
From Figure 1., note that, depending upon flaw length and depth, such SGTR

initiators can occur at pressures less than or equa) to PWR operating
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pressures. It should also be noted that ' operating years for the Base Case

were more than the four assumed, e.g. ¢+ years (to achieve a 40 year plant
1ife), the individual plant and total plant risks would be correspondingly
larger,

Severe accident considerations should also be made during resolution
activities. A PWR ATWS under Jegraded SG tube conditions, for example, would
likely result in rupture of significant numbers of SG tubes with possible MSLB
due to overpressure of the secondary system. In other severe accident
scenarios, hot gases from a Ccamaged .ore could heat degraded tubes, including
tubes with through-wall cracks, causing tubes to slump, resulting in open

pathways, to the secondary system and environment, for radionuclides.

Consideration should also be given to any new permanent leak rate criteria
vis-a-vis existing regulations such as 10 CFR 50.34a (ALARA) and Part 50,
Appendix I, as well as GDCs 14, 15, 30, 31, and 32.

NC N

Based on the potential public risk reduction associated with this issue and

additional potential concerns under Other Considerations, this issue is

assigned a HIGH priority ranking.
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