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MRANDUM FOR: C. J. Hel tenes , Jr. , Director
'

Office for Analysis and Evaluation
of Operational Data

FROM: Harold R. Denton, Director
,

Office of Nuclear Reactor Regulation

StBJECT: P0TENTIAL CONTAMINATION OF THE SPENT FLEL P00L AND
PRIMARY REACTOR SYSTEM

Your memorandum on the above subject, dated June 24, 1983, discussed fuel
assembly corrosion in the spent fuel pool at Prairie Island. Although |
the exact contastaant that caused the intergranular stressrcorrosion
cracking and its source were not identified, sulfate contamination was
highly suspected. The AE00 report stressed that (1) this type of
contamination was not anticipated (2) the water chemistry monitoring
pmgrams for the spent fuel pool and the primary reactor system do not
analyze for sulfates, and (3) an unsuspecting licensee could inadvert-
ently place a plant in a condition that may result in significant
degradation of safety related equipment. The report concluded by
recommending that NRR consider establishing requirements to include,

' monitoring for sulfur contaminants in the water chemistry pro' grams
for both the petsary reactor system and the spent fuel pool.

The Safety Evaluation Report regarding fuel assembly corrosion in the
spent fuel pool at Prairie Island Nuclear Generating Plant issued on;

June 17,1983 is enclosed. In the joint evaluation we stated that
the Prairie Island fuel assembly bulge joint (Type 304 SS) failure on
December 16, 1981 involved only one fuel assembly. Sirica then there
has been no similar incident reported at Prairie Island or at other
PWR plants which have the same fuel design and structural alloys as
those used at Prairie Island. We also determined that a potential |
nozzle separation during operation (i.e., thimbla sleeve failure) is3

| not an unreviewed safety problem because it will not inhibit control
! rod insertion or block core flow. We concluded that the Prairie Island

fuel assembly corrosion is an isolated incident and does not have generic
impact. We also concluded that current guidelines on primary and spent
fuel pool water chemistry specifications and monitoring techniques are
adequate, and thaty oo not contradict the NRC position on longer-term
storage of spent fuel assemblies. However, because the contaminant (s)
and its source have not been identified, we recommend to Prairie Island

!
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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 pool to assure that additional assemblies do not show
evidence of IGSCC.

The cause of corrosion has not bean definitely established. Although
the possibility of sulfur intrusion is possible, there is no evidence
to date that indeed the sulfate contamination was the cause of corrosion.
thlike chloride-induced SCC, sulfur-induced IGSCC of sensitized austenttic
alloys can occur rapidly at room temperature. Consequehtly, prevention
of sulfur contamination, through administrative controls, is a more
effective means than chemical monitoring to avoid sulfur-induced IGSCC.
Based on the available facts at this time, we cannot technically justify
additional requirements to monitor sulfur contaminants in the reactor
coolant system and the spent fuel pool as suggested in the referenced
memorandum.

However, because the Prairie Island spent fuel assembly bulge joint
failure was the first time such an incident has been reported and the
fact that the contaminant (s) and its source have not been identified,
we believe chat an 18E Information Notice is appropriate. By separate
memorandum, we are forwarding a draft IE Information Notice to the
Office of Inspection and Enforcement for their consideration. It
addresses recent corrosion problems at both BWRs and PWRs.

Origini Rud by
H. R. Benten

Harold R. Denton, Director
Office of Nuclear Reactor Regulation

Enclosures:
1. SER on Prairie Island DISTRIBUTION
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MEMORANDUM FOR: Gus C. Lainas, Assistant Director
Operating Reactors
Division of Licensing

*FROM: William V. Johnston, Assistant Director
Materials, Chemical & Environmental Technology
Division of Engineering

SUSJECT: SAFETY EVALUATION REPORT, FUEL ASSEMBLY FAILURE
WHILE IN THE SPENT FUEL POOL AT THE PRAIRIE ISLAND
NUCLEAR GENERATING PLANT

Plant Name: Prairie Island Nuclear Generating ~ Plant Unit Nos.1 & 2 i
Suppliers: Westinghouse, Northern States Power Co.
Licensing Stage: OR

|

Occket Numbers: 50-282/306 I-

Responsible Branch: ORB #3
Project Manager: D. DiIanni
Reviewer: P. Wu (lead reviewer, CMEB), E. Brcwn (AE00), W. Collins (IE),

D. Sellers (MTEB), M. Tokar.(OSI), D. Dilanni (OL)

The enclosed safety evaluation report provides the safety assessment
of the fuel assembly failure event that occurred during fuel handling

|in the. spent fuel pool in December, 1981. Our joint evaluation (see
above list of reviewers for NRC participants) is based on information
provided by the licensee and its fuel vendor during a meeting held on
February 23, 1953 and the licensee's submittal by letter dated -

March 22, 1983.

Based on the fact that there has been no recurrence of the problem
and no other similar incidents have occurred elsewhere, the staff finds
that there is insufficient evidence to indicate that tnere is a generic
impact regarding fuel assembly design, fabrication, handling, and storage.
Consequently, we conclude that it does not contradict the NRC cosition on
long-term storage of spent fuel assemblies. However, in view of tne fact
that the identity of the contaminant and its source have not been identified,
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the staff 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.

.

.

William V. Johnston, Assistant Director
Materials, Chemical & Environmental

,

Technology
Division of Engineering

Enclosure: As stated

cc: R. Vollmer
D. Eisenhut
R. Mattson
E. Jordan
L. Rubenstein *

V. Senarcya
R. Clark
S. D. Liaw .

8. Mills, IE -

C. McCracken
'!- C. Berlinger

0. Oilanni4

S. Pawlicki
,

! T. Sullivan
E. Brown, AE00

1

W. Collins, IE
i .

O. Sellers'

; M. Tokar
P.~Wu
E. Brown.

j K. Seyfrit
R. Baer .

Contact: P. Wu
X28555 -
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Safety Assessment Report on

Prairie Island Unit 1 Spent' Fuel Assembly Degradation-

Northern States Power Company

Docket No. 50-282/306
.

1.0 * Introduction

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

being moved in the spent fuel storage pools. As the operator lat:hed I

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 raire 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 nczzle,
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 fuel
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 censidered
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,
while a brief synopsis of an investigation conducted by the fuel :endor
was given in LER 81-031, Rev. 1. 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 main-
tained 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 en:

1. Materials and Fabrication History,
2. Operating History and Storage Condition,*

3. Failure Analysis,
4 Recurrence of Sisilar Failure at Prairie Island and other PWRs,
5. Safety Concerns, and -

6. Recommended Corrective Action (s).

2.1 Materials and Fab:ication 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 zircalloy tube is buldged 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 indica'ted 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 heat4

.
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treatment made the top susceptible to IGSCC. The staff agrees with the
,

licensee's conclusii:In that the Type 304 SS became sensitized during the
age hardening heat treating period, because the aging temperatures 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 intergranular
stress corrosion cracking (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 changis with respect to the total number of bulges, the basic
design and forming process has 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 necessary stress conditions for IGSCC to occur.

2.2 Operating History and Storage Conditions

The licensee indicated, at the February 23, 1983 meeting, that reexamis-
stion of the reactor operating records revealed no abnormalities in reactor

coolant chemistry control while the fuel assembly was inside the reactor
vessel. A check of the spent fuel storage pool water chemistry records
also show that it was maintained well within the fuel vendor's speci-
fication. The staff 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 rtaff 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 tran'sgranular 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, is
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 Pailure Analvsis,

..

Photomicrographs of etched specimens taken from the top nozzle of the failed
fuel assembly Type 304 SS sleeve revealed preferential grain boundary
carbide prec'ipitation, 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

a

ductility. Electron dispersive analysis of X-rays (EDAX) results indicate

the presence of grain boundary precipitates high in Si, A1, 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 intergraEular stress corrosion cracking 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 incident, on 26 additional spent fuel assemblies
in different regions inside the spent fuel pool, indicated evidence.of
corrosion on bulge joints of 13 fuel assemblies. However, acne 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 Zion. 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 s.ncident repo'rted at Prairie Island or at other PWR plant sites.
* Therefore, the~ staff'is Jf the opinion that the problem has been confined

mainly at Prairie Island. ' '
\

"

*, -

'
2.5 Safety concern v s~

i. s . 7,

' '

A major s.ifety concern involves the potential D r dropped fuel assemblies
~

with resultant damage to other spent Tuel, and pcssible 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,
2n:luding the worst case scenario by considering the cladding ruptura of.

all rods in a fuel assembly with highe.st power histor/. The first .,

analysis dealt with a fuel handling accident in the spent fuel pool a'rea.
The second anal / sis addressed the potential consequences of a spent' fuel'
handli g accident inside containment.

.

The fuel vendor performed a safety analysis to evaluate the potenti'al'
consequences of a fuel assembly nozzle separation insan operating cere.

* In that analysis, 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 Zircale{
thimble tubes will remain engaged within the sleeve portion on the top
nozzle; (b) the ftiel 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 i
assemblies (containing thimble plugs) will provide additional lateral )'

support. With regard to loose parts, (a) each portion.of a failed
sleeve would remain firmly atta'che'd 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

.

.

,_ _ - . - . - , , - _ . . , ,



_ ,_- - - . . .

*
|

*
.. . . .

- -
. .

,

.

.

-7-

*
,

'

intergranular corrosion will not affect control rod (RCC) insertion; and
(c) effects o'f 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.He.

,

x-.. ,,

With'regird to potential coolable geometry effects, the vendor's analysis+e
'

showed that (s)thereisnopredictedincreaseinthepotentialphysical' '

4.
,

. 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 aff,ect coolable geometry. Hence, the licensee concluded

that coolable geometry will not be affected by a nozzle separation.
i

,

Based on it.i.s information, the staff has reasonable assurance that
,

afety related problems do not exist due to a potential nozzle separation
t..e., thimble sleeve failure) in-core with regard te 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 Reco= mended Actions

Since the spent fuel assembly top nozzle failure event appears to be

|
an isolated incident and does not have apparent generic implication

i 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 s,taff 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 additional assemblies
do not show evidence of IGSCC. Because the pump used for recirculating

astagnant lines of the CBST system was also used for makeup boric acid in
the spent fuel pool vater, the licensee should evaluate the possibility

af contamination of the spent fuel pool via the CBST 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 regardi,ng
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 fro.a top no2rle failure would not lead to criticality hazard,
and in case of such an 2ccident, 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 separation during:
reactor operation is not an unreviewed safety problem. Therefore, the

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 public safety and health is 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 coacentrated boric acid
*

system into the spent fuel storage pool. Because sulfur might be one

of the :entaminants introduced into the system, which does cause IGSCC,
the staff also recommends that sulfate analysi:: be included in the routine

primary water and spent fuel pool water chemistry monitoring and analysis
'program, and for the licensee to centinue a periodic survey cf 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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UNITED STATES
NUCLEAR REGULATORY COMMISSION

OFFICE OF INSPECTION AND ENFORCEMENT '

WASHINGTON, D.C. 20555

August ,1983

INFORMATION NOTICE NO. : POTENTIAL CONTAMINATION OF REACTOR
COOLANT SYSTEMS

\ \
Addressees:

A.ll nuclear power reactor facilities holding an operating license (OL)
and plants under construction.

Purpose:

This information notice is provided as a notification on contamination
of reactor coolant systems and steam generators which may cause signifi-
cant material er system damage. It is expected that recipients will
review the information for applicability to their facilities. No
specific action or response is required.

Description of Circumstances:
.

Corrosion of the reactor coolant systerr. pressure boundary and other
materials exposed to reactor coolant and steam generator water has
been reported and evaluated. These corrosion problems have affected
the reactor coolant systems of both BWRs and PWRs, and the steam
generator secondary side of PWRs.

Pipe cracks in an operating nuclear power plant were documented in the
early 60s. In NRC Report (NUREG-0675), the incidences of pipe cracks
in both BWRs and PWRs are summarized. For BWRs, the cracking was .

thought to have been caused c:ainly by dissolved oxygen in high purity
reactor water. flowever, recent laboratory tests have shown that 503,

;C03 and N03 are contributors to stress corrosion cracking of stainless
!steels at BWR operating temperature. 1

1

In the case of PWRs, IGSCC has occurreo in systems other than the primary I

coolant piping systems. In addition, the corrodant(s) has not been
positively identified in all instances. Water with a hi$e oxygen concen-

)tration as well as contaminants of chlorides, fluorides, risd sulfur '

compounds are suspected.
i

Since 1980, a few cases of material degradation and failure incidents
in operating PWRs have been identified as sulfur-induced corrosion,

!while the exact cause and contaminant (s) of the majority of these
incidents are still unknown.

.
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Cracking in Boric Acid System Piping

In late December 1982, crack indications in the Boric Acid System Piping
was observed at the Prairie Island Unit 1. Subsequent investigations
led to the discovery of other cracks located in the annealed base metal
of the heat affected zone. Failure analysis of removed pipe sections
indicated that the failure was transgranular stress corrosion cracking
(TGSCC) and was caused by synergistic effects of contaminants (i.e. ,
chloride, sulfate, and fluorides) which might have come from a con-
taminated batch of boric acid or the concentration of contaminants due
to resin intrusion (Prairie Island LER 82-029/0IT-0).

Puel Assembly Failure While in the Spent Fuel Storage Pool
,

On December 16, 1981, with both units operating at power, spent fuel was
being moved in the spent fuel storage pools at the Prairie Island Unit 1.
As the operator attempted to raise an assembly to re-index, the fuel
assembly failed at the bulge joint (LER 81-031, Rev. 1). Subsequent
inspection on 26 additional spent fuel assemblies in different regions
inside the spent fuel pool indicated evidence of corrosion on bulge
joints of 13 fuel assemblies. However, none of the corrosion resulted
in additional nozzle failures when the fuel issemblies were moved.
Since then all of the 500 spent fuel assemblies at Prairie Island have
been relocated without incident. Although the mode of failure has
been identified as IGSCC, the contaminant (s) and its source have not -

been identified. Since sulfur contamination was suspected in this case,
it was recommer.ded in the NRC safety evaluation report (issued on .
July 11, 1983) that Prairie Island include sulfate analysis in their
rcutine primary water and spent fuel pool water chemistry monitoring'

'

and analysis program.
4

OTSG Tube Cracking, Waste Gas System Piping Corrisien, and PROV Pitting

In late November 1981, with the reactor shutdown at TMI-1, primary-to-
secondary system leakage was detected in both once-through steam gene-
rators. Detailed examinations revealed thousands of defective tubes. |

| Subsequent metallurgical examination of removed tubes confirmed that
the tube failures were ID-initiated IGSCC caused by sulfur species
which most probably leaked into the primary coolant system as sodium
thiosulfate from the post-accident containment spray additive system.
No other plants currently utilize sodium thiosulfate as a containment
spray additive.

In January 1982 (TMI-1 Update LER 82-002/03L-1), cracking was discovered
on 2-inch nipples of the Wasta Gas Disposal System piping. In February
1983, the pilot valve disc and the. main valve disc of the PORV was found
to have experienced pitting corrosion (TMI-l LER 83-003/0IT-1). In both
incidents, the subsequent metallurgical evaluation has confirmed tnat i

the failure or corrosion was caused by sulfur. I

|
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Secondary Side Steam Generator Tube Degradation

Numerous instances of secondary-side initiated steam generator tube
degradation have been reported recently in operating PWRs. Circum-
ferential cracking of S/G tubes occurred at Arkansas Unit 1, nitting
of S/G tubes at Millstone 2 and at Indian Point 3, and the corrosion
of S/G tube "U" bend at St. Lucie were among the instances of secondary-
side initiated S/G tube degradation problees in which both the con- I

taminant(s) and its source have not yet been positively identified.
However, sulfur contamination from condensate polishar operations or
condenser in-leakage is suspected to be one of the causes.

In view of both the extent and the type of damage that can result from
contamination of both reactor coolant and secondary coolant systems,
it is recommended that holders of operating licenses and applicants for
plants under construction review this information and evaluate their

programs for monitoring water chemistry and controlling the introduction
of potentially corrosive contaminants. Specific attention shoulu be
given to minimizing resin fines and ionic impurity releases from con- .

densate treatment systems.

No written response to this notice is required. If you have any questions
regarding this matter, please contact the Regional Administrator of the
appropriate NRC Regional Office, or this office.

,

E'dward L. Jorda'n', Director
' '

Emergency Preparedness and
Engineering Response

Office of Inspection and Enforcement

,

Contact:

|

i-
|
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MEMORANDUM FOR: Harold R. Denton, Director
Office of Nuclear Reactor Regulation

FROM: C. J. Heltemes , Jr. , Director

Office for Analysis and F. valuation
of Operational Data

SUBJECT: POTENTIAL CONTAMINATION OF THE SPENT FUEL P0OL AND
PRIMARY REACTOR SYSTEM

A recently completed Engineering Evaluation Report on the above subject is
enclosed. Our evaluation concluded that two separate events at the same
plant site, which invol.ved cracking of fuel assembly nozzles in the spent
fuel pool and in piping from the boric acid storage tank to the safety

,

injection system, are indicative of degradation that resulted from contami-
nation of the systems. Since the postulated sources of contamination were
a contaminated batch of boric acid or resin intrusion due to the recycling
system, the issue is potentially generic to PWR's.

.Some important aspects are that: (1) this type of contamination was not
anticipated, (2) the water chemistry monitoring programs for the spent fuel
pool and the ' primary reactor system do not analyze for sulfates, and (3) an
unsuspecting licensee could inadvertently place a plant in a condition that
may result in significant degradation of safety related equipment. We believe
it would be prudent for NRR to consider establishment of requirements to
include monitoring for sulfur contaminants in the water chemistry programs
for the primary reactor system and the spent fuel pool.

C. Heltemes, r. , Di rector

Of for Analysis and Evaluation !
of Operational Data j

cc: R. C. DeYoung, IE .-

T. E. Murley, Region I
J. P. O'Reilly, Region II
J. G. Keppler, Regien III *

J. T. Collins , Region IV
J. B. Martin, Region V
E. L. Jordan, IE j gc

l
|
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MEMORANDUM FOR: Karl V. Seyfrit, Chief .AEOD/E313
Reactor Operations Analysis Branch
Office for Analysis and Evaluation

of Operational Data

FROM: Earl J. Brown, Lead Enginar
Engineering Systems
Reactor Operations Analysis Branch

SUBJECT: POTENTIAL CONTAMINATION OF THE SPENT FUEL POOL AND
PRIMARY REACTOR SYSTEM

The enclosed Engineering Evaluation Report is forwarded for your information
and further consideration. .The evaluaticin' indicates that contamination of
th'e primary reactor ~ system and spent fuel pool is .a potential generic issue
for all PWR plants. It appears. appropriate to transmit this report to NRR
for consideration to include moditoring of certain sulfur species in PWR
water chemistry programs for the primary reactor system and the spent fuel
pool .

The initial . evaluation, E242, was included in .the NEA. Incident Reporting
System (IRS) so it would seem appropriate to also provide this ackiitional
inforniation .

0 |-
Earl il. Brown, Lead Engineer
Engineering Systems
Reactor Operations Analys'is Branch

.
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UNITS: Prairie Island I and 2 EE REPORT No.: AE0D/E313 I
DOCKET Nos: 50-28? and 50-306 DATE: June 15, 1983 '

LICENSEES: Northern States Power EVALUATOR / CONTACT: E. J . Brown
NSSS/AE: Westinghouse / Fluor

Power Servic's Companye

SUBJECT: POTENTIAL CONTAMINATION OF THE SPENT FUEL POOL AND
PRIMARY REACTOR SYSTEM i

EVENT DATES: December 16,1981 (LER 81-031, Revision 0 and Revision 1)

i

SUMMARY

4

A previous engineering evaluation report, E242, identified potential safety
' issues concerning stress corrosion cracking of the top nozzle of fuel assem-

blies in the spent fuel pool at Prairie Island. The program office, NRR,
started an investigation of the event in response to E242. This report
provides an assessment of the infomation obtained as part of the program
of fice investigation.

.,

. Based on a review of the infomation, it appears that the failure mechanism
was stress corrosion. However, the cause of cracking does not appear to
be related to the few chloride excursions which have occurred in the spent
fuel pool as originally believed by the licensee. Hence the cause has not
been definitively established. However, evaluation of pipe cracking of
the line from the boric acid storage tank to the safety infection system
(identified subsequent to the nozzle cracking) revealed that sulfate contami-
nation was the probable cause. This type of contamination was potentially
available to the fuel assembly nozzle because there are pathways to both the
spent fuel pool and the primary reactor system from the boric acid storage
tank piping. The potential source of contamination was postulated to be
either a contaminated batch of boric acid or resin intrusion due to the
recycling system.

/ Therefore, the primary concerns raised by this evaluation are (1) identificatu
of potential contaminants and (2) possible pathways for the contaminants to

.

r each both the spent fuel pool and primary reactor system. A very important
|- aspect of the events is that they appear symptomatic of a potential generic

issue that could involve contamination of the primary reactor system with
| possible degradation of primary system components. The issue has the

potential for affecting all PWR plants. With this background, it would
seem prudent to include monitoring for sulfur contaminants as part of the
water chemistry programs for the primary reactor system and spent fuel pool.

.

*This document supports ongoing AE0D and NRC activities and does not r'epresent
~

the position or requirements of the responsible NRC program office. 403 ON(p(p
- w
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DISCUSSION

This engineering evaluation covers potential generic implications that evolv-
ed from an assessment of NRC staff investigations in response to AEOD/E242
( Re f. 1) . As a result of Reference 1, NRR initiated an evaluation of the event
and obtained information from the Licensee (Ref. 2 and 3). The subject of
interest was degradation of fuel assemblies while in the spent fuel storage
pool at Prairie Island. Subsequent to meeting with the licensee, NRC staff
from NRR, IE, and AE0D met to review and discuss individual assessments based
on the information we had reviewed. Reference 4 is an informal note to P. Wu
from E. J. Brown that contains a perception of the important staff concerns that
were discussed at the staff meeting.

The evidence seems to support a conclusion that the failure mechanism was
stress corrosion. However, the evidence submitted with respect to limited
chloride excursions in the spent fuel pool does not substantiate those events
as the cause of the fuel assembly cracking. Therefore, the primary safety
concern is that the cause of the corrosion cracking has not been identified.
However, it seems logical to conclude. that the fuel assemblies were exposed to
a contaminant of some kind. The technical issues related to possible contami-
nants are: - '

(1) What is the contaminant and what is the source of the contaminant?

(2) What is the pathway for the contaminant to reach the fuel? This
question should address possible pathways to the primary system
and/or to the spent fuel pocl. In addition, if the source is

through a pathway to the primary system, is degradation occurring
in the primary system or is the damage occurring only after fuel
is transferred to the spent fuel pool?

Some of these questions were raised in the NRC staff meeting indicated
in Reference 4. Reference 5 responds to the concern about possible degra-
dation that might result in failure to insert control rods. This could
be 'a possible common mode failure, but it appears that the fuel vendor
and licensee have reviewed this aspect even though the information was
not submitted to NRC for review.

An event reported in LER 82-029 (Docket 282) concerns cracks found in
piping in the concentrated boric acid line that connects the boric acid

[ storage tanks to the safety injection system. The event indicates a
| possible source of contaminants to the fuel assemblies. The investigation
|.. of that event was reported in Reference 6. The primary contaminants of

sufficient concentration to cause cracking of the 304 stainless steel pipes
which had high residual stresses were sulfates. Small amounts of chlorides
and fluorides were also found. The possible sources of these contaminants
were believed to be a contaminated batch of boric acid or resin intrusion
due to the recycling system.

FINDINGS

i The detennination of sulfates as the possible source of cracking of the pipes
from the boric acid storage tank to the safety injection lines suggests a
possible source of contamination for the fuel assembly top nozzles. A review

i
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of flow diagrams from the FSAR (Ref. 7) indicates possible flow paths to the
reactor primary system from the boric acid storage tanks. In addition, the

pump used for recirculating stagnant lines of the concentrated boric acid
system were also used for makeup boric acid to the spent fuel pool water.
Therefore, it is evident that there are potential pathways for contaminants
from the boric acid system to both the primary reactor system and the spent
fuel pool at Prairie Island. Also, based on the information presented for the
fuel assembly nozzle cracking, the licensee did not analyze liquid samples for
sulfate and fluoride contamination.

Based on the available infomation, it appears that the fuel assembly nozzle
cracking could be related to contamination which somehow got into the spent
fuel pool . Also, it seems that most of the safety concerns raised by staff
concerning dropped fuel assemblies or possible inability to insert control
rods if nozzle damage occurred in the reactor have at least been reviewed,
even though the information was not presented to the NRC staff. The primary
safety issues then appear to resolve to 1) adequate treatment of safety aspects
raised about fuel assembly nozzle cracking and 2) potential generic implications
related to the introduction of contantinants into the spent fuel pool and primary
reactor system.

.s

- Based on the preceding discussion, the following findings are provided:

(1) The actual cause of stress corrosion cracking of the fuel assembly
nozzles at Prairie Island has not been definitely established.
Available evidence suggests that contaminants such as sulfates

1

could have been a possible cause.

(2) The licensee appears to have addressed most of the NRC staff
questions concerning specific saftey issues. Although imediate
concerns may have been resolved, the apparent relationship between the
fuel assembly degradation and contamination suggests that the issue
about the NRC position on long term storage of fuel assemblies raised
in Reference 3 (D. G. Eisenhut to R. H. Vollmer and E. Jordan), has
not been completely resolved. Specifically, should contamination
induced degradation of fuel assemblies in long tem storage be con-
sidered, and if so, how should it be monitored and controlled?

i

(3) Since sulfates were identified with cracking of pipes from the boric
acid storage tank to.the safety injection system, it is evident that
such contamination could have been introduced into the primary reactor
system and the spent fuel storage pool at the Prairie Island site.

(4) The suspected source of contaminants at the Prairie Island site are
common to all PWRs. Therefore', the event appears symptomatic of a
potential generic issue that could involve possible degradation of
primary system components. A similar issue related'to contamination of
reactor coolant water is discussed in Reference's 8, 9, and 10.

CONCLUSIONS

Based on the review of this event and related infomation, it appears that con-
tamination of plant systems could be a precursor to unanticipated degradation

1

'
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of fuel, during long term storage, and possibly could result in degradation of
primary reactor system components. Since the possible sources of contamination
were postulated to be a contaminated batch of boric acid or resin intrusion from
the recycling system, the issue is potentially generic to PWRs.

The important aspects appear to be that: (1) this type of contamination was
not anticipated, (2) the monitoring programs for the spent fuel pool and the |

primary system generally analyze for chlorides but do not analyze for sulfur
or fluoride contaminants, and (3) an unsuspecting licensee could inadvertantly
place a plant in a condition that may result in significant degradation of
safety-related equipment. With this background, it appears that both identifi-
cation of potential contaminants (sources and species) and methods to monitor
water chemistry for potentially serious concentration of specific species, such
as sulfates, should be reviewed for applicability to operating PWR plants.

To further support the concern about sulfur contamination, steam generator tube
cracking at TMI-1 indicates both the extent and type of damage that can result
from sulfur species incursions into the primary system even though the source
of contamination and pathway were different than at Prairie Island. There has
also been some evidence of corrodants in equipment connected to the pressurizer.

, Although there is insufficient information to draw firm conclusions, there may
be some basis for concern relative to the effect of corrodants on operation
of the PORY and safety valves. Previous events involving corrodant attack on
stainless steel piping of PWRs was addressed by an NRC Bulletin and Circular
(Refs. 11 and 12).

.

o
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MEMORANDUM FOR: '

'OperstThg Re
|

Division of Licesing I

FROM: Victor Benaroya, Chief
Chemical Engineering Branch
Division of Engineering

SUBJECT: PRIMARY COOLANT AND SPENT FUEL POOL WATER CHEMISTRY
MONITORING REQUIREMENT

Reference: Memo C. J. Heltemes to H. R. Denton, " Potential
Contamination of the Spent Fuel Pool and Primary
Reactor System," June 24, 1983.

The safety evaluation. report regardirg fuel assembly corrosion in the
spent fuel pool at Prairie Island Nuclear Generating Plant issued on
June 17, 1983 is enclosed (Attachment 1). In the joint evaluation pre-
pared by many branches, including the AE0D staff, we stated that the
Prairie Island fuel assembly bulge joint (Type 304 SS) failure on
December 16, 1981 involved only one fuel assembly. Since then there
has been no similar incident reported at Prairie Island or at other
PWR plants which have the same fuel design and structural alloys as
those used at Prairie Island. We also determined that a potential nozzle
separation during operation (i.e. , thimble sleeve failure) is not an
unreviewed safety problem because it will not inhibit control rod inser-
tion or block core flow. We concluded that the Prairie Island fuel
assembly corrosion is an isolated incident and does not have generic
impact. We also concluded that the current guidelines on primary and
spent fuel pool water chemistry specifications and monitoring techniques
are adequate, and they do not contradict the NRC position on long-term
storage of spent fuel assemblies. However, because the contaminant (s)
and its source have not been identified, we recommend to Prairie Island
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 tne spent fuel assemblies in
the spent fuel pool to assure that additional assemblies do not show
evidence of IGSCC.

'

The cause of corrosion has not been definitely established. Althoughi

the possibility of sulfur intrusion is possible, there is no evidence
to date that indeed the sulfate contamination was the cause of corrosion.
Unlike chloride-induced SCC, sulfur-induced IGSCC of sensitized austenitic
alloys can occur rapidly at room temperature. Consequently, prevention

a A /\ A,
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of sulfur contamination, through administrative controls, is a more
effective means than chemical monitoring to avoid sulfur-induced
IGSCC. Based on the available facts at this time, we cannot techni-
cally justify additional requirements to monitor sulfur contaminants
in the reactor coolant system and the spent fuel pool as suggested in
the referenced memorandum. However, because the Prairie Island spent
fuel assembly bulge joint failure was the first time such an incident
has been reported and the fact that the contaminant (s) and its source
have not been identified, we believe that an I&E Information Notice
is appropriate. We have enclosed a draft Information Notice (Attach-
ment ?) which addresses recent corrosion problems at BWRs and PWRs.

lu m
Victor Benaro , Chief
Chemical Engineering Branch
Division of Engineering

Enclosures:
As stated ,

,

cc: H. Denton
R. Vollmer
D. Eisenhut
C. Heltemes
W. Johnston
F. Miraglia
T. Sullivan
S. Pawlicki
R. Baer
E. Jordan
C. McCracken
D. Pickett
P. Wu
D. Dilanni
E. Brown
K. Seyfrit

i
|
.
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MEMORANDUM FOR: Gus C. Lainas, Assistant Director
Operating Reactors -
Division of Licensing

FROM: William V. Johnston, Assistant Director
Materials, Chemical & Environmental Technology
Division of Engineering

SUBJECT: SAFETY EVALUATION REPORT, FUEL ASSEMBLY FAILURE
WHILE IN THE SPENT FUEL POOL AT THE FRAIRIE ISLAND
NUCLEAR GENERATING PLANT

~

Plant Name: Prairie Island Nuclear Generating Plant Unit Nos. 1 & 2
Suppliers: Westinghouse, Northern States Power Co.
Licensing Stage: OR
Docket Numbers: 50-282/306
Responsible Branch: ORB #3
Project Manager: D. Dilanni
Reviewer: P. Wu (~1ead reviewer, CMEB), E. Brown (AE00), W. Collins (IE),

D. Sellers (MTEB), M. Tokar (DSI), D. Dilanni (DL)

The enclosed safety evaluation report provides the safety assessment
of the fuel assembly failure event that occurred during fuel handling

- in tne. spent fuel pool in December, 1981. Our joint evaluation (see
above list of reviewers for NRC participants) is based on information
provided by the licensee and its fuel vendor during a meeting held on
February 23, 1983 and tha licensee's submittal by letter dated

.

*

March 22, 1983.

Based on the fact that there has been no recurrence of the problem
and no other similar incidents have occurred elsewhere, the staf. finds
that there is insufficient evidence to indicate that tnere is a-generic
impact regarding fuel assembly design, fabrication, handling, and storage.
Consequently, we conclude that it does not contradict the NRC position on
long-term storage of spent fuel assemblies. However, in view of the fact
that the identity of the contaminant and its source have not been identified,

b$.
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the staff 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.

,

.

'

William V. Johnston, Assistant Director
Materials, Chemical & Environmental

Technology
Division-of Engineering

Enclosure: As stated

cc: R. Vollmer
D. Eisenhut
R. Mattson
E. Jordan -

L. Rubenstein
-

V. Benaroya
R. Clark
B. D. Liaw
B. Mills, IE
C. McCracken
C. Berlinger
D. Dilanni
S. Pawlicki
T. Sullivan
E. Brown, AE00

. . W. Collins, IE
.

D. Sellers
M. Tokar
P. Wu
E. Brown.

K. Seyfrit
R.~ Baer' .

Contact: P. Wu -

X28555
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Safety Assessment Report on.-
,

Prairie Island Unit 1 Spent Fuel Assembly Degradation -
*

Northern States Power Company

Docket No. 50-282/306
'

.

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 nczzle,

then tipped towards the spent fuel pool wall and came tc rest at approxi-,

mately a 30 degree angle from the vertical in both the X and Y planes.
The bottom nazzle was supported on two faces by the top of the spent fuel
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 considered
stabilized. There was no detectable release of radioactivity, and visual

examinations did not reveal any damaged fuel pins. '

A detailad description of the incident was given in LER 81-031, Rev. O,
while'a~brief synopsis of an investigation conduct.ed by the fue_1 vendor

'

was given in LER 81-031, Rev. 1. The fuel vendor concluded that the
failure was caused by stress corrosion cracking (SCC) while in the spent

I fuel pool. However, the water chemistry of the storage pool was main-
tained within the vendor's specification.

,
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2.0 Evaluation
*

--

On Februdry 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, 1933, 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 Action (s).

2.1 Materials and Fabrication Historv _

-

The top nozzle of the spent fuel assembly is attached to the guide
tub'es by a stainless steel sleeve, approximately 8 inch'es 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 zircalloy tube is buldged 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 IGSCC. The staff agrees with the
.

'

licensee's corclusiin~that the Type 304 SS became sensitized during the
age hardening heat treating period, because the aging temperatures 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 intergranular
stress corrosica cracking (IGSCC).

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

-

expans' ion of the bulge joints and during welding of the sleeves to the
nozzle plate, provide the necessary 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 chemistry control while the fuel assembly was inside the reactor

vessel. A check of the spent fuel storage pool water chemistry records
also show that it was maintained well within the fuel vendor's speci-

fication. The staff reviewed the reactor coolant chemistry and the

spent fuel storage pool water chemistry records and confirmed that
,

e
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except for a few cases where slight chloride excursion occurred, the
.

overall chemistry rimits were within the vendor's specifications. The
staff also determined that the chloride excursicas 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
tt sulfur, chloride, and fluoride contamination. Because the same pump

which was used for recirculating the,ccacentrated boric acid line, is
also used for makeup boric acid in .ne spent fuel storage pool, the staff

is of the opinica that reduced <alfur 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

b
Photomicrographs of etched specimens taken frcm the top nozzle of the-failed
fuel assembly Type 304 SS sleeve revealed prefarential grain boundary
carbide prec'ipitation, a typical microstructure for sensitized stainless'

i steeis. 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 high in Si, A1, Cu, and C1

f on the fracture surface, while the alloy constituents are consistent

f 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 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 :he 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 incident, on 26 additional spent fuel assemblies

in different regions inside the spent fuel pool, indicated evidence of

corrosion on bulge joints of 13 fuel assemblies. However, none of
the corrosion re alted 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, Kewaanee, Point Beach (all three have the same fuel design
'

as Prairie Island), and Zion. 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 f ailure of the

j 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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simil,ar 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 fudl, 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

ana ysis dealt with a fuel nandling 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 operating core.
In that analysis, 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 additional 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 Zi'rcaloy thimble tube by the presence of

i' .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 o'f 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
laads 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
4

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-

4

tion of control rod insertion or core flow blockages.
i .

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, ne 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 *.he 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 additional assemblies
do not show evidence of IGSCC. Because the pump used for recirculating
stagnant lines of the CBST 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 CBST system.

3.0 Conclusion

-
,

| Based on the above evaluation, the staff concludes that the spent fuel
l

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,
j 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 separation during.'
reactor operation is not an unreviewed safety problem. Therefore, the

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 public safety and health is 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 sulfut 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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Attachment 2

UNITED STATES
NUCLEAR REGULATORY COMMISSION

OFFICE OF INSPECTION AND ENFORCEMENT
WASHINGTON, D.C. 20555

August ,1983

INFORMATION NOTICE NO. : POTENTIAL CONTAMINATION OF REACTOR
COOLANT SYSTEMS

Addressees:

All nuclear power reactor facilities holding an operating license (OL)
and plants under construction.

Purpose:

This information notice is provided as a notification on contamination
of reactor coolant systems and steam generators which may cause signifi-
cant material or system damage. It is expected that recipients will
review the information for applicability to their facilities. No
specific action or response is required.

Description of Circumstances:

Corrosion of the reactor coolant system pressure boundary and other
materials exposed to reactor coolant and steam generator water has
been reported and evaluated. These corrosion problems have affected
the reactor coolant systems of both BWRs and PWRs, and the steam
generator secondary side of PWRs.

Pipe cracks in an operating nuclear power plant were documented in the
early 60s. In NRC Report (NUREG-0679), the incidences of pipe cracks
in both BWRs and PWRs are summarized. For BWRs, the cracking was
thought to have been caused mainly by dissolved oxygen in high purity
reactor water. However,recentlaboratorytestshaveshownthat505,
C0" and N0j are contributors to stress corrosion cracking of stainless3
steels at BWR operating temperature.

In the case of PWRs, IGSCC has cccurred in systems other than the primary
'

-

coolant piping systems. In addition, the corrodant(s) has not been
positively identified in all instances. Water with a high oxygen concen-
tration as well as contaminants of chlorides, fluorides, and sulfur
compounds are suspected.

Since 1980, a few cases of material degradation and failure incidents
in operating PWRs have been identified as sulfur-induced corrosion,
while the exact cause and contaminant (s) if the majority of these
incidents are still unknown.
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Cracking in Boric Acid System Piping

In late December 1982, crack indications in the Boric Acid System Piping
was observed at the Prairie Island Unit 1. Subsequent investigations
led to the discovery of other cracks located in the annealed base metal
of the heat affected zone. Failure analysis of removed pipe sections
indicated that the failure was transgranular stress corrosion cracking
(TGSCC) and was caused by synergistic effects of contaminants (i.e.,
chloride, sulfate, and fluorides) which might have come from a con-
taminated batch of boric acid or the concentration of contaminants due
to resin intrusion (Prairie Island LER 82-029/0IT-0).

Fuel Assembly Failure While in the Spent Fuel Storage Pool

On December 16, 1981, with both units operating at power, spent fuel was
being moved in the spcot fuel storage pools at the Prairie Island Unit 1.
As the operator attempted to raise an assembly to re-index, the fuel
assembly failed at the bulge joint (LER 81-031, Rev. 1). Subsequent
inspection on 26 additional spent fuel assemblies in different regions
inside the spent fuel pool indicated 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 without incident. Although the mode of failure has
been identified as IGSCC, the contaminant (s) and its source have not
been identified. Since sulfur contamination was suspected in this case,
it was recommended in the NRC safety evaluation report (issued on
July 11, 1983) that Prairie Island include sulfate analysis in their
routine primary water and spent fuel pool water chemistry monitoring
and analysis program.

OTSG Tube Cracking, Waste Gas System Piping Corrision, and PROV Pitting

In late November 1981, with the reactor shutdown at TMI-1, primary-to-
secondary system leakage was detected in both once-through steam gene-
rators. Detailed examinations revealed thousands of defective tubes.
Subsequent metallurgical examination of removed tubes confirmed that
the tube failures were ID-initiated IGSCC caused by sulfur species
which most probably leaked into the primary coolant system as sodium
thiosulfate from the post-accident containment spray additive system.
No other plants currently utilize sodium thiosulfate as a containment
spray additive.

In January 1982 (THI-1 Update LER 82-002/03L-1), cracking was discovered
on 2-inch nipples of the Waste Gas Disposal System piping. In February
1983, the pilot valve disc and the main valve disc of the PORV was found
to have experienced pitting corrosion (TMI-1 LER 83-003/0IT-1). In both I

incidents, the subsequent metallurgical evaluation has confirmed that
the failure or corrosion was caused by sulfur. |

l
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Secondary Side Steam Generator Tube Degradation

Numerous instances of secondary-side initiated steam generator tube
degradation have been reported recently in operating PWRs. Circum-
ferential cracking of S/G tubes occurred at Arkansas Unit 1, pitting
of S/G tubes at Millstone 2 and at Indian Point 3, and the corrosion
of S/G tube "U" bend at St. Lucie were among the instances of secondary-
side initiated S/G tube degradation problems in which both the con-
taminant(s) and its source have not yet been positively identified.
However, sulfur contamination from condensate polisher operations or
condenser in-leakage is suspected to be one of the causes.

In view of both the extent and the type of damage that can ree c from
contamination of both reactor coolant and secondary coolant s;.uams,
it is recommended that holders of operating licenses and applicants for
plants under construction review this information and evaluate their
programs for monitoring water chemistry and controlling the introduction
of potentially corrosive contaminants. Specific attention should be
given to minimizing resin fines and ionic impurity releases from con-
densate treatment systems.

No written response to this notice is required. If you have any questions
regarding this matter, please contact the Regional Administrator of the
appropriate NRC Regional Office, or this office.

Edward L. Jordan, Director
Emergency Preparedness and

Engineering Response
Office of Inspection and Enforcement

Contact:

l
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