
-
__

fe %yo |>
~ * 'c , , - ,.

# ONITED STATES * ' **
g

[] fg NUCLEAR REGULATORY COMMISSION
'

f. WASHINGTON, D. C. 20555

sY%f s'. s *.....a SAFETY EVALUATION BY THE j
,

OFFICE OF NUCLEAR REACTOR REGULATION

NORTHERN STATES POWER COMPANY

PRAIRIE ISLAND UNITS 1 AND 2

DOCKET NOS. 50-282 AND 50-306 ,

SPENT FUEL ASSEMBLY DEGRADATION

DECEMBER 1981

.

1.0 Introduction

On December 16, 1981, with both units operating at power, spent fuel was -

being moved in the spent fuel storage pools. As the operator latched

assembly D-34 and moved it to another location the bottom nozzle came to
rest on the top of the spent . fuel rack, ~ indicating the assembly needed to
be re-indexed.

As the operator attempted to raise the assembly to re-index, the top
nozzle,.which remained latched to the spent fuel handling tool, separated

from the remainder of the assembly. The assembly, without the top nozzle,
then tipped towards the spent fuel pool wall and came to rest at approxi-

mately a 30 degree angle from the vertical in both the X and Y planes.
The bottom nozzle was supported on two faces by the top of the spent fuei
rack, and the top of the assembly was supported by the weir gate opening
in the wall which exists between the transfer canal and pool #1. The

assembly was wedged between the weir gate and fuel rack and is considerad
stabilized. There was no detectable release of radioactivity, and visual

examinations did not reveal any damaged fuel pins.

A detailed description of the incident was given in LER 81-031, Rev. O,
(December 30, 1981) while a brief synopsis of an investigation conducted
by the fuel vendor was given in LER 81-031, Rev. 1 (May 12, 1982). The

fuel vendor concluded that the failure was caused by stress corrosion
cracking (SCC) while in the spent fuel pool. However, the water chemistry -

of the storage pool was maintained within the vendor's specification.
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2.0 Evaluation

on February 23, 1983 the licensee and the fuel vendor made a presentation
to the staff on the spent fuel assembly failure incident. By letter dated
March 22, 1983, the licensee provided additional information on:

1. Materials and Fabrication History,

2. Operating History and Storage Condition,
3. Failure Analysis,

4. Recurrence of Similar Failure at Prairie Island and Other PWRs,

5. Safety Concerns, and
6. Recommended Corrective Actien(s).

,_

2.1 Materials and Fabrication History

The top nozzle of the spent fuel assembly is attached to the guide
tubes by a stainless steel sleeve, approximately 8 inches long, welded
to the top nozzle at each of the 16 guide tube locations. The
zircalloy guide tubes are then inserted into these sleeves and coupled
by a formfit, where the zirealloy tube is bulged out into the sleeve
at 3 elevations. The sleeve material is Type 304 SS with certified
composition and mechanical properties which meet the ASTM specifications.

The licensee indicated that the Type 304 stainless steel sleeves were
brazed to Inconel 718 grid straps and subsequently solution heat treated

' as part of the grid assembly at 1750 to 1875 F followed by age hardening
at 1400*F for 5 hours and at 1200 F for 1 hour. The top ends of these
stainless steel sleeves were then heliarc welded to a Type 304 stainless -

steel nozzle plate. The licensee concluded that the brazing heat.
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treatment made the top susceptible to intergranular stress corrosion cracking
(IGSCC). The staff agrees with the licensee's conclusion that the Type 304

SS became sensitized during the age hardening heat treating period, because

the aging temperature was between the 800 to 1600 F range where preferential

grain boundary carbide precipitation in austenitic stainless steels occurs.
The sensitized microstructure rendered the Type 304 SS susceptible to IGSCC.

The licensee also indicated that the failure occurred at a mechanical
ball joint between stainless steel and zirealloy. The ball joint is

formed by a mechanical expansion to form bulges with plastically deformed
material with subsequent high residual stresses at these locations.
The licensee also examined the records of manufacturing procedures and

quality control reports related to the failed fuel assembly and found no
abnormalities on dimensional checks of the bulge joints and the sleeve /'

nozzle plate welds. The licensee concluded that although there have been
some minor changes with respect to the total number of bulges, the basic
design and forming process have remained the same for the past 10 years,
and they do not appear to be related to the observed cracking of the fuel
assembly top nozzle. The staff agrees with the licensee's conclusion.
However, we find that the residual stresses induced during the mechanical
expansion of the bulge joints and during welding of the sleeves to the
nozzle plate provide the aecessa y stress conditions for IGSCC to occur.

2.2 Operating History and Storage Conditions
.

The licensee indicated, at the February 23, 1983 meeting, that reexamin-
ation of the reactor operating records revealed no abnormalities in reactor
coolant enemistry control while the fuel assenbly was inside the reactor
vessel. A check of the spent fuel storage pool water chemistry records
also shows that it was maintained well within the fuel vendor's speci-
fication. The stah reviewed the reactor coolant chemistry and the
spent fuel storage pool water chemistry records and confirmed that,
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except for a few cases where slight chloride excursion occurred, the
overall chemistry limits were within the vendor's specifications. The
staff also determined that the chloride excursions were insignificant

and they could not have caused cracking of the fuel assembly. The
licensee also indicated that the reactor coolant and the spent fuel

pool water were not analyzed for sulfur before or after the top nozzle
cracking incident. The staff finds that the corrodant(s) and its
source (s) which caused the fuel assembly failure have not been identified.
In February 1983, the licensee reported transgranular stress corrosion
cracking of the small diameter piping in the concentrated boric acid
system. Cracking of the concentrated boric acid piping was attributed
to sulfur, chloride, and fluoride contamination. Because the same pump

which was used for recirculating the concentrated boric acid line b
also used for makeup boric acid in the spent fuel storage pool, the staff
is of the opinion that reduced sulfur or some activated sulfur species, -

carrying over from the concentrated boric acid system, might also have
contributed to the cause of the spent fuel assembly failure. The staff
concludes that,whatever the contaminant (s) might be, it has apparently
been eliminated or reduced to a concentration which does not cause
significant fuel assembly degradation.

2.3 Failure Analysis

Photomicrographs of etched specimens taken from the top nozzle of the failed
fuel assembly Type 304 SS sleeve revealed preferential grain boundary
carbide precipitation, a typical microstructure for sensitized stainless
steels. SEM fractographs of the ruptured surface revealed intergranular
cracking mode originated from the outer surface and exhibited little
ductility. Electron dispersive analysis of X-rays (EDAX) results indicate
the presence of grain boundary precipitates nign in Si, Al, Cu, and Cl
on the fracture surface, while the alloy constituents are consistent
with the ASTM specified composition for Type 304 SS. Based on these
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analyses, the licensee concluded that failure of the fuel assembly
was due to intergranular stress corrosion cracking (IGSCC) of the Type 304
SS top nozzle, and was not due to deviations of the Type 304 SS from
its specified composition or improper selection of material. Based
on the sensitized microstructure of the Type 304 SS and the presence
of residual tensile stresses discussed in Section 2.1 above, the staff

agrees with the licensee's conclusion that the failure mode is IGSCC.

2.4 Review of Failure at Prairie Island With Regard to Other PWR Plants

Visual examinations conducted by the licensee shortly after the fuel
assembly failure incidents on 26 additional spent fuel assemblies
in different regions inside the spent fuel poolindicated evidence of
corrosion on bulge joints of 13 fuel assemblies. However, none of
the corrosion resulted in additional nozzle failures when the fuel
assemblies were moved. Since then all of the 500 spent fuel assemblies
at Prairie Island have been relocated to the new high density storage

racks without incident.

The fuel vendor also indicated that they have reviewed handling experi-
ence on approximately 5,000 spent fuel assemblies with various burnup
levels and identified no similar problems. The vendor has also performed

post-irradiation examinations at Prairie Island and TV examinations
at Trojan, Kewaunee, Point Beach (all three have the same fuel design
as Prairie Island), and Zicn. A review of material heats revealed that

fuel assemblies with the same material as that used at Prairie Island
were also shipped to Point Beach and Kewaunee. The visual examinations

at all plants except Prairie Island resulted in no evidence of stress
corrosion cracks in the top nozzle.

Based on the above information, the staff finds that the failure of the
bulge joints involved only one fuel assembly, D-34, at Prairie Island
and it occurred on December 16, 1981. Since then there has been no
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similar incident reported at Prairie Island or at other PWR plant sites.
Therefore, the staff is of the opinion that the problem has been confined

mainly at Prairie Island.

2.5 Safety concern

A major safety concern involves the potential for dropped fuel assemblies

with resultant damage to. other spent fuel, and possible fission product

release. In Section 14.5.1 and Appendix D of the FSAR, the -licensee
provided the results of two analyses regarding fuel handling accidents,
including the worst case scenario by considering the cladding rupture of

all rods in a fuel assembly with highest power history. The first

analysis dealt with a fuel handling accident in the spent fuel pool area.

The second analysis addressed the potential consequences of a spent fuel
*

handling accident inside containment.

The fuel vendor performed a safety analysis to evaluate the potential
consequences of a fuel assembly nozzle separation in an cperating core.
In that ant.ysis, it was determined that the alignment between the guide
tube, nozzle and grids would be retained and that loose parts would not
be a problem. Alignment would be retained because (a) the Zircaloy
thimble tubes will remain engaged within the sleeve portion on the top
nozzle; (b) the fuel rods will maintain grid position and alignment;

(c) core pins will remain engaged within the top nozzle; (d) holddown
springs will maintain axial positions; and (e) grids of adjacent fuel

assemblies (containing thimble plugs) will provide ad'ditional lateral
support. With regard to loose parts, (a) each portion of a failed

sleeve would remain firmly attached to the grid and nozzle (also, each
portion would be held on the Zircaloy thimble tube by the presence of
the grid and nozzle); (b) any postulated grains of material freed by
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intergranular corrosion will not affect control rod (RCC) insertion; and
(c) effects of postulated debris are already bounded by the analysis of
Salem grid damage. Thus the licensee has concluded that control rod
insertion would not be affected by a separated fuel assembly nozzle.

With regard to potential coolable geometry effects, the vendor's analysis

showed that (a) there is no predicted increase in the potential physical
deformation of a fuel assembly as a result of a separated nozzle, (b) lateral
loads at a grid sleeve failure area are all within the strength of the

Zircaloy thimble tubes acting alone (i.e., alignment would be maintained
with no flow blockage), (c) loads (grid impacts) are primarily absorbed
by center grids, and (d) postulated loose parts are not significant
enough to affect coolable geometry. Hence, the licensee concluded
that coolable geometry will not be affected by a nozzle separation.

Based on this information, the staff has reasonable assurance that

safety related problems do not exist due to a potential nozzle separation
(i.e., thimble sleeve failure) in-core with regard to either the preven-
tion of control rod insertion or core flow blockages.

Based on the above evaluation, the staff agrees with the licensee's
conclusion that a dropped fuel assembly would present no criticality
hazard and would result in radiation levels at the site boundary that

are well below the 10 CFR 100 guidelines. In addition, there is

reasonable assurance that a fuel assembly nozzle separation during
reactor operation would not result in an unreviewed safety problem.
Therefore, no licensing actions are recommended regarding the spent
fuel assembly top nozzle failure incident.

2.6 Recommended Actions

Since the spent fuel assembly top nozzle failure event appears to be
an isolated incident and does not have apparent generic implication
regarding fuel assembly design, fabrication, handling, and storage,
the staff concludes there is no need for fuel assembly design changes.
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The staff considers the current guidelines on both primary and spent fuel
pool water chemistry specifications and monitoring techniques to be adequate.
However, in view of the fact that the licensee has not yet identified the
fuel assembly corrodant(s), the staff considers it prudent for the licensee
to continue periodic surveillance of the fuel assemblies in the spent fuel
pool to assure that additiondi assemblies do not show evidence of ICSCC.
Because the pump used for recirculating stagnant lines of the Concentrated
Boric Acid system was also used for makeup boric acid in the spent fuel
pool water, the licensee should evaluate the possibility of contamination
of the spent fuel pool via the Concentrated Boric Acid System.

, .

3.0 Conclusion

Based on the above evaluation, the staff concludes that the spent fuel
assembly top nozzle degradation event was an isolated incident and does
not appear at the present time to have any generic implication regarding
fuel assembly design, fabrication, handling, and storage. Therefore,

the staff does not recommend modifications to fuel assembly design,
manufacturing, and quality control. The staff also determined that the
current guidelines on primary and spent fuel pool water chemistry speci-
fications and monitoring techniques are adequate and, therefore, need no
additional guidance. The staff concludes that a dropped fuel assembly
resulting from top nozzle failure would not lead to criticality hazard,
and in case of such an accident, it would generate radiation levels at.

the site boundary that are well within the 10 CFR 100 guidelines. The

staff . further finds that a potential fuel assembly nozzle separatton during
reactor operation is not an unreviewed safety problem. Therefore, tne

staff concludes that the spent fuel assembly failure inside the spent fuel
pool does not constitute a safety problem, and the staff has reasonable
assurance that the puolic safety and health are protected.

Although the staff agrees with the licensee's conclusion that the crack-
ing mode of the top nozzle was IGSCC, the staff does not find that the
licensee has identified the corrodant(s) and its potential source. The

staff recommends that the licensee should evaluate the possibility of
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similar contaminant (s) being introduced from the concentrated boric acid
system into the spent fuel storage pool. Because sulfur might be one
of the contaminants introduced into the system, which does cause IGSCC,
the staff also recommends that sulfate analysis be included in the routine

primary water and spent fuel pool water chemistry monitoring and analysis
program, and for the licensee to continue a periodic survey of the spent
fuel assemblies in the spent fuel storage pool to assure that additional
assemblies do not show evidence of intergranular stress corrosion cracking.
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