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NOTICE

This report was prepered as an account of work sponscred by an agency of the United States
'

Government. Neither the United States Government nor any agency thereof, or any of their
employees, makes any warranty, expressed or implied, or assumes any legal liability of re-
sponsibility for any third party's use, or the results of such use, of any information, apparatus,
product or process disclosed in this report, or represents that its use by such third party would
not infringe privately owned rights.

Availability of Reference Materials Cited in NRC Publications

Most documents cited in NRC publications will be available from one of the following sources: 1

l

1. The NRC Public Document Room,1717 H Street, N.W. I

Washington, DC 20555

2. The NRC/GPO Sales Program, U.S. Nuclear Regulatory Commission. |
Washington, DC 20555 i

3. The National Technical Information Service, Springfield, VA 22 61

Although the listing that follows represents the majority of documents cited in NRC publications,
it is not intended to be exhaust' .

Referenced documents available for inspection and copying for a fee from the NRC Public Docu.
ment Room include NRC correspondence and ir,ternal NRC memoranda; NRC Of fice of Inspection
and Enforcement bulletins, circu!ars, infctmation notices, inspection and investigation notices;

i Licensee Event Reports, vendor repcrts and correspondence; Commission papers; and applicant and
licensee documents and correspondence.

| The following documents in the NUREG series are available for purchase from the NRC/GPO Sales
'

Program: formal NRC staff and contractor reports, NRC sponsored conference proceedings, and
NRC booklets and brochures. Also avadable are Regulatory Guides, NRC regulations in the Code of
Federal Regul.stions, and Nuclear Regulatory Commission issuances.

Documents available from the National Technical Information Service include NUREG series
reports and technical reports prepared by other federal agencies and reports prepared by the Atomic
Energy Commission. forerunner agency to the Nuclear Regulatory Commission.

Documents available from public and special technical libraries include all open literature items,
such as books. journal and periodical articles, and transactions. federal Register notices, federal and i

state legislation, and congressional reports cari usually be ootained from these libraries.
|

Documents such as theses, dissertations, foreign reports and translations, and non NRC conference
prnreedings are available for purchase from the organisation sponsoring the publication cited.

Single copies of NRC draft reports are available free upon written request to the Division of Tech-
nical information and Document Control. U S Nuclear Regulatory Commission, Washington, DC
20555

Copies of industry codes and standards used m a substantive manner in the NRC regulatory process
|

are ma ntained at the NRC Library, 7920 Norfolk Avenue, Bethesda, Maryland, and are available
there for reference use by the public. Codes and standards are usually copyrighted and may be
purcha ed frnm the onginating organization or, if they are American National Standards, from the d

American National Standards Institute.1430 Broadway. New York, NY 10018.
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-ABSTRACT

i
.

This annual report, the fourth in a series, provides a brief description
! of fuel performance during 1981 in commercial nuclear power plants. Brief sum-

maries of fuel operating experience, fuel problems, fuel design changes and
fuel surveillance programs, and high-burnup fuel experience are provided. Ref-
erences to additional, more detailed information and related NRC evaluations

i

| are included.
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~ 1.0 INTRODUCTION

' Monitoring the in-reactor performance of nuclear fuel in commercial light-e

water power reactors yields important feedback for safety considerations 'and'

'

licensing procedures. Members of the public, governing and advisory bodies,
and the U.S. Nuclear Regulatory Commission (NRC) staff have expressed interest
in a publicly available summary of in-reactor fuel performance. As a result, a-,

! series of annual reports, of which this is the fourth, has been implemented to
| provide such a summary. The first was NUREG-0633-(Ref. 1), which covered the

period through calender year 1978. The second, NUREG/CR-1818 (PNL-3583) .
(Ref. 2) . covered calendar year 1979. The third, NUREG/CR-2410 (PNL-3953)
(Ref. 3), covered calendar year 1980.

| As noted in the first report-(Ref.1) of this annual series, the Atomic
Energy Commission (AEC) and then the NRC have requested operating nuclear reac-

'

tor fuel performance details through the reporting requirements of Regulatory '

-Guide 1.16 (Ref. 4). However, over the years the material covered in these
| reports has changed. The 1971 version of the guide requested that a summary of
[ fuel performance characteristics be included in semiannual operating reports-
' and that special topical reports be used for fuel inspection details. By 1975

though, only abnormal degraga(ion of fuel cladding and an indication of failed
fuel were reportable items. gal Reporting requirements were further reduced in
1977: only abnormal degradation of fuel cladding was to be included and the
requirement for an annual operating report was eliminated. Also, normal opera-3

I tion surveillance results, generic problems, and design trends are not' addressed in the NUREG series of reports entitled " Nuclear Power Plant
; Operating Experience" (Refs. 5-10). Results of plant operating experience are
~

also screened by the Nuclear Safety Analysis Center, which is operated by the;

Electric Power Research Institute (Ref.11).

I As a result, the primary intent of this report series is to summarize fuel
! operating experience, fuel system problems--especially generic type-'-that are

of concern during the reporting period, fuel design changes, fuel surveillance,

| programs, and high-burnup fuel experience. In preparing the reports, we' attempt to provide a traceable path of references so that the reader can
acquire a greater level of detail than is included in the annual summary.

!

| (a) A report published in 1981, NUREG/CR-1380 (PNL-3325) (Ref.12), elaborates
on the reporting of abnormal degradation and fuel failures. The threshold
for what constitutes abnormal degradation is not uniform and remains a
matter of opinion. Therefore, the degree of reported degradation is not
uniform. The definition of failed fuel is tied to the functional, legal,

j and detection requirements on the fuel. The designation of fuel as failed
depends on which functional requirement is not met (safety, commercial,
design), whether or not there is a legal contingency on that requirement
(Technical Specification, fuel warranty, design basis), and which indicator

i is used (coolant or off-gas activity, sipping, strain, or deflecion).
Thus, the definition can vary from outage to outage and from reload to-

{ reload for each utility as the considerations change.

1,

|

|
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This report, though focusing on fuel operating experience during calendar
year 1981, includes some overlap with the previous year. For those problems
first encountered prior to 1981, the pre-1981 information will be included for
the sake of continuity. In addition, information received or action taken in
early 1982 will be included if pertinent to the discussion of problem areas.
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2.0 FUEL SURVEILLANCE REQUIREMENTS

Section 4.2, Fuel System Design, of the Standard Review Plan (Ref.13)
requires that plans for testing, inspection, and fuel surveillance be submitted
and reviewed for each domestic nuclear power plant. The plans should include ,

preirradiation verification of cladding integrity, fuel system dimensions, fuel
enrichment, burnable poison concentration, and absorber composition. Postir-
radiation surveillance plans are dependent on whether the fuel design is an
existing or new design, and if the fuel exhibited any unusual behavior or char-
acteristics. These plans are then referenced and/or summarized in the plant's

| safety analysis report (SAR). Ref. 14 is an example of a required-fuel sur-
| veillance program.

Typical fuel assembly parameters (a) and operating conditions for current
commercial light-water reactor (LWR) fuel rod designs for use in pressurized
water reactors (PWRs) and boiling water reactors (BWRs) are summarized in
Table 1. The newer fuel rod designs are those with smaller fuel rod diameters
and more fuel rods per assembly. In a fuel assembly that employs fuel rods of
a newer design, the total assembly power is maintained while the individual
fuel rods are operated at lower linear heat generation rates and temperatures.
This design change is expected to aid in improving the irradiation behavior of
commercial LWR fuel by reducing fission gas release from the fuel and by reduc-
ing the mechanical interaction between the fuel and cladding. For example,
sample calculations indicate that shifting from a 7 x 7 to an 8 x 8 rod array
in a BWR fuel assembly results in a reduction in fission gas release of about
15% at high burnups (e.g., the release value drops fr 6% to 13% at
30,000 mwd /MTU and from 46% to 30% at 45,000 mwd /MTU).

(a) The terms " fuel assembly" and " fuel bundle" are used interchangeably by
the nuclear industry. Generally the former term is associated with fuel
for PWRs and the latter term with fuel for BWRs.

(b) mwd /MTU = number of megawatt days of thermal energy released by fuel
6contanining one metric ton (10 g) of heavy-metal atoms (e.g., U =

u ranium) .

3
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TABLE 1. Typical Fuel AS5embly Parameters

VECOR W SW C-E C-E E M E ENC Enc GE GE GE. ;

Fuel Rod Array 15x15 17x17 14:14 16x16 14:14 15x15 17x17 15x15 8x3 7x7 Sz8 8x8 R

Reactor Type PA PA PA PsR M PA PA PA 8d Bd 82 BR - |

Asseelies per Core 177 205 217 177 121 193 193 193 560 764 560 560

Fuel Rod Locations 225 239 1% 256 1% 225 289 225 64 49 .64 64
Per Asseely

Fwel Rods 208 264 176 236 179 204 264 204 60 49 63 62 ;

Per Assembly

Egty Locatices 17 25 5 5 17 21 25 21 4 N0mE 1- 2
Per Asseely

Red Pitch, 14.4 12.8 14.7 12.9 14.1 14.3 12.6 14.3 16.3 18.7 16.3 16.3
sus (in.) (0.568) (0.502) (0.580) (0.5063) (0.556) (0.563) (0.496) (0.563) (0.842) .(0.?38) (0.640)-(0.640)

Systes Pressure, 15.2 15.5 15.5 15.5 15.5 15.5 15.5 15.5 7.14 7.14 7.14 7.14 ;

MPa (psia) (2200) (2250) (2250) (2250) (2250) (2250) (2250) (2250) (1035) (1035) (1035) (1035)

Core Average Power 91.4 107.3 78.5 % .4 95.6 98.1 104.7 98.1 40.57 50.732 50.51 49.15
3 Density,kW/ liter ,

Average LHGR,(a) 20.3 13.8 20.0 17.5 20.3 22.0 17 .S 22.0 15.2 23.1 17.9 ' 17.7
kW/M (kW/ft) (6.20) (5.73) (6.09) (5.34) (6.20) (6.70) (5.44) (6.70) (4.63) (7.049)' (5.45) (5.38)

Axial Peak LNGR, 24.41 22.57 24.00 21.00 24.36 26.40 21.36 26 .40 13 .24 - 27.72 21.48 21.24
in an Average Rod, (7.44) (6.88) (7.31) (6.41) (7.44) (8.04) (6.53) (8.04) (6.02) (9.16) (7.09) (6.99)
kW/M (kW/ft) )
Max. Peak LHGR, 53.0 49.9 53.5 42.7 56.8 . 61.7 44.6 51.9 47.6 60.2 44.0 . 44.0

kW/M (kW/ft) (16.16) (15.20) (16.3) (13.0) (17.3) (18.8) -(13.6) (15.83) (14.5) (18.35) (13.4) (13.4)

Ma. Fuel Teg., 2340 2090 2140 1380 2260 2340 1870 2200 2040 2440 1830 1890

*C (*F) (4245) (4155) (3890) (3420) (4100) (4250) (3400) (3997) (3700) (4430) (3325) (3435)

Core Average 3.10(b) 3.15(b) 2.35 2.36 2.90 2.80 2.60 3.02 2.65 2.19- 1.80 1.99

Enrighl |
ent,

et%
|

Max. Local ;

|8vreuo,IC
sd/Miu )I

55,000 55.000 50,000 55,000 50,000 50,0C0 50,000 47,500 35,000 40,000 40,000 45,000 '

ld 4752 4752 4320 4752 4320 4320 4320 4104 3024 3456 3456 3808ca/kgu

Clazing Zry-4 Zry-4 Zry-4 Zry-4 Zry-4 Zry-4 Zry-4 Zry-4 Zry-2 Zry-2 .Iry-Z Zry-2 ,

-IMaterial

!

_ _ - _ _ _ _ _ _ - _ _ _ - _ _ _ - - _ _ _ _ _ _ _ _ _ _ - _ _ - _ _ - _ _ _ _ _ .
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TABLE 1. (contd)
VEMDOR 8&W B&W C-E C-E M y y ENC ENC GE GE GE

Fuel Rod 3.90 3.88 3.71 4.09 3.87 3.80 3.85 3.86 3.99 4.09 4.09 4.20
t (153.7) (152.7) (145.9) (161.0) (152.4) (149.7) (151.6) (152.0) (156.9) (161.1) (161.1) (185.4)

Active Fuel 3.602 3.632 3.47 3.81 3.66 3.66 3.65 3.66 3.66 3.66 3.71 3.81-Height. (141.8) (143) (136.7) (150) (144) (144) (143.7) (144) (144) (144) (146) (150)a (in.)
Plenum Length. 0.298 0.242 0.22 0.25 0.18 0.21 0.16 0.17 0.27 0.41 0.36 0.25
m (in.) (11.72) (9.52) (8.6) (10.00) (6.99) (8.2) (6.3) (6.8) (10.63) (16.0) (14.0) (10.0)
Fuel Rod CD, 10.922 9.627 11.18 9.70 10.72 10.72 9.50 10.77 12.74 14.30 12.52 12.27m (in.) (0.430) (0.379) (0.440) (0.382) (0.422) (0.422) (0.374) (0.424) (0.5015) (0.563) (0.493) (0.483)'
Cladding ID, 9.576 8.407 9.86 8.43 9.48 9.48 8.36 9.25 10.91 12.68 10.80 10.64m (in.) (0.377) (0.331) (0.338) (0.332) (0.3734) (0.3734) (0.329) (0.364) (0.4295) (0.499) (0.425) (0.419)
Cl adding 0.673 0.610 0.660 0.635 0.617 0.617 0.572 0.762 0.914 0.813 0.864 0.813Thickness, (0.0265) (0.0240) (0.026) (0.025) (0.0243) (0.0243) (0.0225) (0.030) (0.036) (0.032) (0.034) (0.032)m (in.)
Diametral Gap (e), 213.4 198.1 216 178 190 190 165 190 254 305 229 229m
micron (mil) (8.4) (7.8) (8.5) (7.0) (7.5) (7.5) (6.5) (7.5) (10.0) (12.0) (9.0) (9.0)
Fuel Pellet 9.362 8.209 9.64 8.26 9.29 9.29 8.19 9.06 10.66 12.37 10.57 10.41
Diameter, (0.3686) (0.3232) (0.3795) (0.325) (0.3659) (0.3659) (0.3225) (0.3565) (0.4195) (0.487) (0.416) (0.410)m (in.)
Fuel Pellet 15.240 9.525 16.51 9.91 15.24 15.24- 13.46 6.93 8.13 12.70 10.67 10.41
L th, (0.600) (0.375) (0.650) (0.390) (0.600) (0.600) (0.530) (0.273) (0.320) (0.500) (0.420) (0.410)nun in.)

95 95 94.75 95' 94 95 95 94 95 95 95 95Fuel Pellet (f)Density, ETD

(a) LHGR = Linear heat generation rate.
(b) Reload batch average enrichment.
(c) Ptid/MTU = number of eegawatt days of thermal energy released by fuel containing one metric ton (103 kg) of heavy. metal atoms

(e.g., U = uranium).
(d) M/kgU = gigajoule/ kilogram of heavy metal (e.g., U = uranium).
(e) Diametral gap = cladding ID - pellet diameter.
(f) Theoretical density (TD) of stoichiometric UO2 is 10.% g/cm3

>
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3.0 FUEL OPERATING EXPERIENCE

The following subsections provide synopses of domestic fuel operating
experience. The six subsections include information from a)the five fuel ven -
dors: Babcock & Wilcox Company, Combustion Engineering, Inc., Exxon Nuc~1 ear
Company, Inc., General Electric Company, and Westinghouse Electric Cooperation,
and b) the Electric Power Research Institute. While overall fuel operating '

experience continues to be excellent there are sporadic events involving damage -.

to or failure of fuel, and those events are discussed in Section 4.0. ; -
,

.
-

3.1 BJBC0CK & WILCOX COMPANY (B&W) ,

,

B&W has issued the annual summary for 1981 (Ref.15) of'in-reactor fuel
performance and ongoing development programs for B&W-designed commercial . s 4

nuclear fuel. Additional information may be found in haf.16. iB&W has irradi - i
ated a total of 647,728 Zircaloy-clad fuel rods during the nine-year operating
history of B&W-designed reactors. In addition, stainless steel-clad fuel rods,
have been irradiated in Connecticut Yankee (Haddam Neck). A fuel integrity ~ 't

level of 99.992% was achieved with the 309,824 Zircaloy-clad fuel rods that ,

iwere irradiated during 1981. See Section 4.0 for information on the fuel fail'
ures. A summary of B&W fuel rod experience, from the startup of their first
reactor (0conee-1) in April 1973 through December 1981, is provided in Table 2. -

The operating status of B&W-designed reactors is shown in; Table 3.~ The' burnup
experience for B&W-supplied fuel is summarized in Table 4. ' Tables 2-4 are from

'

Ref. 15.
,_

B&W, in cooperation with Duke Power Company (Duke), Arkansas Power & Lig6t <
(AP&L), Sacramento Municipal Utility District (SM'JD), and the Department of -
Energy (DOE), is involved with programs to improve futX utilization by extend-

,

ing the average burnup of LWR fuel asssemb)ies sto approximately 50,000 mwd /MYU ,

and by developing and demonstrating advanced fuel designs (Ref.15). The pro-
grams include the irradiation of B&W current-design and extended burnup-design
15 x 15 fuel assemblies to approximately. 50,000 ML'd/MTU. Two B&W papers-(Ref. ~ ,

17 and 18) concerning the development and performance.of the extended burnup
fuel were recently published. The programs also inc'lude demonst' rating the 'irg
reactor performance of a fuel-burnable poison ~ mixture, Ug-Gd 0 , (Ref. 19);23
axial blanket fuel; annular fuel pellets; and low ~ absorption spacer grids' ,

(Ref. 20). See Section 5.0 for the status of th'e-programs. ?
'

,

~

3.2 COMBUSTION ENGINEERING, INC. (C-E)_
l

The 1981 performance of C-E fuel'is described in a 'recent letter (Ref; 21)/ m

to the NRC. As of December 31, 1981, C-E has irradiated a total of 597,201
~

-
, ,

Zircaloy-clad fuel rods. Additional information on C-C fuei is providet in J&

Refs. 22 and 23. ',a - ,
'

s

, ,t i -

;, jA summary of C-E fuel rods and assemblies irradiated and/or discharged and s

the batch-averaged burnups achieved in ~1931 is presented in Table 5. 'Thr -),

status of C-E burnup experience with all-Zircaloy assemblies:is she,wn in '
,

h
, -

, . .

6 i
.
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.
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1981 Performance Summary for B&W-Supplied Fuel Rods (a)
-

TA. ALE 2.

Fuel Assembly Rod Array Type
Fuel Rod Type 15 x 15 17 x 17

1. Cumulative Number of Rods 646,672 1,056
Irradiated Through Dec. 1981:

h a. Maximum Rod-Average 41,600 35,300r-
.. Burnup, mwd /MTU

b. Mean Rod-Average 9,990 29,500
Burnup, mwd /MTV

2. Total Number of Rods 309,296 528
Irradiated in 1981:

'

3. Number of Irradiated Rods 283,296 528
In-Core on Dec. 31, 1981:

a. Maximum Rod-Average 41,600 35,300
Burnup, mwd /MTU

b. Mean Rod-Average 5,030 33,900
- Burnup, mwd /MTU

4. Number of Rods Discharged 52,000 0
_.

in 1981:

a. Maximum Rod-Average 33,400 --

_

Burnup, mwd /MTU

b. Mean Rod-Average 26,570-
--

Burnup, mwd /MTU
,

_ _

',

5 Estimated Number of Le 24.RodsGeneratedin1981gr; ;

s ,

(a) Connecticut Yankee (Haddam Neck) and Three Mile Island-2 ares > excluded from this tabulation.#
(b) Estimated from equilibrium coolant radioiodine behavior during

! full-power operation (iodine-131, iodine-133, and iodine-135,
i ,

) t, , [| 5 activity levels). The relatively small percentage of 17 x 17
/ 1 i ,, 'l type fuel (lead test assemblies) operating with 15 x 15 type,

'
( fuel precludes differentiation of probable leakers among the,

,
'

two fuel types.
'
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TABLE 3. Operating Status of B&W-Designed Reactors
(as of December 31,1981)

Maximum Assembly
Burnup, mwd /MTU

Fuel
In-Core Dischar9ed

Reactor Cycle Fuel to Date
Oconee-1 7 40,000 40,000
Oconee-2 5 36,200 33,700

,

Oconee-3 6 33,100 31,950 ;

Arkansas-1(gland-1(a)Three Mile 5 25,200 32,200 l
5 29,800 33,250

Rancho Seco 5 31,200 37,750
Crystal River-3 4 17,900 29,900
Davis Besse-1 2 23,050 13,100

(a) Cycle 5 startup activities were terminated on March 30,
1979, at Three Mile Island-1. The unit has remained
shut down.

(b) Arkansas Nuclear One-Unit 1 (Arkansas-1).

TABLE 4. Summary of Burnup Exp9rience Throu9h December 31, 1981,
for B&W-Supplied Fuelgap

in-Core Assemblies
Assemblies on Assemblies Discharged Through

Fuel Assembly December 31, 1981 Discharged in 1981 December 31, 1981
Batch Average No. No. No. No. No. No.

Burnup, mwd /MTU of Assy's of Rods of Assy's of Rods of Assy's of Rods

0 to 3,900 188 39,104 0 0 0 0
4,000 to 7,900 132 27,456 0 0 4 832
8,000 to 11,900 192 39,936 0 0 103 21,424
12,000 to 15,900 284 59,072 4 832 177 36,816
16,000 to 19,900 350 72,800 3 624 121 25,168
20,000 to 23,900 61 12,688 21 4,368 202 42,016
24,000 to 27,900 110 22,880 141 29,328 690(b) 143,632
28,000 to 31,900

28(c)
5,824 81 16,848 383 79,664

32,000 to 35,900 70 14,672 0 0 65 13,520
36,000 to 39,900 0 0 0 0 1 208
40,000 to 43,900 1 208 0 0 3 624
Totals 1,416 294,640 T5Ti 52,000 TN 363,904

(a) Connecticut Yankee (Haddam Neck) and Three Mile Island-2 are excluded,

i from this tabulation.
J (b) Includes two nonreconstitutable, 17 x 17 lead test assemblies (Mark C).

(c) Includes two reconstitutable, 17 x 17 lead test assemblies (Mark CR).
i

; 8
|

|



TABLE 5. Sumary of Combustion Engineering Fuel Irradiated and/or
Discharged in 1981

Batch-Averaged
No. of Assemblies No. of Fuel Rods Bur _nup. mwd /MTU

' Reactor Fuel as of at
(Fuel Cycles) Batch Irradiated Discharged Irradiated Discharged December 1981 Disch s

Arkansas-2(a) A 61 60 14,396 14,160 16,500 13,400
18,700(Cycles 1 and 2) 8 60 13,440 --- ------

15,20012,808C 56 ---------

5,10014,160D 60 ---------

39,100176Calvery Cliffs-1 0 1 --- ------

30.100(Cycle 5) E 52 9,152 ---------

21,20012,672F 72 --- ------

16,192 9,600G 92 ---------

Calvert Cliffs-2 B 1 1 164 164 34,500---

(Cycles 3 and 4) C 68 68 11,632 11,632 34,100---

0 84 59 14,784 10,384 28,400 22,300
18,90011,264E 64 --- ------

F 128 21,824 8,300------ ---

Fort Calhoun 0 1 176 44,900--- --- ---

(Cycles 6 and 7) E 12 12 2,112 2,112 34,300---

F 36 28 6,336 4,928 31,800 30,200
G 44 7,744 21,800--- --- ---

Maine Yankee E 2 1 160 160 22,100 28,100
(Cycles 5 and 6) G 32 22 5,568 5,569 32,700---

H 40 40 7,040 7,040 31,500---

12,576I 72 26,200 ------ ---

M111 stone-2 B 1 164 25,700 ------ ---

(Cycle 4) D 72 72 12,672 12,672 31,400---

E 72 12,672 --- 23,300--- ---

Palisaoes 0 60 60 12,960 12,960 30.600---

(Cycle 4)

St. Lucie-1 C 1 1 176 176 35,700---

(Cycles 4 and 5) D 60 60 10,560 10,560 29,600---

E 68 3 11, % 8 528 23,200 23,300
F 88 14,912 14,100--- --- ---

G 64 11,024 600--- --- ---
,

|

(a) Arkansas Nuclear One-Unit 2.
(b) Batch E Assembly in Cycle 6 is diff erent from the Batch E Assembly in Cycle 5.

|
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Table 6. A statement about the fuel integrity level was not included in
Ref. 21; however, the typical equilibrium iodine-131 activity concentrations in
the primary coolants of C-E reactors during 1981 are listed in Table 7. See
Section 4.0 for information on the fuel failures. Tables 5-7 are from
Ref. 21.

A paper describin9 C-E's experience with fuel at high burnups was recently
published (Ref. 24). Fuel performance data supporting the design and operation
of C-E fuel are being acquired under surveillance programs sponsored by EPRI
and DOE (Refs. 24-28). See Section 5.0.

3.3 EXXON NUCLEAR COMPANY, INC. (ENC)

A report (Refs. 29 and 30) summarizing the ENC fuel performance through
December 31, 1981 has been published. Additional information is provided in
Refs. 31-33. ENC has irradiated a total of 527,856 fuel rods in 4024 fuel
assemblies and the fuel integrity levels achieved have been 99.987% and 99.43%,
respectively. See Section 4.0 for information on the fuel failures. ENC fuel
has been loaded into 23 domestic and foreign reactors (includes 9 BWRs and
14 PWRs). During 1981, 11 ENC fuel assemblies (3 in domestic plants and 8 in
foreign plants) were found by sipping or by visual inspection to contain
leaking fuel rods. Table 8 (Ref. 29) summarizes the ENC fuel assembly
distribution and fuel rod performance as of the end of 1981. The maximum
assembly average burnups attained were 39,100 mwd /MTU in BWRs and
46,800 mwd /MTU in PWRs. The exposure range of ENC fuel is shown in Figure 1.
ENC fuel failures observed in 1981 are listed in Table 9. Tables 8 and 9 and
Figure 1 are from Ref. 29.

ENC, in cooperation with customer utilities, DOE, EPRI, and PNL, is
conducting a number of test fuel programs that are aimed at evaluating the
performance of several proposed design modifications (Refs. 25, 29, 31, and
34-38). See Section 5.0.

3.4 GENERAL ELECTRIC COMPANY (GE)

Table 10 (Ref. 39) provides a summary of GE's BWR/2-5 experience with
8 x 8 fuel as of January 1982 and shows that GE has irradiated a total of
1,489,246 fuel rods and achieved a fuel integrity level of greater than
99.98%. See Section 4.0 for information on the fuel failures. One GE BWR 6
with Mark III containment (Kuosheng-1) has begun operation (Ref. 40-42). GE is
conducting fuel surveillance programs that involve lead test assemblies and, in
some cases, demonstration reloads (Refs. 25, 39, and 43-47). A recent paper
(Ref. 48) describes the impact of extended burnup on the BWR fuel cycle. A
summary of GE's lead test assembly and extended burnup bundles is shown in
Table 11 (Ref. 39). See Section 5.0.

10

_ _ - _ _ _ - _ _ - - _ _ _ _ _ _ - _ _ _ _ _ _ _ _



-TABLE 6. Combustion Engineering Burnup Experience with All-Zircaloy
Assemblies: Status as- of December. 31,1981

In-Core Discharged Discharged Fuel-
Fuel Assemblies with Fuel Assemblies with' Assemblies with Non--

Fuel Assembly Pressurized Fuel Rods Pressurized Fuel Rods Pressurized Fuel Rods
Batch-Averaged No. of Fuel .No. of No. of Yuif-~ No. OT No. of Tdif~~ No. of

.

Burnugt Wd/MTU Assemblies Fuel Rods Assemblies Fuel Rods Assemblies Fuel Rods

0 to 3,900 64- 11,024 0 0 0 -0

4,000 to 7,900 60 14,160 '6 1,048 0 0

8,000 to 11,900 220 38,016 25 3,696 208 40,500

12,000 to 15,900 144 28,296 217 41,792 190 35,351

16,000 to 19,900 125 24,940 248 43,128 ;24' 3,840

20,000 to 23,900 254 44,688 226 39,796. 0 0

24,000 to 27,900 73 12,740 372 62,916 0, 0

28,000 to 31,900 85 14,960 646 112,652 0 0-
.

32,000 to 35,900 0 0 135 23,144 0 0I~

36,000 to 39,900 1 176(a) 0 .' 0 0 0

40,000 to 43,900 0 0 1' .162 0 0

44,000 to 47,900 1 :176, -0 0 0~ 0,

Totals 1,027 189,176 1,876 328,334 422 79,691

(a) This fourth-cycle Calvert Cliffs-1 assembly includes some fuel rods in their fifth
cycle.



TABLE 7. Typical Equilibrium Iodine-131 Activity Concentrations in
the Primary Coolants of Combustion Engineering Reactors
During 1981

Fuel Beginning End 1981 Equilibrium Conditions-
Reactor Cycle 'of Cycle of Cycle Power, % Iodine-131, pCi/g

Arkansas-2(a) 1 12/06/78 03/28g 100 0.10 to 0.15
2 07/02/81 08/82 100 0.05 to 0.07

Calvert Cliffs-1 5 12/21/80 04/16/82 100 0.003 to 0.015

NA(c) NACalvert Cliffs-2 3 12/06/79 01/17g/
4 03/13/81 10/82 100 0.006 to 0.015

Fort Calhoun 6 06/08/80 01/83{gj nag)09/18 95 0.
7 12/17/81 NA

Maine Yankee 5 03/09/80 05/08{g} 0.00fd)
97

6 07/12/81 10/8''. 97 0.002

Millstone-2 4 10/20/80 12/05/81 100 0.006 to 0.01

Palisades 4 05/24/80 08/29/81 100 0.03 to 0.09(d)

St. Lucie-1 4 05/07/80 09/08 100 0.01 to 0.06
5 11/29/81 05/83 NA NA

(a) Arkansas Nuclear One-Unit 2.
(b) Target end-of-cycle date.
c Not available (NA).
d Predominately non-Combustion Engineering supplied fuel.

3.5 WESTINGHOUSE ELECTRIC CORPORATION (E)

The operational experience in Westinghouse cores with Zircaloy-clad fuel,

' up to December 31, 1981, is summarized in a recent report (Ref. 49).
. Westinghouse-supplied fuel has been employed in 40 commercial PWRs. During
| 1981, 23 plants were refueled and 4 plants commenced initial commercial power

operation. Through 1981, Westinghouse has irradiated a total of 2,421,800
Zircaloy-clad fuel rods. Table 12 (Ref. 49) provides a burnup summary for
Westinghouse Zircaloy-clad fuel discharged and being irradiated through 1981.

,

! The burnup performance from 1974 through 1981 is illustrated in Figure 2
(Ref. 49). Westinghouse continues to evaluate fuel performance in terms of

,

coolant activity level (i.e., instead of fuel integrity level). Table 13!

(Ref. 49) presents a performance summary for Westinghouse fuel on a plant-by-
plant basis and includes data on coolant activity level. See Section 4.0 for
information on the fuel failures. Westinghouse is conducting a number of fuel
surveillance programs (Refs. 50-52). See Section 5.0.

12



_

TABLE 8. Summary of Exxon Nuclear Fuel Assembly Distribution
and Fuel Rod Performance as of December 31, 1981

A. Fuel Assemblies
Number of Fuel Assemblies

Reactor In Core as of Discharged Discharged Total Failures
Type December 31, 1981 in 1981 Prior to 1981 Total Number Rate, Y
BWR 1455 32 498 1985 12 0.60
PWR 1570 '128 341 2039 11 0.54
Total JUK TM FJT TUN TJ 0.57

B. Fuel Rods
In-Core Fuel Discharged Fuel Total Failure

Reactor Number Burnup, Number Burnup, Number Total Failuresga ) Number Rate, KType of Rods mwd /MTV of Rods mwd /MTU of Rods *

BWR 90,425' 39,100(b) 26,466 30,400 116,891 0.006 14 0.012
PWR 312,548 46,800 98,417 40,400 410,965 0.001 52 0.013
Total 402,973 124,883 527,856 0.002 'E 0.013

(a) Failures not directly attributable to external cr.ases and occurring below
warranted burnup.

(b) Average of 60 Extended Burnup Demonstration Prr gram fuel rods.e

3.6 ELECTRIC POWER RESEARCH INSTITUTE (EPRI)

EPRI initiated a fuel surveillance program in operating LWRs in 1974 that
involves projects with each of the domestic fuel vendors (Ref. 25 and 53).
Those projects monitor only standard product-line fuel (however, EPRI is also
sponsoring studies on new improved fuel design concepts-see Section 5.0). Under
the projects, data are compiled on the performance of standard fuel rods and
assemblies, control and burnable poisons, and BWR fuel channels. The EPRI
program is directed toward solving specific industry problems such as fuel
failures due to pellet-cladding interaction, fuel rod bow, and fission gas
release or on improving overall fuel assembly performance (e.g., by employing
extended burnup fuel cycles). Concerning the last item, DOE is conducting
similar studies under their Extended Burnup Program. The EPRI fuel surveillance
program is discussed further in Section 5.0. EPRI has made a critical review
(Ref. 54) of the problems and progress with LWR materials, including core
materials.

13
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TABLE 9. Exxon Nuclear Fuel Failures During 1981

Number
of Fuel Fuel Date

Reactor Assemblies Type Found

BWRs:

Barseback-1 3 U02 07/81

PWRs:

Biblis-A 1 UO2 05/81
Palisades 1 00 10/812

Tihange-1 4 U02 03/81

Yankee Rowe-1 2 00 06/812

TABLE 10. General Electric BWR/2-5 Fuel Experience Summary (January 1982)

All 8 x 8

Total rods in core or discharged 1,489,246(a)

Estimated sound rods, % >99.98

Lead assembly exposure, mwd /MTU 40,000

Peak linear heat generation rate, 44.0 (13.4)
kW/m (kW/ft)

(a) Cumulative.

15
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TABLE 11. Surmary of General Electric Lead Test Assembly
and Extended Burnup Bundles

Completed Average Burnup,

| No. of Cycles of At Last Outage.
Program Reactor Bundles Operation Mid/MTU Objectives

8x8 Lead Test Monticello 1 5 40,000 . Lead 8x8 Performance,
Assemblies ' Extended Burnup

Quad Cities-1 1(a) 4 29,000(a) Lead 8x8 Performance

8x8R Lead Test Peach Bottom-2 4(b) 4 35,000 Lead 8x8R Performance,
Assemblies Extended Burnup

Vermont Yankee 2(a) 5 21,000(a) Lead 8x8R Performance

P8x8R Lead Test Peach Bottom-3 1 3 25,000 Lead P8x8R Performance
Assemblies

Lead Test Assemblies Quad Cities-1 5(c) 5 31,000 Extended Burnup,
Fuel Performance-

Lead Test Assemblies Quad Cities-1 4 1 12,000 Barrier Clad
(Barrier Cladding)

Lead Test Assemblies Monticello 4(d) 6 39,000 Extended Burnup
(Extended Eurnup)

Barrier Reload Quad Cities-2 144 Power Ramp Testing
Demonstration

(a) Bundle (s) now discharged.
(b) One bundle discharged.
(c) Three bundles now discharged.
(d) One bundle discharged. The remaining three bundles include the 8x8 Lead Test Assembly.
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TABLE 12. Westinghouse Zircaloy-Clad Fuel Burnup Status
as of December 31, 1981: Assemblywise Burnup
Distribution of Fuel Rods

Active Fuel Rods (a) Previously Discharged Fuel Rods
Assemblywise No. of Assemblywise No. of

Burnup, mwd /MTU Fuel Rods Burnup, mwd /MTU
_

Fuel Rods
0- 3,900 180,974 0- 3,900 0

4,000 - 7,900 251,338 4,000 - 7,900 3,222
8,000 - 11,900 119,090 8,000 - 11,900 26,130

12,000 - 15,900 97,122 12,000 - 15,900 70,889
16,000 - 19,900 118,961 16,000 - 19,900 221,103
20,000 - 23,900 128,069 20,000 - 23,900 135,476
24,000 - 27,900 92,667 24,000 - 27,900 192,188
28,000 - 31,900 70,241 28,000 - 31,900 220,437
32,000 - 35,900 55,407 32,000 - 35,900 104,330
36,000 - 39,900 6,582 36,000 - 39,900 38,229
40,000 - 43,900 895 40,000 - 43,900 1,790
44,000 - 47,900 0 44,000 - 47,900 0
48,000 - 43,900 816 48,000 - 0
Newly Discharged Fuel Rods (b) Total Discharged Fuel Rods (c)
Assemblywise No. of Assemblywise No. of

Burnup, mwd /MTU Fuel Rods Burnup, mwd /MTU Fuel Rods
0- 3,900 0 0- 3,900 0

4,000 - 7,900 707 4,000 - 7,900 3,929
8,000 - 11,900 28,942 8,000 - 11,900 55,072

12,000 - 15,900 4,870 12,000 - 15,900 75,759
16,000 - 19,900 12,900 lb,000 - 19,900 234,003
20,000 - 23,900 18,100 20,000 - 23,900 153,576

24,000 - 27,900 72,587 24,000 - 27,900 264,775
28,000 - 31,900 90,730 28,000 - 31,900 311,167
32,000 - 35,900 46,579 32,000 - 35,900 150,909
36,000 - 39,900 10,234 36,000 - 39,900 48,463
40,000 - 43,900 204 40,000 - 43,900 1,994

44,000 - 47,900 0 44,000 - 47,900 0

48,000 - 0 48,000 - 0

(a) In-core fuel rods that were not discharged from operating plants.
(b) Fuel rods discharged during calendar year 1981.
(c) Fuel rods discharged from 1969 through December 1981.
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TABLE 13. Westinghouse Fuel Performance Status Report (Fourth Quarter 1981)

Fcorth Quarter
Date of Peak Region Avera9e Percent of Design
Initial Current Burnup as of Dec. 31, 8asts Activity

Reactor _ Location Criticality Cycle No. 1981. (mwd /MTU) . Release Rate (s) Comment

Jose de Cabrera Spain 06/68 11 30,500 2.1
Bernau-l Switzerland 06/69 11 33,800 0.75
Mthama-1 Japan 07/10 3 26,000 NoData(b)

(c))(c
Point Beach-1 U.S.A. 11/70 10 34,700 2.4
Mlhama-2 Japan 04/72 4 28,400 No Data
Point Beach-2 U.S.A. 05/72 8 35,100 0.3
Surry-1 U.S.A. 07/12 6 26,300 6.38
Turkey Point-3 U.S.A. 10/12 8 31,300 No Data (d)Surry-2 U.S.A. 03/73 5 33,300 0.14 (c)Zion-1 U.S.A. 06/13 6 37,000 1.1
Indian Point-2 U.S.A. 05/73 5 33,400 2.4
Turkey Point-4 U.S.A. 06/73 8 33,900 No Data c)Pralrle Island 1 U.S.A. 12/73 7 34,900 0.9 c)Zion-2 U.S.A. 12/73 6 36,700 <0.08 ej
Kewaunee U.S.A. 03/74 7 31,900 s0.01
Prairie Island-2 U.S.A. 12/74 6 35,000 0.01
Trojan U.S.A. 12/75 4 34.100 4.2
Indian Point-3 U.S.A. 04/76 3 33,140 0.2 (c)8eaver Valley U.S.A. 05/76 2 27.400 0.25
Salen-1 U.S.A. 12/76 3 29.600 0.2
Ko-R1-1 Korea 06/77 3 27,000 No Data
f ar ley-1 U.S.A. 08/77 4 32,700 0.33 (c)Oht-1 Japan 12/77 3 N24,000 No Data (c)D. C. Cook-2 U.S.A. 03/18 3 27,000 1.8
North Anna-1 U.S.A. 04/78 3 17,000 2.8
Ohl-2 Japan 09/78 2 14,700 No Data (c)North Anna-2 U.S.A. 06/80 1 14,000 0.6
Sequoyah-1 U.S.A. 07/80 1 7,300 0.2 (d)R inghals-3 Sweden 07/80 1 6,700 (e) (e)Salen-2 U.S.A. 08/80 1 3,600 ---

Almarer-1 Spain 04/01 1 1,000 (e)Farley-2 U.S.A. 05/81 1 1,000 0.02
McGuire U.S.A. 06/81 1 1,000

(e) e)(e
Sequoyah-2 U.S.A. 10/81 1 1,000 ) e)Mllistone-2 U.S.A. 12/75 5 s0.04 c , .')---

(a) Activity release rate calculated from coolant activity averaged over the quarter and presented as
percent of that todine 131 release rate which establishes the basis for design of plant shielding and
coolant cleanup system equipment.

(b) No data reported (No Data).
(c) Plant refueling during period of report.
(d) Maintenance and inspection or repair during period of report.
Le i Reported information reflects last period of operation or inferrence from short periods of operation

& ring period of report.
(f) This reactor is currently fueled by Westinghouse.

I
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4.0 PROBLEM AREAS OBSERVED DURING 1981

4.1' PROBLEMS IN 1981 THAT ARE SIMILAR TO THOSE IN 1980

4.1.1 Iodine Spiking and Gross Gas Release

lodine spiking (i.e., a temporary increase in coolant iodine concentra-
tion) is frequently observed at reactors where leaking fuel rods are present.
These temporary increases in iodine concentrations have been observed to occur -
following shutdowns, start-ups, rapid power changes, and coolant depressuriza-
tion. Iodine spikes are characterized by a rapid increase in coolant concen-
tration by as much as three orders of magnitude, followed by a return to pre-
spike concentrations. The latter characteristic distinguishes the spiking
phenomenon from a step-wise permanent increase in coolant activity level caused
by the sudden failure of one or more fuel rods. j

The NRC has developed Standard Technical Specifications (Table 14) for
primary coolant iodine concentrations that make allowance for iodine spikes by
permitting temporary excursions (not to exceed 48 hours) above the " equilibrium"
concentration limit. For each excursion above the equilibrium limit, a Licensee
Event Report is required. Four BWRs (Brunswick-1 and -2, Hatch-2, La Crosse)
and approximately one-half of the operating PWRs have this type of technical
specification.

During 1981, iodine spiking and/or gross gas release occurred at twelve
plants. As shown below, two boiling water reactors (BWRs) and ten pressurized
water reactors (PWRs) were involved:

Reactor Type
Reactor BWR PWR

Arkansas-1 X

Arkansas-2 X

Brunswick-2 X

Cook-2 X

Crystal River-3 X

Davis Besse-1 X
|

La Crosse X

North Anna-1 X

Palisades X

St. Lucie-1 X

Surry-1 X

Trojan X
;

20
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TABLE 14. Technical Specifications for Primary Coolant Activity (a)

Limits on Coolant Activity

Dose
Equivalent Other
Iodine-131, Isotope

Plant Type (b) (pCi/g) Value/E d) Standard (d)

Arkansas-1fe PWR 3.5 72/E No
IArkansas-2 PWR 1.0 100/E Yes

Beaver Valley-1 PWR 1.0 100/E Yes
Big Rock Point-1 BWR (g) g) --

Browns Ferry-1,-2, and-3 BWR 3.2 (g)_ No I

Brunswick-1 and-2 BWR 0.2 100/E Yes
Calvert Cliffs-1 and-2 PWR 1.0 100/E Yes
Cook-1 and-2 PWR 1.0 100/E Yes
Cooper Station BWR 3.1 (g), No

Crystal River-3 PWR 1.0 100/E Yes
Davis-Besse-1 PWR 1.0 100/E Yes
Dresden-1 BWR 20.0 (g) No

20.0(h)
(g) NoDresden-2 BWR

20.0(I)
(g) NoDresden-3 BWR

1.2 (g)_ NoDuane Arnold BWR
Farley-1 PWR 1.0 100/E Yes
Fitzpatrick BWR 3.1 (g) No
Fort Calhoun-1 PWR 2.0 31/E No
Ginna PWR 3.0 84/E No
Haddam Neck PWR (g) 68/E No

Hatch-1 BWR 10 (g) No
Hatch-2 BWR 0.2 100/E Yes
Indian Point-2 PWR (g) 60/E No
Indian Point-3 PWR 1.0 100/E Yes
Kewaunee PWR (g) 91/E No
La Crosse BWR 0.2 100/E Yes
Maine Yankee PWR 1.0 100/E Yes
Millstone-1 BWR 20.0(h) (g), No
Millstone-2 PWR 1.0 100/E Yes
Monticello BWR 5.0 (g) No
Nine Mile Point-1 BWR 25.0(h) (g), No
North Anna-1 and-2 PWR 1.0 100/E Yes

(g) (h) 224/E NoOconee-1,-2, and-3 PWR

8.0 (g) NoOyster Creek-1 BWR

Palisades PWR 1.0 100/E Yes
Peach Bottom-2 and-3 BWR 2.0 (g) No
Pilgrim-1 BWR 20.0(h) (g) No
Point Beach-1 PWR 1.0 100/E Yes
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TABLE 14. (contd)

Limits on Coolant Activity
Dose

Equivalent Other
Iodine-131, Isotope}d) Standard (d)Plant Type (b) (pCi/g) Value/E

Point Beach-2
. PWR (g) 162/E No

Prairie Island-1 and-2 PWR (g) 27/E No
Quad Cities-1 and-2 BWR 5.0 (g)_ No
Rancho Seco-1 PWR (g) 43/E No

.

Robinson-2 PWR 1.0 100/E Yes !
Salem-1 PWR 1.0 100/E Yes i

San Onofre-1 PWR 1.0 100/E Yes
Saint Lucie-1 PWR 1.0 100/E YesSurry-1 and-2 PWR 1.0 100/E Nold)
Three Mile Island-1 PWR (g) 130/E No
Three Mile Island-2 PWR 1.0 100/E Yes
Trojan PWR

1.0(k) 100/E Yes
Turkey Point-3 and-4 PWR 1.0 135/E No
Vermont Yankee-1 BWR 1.1 (g) No
Yankee Rowe-1 PWR 1.0 100/E Yes
Zion-1 and-2 PWR (g) 58/E No1

(a) As of December 1981.

(b) E = average disintegration energy, (MeV). Pressurized water reactor (PWR), boiling water reactor (BWR).(c)
(d) Standard Technical Specifications:

BWR Activity:
,

0.2 pCi/g, Dose Equivalent Iodine-131, and 100/E pCi/g, equilibrium
4.0 pCi/g, Dose Equivalent Iodine-131 during iodine spikes

PWR Activity:
_

1 pCi/g, Dose Equivalent Iodine-131, and 100/E pCi/g, equilibrium
60 pC1/g, Dose Equivalent Iodine-131 during iodine spikes (some plants
have higher spiking limits for decreasing power levels).

(e) Arkansas Nuclear One-Unit 1.
(f) Arkansas Nuclear One-Unit 2.
(g)Notavailableornonexistent.
(h) Technical Specification stated as total iodine (pCi/g instead of Dose

Equivalent Iodine-131.
(i) Increased sampling required when Dose Equivalent Iodine-131 is >0.012 pCi/g.
(j)Otheraspectsarenotstandard.
(k) Not specified as either total iodine or Dose Equivalent Iodine-131

22

.. -- .-.-



1

Arkansas-1 (Refs. 55-69)

Following a routine shutdown and subsequent startup of the reactor on
March 18, 1980, the average gross gas release rate for the first quarter of 1980
reached 4.3%, which exceeded the 4.0% allowed by Engineering Technical Specifi-
cation (ETS) 2.4.2.1 (Ref. 55). At that time, there had been no previous
similar occurrences.

During a plant shutdown on July 25, 1980, the average gross gas release
rate for the third quarter of 1980 exceeded ETS 2.4.2.3.a. Previous releases,

when compared to a revised and retroactive ETS, were found to exceed ETS 2.4.2.1
(Refs. 56-58). Failed fuel was to be replaced or relocated at the next
refueling.

The reactor coolant system activity levels during Cycle 4 operation, after
the fuel f ailures occurred, varied around 0.3 to 0.4 pCi/g with a December 30,
1980 level 0.196 pCi/9 prior to shutdown for refueling (the ETS limit is
3.5 pCi/g) (Ref. 61). The reactor coolant activity (iodine-131 dose equivalent)
at the end of Cycle 4 was estimated to represent roughly 70 failed fuel rods out
of 36,816 total fuel rods in the core (Ref. 57).

Corrective Action for and Cause of Problem. During the January 1981
refueling outage, all 177 fuel assemblies were sipped. Of the 177 assemblies.
24 were identified as leakers by wet sipping. Of the 24 assemblies, 19 were
removed before Cycle 5 operation and 5 were shuf fled to low power density
locations on the core periphery.

Since achieving full power operation following refueling (returned to power
operation for Cycle 5 on March 19,1981), the iodine levels in the reactor cool-
ant system were monitored periodically during the months of April, May, June,
July, and November 1981. The indicated activity level was estimated to repre-
sent 6 failed fuel rods out of 36,816 total fuel rods in the core. The next
scheduled refueling outage is in January 1983.

B&W's studies (Ref. 61) indicated that the defect mechanism was limited to
the assemblies that had been identified as having failed in Cycle 4 and was not
progressive in nature. B&W reviewed the operating conditions around the time
when the failures occurred and found no conditions that should have resulted in
fuel failure. Also, B&W reviewed the quality assurance records associated with
manufacture of the failed fuel assemblies and found no correlations that would
indicate a generic type problem with respect to manufacturing defects.

Arkansas Power and Light Company (AP&L) worked with B&W to try to determine
the cause of fuel failures in Cycle 4 (Ref. 62). The failed fuel evaluation
plan (Ref. 60) was submitted to the NRC and included visual inspection. A
report on the progress of the findings and some photographs were submitted to
the NRC--the cause of the f ailures was not identified and AP&L had no plans to
continue the investigation (Ref. 63). Subsequently the licensee met with the
NRC for discussions about the leaking fuel rods (Ref. 69).
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NRC Action. The NRC reviewed the " preliminary status report" and the
photographs (Ref. 63). Because a) a substantial number (far higher than
" usual") of fuel failures occurred, b) they all appeared to have occurred at
about the same time, c) the cause of the failures remains unknown, and d) exist-
ing regulations and regulatory guides provide both explicit and implicit
requirements for a licensee to detect, report, replace, and identify the cause
of failed fuel, the staff of the Core Performance Branch of the NRC strongly

| recommended in September 1981 that a further attempt should be made to identify
i the cause of the fuel failures (Ref. 63). At the request of the NRC staff, AP&L

and B&W met with the NRC in March 1982 to discuss the final report concerning
the investigation of leaker fuel at Arkansas-1 and the results of that meeting
are provided in Ref. 69. In March 1982, the NRC completed its investigation
(Ref. 70) of the Arkansas-1 fuel failures and reached the following conclusions:

1. No definite cause of the failures has been established. Since most
of the failures appear to have occurred at about the same time,

j everyone involved (including the NRC staff) believes that there must
have been an initiating event. A thorough investigation, however,
has failed to reveal any power transient, water chemistry anomaly,
or other trigger that could have initiated the failures.

2. There is no observable correlation of failures with manufacturing
batches or lots of material (Zircaloy tubing or ingots). We believe
that this conclusion is unambiguous.

3. It appears that there may have bean at least two separate mechanisms
of failure, inasmuch as several Catch-6 (first cycle of operation)
rods appeared to have failed early in life (<2000 mwd /MTU burnup),
whereas the other rods (from Batches 4 and 5) failed after appreci-
able burnup. Thus, it is possible that the Batch-6 failures
occurred at random times following a major failure episode that was
indicated by a fairly abrupt increase in coolant activity early in
Cycle 4.

4. The early-in-life Batch-6 failures may have been due to primary
hydriding. Although there is no direct evidence for this, it is
plausible in light of the fact that the Batch-6 fuel had a slightly
lower density and higher moisture specification than current
generations of B&W fuel.

5. If the Batch-6 failures are attributed to a separate failure mechan-
ism from the rest of the failures, the power and burnup correlation
is consistant with pellet-cladding-interaction (PCI) failures, so
this mechanism should not be ruled out as a possible cause.

6. AP&L and B&W agreed with NRC's conclusion that there was little evi-
dence to suggest that the failures were due to a sudden occurrence
of (waterside) corrosion.
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7. The licensee appears to have made a conscientious effort to deter-
mine the cause of the failures and to remove the failures at the
earliest practical opportunity. All but five known leakers were
removed at the last refueling outage, and the remainder will be
removed at the next refueling even though the failed fuel has not
been completely burned. Considering the fact that B&W fuel assem-
blies are not reconstitutable, and thus do not lend themselves to
easy examination, removal, and replacement of failed rods, the NRC
believes that AP&L has acted responsibly.

The NRC staff concluded that the licensee had followed up on the investigation
in an acceptable manner and that no further work is necessary (Refs. 69 and
70).

|
Arkansas-2 (Refs. 71-80) I

During Cycle 1 in 1981, the primary coolant iodine-131 dose equivalent
,

exceeded the limit of Technical Specification 3.4.8.a. on two occasions '

(1.59 pCi/g on February 17 and 1.66 pCi/g on March 10) (Refs. 71 and 73). The
specific activity increase was caused by an unexpected spike in the primary
coolant activity following a reactor trip. The occurrences are similar to
those in Licensee Event Reports (LERs) 80-067 and 80-009.

Cycle 2 operation started on June 29, 1981. Based on a comparison of
iodine-131 activities in Cycle 2 and Cycle 1, the licensee inferred that the
number of perforated fuel rods in the Cycle 2 core is about one-half of the
number present in the core at the end of Cycle 1 (Ref. 75). The next
scheduled refueling outage is in September 1982.

Corrective Action for and Cause of Problem. During Cycle 1, the reactor
coolant system iodine levels indicated the presence of some 20 to 30 failed
fuel rods. At the refueling outage at the end of Cycle 1, the entire core was
sipped. Seven leaking fuel assemblies were identified by wet sipping. Of the
seven, five were to be reloaded for Cycle 2 operation. Eddy current testing
was used to locate the failed rods in the five assemblies (Ref. 80). A total
of 66 fuel rods and 1 burnable poison rod were replaced in the five assem-
blies, which were then resipped to verify integrity. From preliminary obser-
vations (Refs. 79 and 80), AP&L and C-E speculate that more than one damage
mechanism may have been operating. The investigation is continuing.AP&L
transmitted a summary of the fuel status at Arkansas-2 at the end of Cycle 1,
including preliminary findings, to the NRC in May 1981 (Ref. 81).

NRC Action. The NRC reviewed the operating experience with the C-E
16 x 16 fuel design (Ref. 80). The only actual experience with that design
comes from operation in Arkansas-2. Not all of the damage mechanisms respon-
sible for the fuel problems (see above and also Section 4.1.3 on " Spacer Grid
Damage") are fully understood at this time. The NRC believes that the fuel
problems that have been encountered are typical of those experienced with
other designs and are probably unrelated to the design change to a
16 x 16 geometry.
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The NRC'has performed a safety evaluation on the Arkansas-2 reload analy-
sis for Cycle 2 operation (Ref. 82). The NRC has concluded that the reload
fuel system design is acceptable as conditioned. The licensee is to provide a
final report describing the results of fuel inspections (the licensee has
reported by two letters in 1981 the preliminary results and partial conclu-
sions from fuel assembly inspections). Since the reasons for some Cycle 1
fuel failures are not presently known and hence additional failures cannot be
ruled out during Cycle 2 operation, the licensee has agreed to notify the NRC
by letter in the event that plant instrumentation indicates additional fuel
failures.

Brunswick-2 (Refs. 83-90)

The reactor coolant activity exceeded the technical specification limit
of 0.2 pCi/g for iodine-131 dose equivalent on November 14, December 10,
December 12, and December 18, 1980, and on July 3 and November 9,1981.

Corrective Action for and Cause of Problem. The high coolant activity
was a result of a reactor transient (startup, shutdown, or scram) with a sub-
sequent increase in coolant fission product inventory originating from leaking
fuel. The corrective actions taken were to reduce power (three cases),
increase power (one case), or maintain constant coolant temperature (one
case). The licensee also sought regulatory relief to allow higher off-gas
activity (Ref. 88). The fuel bundles are to be sipped during the next refuel-
ing outage (currently scheduled to take place in September 1982)and the leak-
ing fuel bundles removed from the core. In April 1982, the licensee indicated
that an iodine spike on March 14, 1982, was associated with 7 x 7 fuel
(Ref. 90).

NRC Action. The NRC evaluated the requests from the licensee concerning
the reporting of off-gas activity. On December 14, 1981, the NRC issued
Amendments 43 and 66 to the licenses for Brunswick-1 and -2, respectively,'

which involved changes (modified methods used) to the technical specifica-
tions. On February 23, 1982, the NRC issued Amendments 45 and 68 to the
licenses for Brunswick-1 and -2, respectively, which allowed the licensee to
shif t the accounting period from 12 months to a calendar year.

Cook-2 (Refs. 91 and 92)

Following a shutdown, the reactor coolant system dose equivalent iodine
concentration on October 2,1981, was found to have exceeded the limit of
1.0 pCi/g in Technical Specification 3.4.8. Previous similar occurrences
include LERs 78-026 and 76-059 for Cook-1. The next scheduled refueling
outage is in May 1982.

Corrective Action for and Cause of Problem. Upon discovery of the high
dose equivalent iodine, the CVSC letdown purification flow was maintained at
the maximum available.
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Crystal River-3 (Refs. 93-102)

The reactor coolant activity exceeded the limit of 1.0 pCi/g for dose
equivalent iodine-131 in Technical Specification 3.4.8 on December 8, 1980,
and on February 17, June 18, June 27, July 1, July 31, and September 28, 1981.
The occurrence on September 28 was the twenty-fif th event to be reported for
this plant under this specification. The plant was shut down fcF 4 refueling
outage on September 28 and returned to power operation on December 13, 1981.

Corrective Action for and Cause of Problem. The licensee attributes the
events to leaking fuel or " tramp uranium" (i.e., uranium in the cladding
within one recoil radius of the surface) and an anticipated dose equivalent
iodine transient following a reactor coolant system transient. In the 1980
event, the dose equivalent iodine-131 level was reduced below the limit by
recirculating the reactor coolant system through the makeup and purification
system. In the six events in 1981, the reactor coolant system flow rate
through the makeup and purification system was increased to correct the dose
equivalent iodine-131 level. The licensee is also conducting an evaluation to
determine if failed fuel is present (Refs. 96, 99, and 100). During the.
September-December 1981 outage, only new fuel was inspected; the utility indi-
cated to the NRC that they believe they have no fuel failures and that the
reason for reporting iodine spikes is that the limit is set too low.

NRC Action. Starting in 1980, the Core Performance Branch of NRC
attempted to learn more about the nature of the fuel failures but has been

unable to determine the exact number or types of fuel failures (Ref.102).

Davis Besse-1 (Refs. 101-115)

The dose equivalent iodine-131 level in the reactor coolant system
exceeded the limit of 1.0 pCi/g in Technical Specification 3.4.8.a. on
December 3,1980, and on March 8, May 12, July 30, September 2, October 16,
and October 23, 1981. Before the event on December 3, 1980, there had been no
previous reports of high iodine levels. During the refueling outage in early
1982, one broken hold-down spring was observed (see Section 4.1.2) but there
was no other comment about fuel inspection (Ref. 116).

Corrective Action for and Cause of Problem. The iodine-131 level was
monitored until it dropped below the limit. Tne licensee stated that a cor-
rective action was not applicable, iodine spikes are typical following a reac-
tor transient (in one case a power reduction was involved; the other cases
involved reactor trips), and no damage to the fuel was indicated. The licen-
see submitted Facility Change Request 81-163, which involves a technical
specification revision to change the limit (Refs. 107 and 108).

NRC Action. The request to change the limit is being evaluated by the
NRC (Refs.107 and 108) and will be discussed in the next annual report. As
of early May 1982, no decision has been made.
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La Crosse (Ref. 117)

The plant completed the refueling outage and Core 7 reload and returned
to operation on . January 31, 1981. Reactor coolant iodine concentrations and
off-gas iodine releases in excess of the technical specification limits
occurred five times between January and March 1981. (Also see Section 4.1.6-
" Alpha Activity in Coolant") (Refs. 118-121). The next refueling outage was
in April 1982. During that outage, the fuel was visually inspected and two-
thirds of the core was dry sipped (Ref. 237). In August 1982, the licensee

.provided NRC with a report (Ref. 122), which indicated that abnormal degrada-
tion was discovered on April 20, 1982, in a fuel rod in a fuel assembly made
by Allis Chalmers. The broken rod (it had a degraded segment that was about
S.5 in. long) was detected during visual inspection with an underwater TV !
camera. This was one of two remaining Allis Chalmers assemblies in use. |

Corrective Action for and Cause of Problem. The utility believes the
stainless steel-clad fuel rod f ailed by the same mechanism (i.e., pellet-
cladding interaction with oxygen-assisted stress corrosion cracking) as
earlier failures. The licensee indicates that reactor transients contributed
to the problem. Power changes exceeding 15% per hour occurred on those occa-
sions. See note in.Ref. 117. The two Allis-Chalmers fuel assemblies were
replaced with ENC fuel assemblies (Ref. 122).

North Anna-1 (Refs. 123-126)

On July 10, July 12, and August 4,1981, the reactor coolant activity
exceeded the dose equivalent iodine-131 limit in Technical Specifica-
tion 3.4.8.As of December 31, 1981, the date of the next scheduled refueling
outage has not yet been established.

Corrective Action for and Cause of Problem. The events were caused by a
known fuel element defect in the core. Post reactor trip conditions in the
core enhanced the release of fission fragments to the reactor coolant system,
which caused the iodine spike. Sampling frequency was accelerated until the

,

reactor coolant system specific activity returned to less than the limit in
Technical Specification 3.4.8.a.

NRC Action. The NRC telephoned the licensee in June 1982. The licensee
indicated that licensee event report was inadvertantly misworded: there are
probably more failed fuel rods than the one mentioned (there may be several
dozen failed rods).

Palisades (Refs. 127-131)

On January 15, 1981, a primary coolant system sample revealed a dose
equivalent iodine-131 value that exceeded the limit of 1.0 pCi/g in Technical
Specification 3.1.4. The event was not repetitive. The fuel in the core was
supplied by Combustion Engineering and Exxon Nuclear.

I
i
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Corrective Action for and Cause of Problem. Sampling frequency was
increasej as stipulated by the technical specification. Low-level cladding
failure combined with transient conditions following a plant trip resulted in
the high activity. No operating history (e.g., power escalation rates) that
would contribute abnormally to fuel cladding failure has been identified.

During fuel inspection conducted subsequent to refueling, a single failed
assembly was found (Ref. 29). Four defects were found in the cladding of one
fuel rod on October 12, 1981. The most significant defect was a hole measur-
ing approximately 0.5 inch in length and 0.25 inch in width. No fuel pellet
was visible in the hole. The defective fuel rod was in an Exxon Nuclear fuel
assembly that had attained a burnup of approximately 35,300 mwd /MTU. Exten-
sive deterioration of the primary failure site prevented Exxon Nuclear from
positively identifying the cause of the failure. Exxon Nuclear stated that
the failure is thought to represent an isolated occurrence and not a generic
problem (Ref. 29).

NRC Action. The NRC contacted the licensee on November 12, 1981, for
information concerning the fuel rod failure (Ref. 131). The licensee indi-
cated at that time that "they don't believe pellet-cladding interaction (PCI)
was the cause of the failure." Additional information on the results of the
fuel vendor's inspection is available in a proprietary report (see p. 5 in
Ref. 29).

St. Lucie-1 (Refs. 132-135)

Following a plant trip from 100% power af ter an extended period of opera-
tion with a nominal level of fuel leakage, the dose equivalent iodine-131
level exceeded the technical specification limit of 1.0 pCi/g on September 8,
1981. This is the fif th occurrence of this type (fourth was on August 14,
1980). The plant remained shut down for the scheduled refueling outage. The
plant returned to operation on December 3, 1981. The next scheduled refueling
outage is in March 1983.

Corrective Action for and Cause of Problem. The dose equivalent iodine-
131 level decreased to below the limit after 12 hours. After an extended
period of power operation (140 days) with a nominal level of fuel leakage, a
plant trip was a sufficient transient to cause iodine build-up (i.e., iodine
spiking phenomenon).

Surry-1 (Refs. 136-144)

Following reactor trips on August 22 and 23, November 25, and
December 16, 1981, and on April 25, 1982, and during a return to power af ter
reactor trips on September 12 and November 26,1981, the dose equivalent
iodine-131 levels of samples of the reactor coolant exceeded the limit in
Technical Specification 3.1.D.2. Af ter a reactor trip on November 29, 1981,
the specific activity samples of the reactor coolant indicated a dose equiva-
lent iodine-131 level greater than the Technical Specification limit. On

|
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- June 5,1982, after a short reduction in power (down to 5%) while increasing
power, the dose equivalent iodine-131 exceeded the Technical Specif1 cation-
~3.4.8.A~ limit.

Corrective Action for and Cause of Problem. With the two events in
August, the sampling frequency was accelerated and maximum primary coolant
purification wts implemented. With the events in September, November, and
December 1981 and in April 1982, the sampling frequency was increased.. With
the event in June 1982, the dose. equivalent iodine-131 level decreased to
below the limit after eight hours.. The iodine spikes were caused by known,
yet not specifically located, fuel element defects in the reactor core. The
conditions following a trip, power increase, or power reduction enhanced the
release of fission products (specifically iodine-131) to the reactor coolant-
system, causing an increase in coolant' specific activity level.

NRC Action. The NRC telephoned the licensee in' June 19Qg. The licensee.
indicated that the fuel vendor estimates there are about 20! g failed fuel
rods in the core. It is planned to sip the fuel at the next outage
(February 6,1983) and to remove the leakers.

Trojan (Refs. 145-151)

In' August 1981, it'was reported that the steady-state, dose equivalent
iodine-131 and gross-gamma levels in the reactor coolant system were about
15 to 20% of the technical specification limits. An apparent. step increase in
the dose equivalent iodine-131 and gross gamma levels occurred sometime
between the reactor trip on October 12 and the return to full power on
October 27, 1981. During October and November the gross iodine level ranged
up to about 50% of the limit and the gross gamma level ranged from 25 to about
40% of the limit. In December 1981, the reactor coolant system gross gamma
activity was about 35 to 40% of the technical specification limit, with the
coolant gross iodine level at approximately 50 to 60% of the limit (the limit
is 1.0 pCi/g).

Corrective Action for and Cause of Problem. The licensee initiated an
investigation into the nature and extent of the fuel failures. Prior to that
time, the licensee had visually examined 44 fuel assemblies at the end of
Cycle 3 and found no significant degradation (Ref.151). (See Section 4.1.5
on "PWR Baf fle Jetting").

In October 1981, the results of radiochemistry analyses by the licensee
indicated failure of 10 to 15 fuel rods in fuel assemblies (Ref.145). On
November 4, the licensee indicated that they were continuing to closely moni-

i tor the primary coolant activity levels and would consider possible corrective !

measures if the activity levels approach the technical specification limits
(Ref.146). At that time, the licensee estimated that between 6 and 25 fuel
rods are involved, the defects are "open" rather than " capillary" in nature,

|
and, based on the cesium-137/ cesium-134 ratio, the defects appear to be fuel

! that is in its second burnup cycle (Ref.146). The last conclusion, however,
did not rule out the possibility of defects involving both older and fresh ,

fuel.
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Fuel inspection in April 1982 revealed that 17 fuel assemblies have
degraded fuel cladding (Ref.150). The apparent cause of the fuel rod damage
is baffle jetting. See " Trojan" in Section 4.1.5. The next scheduled
refueling outage is in May 1983.

4.1.2 PWR Hold-Down Springs

In 1981, only one plant, Arkansas-1, reported hold-down spring damage.
There were follow-up activities in 1981 on the 1980 spring failures at Davis
Besse-1 and Oconee-1 and -2. This subject will be discussed further in the
next annual report as broken hold-down springs were observed in 1982 on an
assembly at Davis Besse-1 (Ref. 116) and on assemblies at Oconee-1 and -2
(Ref. 152).

Arkansas-1 (Refs. 153-155)

During the January 1981 refueling outage at the end of Cycle 4, a 100%
inspection of hold-down springs on core fuel assemblies was performed. One
fuel assembly out of the 177 examined was found to contain a broken hold-down
spring. At the previous refueling outage all fuel assemblies had been
inspected and no broken hold-down springs were observed.

Corrective Action for and Cause of Problem. The broken spring was
replaced. The broken spring had a single, clean, torsional-type, through
fracture in the top active coil about 30 degrees away from the active / dead
coil transition area. The break was normal to the coil of the spring and
there was no apparent chemical degradation. The position of the break
resulted in the spring maintaining a preloaded condition. The associated fuel
assembly (Batch 5) was examined for evidence of axial motion and none was
observed.

The failed spring and all springs used in 56 Batch 5 fuel assemblies were
from the same heat. Springs from that same heat have been irradiated in other
reactors: 57 springs at Oconee-3, 56 springs at Oconee-1, 50 springs at
Oconee-2, and 21 springs at Three Mile Island-1. No other failures have been
reported.

This spring failure at Arkansas-1 is similar in frequency and visual
appearance to the spring failure at Crystal River-3 (Refs.156-159), which hot
cell exan.ination showed to be caused by fatigue, initiating at a surface
anomaly. Because of the similarity, the licensee has no plans to have the
failed spring at Arkansas-1 analyzed for metallurgical condition (Ref. 155).

The replacement spring (and all springs in Batch 7 fuel assemblies) is
from a heat that has demonstrated an acceptable grain structure and has
undergone stringent surface examination, both now design requirements (these
should reduce or eliminate any future hold-down spring failures).

The licensee plans to conduct a 100% inspection of the core fuel assembly
hold-down springs at the next refueling outage and to report on the results of
the inspection to the NRC.
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NRC Action. The NRC reviewed the licensee's response to an NRC request
for information regarding springs at Arkansas-1 (Ref.154). The NRC con-
sidered that the matter of failed springs was addressed satisfactorily in all
respects except for future surveillance. The NRC requested that the licensee
perform a 100% inspection of core fuel assembly hold-down springs at the next
refueling outage (scheduled for January 1983) and to provide a report on the
inspection results. The NRC also requested (and received) a report on the
failed spring.

Davis Besse-1 (Refs. 116,160, and 161)

In August 1981, the licensee submitted a revised report concerning the
20 broken hold-down springs that were found in 1980 on fuel assemblies from
Cycle 1. There had been no previous similar reportable occurrences. This
event, the cause of the problem, the corrective action by the licensee, and
the NRC action were described in the fuel performance annual report for 1980
(Ref.162). The springs on all 133 fuel assemblies from Cycle 1 that were to
be used in Cycle 2 were replaced. Forty-four fresh fuel assemblies were also
to be used in Cycle 2. All 177 springs in use on fuel assemblies in Cycle 2
operation were manufactured to current specifications, which incorporate
improvements in grain size control, annealing process, coiling and dimensional
standards, and several other areas.

One broken hold-down spring was observed during the refueling outage in
early 1982 (Ref. 116). The fuel assembly is being discharged and the broken
spring is being sent to the vendor for evaluation.

Oconee-1,-2, and -3 (Refs. 152 and 163-165)

In December 1980, the licensee submitted a letter containing supplemental
information concerning the broken hold-down springs on 5 of 686 fuel assem-
blies at the Oconee Nuclear Station. This event, the cause of the problem,
and the corrective action by the licensee, and the hRC action were described
in the fuel performance annual report for 1980 (Ref. 162). The licensee
inspected the springs at Oconee-3 during the recent Cycle 6 reload.

In February 1982, video inspection found broken hold-down springs on
three Oconee-2, Batch 7 fuel assemblies and on one Oconee-1, Batch 4 fuel
assembly (Ref. 152).

Corrective Action for and Cause of problem. The apparent cause of the
spring failures is fatigue-induced cracking at an existing surface flaw, which
then propogated by fatigue (Ref.152). The hold-down spring inspection
program will be continued until inspection results justify ending the program.

|

NRC Action. In February 1981, the NRC requested a commitment by the
licensee to perform surveillance on hold-down springs presently in Oconee-1
and -2 cores during the next refueling outage and to report any spring
failures noted. As noted above, the surveillanca program is continuing
because of the event in February 1982.

|
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4.1.3 -Spacer Grid Damage
.

I
Spacer grid damage was reported in 1981 by licensees for two PWRS:

Arkansas-2 and Indian Point-2.

Arkansas-2 (Refs. 76-78, 80, and 166)

Sixty discharged Batch A fuel assemblies were visually examined with
underwater television equipment. Damage to Zircaloy spacer grid perimeter
straps was observed on five fuel assemblies. The spacer grid damage on two
assemblies was extremely minor but the damage on three assemblies was
significant (Ref. 78).

Corrective Action for and Cause of Problem. The licensee indicated that
the damage occurred during fuel handling subsequent to Cycle 1 operation
(i.e., after March 27,1981). The damage resulted from grid-to-grid inter-
action with adjacent fuel assemblies during fuel handling within the core. It
is estimated that 16 assemblies with damaged grids remain in the core and that
fewer than 24 fuel rods are adjacent to the damaged grid sections, which means
the potential damage due to fretting during Cycle 2 is limited. The licensee
concluded that operation of Arkansas-2 with potentially degraded fuel assembly
grid straps does not constitute a safety concern and is acceptable for Cycle 2
operation (Ref. 78).

The licensee's evaluation has not yet identified any problems that would
have been expected to cause the observed grid damage. The investigation was
continued and the licensee transmitted a final report (Ref.166) to the NRC in
June 1982 that describes the fuel inspection results, conclusions reached, and
preventive measures to be employed in the future.

NRC Action. The NRC requested (and received) written documentation con-
cerning the spacer grid damage. The NRC also requested that AP&L continue to
investigate the cause of the spacer grid damage and to take corrective action
prior to the next refueling. The NRC has also required AP&L to provide a
loose parts monitoring program and to be alert to additional fuel failures
that might occur due to fretting from loose grid pieces or inadequately sup-
ported fuel rods at the damaged grid sections. As noted above, the NRC
received the required final report (Ref.166). This subject will be covered
more fully in the NRC's next annual report.

Indian Point-2 (Refs. 167-172)

Cycle 4/5 fuel shuffle operations started on December 30, 1980. During
fuel handling, two fuel assemblies were found to each have a damaged grid
strap at one corner. As fuel shuffling operations continued, some other
assemblies experienced handling difficulties.

Corrective Action for and Cause of Problem. The core was completely dis-
charged. All the fuel assemblies from Core 4 (except for 14 new Region 7
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assemblies that were not handled) plus 58 new Region 7 assemblies and 7 assem-
blies discharged from Cycle 3 were inspected. . Tlu: 258, fuel | assemblies were
visually inspected using an underwater television canera acd the videotaping
system. Grid strap damage in the form of torn or n.issing corr.ers was observed ,

on 87 assemblies. No damage to the fuel cladoing has been identified that
would be attributable to the grid strap problem.

The grid strap damage was caused by corner-to-curner interaction between
adjacent assemblies during fuel handling operations, following the licensee.'s
evaluation, the core was reloaded for Cycle 5 operation using modified refuel-
ing procedures that minimize corner interaction between adjacent assemblies.
The Cycle 5 core contains 49 of these assemblies with damaged grids plus

-

144 assemblies with no grid damage. Of the 49 assemblies, 3~had damage that
was minor and inconsequential, 36 were considered acceptable only on the basis
of special handling to preclude deterioration of existing damage or propaga-
tion of existing damage to other assemblies through interactions, and 10 were-
damaged enough to affect rod support. Evaluation of the 10 assemblies indi-
cated that fretting wear would exceed the normal design limit but would not
result in fuel cladding failure. The 10 assemblies are to be reexamined after
each cycle of operation to determine acceptability for duty beyond one
additional cycle.

The licensee indicates from their evaluation of the grid strap damage

| that there will be no adverse effects on Cycle 5 normal operation or
postulated accident conditions.

4.1.4 Accelerated Corrosion
,

|

| In 1981, fuel rod failures due to accelerated corrosion were reported by
one domestic plant, Hatch-1. Similar type fuel rod failures occurred in 1979
in Vermont Yankee: see fuel performance annual reports for 1979 (Ref. 173)
and 1980 (Ref. 162).

Hatch-1 (Refs. 174-180)

Fuel element leakage has been increasing since the startup from fueling
of the plant for Cycle 5 operation in June 1981. On September 23, 1981, when
at 100% power, the off-gas levels increased sharply but no technical
specification limits were exceeded.

Corrective Action for and Cause of Problem. The power level was dropped
to control the off-gas rates. The licensee shut dawn the plant on October 9
(the derated operation continued until then) for the sale ' purpose of removing
and relacing leaking fuel assemblies found by in-core sipping (Ref. 177). All
560 fuel assemblies in the core were sipped and 11 Reload-2 fuel assemblies
were identified as containing approximately three dozen failed fuel rods
(Ref. 180). The licensee attributes the failures to accelerated corrosion of
the cladding (the failures are similar to those seen earlier at Vermont
Yankee). At least two other nonleaking fuel assemblies exhibit incipient cor--
rosion (Ref. 176). Further investigation indicated that the mechanism ctusing
the fuel failures was crud-induced localized corrosion. Of the factors that
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contribute to that mechanism, two important ones are variable water chemistry
'

(copper / contamination) and Zircaloy cladding corrosion resistance (Ref.180).
In the fuel bundles that were inspected, all of the failed rods were burnable
poison type that contained gadolinia pellets (Ref. 180).

All of the affected bundles were determined to be unacceptable for
- further use and were replaced (Ref.180). Also, all of the burnable poison

rods (failed and nonfailed ones) were replaced. Of the 168 bundles removed
from the core, the vendor expected to reconstitute 130-140 for reuse
(Ref. 179). Several fuel assemblies from the remaining and replacement:

batches were inspected and found acceptable for continued use. The next
scheduled refueling outage for Hatch-1 will begin in September 1982.

. Hatch-2 contains similar fuel but there has been no evidence to indicate
that' the corrosion is occurring there (i.e., the off-gas levels do not indi-
cate fuel failures in Hatch-2). The Hatch-2 fuel assemblies will be examined
on an as-appropriate basis.

NRC Action. The NRC issued a preliminary notification, PN0-II-81-85
(Ref. I?4), about the occurrence and subsequently described the event in an
entry in 'NRC's bi-monthly newsletter (Ref.180).

4.1.5 PWR Baffle Jetting

During 1981, baffle joint jet flow caused bowing of a fuel rod at Trojan,
fuel rods in two Japanese PWRs, Ohi-2 and Takahama-1, vere damaged by baffle
jetting in 1981. Failed rods were also observed in four fuel assemblies at
Korea Nuclear-1 (Ko-Ri) in 1981 (Ref. 49). Some fuel rods failed in four
assemblies at Tihange-1 (Ref. 29). (Also, see Section 4.2.8.)

: Trojan (Refs. 150, 151, and 162)
|

During 1980, only one domestic plant, Trojan, reported the occurrence of
the baffle jetting problem (two fuel rods with cladding damage were observed).
The cause of the problem, the corrective action by i ~ Mensee, and the NRC
action were described in the fuel performance annua) a for 1980,

(Ref. 162).
"

The licensee reported in June 1981 that all 12 fuel assemblies subject to
cross-flow baffle jetting were visually inspected by television at the end of
Cycle 3. Only one rod in one of the 12 fuel assemblies showed evidence of

-

; being affected by baffle joint jet flow. The rod was bowed in the span
between the first and second grids from the bottom of the assembly but did not
appear damaged or fretted.

The preplanned fuel inspection conducted during a refueling outage in |
April 1982 identified 17 fuel assemblies that have degraded fuel cladding '

(Ref. 150). Visual inspection revealed that some perimeter rods in eight
Region F fuel assemblies have sustained severe damage. Portions of rodlets
are missing and loose pellets were found. Sipping identified nine other
nonobvious damaged fuel assemblies with failed fuel rods.

.

- _ .
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Corrective Action for and Cause of Problem. An augmented fuel inspection
program was conducted (Ref. 150). All fuel assemblies to be used in the sub-
sequent cycle were leak checked (sipped) and visually inspected to be damage
free. Accessible loose pellets and debris will be retrieved from the reactor
vessel internals and refueling cavity. Damaged assemblies adjacent to the
baffle will be replaced with new modified fuel assemblies using stainless
steel pins and/or other devices (e.g., clips) to ensure fuel integrity.'

NRC Action. This subject will be discussed more fully in the next NRC
annual report as the baffle jetting problem has become worse at Trojan in 1982
and it is also now occurring at Farley.

Ohi-2 and Takahama-1 (Ref. 181)

In July 1981, the activity level of the primary coolant increased in both
of these Japanese PWRs (Westinghouse was the contractor for the reactor sys-
tems and cores at both plants). In August and September during regular
inspection for fuel loading at both plants, some damaged fuel rods were found
by sipping.The damage to the fuel rods was. caused by fretting, probably due to
baffle jet impingement. The damaged fuel rods were located near the corner of
the baffle plates. This kind of fuel damage has been controlled by the
Japanese with the aid of maximum momentum flux criteria; however, it has been
found that damage occurs even if the baffle gap is maintained to satisfy the
criteria.

NRC Action. In response to a request from the Japanese, the NRC dis-
cussed with them the U.S. experience and the regulatory view concerning this
matter. The Japanese believe that rod bowing is related to baffle jetting and
that rod bowing affects rod spacing and the phenomenon of momentum flux.

4.1.6 Alpha Activity in Coolant

In 1981, one licensee reported high alpha activity in the primary coolant
of a BWR.

La Crosse (Refs. 118 and 119)

During startup from a refueling outage, the indicat
ity of the primary coolant exceeded the limit of 5 x 10 gd gross alpha activ-pCi/g in Technical
Specification 4.2.2.22.a.3. Similar occurrences are described in LERs 80-006,
80-005, 79-010, and 78-005.

Corrective Action for and Cause of Problem. Operation of the primary
coolant purification system reduced the alpha concentration to an allowable
value. The high alpha activity indication was temporary and did not indicate
recent fuel failures. The alpha activity came from residual irradiated fuel
material that entered the system as a result of degraded stainless steel
cladding on fuel rods primarily experienced during Cycle 4 and to a much
lesser degree during Cycle 5 and subsequent handling of the irradiated fuel
assemblies during refueling.
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4.1.7 Dimensional Error

Dimensional errors-were noted at-one domestic PWR in 1981.

Millstone-2

Out-of-tolerance guide tube extensions were discovered in fuel delivered
by Westinghouse for a December 15, 1981, refueling outage at Millstone-2
(Ref. 182). In 1980, 72. fuel assemblies at Millstone-2 were found to be the
wrong size and were returned to Westinghouse for modification (Ref.183).

4.2 NEW PROBLEMS IN 1981

4.2.1 Fuel Damage During Refueling Operations

A licensee reported on demage sustained by one fuel assembly duringi
' refueling operations in 1981.

Cook-1 (Refs.184-188)
!

During Cycle 6 refueling operations on June 19, 1981, a 15 x 15 spent
fuel assembly was damaged during movement from the reactor to the fuel trans-

. fer system containment side upender. There was no increase in normal contain-
ment background. As a result of the collision of the end of the fuel assembly
with the shield wall retaining lip in the refueling cavity, one of the fuel

|rods was jarred loose from the assembly, fell out, and lodged behind a ladder !

in the cavity. Three rods were out of their normal positions, but were intact
(Ref. 188). The rest of the fuel assembly was slightly distorted.

.

; Corrective Action for and Cause of Problem. The damaged fuel assembly
' was removed from the upender, inspected, and transferred without incident to;

the spent fuel storage area outside the containment. No detectable increase
in radiation levels occurred. The loose fuel rod was recovered. The licensee
is assessing the problem. Westinghouse indicated to the licensee that in over
100 refuelings, a similar incident has not previously occurred to the best of
their knowledge (Ref.188).

NRC Action. The NRC Senior Resident Inspector observed all preparations,
inspection, and transfer. The matter is expected to be dealt with in a later
report by the resident inspector.

2 4.2.2 Loose Guide Tube Nut '

A loose guide tube nut was reported at one plant in 1981.

Crystal River-3 (Refs.189 and 190)
.

.

On March 26, 1981, a loose part was detected by the loose parts
monitoring system atop the tube sheet in the "B" Once-Through Steam Generator.,

;

r
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Corrective Action for and Cause of Problem. The part was removed and
forwarded to B&W for analysis. B&W identified the part to be a control rod
upper guide tube nut. Approximately 46,000 nuts of this design have been or
are in service in B&W plants with no reported problems. This is a unique
isolated occurrence. The effects of continued operation of a fuel assembly
missing the upper nut from 1 of 16 control rod guide tubes was evaluated and
it was concluded that the unit was safe to operate (Refs. 189). The licensee
will increase the level of attention given to loose parts monitoring.

NRC Action. The NRC has reviewed the information concerning the loose
guide tube nut and concluded that there is no evidence of a generic defect in
BAW's guide tube nut design. The NRC concluded that the licensee has taken
the appropriate actions to resolve the concerns of the NRC staff and that
resumption of power operation is acceptable (Ref. 190).

4.2.3. Hydride Defect

Indian Point-2 was the only plant to report a fuel rod with a hydride
defect in 1981.

Indian Pnint-2 (Refs. 191-193)

During a review of the video inspection tape of a Westinghouse 15 X 15
(9-grid) fuel assembly, No. E-42, the licensee determined that there was an
apparent perforation of the cladding on a fuel rod (second row in).

Corrective Action for and Cause of Problem. The licensee judged the per-
foration to be a hydride defect. It is an isolated instance of a single
defect of a well known type. The licensee indicates that it is not abnormal
and that the expected coolant activity from this single defect is about
0.005 pC1/g of iodine-131. Removal of this single defect would not noticeably
reduce the 0.08 pC1/g of iodine-131 in Indian Point-2 in Cycle 4 or that
expected in Cycle 5. The defect is not exper.ted to degrade during further
assembly use nor would it be expected to result in significant coolant activ-
ity. The fuel manufacturer has reviewed the defect, determined that no cor-
rective is required, and recommended that the assembly is suitable for further
use.

4.2.4 Fuel Assembly Dropped

Two fuel assemblies (one domestic, one foreign) were dropped in 1981.

Millstone-1

A BWR fuel assembly was dropped during core loading at Millstone-1 on
March 26, 1981 (Ref. 194).

Lovissa-1

It was also reported (Ref.195) in 1981 that a PWR fuel assembly at a
Finnish reactor, Loviisa-1, was dropped approximately 0.5 m. The fuel rods
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were hermetic but the shroud tube had some dimensional changes because of
deformation. A fuel assembly in this Soviet type VVER-440 reactor has a hexa-
gonal cross section and is covered by a shroud tube (individual fuel rods
cannot be examined because the shroud is not designed to be removable).

4.2.5 Top Nozzle Broken Off

One licensee reported in 1981 that a top nozzle broke off of a spent PWR
fuel assembly during handling.

Prairie Island-1 (Refs.196-200)

On December 16, 1981, the top nozzle of a spent Westinghouse fuel assem-
bly separated from the remainder of the assembly as it was being lifted out of
a storage rack in the spent fuel pool. The assembly was almost out of the
rack when the top nozzle broke off. The assembly did not fall, but tipped
over approximately 20 degrees from the vertical. The top of the fuel assembly
is leaning against the wall of the spent fuel pool and is resting in a slot in
the wall, making it difficult for the assembly to be accidentally moved such
that it would fall. No radiation releases and no fuel rod damage occurred.
The fuel assembly had attained a burnup of 29,000 mwd /MTU and was discharged
in April 1979 (Ref. 49).

Corrective Action for and Cause of Problem. All movements of heavy
objects over the area were stopped. The licensee contacted Westinghouse for
recommendations for grasping the assembly so that it could be lifted and
restored to a more stable condition. The fuel assembly was subsequently
lifted and inserted into a storage position.

Short stainless steel sleeves, which are welded to the top nozzle, are
mechanically joined (bulge joint) to the Zircaloy control rod guide thimbles
in this fuel assembly (the sleeves and thimbles are the load-bearing members
when the assembly is lifted). The separation occurred at the upper-most bulge
joint in all 16 of the stainless steel sleeves. The Zircaloy thimbles
remained intact. Based on the preliminary results from the metallurgical
examinations, the vendor designates the apparent cause of the bulge joint
failures to be intergranular stress corrosion cracking of the stainless steel
in the vicinity of the bulge (Refs. 49 and 198). The cracking is believed to
have developed during pool storage. This is the first incident of this type
with a Westinghouse fuel assembly (Ref. 49). More information became
available in October 1982 (see below).

NRC Action. On December 16, 1981, the NRC issued a preliminary notifica-
tion, PN0-Ill-81-116, about the occurrence. The notification indicated that

both reactors were operating and that all spent fuel area safety-related
systems were operational.

In October 1982, the NRC contacted the Prairie Island Resident Inspector
and Westinghouse personnel (Refs.199 and 200). The subject will be covered
briefly here but more fully in the NRC's next annual report. Westinghouse
performed postirradiation examinations at Prairie Island and TV examinations
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at Trojan, Kewaunee, Point Beach (all three have the same design as Prairie
Island), and Zion. The same material lot was used in fuel assemblies at
Prairie Island, Point Beach, and Kewaunee. Results from the TV examinations
at all plants except Prairie Island showed no evidence of stress corrosion
cracking in the top nozzle.

At Prairie Island, a total of 27 assemblies were examined and 12 showed
evidence of corrosion but there were no additional nozzle failures when the
assemblies were moved (Refs. 199 and 200).

NRC's Office for Analysis and Evaluation of Operational Data (AE00) does
not have specific recommendations for immediate action related to correcting
the problem because the root causes have not been identified. AE0D does sug-
gest (Ref. 200) that the Office of Nuclear Reactor Regulation consider
implementing the following items:

1. Notify licensees that may have plans for imminent transfer of
Westinghouse fuel in the spent fuel pool.

2. Review the need for and feasibility of monitoring fuel in the spent
fuel pool to detect stress corrosion cracking.

3. Review the adequacy of current guidance and/or the need for and fea-
sibility of developing additional guidance for transfer (elevation,
path, etc.) of fuel assemblies in the spent fuel pool.

4. Review whether spent fuel pool water chemistry specifications are
adequate.

AE0D plans to report this event in the next issue of Power Reactor Events
and to send a report to foreign countries through the NEA Incident Reporting
System (IRS).

4.2.6 Refueling Integrity Breached

In 1981, one licensee reported that refueling integrity had been
breached.

Surry-2 (Ref. 201)

With the unit at cold shutdown for refueling, an operator discovered that
the refueling integrity had been breached while fuel was being moved, which is
contrary to Technical Specification 3.10.A.1.

Corrective Action for and Cause of Problem. Contractor personnel had
removed (for maintenance) an inside and an outside trip valve, which resulted
in an open pathway from the containment atmosphere to the auxiliary building
atmosphere. Fuel movement was terminated until one of the valves was
replaced.
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The auxiliary building atmosphere was being monitored and containment air
samples showed contaminant levels remained below maximum permissible
concentration values.

4.2.7 Control Rod Follower Bowed
During 1981, one licensee reported bowing of a control rod follower.

Yankee Rowe (Refs. 202 and 203)

During a controlled plant shutdown for refueling while inserting shutdown
rods, one rod became inoperable (contrary to Technical Specification 3.1.3.1)
and would not scram upon loss of stationary gripper coil voltage (contrary to
Technical Specification 3.1.3.3). Similar occurrences were reported as
LER 79-02, A0 72-11, A0 67-5, A0 63-11, and A0 63-1.

Corrective Action for and Cause of Problem. The actions required by the
technical specification were met and the shutdown margin was equal to or
greater than 4.72%. The rod was inserted by using the pulldown coil. The
root cause of this event was a bowed Zircaloy control rod follower on a cruci-

| form-shaped hafnium control rod. The bowing appears to have been caused by a
| Zircaloy growth phenomenon, which may occur in rods that were manufactured in

the 1960s and is due to the method of stress relieving.l

During 1972 all control rods were relaced with the exception of two haf-
nium control rods. This change was due to control rod follower distortion
(see Changes 97 and 104). The rods replaced in 1972 have not shown signs of
bowing. The two hafnium rods showed no distortion at that time and were left
in the core.

Since one of the two hafnium rods now exhibits this phenomenon, both rods
will be replaced with spare Ag-in-Cd rods of the same design during the
present Core 14-15 refueling.

.
4.2.8 Vibration-Induced Fretting

1

l In 1981, fuel rod failures in two fuel assemblies due to vibration-
induced fretting were reported.

Yankee Rowe (Refs. 29 and 204-210)
i

| Some fuel rod failures were suspected because of high coolant activity
| levels measured during Cycle 14 operation.
l
| Corrective Action for and Cause of Problem. An examination was initiated
l by the licensee during the reload outage. All fuel assemblies except one were

sipped. The exception was assembly B574, which had a visible indication of
fuel failure. The sipping results indicated fuel failure in another assembly,
which was discharged.

|

Fuel assembly B574, which had been manufactured by Exxon Nuclear, had
nine damaged fuel rods: four rods had circumferential breaks (also two end
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caps are missing) and eddy-current testing of all rods indicated that five had
fretting damage. The sound fuel rods were placed in a new fuel assembly cage
and the nine failed or damaged rods were replaced with Zircaloy-clad,
Zircaloy-filled dummy rods. The reconstituted assembly was to be reinserted
for Cycle 15 operation.

The licensee attributes the damage to vibration-induced fuel rod frett-
ing. The damage was confined to the upper portion of the fuel assembly and

| appears to be related to previous fuel failures (Ref. 209). A similar occurr-
| ence at Yankee Rowe was reported earlier as LER 78-31 (at that time, degrada-
| tion in four fuel assemblies was observed and the cause of the problem was
| being investigated). Both the current and previously reported failures appear
l to be limited to fuel assemblies positioned next to the core baffle. The fuel

vendor indicated (Ref. 29) that "although damage of the type observed is gen-
erally associated with crossflow, there is as yet no consensus on the cause of
the failure of the assemblies."

As a result of the fretting problem, the licensee has replaced fuel rods
in several suspect locations with dummy rods. These dummy, or sacrificial,
rods are Zircaloy-clad stainless steel pins in the outer row of fresh fuel
assemblies, which also have a slightly modified grid design.

NRC Action. The NRC reviewed and evaluated the licensee's application to
reload the plant and operate it for Cycle 15. Although the NRC agrees with
the licensee on the method used to reduce the number of new failures, there is

no assurance that all susceptable rod locations are now filled with dummy
rods. Furthermore, the actual damage process has not been identified yet and
may not be af fected by the modified grid design. The NRC concludes that
potential fuel failures during Cycle 15 operation, although small in number,
may not be entirely eliminated and that continued surveillance of this problem
is required. The licensee has committed (Ref. 210) to continue monitoring
coolant activity levels during Cycle 15 operatien and to notify the NRC staf f
of significant changes that may indicate additional failures. As in the past,
the licensee will continue an investigation into the cause and prevention of
such failures, and make further repairs to damaged fuel as necessary. In view
of the small number of failures observed te date, and the licensee's continued
efforts to resolve this problem, the NRC finds the issue of fuel failures
during Cycle 15 operation adequately addressed.

4.2.9 BWR Channel Box Deflection

The NRC notified the licensees associated with all near-term BWR operat-
ing license applications of the acceptable resolution of the BWR channel box
deflection issue proposed by Zimmer (Ref. 211). The licensees have been
requested to commit to a similar plan. However, since the issue does not have
immediate consequences, at least some of the applicants are pursuing an alter-
nate resolution. The current position of NRC's Division of Licensing is that
all pending near-term BWR operating licensees will be conditioned such that
operation for a second fuel cycle will not be authorized until the issue is
satisf actorily resolved.
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Plants of the BWR-4, -5, and -6 types are included in the near-term oper-
ating license applications. Included among the BWR-4s and BWR-5s are
La Salle, Fermi-2, Shoreham, Susquehanna, and WNP-2. The BWR-6s are Grand
Gulf, Clinton, Perry, and River Bend.

Regarding operating reactors, the NRC staff has not determined that this
issue is important enough to require backfitting. Ilowever, if subsequent
evidence indicates that significant deflections of the channel boxes are
occurring, the NRC would reconsider the possible need for implementing back-
fitting requirements.

4.3 OLD PROBLEMS (1980) TilAT DID NOT RECUR OR TilAT WERE SOLVED

4.3.1 Boron Loss from BWR Control Blades

The problem of BWR control blade cracking and the associated loss of
boron was described in the fuel performance annual report for 1979 (Ref. 1).
The NRC issued IE Bulletin 79-26 (Ref. 212) on that subject in November 1979
and issued Revision 1 to that bulletin in August 1980. There were no LERs
involving this matter submitted by licensees in 1980 or 1981.

In 1981, licensees for Dresden-1, -2, and -3 (Ref. 213); Duane Arnold
(Ref. 214); Quad Cities-1 and -2 (Ref. 213); and Vermont Yankee (Ref. 215)
submitted responses (with proprietary attachments) to the revised bulletin.
The boron depletion model is shown to be in good agreement with postirradia-
tion examination data. The information cunfirms that the loss of boron based
on 501. local boron depletion is preditable anu is not affected by plant
operating parameters.

4.3.2 PWR Control Rod Guide Tube Support Pin Cracking

Inspections in 1980 at a foreign PWR revealed stress-corrosion cracking
in Westinghouse-supplied control rod guide tube support pins (Ref. 162).
Westinghouse notified the domestic plants that might be affected (Catawba-1,
North Anna-1, Sequoyah-1, and Surry-1) and recommended that all pins be
replaced with ones that had received a solution heat treatment of at least
1366 K (2000 F).

No domestic occurrence; were reported in 1980 or 1981. In September
1981, France's Gravelines B-1 reactor was taken out of service to repair a
broken control rod guide tube support pin (Refs. 216 and 217). Subsequently,
a broken support pin was found at Fessenheim-1 in France (Ref. 216). At least
eight support pin failures occurred earlier (first failures were detected in
early 1978 at Japan's Mihama-3). The only domestic support pin failures
occurred in May 1982 at North Anna-1 (Ref. 216). Two nuts from control rod
gude tube support pins were found in steam generators at North Anna-1
(Refs. 218-220 and 238). The pins were replaced.

NRC Action. In 1982, the NRC issued three preliminary notifications
(Refs. 218-220) concerning the support pin failures at North Anna-l. The NRC
met with the vendor on June 2, 1982 (Ref. 221). The NRC issued IE Information
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Notice No. 82-29 on July 23, 1982 (Ref. 216). The NRC arranged for the trans-
fer of responsibility (Task Interface Agreement for Task No. 82-45 on
August 4,1982) for steam generator tube and tube sheet damage at North Anna-1
(as described in Refs. 218-220) from Region 11 to the Division of Licensing.
On August 16, 1982, the NRC issued Board Notification No. 82-81 (Refs. 222 and
223) to the appropriate boards (Atomic Safety & Licensing Board, Atomic Safety
Licensing Appeal Board) for Callaway-1, Comanche-1 and -2, Diablo Canyon-1 and
-2, FNP 1-8, and Summer-1. This subject will be more fully covered in the
next NRC annual report.

4.3.3 Underpressurized Gadolinia Fuel Rods

Some underpressurized gadolinia fuel rods (the NRC estimated less
than 100) were inadvertantly installed in some BWR fuel assemblies that were
shipped in 1980 (Ref. 162). Of the 124 suspect assemblies, 122 went to Quad
Cities-1 and 2 to Vermont Yankee. The problem was caused by a malfunction at
a weld station. The weld station was repaired and no new occurrences have
been reported since then.

4.3.4 Misoriented Fuel Assemblies

in 1980, a total of four BWR fuel assemblies were found to be misoriented
at three plants, Browns Ferry-1 and -2 and Oyster Creek-1 (Ref.162). The
licensees improved their procedural controls. There were no occurrences
reported in 1981.
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I 5.0 FUEL DESIGN CHANGES AND SUMMARY OF FUEL SURVEILLANCE PROGRAMS
|

The current design and warranty burnups for BWR and PWR fuel are approxi-
mately 28,000 mwd /MTU and 33,000 to 36,000 mwd /MTU, respectively and are based
on limited fuel performance data and not on optimized fuel cycle costs
(Ref.25). The present fuel designs are limited to those burnups because of
the uncertainties associated in extrapolating data obtained from PWR and BWR
fuel after three and four cycles of exposure, respectively. In considering
higher burnup goals for fuel, there are four principal areas of concern: cor-
rosion of the cladding exterior surface (especially in the new plants with
higher temperature coolant), release of fission gas from the fuel, failure of
fuel rods due to pellet-cladding interaction, and distortion of fuel rods and
fuel assemblies. A small number of fuel assemblies have reached burnups of
40,000 mwd /MTU (Refs. 25, 224, and 225) or higher and none of those areas of
concern have appeared to be a potentially serious problem with those assem-
blies. However, there continues to be a need for additional data, especially
from fuel that has attained higher burnups.

A wide variety of fuel design changes are being studied by domestic fuel
vendors, EPRI, and DOE. Table 15 summarizes the major fuel surveillance pro-
grams currently in progress and includes information on a number of the
associated fuel design changes being studied.

| The status (through 1981) of B&W's major fuel performance programs are
shown in Table 15. The B&W annual summary (Ref.15) provides detailed infor-
mation on the DOE /AP&L/B&W Extended-Burnup Program in Arkansas-1, the DOE /
Duke /B&W Extended-Burnup Program in Oconee-1, the DOE /SMUD/B&W Axial Blanket
Fuel Design and Development Program in Rancho Seco, the B&W/ Duke Fuel Rod Bow
Program (involves lif ted rods) in Oconee-2, the B&W/ Duke low-Absorption Grid
Program in Oconee-2, and the B&W/ Duke 17 x 17 Lead Test Assembly (LTA) Program
in Oconee-2. Additional information on B&W extended-burnup fuel in the DOE-
sponsored programs is in Refs.17-19 and 226.

The status of C-E's fuel surveillance programs is listed in Table 15.
| Details on the EPRI-sponsored surveillance program in Calvert Cliffs-1 are in
| Refs. 24-26. Data on the DOE-sponsored program in Fort Calhoun and Arkansas-2
| are provided in Refs. 24, 27, and 28.

| The fuel surveillance programs being conducted by ENC are included in
Table 15. Additional information is available on the EPRI/ ENC / Carolina

'

Power & Light program in Robinson-2 (Refs. 29 and 34), the EPRI/ ENC / General
Public Utilities project in Oyster Creek (Refs. 25 and 29), the DOE /Consum?rs
Power / ENC /PNL program in Big Rock Point (Refs. 29 and 35), the ENC / Northern
States Power project in Prairie Island-2 (Ref. 29), and the EPRI/ Empire State
Electric Energy Research Corporation (ESEERC0)/ ENC project (Ref. 25). The

! EPRI/ESEERC0/ ENC project is a new one that involves the irradiation of lead
i test assemblies, the design of which incorporates graphite coated cladding and

annular fuel pellets.
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TABLE 15. Major Fuel Performance Programs: Status Through 1981

Planned
No. of Interim

Operating Scheduled Inspections
Vendor Fuel Type (a) Power Plant Cycles Completion To Date

Babcock & Wilcox 15 x 15 Oconee-1 5 1985 3

15 x 15 b) Arkansas-1(c) 3 1987 None1

15 x 15I;d Rancho Seco 3 1986 None

15 x 15h *f
Oconee-2 4 1982 4

15 x 15h Oconee-2 3 1982 3

15 x 15h9 Oconee-2 1 1982 None
15 x 15,9 Oconee-1 3 1987 Konel

17 x 17 (LTAs)(h) Oconee-2 3 1982 3

Combustion 14x14(1) Calvert Cliffs-1 5 1982
6 1982

Fort Calhoyg)Engineering 14 x 14
1983Arkansas-2u16 x 16 --

198416 x 16 Ark ansas-2 --

Exxon Nuclear 15 x 15 H. 8. Robinson-2 5 1982
1983

8x(g) Oyster Creek --

Prairie Island-2 4 ----

rods Big Rock Point 1982

General Electric 7x7 M0 ) Quad Cities-1 4 19822
8x8 LTAs) Monticello 5 --

8x8 LTAs) Quad-Cities-1 5(I)
-

8 x 8R LTAs Peach Bottom-2 4 1983
8 x 8R LTAs Vermont Yankee 5 --

P8 x 8R LTAs Peach Bottom-3 3 --

LTAs (barrier cladding) Quad Cities-1 1 --

LTAs (extended burnup) Monticello 6 1982
Barrier Reload Quad Cities-2 -- --

Demonstration

Westinghouse 15 x 15 Zion-1/ Zion-2 5 1982
17 x 17 Trojan 5 1984

17 x 17 LTAs) Surry-2 4 1981
17 x 17 0FA-Demo Farley-1 -- --

17 x 17 0FA-Demo Salem-1 -- --

17 x 17 0FA-Demo Beaver Valley-1
14 x 14 0FA-Demo Point Beach-2 -- --

M02 R. E. Ginna -- --

2 = mixed oxide (UO -Pu0 ) fuel, R = retrofit fuel design,(a) LTA = lead test assedly, M0 2 2
OFA-Demo = Demonstration Optimized Fuel Assemblies.

fb Lead test assedlies of an advanced 15 x 15 extended burnup design.
dc Arkansas Nuclear One-Unit 1 (Arkansas-1)
I;d Current-design 15 x 15 assedlies containing axially-blanketed fuel columns.
I,e Current-design 15 x 15 assemblies with special Zircaloy cladding materials and EPRI creep

collapse specimen clusters.
(f) Current-design 15 x 15 assedlies with lifted rods and cladding having a known spiral

eccentricity.
(g) Current-design 15 x 15 assemblies utilizing low absorption spacer grid material

(Zircaloy-4).
(h) Two of these four LTAs are reconstitutable.
(1) Involves fuel pellets of three kinds (i.e., two nondensifying types and one densifying

type).
(j) Arkansas Nuclear One-Unit 2 (Arkansas-2)
(k) Involves five character 1 red assemblies incorporating axial blankets.
(1) A fifth cycle is being consloered.
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| The status of GE's fuel surveillance programs (Ref. 39) is shown in
| Table 11 and Table 15. Additional information is also available on the EPRI-
; sponsored project involving annular mixed oxide (U0 -Pu0 ) fuel pellets in2 2
| Quad Cities-1 (Refs. 25 and 43), on the EPRI-sponsored project in Peach
! Bottom-2 (Refs. 25 and 43), on the D0E-sponsored program with extended burnup
; fuel in Monticello (Refs. 25, 43, and 44), and on the DOE / Commonwealth
j Research Corporation /GE program on barrier fuel in Quad Cities-1 and -2
| (Ref.45). Information on the DOE / Tennessee Valley Authority /GE program is
| provided in Ref. 48,

i The status of the Westinghouse fuel surveillance programs is shown in
Table 15. More detailed information is available on the EPRI-sponsored pro-
ject in Zion-1/ Zion-2 (Refs. 25 and 49-51). The four assemblies in the Zion
reactors had attained a burnup of 53,000 mwd /MTU as of December 31, 1981.
Additional information is also available on the EPRI-sponsored project in Tro-
jan (Refs. 49 and 50); on the DOE-sponsored program in Surry-2 (Refs. 49-52);
on the demonstration Optimized Fuel Assemblies (0FA) in Farley-1, Salem-1, and
Beaver Valley-1 (Refs. 49 and 50) and in Point Beach-2 (Ref. 49); and on the
mixed oxide (U0 -Pu0 ) fuel in Ginna (Ref. 49). Information on the 00E-2 2

1

i sponsored program involving the irradiation of Westinghouse fuel rods in the
| CEN BR-3 reactor is provided in Ref. 51. Information on other Westinghouse

studies is provided in Ref. 227.

The current status of the EPRI fuel surveillance program was presented at
an international conference in November 1981 (Ref. 25). EPRI also recently
published a paper (Ref. 228) that describes the phenomena associated with
extending fuel burnup and a paper (Ref. 229) that discusses the schedule for
extending burnup.

As shown in Table 16, a wide variety of fuel types are being irradiated
in Big Rock Point (Refs. 230-232).
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TABLE 16 Various Fuel . Rod Types (a) That Have Been or Are Being
Irradiated in Big Rock Point Reactor Under DOE's Fuel
Performance Improvement Program (Ref. 230)

Fuel Type Description

Standard Standard ENC " product-line." Solid, cylindrical,
dished-end fuel pellet.

Reference Solid, cylindrical, dished-end, chamferred-corner
fuel pellet.

Annular Cylindrical, flat-ended, chamferred-corner fuel
pellet with a central hole equivalent to 10 vol%
of a solid, undished pellet.

Vipac Packed-particle fuel composed of high-density,
annular fuel shards, produced by high-energy
pneumatic compaction (Dynapak). The rods are
pressurized within 400 to 500kPa of helium,
except in the lower segments of the segmented
rods.

Sphere-pac Packed-particle fuel composed of high-density,
spherical particles produced by the sol-gel j

!
process. The rods are pressurized with 400 to
500 kPa of helium.

Coated-cladding Cladding coated with Dag 4(b) graphite.

Pressurized Rods pressurized with 0.45 MPa of helium.

Reference-coated Reference fuel pellets combined with coated
cladding.

Annular-coated Annular fuel pellets combined with coated
cladding.

Reference-pressurized Reference fuel pellets in a pressurized rod.

Annular-coated-pressurized Annular fuel pellets combined with coated
cladding in a pressurized rod.

(a) The irradiation tests include full-length and segmented fuel rods. All
rods are clad with cold-worked and stress-relieved Zircaloy-2 cladding.

(b) Product of Acheson Colloids Corp., Port Huron, Michigan.
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|
i

6.0 SUMMARY OF HIGH-BURNUP FUEL EXPERIENCE

Domestic BWR fuel burnup experience is summarized in Figure 3. Domestic
PWR fuel experience is summarized in Figure 4. Most of the data on fuel dis-
charged prior to 1979 was obtained from Ref. 233.

The present optimum extended burnups (discharge batch averages) are typi-
cally about 50,000 mwd /MTU and 45,000 mwd /MTU for PWRs and BWRs on 12-month
cycles, respectively, and about 10% higher for 18-month cycles (Ref. 234).
EPRI anticipates that fuel assemblies designed for improved high burnup per-
formance will not be available for full reloads until the late 1980s and that
there will be a gradual increase in burnup of 1000-2000 mwd /MTU per year
(Ref. 229). The projected benefits to the LWR fuel cycle from extended burnup
are discussed in a recent paper by DOE (Ref. 235). The regulatory perspective
on extended burnup fuel is discussed in Ref. 236. The NRC's position is that
operation beyond 45,000 to 50,000 mwd /MTU probably can not be justified until
tests of fuel under normal and transient conditions at that burnup level are
completed.

.
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