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Resolution of the Pressurized
Thermal Shack Issue

Attached please find Omaha Public Power District's plan for resolving
the pressurized thermal shock (PTS) issue for the Fort Calhoun Station's

" 1
reactor vessel

A 5
i

AS we have

scussed with your staff, the Di.trict is fully aware of
both the safety and commercial features of the PTS issue. The District
has implemented actions which encompass a broad proaram to resolve this
issue. We believe this program contains all actions which are reason-
able and prudent in order to resolve PTS on a schedule consistent with
concerns for the Fort Calhoun Station's pressure vessel.

¢ two years, the District has actively participated with the
, industry groups, and specifically Combustion Engineering (our
lear steam system supplier for the Fort Calhoun Station) on PTS
ctivities. During the District's participation in these activities,
ic corrective measures were identified which would assist in
ing the PTS issue. As these measures were identified and evalu-
1ited, the District implemented actions in several important areas. One
of these included the design and planning for the installation of a
"low-leakage" fuel pattern for the next operating cycle beginning in
ite March or early April, 1983. Details of this action are provided in
the attachment. Arrangements have also been completed to perfor
enhanced inservice inspection of all welds in the belt 1ine region
the reactor vessel. This inspection will utilize state-of-the-art
pr ' equipment and will be performed during the present
This inspection will be performed in accordance
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The analysis of a reactor vessel surveillance capsule scheduled for
removal during tne present refueling cutage will provide valuable
information regarding the condition of the Fort Calhoun Station's

pressure vessel. This will be the sc.ond vessel surveillance capsule
removed since plant startup in 1973. Two new capsules will be installed
during the present refueling outage to assist in evaluating the effective-
ness of the fluence redit ion program being implemented for future
operating cycles. These surveillance capsule activities are in addition
to technical specification requirements.

Another significant improvement was the completion of additional train-
ing and revisions to station procedures relating to PTS. The District's
technical support staff and pc. sonnel from Combustion Engineering
conducted training for the operating staff to provide additional as-
surance that operatin, personne]l were trained to prevent and/or mitigate
potential PTS events. This training and associated improvements in the
operating procedures have been evaluated Ly the NRC. The recommendations
resuiting from this evaluation were p .mptly implemented by the District.

The District has also completed or implemented actions on other tasks
which have made or will make substantial improvements in the operating
staff's ability to prevent and/or mitigate potential PTS events. These
include improvements to the auxiliary feedwater system controls and
installation of a subcooling margin monitor. The planned installation
of the Safety Parameter Display System (SPDS) will provide the operating
staff with additional information to evaluate and mitigate potential PTS
events. A portion of this system will be installed during the present
refueling outage and the remainder is scheduled for installation in
1984.

Other measures which have been implemented include additions to the
operating crews on each shift. These additions provide an increased
level of technical expertise and thereby facilitate the diagnostic
capabilities of the operating crews.

In conclusion, the District has already implemented many measures which
have made substantial contributions toward resolving safety concerns for
potenti. 1 PTS events at the Fort Calhoun Station. The planned fluence
reduction measure assures that the present RTypT screening criteria for
plates and axial welds (2700F) will not be exceeded for approximately 14
years. The attachment describes the District's planned efforts to
resolve the PTS issue and thereby assure plant operation to the full
design lifetime of the vessel.

Sincerely,

., "',
P e
W. C. J;nes

Division Manager
Production Operations

WCJ/KJIM: jmm
Attachment

cc: LeBoeuf, Lamb, Leiby & MacRae



PLANNED EFFORTS TO RESOLVE PTS CONCERNS
FOR
FORT CALHOUN STATION

The District plans to implement measures during the next year which

should provide the basis for the resolution of PTS concerns at the Fort
Calhoun Station. These measures include a reduction in the neutron flux

to reactor vessel welds, further determination of reactor vessel material
properties, determination of a flaw distribution in the belt Tine welds,
further improvements in emergency operating procedures, and a probabilistic
analysis of PTS. A brief discussion of each of these items is addressed
below.

FLUX REDUCTION

Highest priority is being placed on reducing the neutron flux to reactor
vessel welds which currently have a signifiLant RTypt shift. Figure 1
identifies the current (EOC-7) RTynr values using tEu Combustion Engi-
neering (CE) azimuthal flux distribution. The figure shows that the
zero degree middle course axial weld has a current RTypt value which is
nearest to the Commission's screening criteria. The R?N rate of
increase for this weld is approximately 7.50F per Effective Full Power
Year (EFPY). Based on the Fort Calhoun Station's historical annual
capacity factor of 70%, the Commission's screening criteria would be
exceeded in December, 1987 using the CE azimuthal flux distribution or
in December, 1989 using the Brookhaven distribution.

Figure 2 identifies the location of the axial welds relative to the
core. The markzd core locations are those ijvcations for which the
uwssembly power must be reduced in order to reduce the neutron flux at
the reactor vessel welds. Figure 3 shows the Cycle 8 IN-IN-OUT (i.e.,
assemblies are loaded in the interior of the core for two cyclas and
then are peripherally load~d for the third cycle) core loading scheme
pattern which provides for inserting irradiated fuel assemblies in core
locations which previously were the largest source of neutrons to the
reactor vessel welds and, thus, have the largest RTypr values. This
loading pattern reduces the power in these locations compared to the
power in previous cycles. Fiqure 4 shows the Cycle 7 core loading for
these core locations and is typical of the OUT-IN-IN loading scheme used
in previous cores. Figures 5 and 6 demonstrate the reduction in the
peripheral assembly powers for BOC-8 and EOC-8. It should be noted that
the power in the peripheral pins (the dominant source of neutrons to the
reactor vessel wall) is decreased more than the average assembly power.

The OUT-IN-IN core loading scheme used in Cycles 1 through 7 was the
standard PWR refuelina scheme utilized in the 1970's. The IN-IN-QUT
core loading scheme has been implemented at several PWR's to reduce fuei
cycle costs. The Cvcle 8 core, currently scheduled for a late March,
1983 startup, utilizes an IN-IN-QUT loading which has been optimized for
flux reduction rather than fuel cycle economics. To accommodate the
increased one pin peaks expected in a core optimized for flux reduction,
the District performed the Cycle 8 reload safety analysis using the CE
reload methodology. This methodology was previously utilized and ap-
proved for the Cycle 5 core with the exception of the use of the CE-l
correlation.



The District has several ongoing studies aimed at aciiieving the maximum
flux reduction while maintaining full power capability for future
cycles. The goal of these studies is to determine if an economically
feasible core loading scheme, which will allow the reactor vessel to
reach the end of its design life, can be derived without ever exceeding
the screening criteria.

The first of these studies is the derivation of a Cycle 9 core loading
pattern and the associated safety analysis. The District hopes to
achieve at least a factor of three flux reduction while maintaining the
core parameters within the proposed Cycle 8 Technical Specification
limits. Figure 7 shows & preliminary core loading for the peripheral
core locations, and Figure 8 shows the corresponding assembly power
reductions. Preliminary analysis results have lead the District to
beiieve that a factor of three flux reduction can be achieved. A study
will also be unczrtaken to attempt to further reduce the peripheral
assembly powers by utilizing more advanced CE safety analysis me thod-
ologies such as the Statistical Combination of Uncertainties. If
further flux reduction is determined to be feasible, the results of the
study will be discussed with the staff. At that time the District will
also discuss the implementation of this improved method.liogy to deter-
mine the feasibility of including it in the Cycle 9 reload.

The next step will be to evaluate future cycles beyond Cycle 9 to
determine the maximum flux reduction achievable in an "equilibrium
cycle". Parameters such as batch size, cycle length, burnable shim
configurations, and further analyticcl improvements in the reload
safety analysis will be considere’. This study will also include an
economic assessment of the flux —eduction scheme(s).

AZIMUTHAL FLUX DISTRIBUTION “REDICTION BENCHMARKING

Concurrent with the flux reduction studies identified above, the Dis-
trict will commence a program to improve the ability to predict the flux
distribution at the reactor vessel wall. This involves the removal of

a surveillance capsule during the current refueling outage, measurement
of the capsule fluence, and completing a benchmark calculation using the
DOT code. Figure 9 sk~ws the location of the surveillance capsules.

The 2259 capsule was removed at 2.59 EFPY, and the 2650 capsule will be
removed during the current outage after ‘eceiving a fluence correspond-
ing to 5.92 EFP/. Comparison of these measured fluences with the
fluences calculated by the DOT code should improve the accuracy of the
calculated reactor vessel flux distribution.

REACTOR VESSEL INSPECTIONS

A third program with the same priority as the flux reduction program is
to more accurately determine the reactor vessel material properties.
The District is currently performing a compre-ensive ultrasonic in-
spection of the raactor vessel. This inspection includes both an
examination in accordance with ASMF code criteria and a near-surface
examination of all reactor vessel welds in the belt line region. The
near-surface examinations will utilize the 709 compression wave tech-
nique. These examinations will detect both near-surface and deep
flaws. The weld inspections will also include all material 1/2 T



either side of the centerline of the belt l1ine welds. Figure 10 shows
the welds which will be inspected. The District is confident that all
flaws down to one-nalf inch in depth can be detected u*tilizing these
techniques.

SURVEILLANCE CAPSULE MATERIAL

The District will aiso perform metallurgical tests on the surveillance
capsule specimens removed during the present outage. The District will
insert two new surveillance capsules in the reactsr vessel during the
outage. These capsules contain weld material specimens which will allow
improved measurement of material properties and contain improved fluence
munitors.

EMERGENCY PROCEDURES

The District will implement the symptom-oriented Emergency Operatirg
Procedures in accordance with our schedule to be provided in response to
Generic Letter 82-33. The District will utilize the CE Emergency
Procedure Guidelines, which are based on work performed by CE and the

CE Owners Group memver utilities and include PTS guidance. These
guidelines have undergone several reviews by the NRC and are currently
under final review. The District will use the CE Emergency Procedure
Guidelines to prepare Fort Calhoun Emergency Procedure Guidelines and,
during this process, PTS concerns will be given a high priority.

PROBABILISTIC RISK ASSESSMFNT (PRA)

Finally, the District expects to perform preliminary PRA studies for PTS
scenarios at Fort Calhoun. The aim of these studies is to determine if
the PTS risk at Fort Calhoun is significantly less than that identified
in the generic studies. If the risk is found to be low, the District
may undertake a comprehensive PRA study for PTS at Fert Calhoun to
determine an operating limit on RTypt for Fort Calhoun. In order to
perform such a study, the District will require the use of the risk
acceptance criteria for PTS which we understand will be developed during
the PTS rulemaking process. The comprehensive PRA will evaluate the
plant as it presently exists and the impact of proposed modifications,
such as SIRWT heating, to determine the current risk of PTS and the
cost/benefit ratio for proposed modifications.

SUMMARY

The District has or will undertake a number of programs to resolve PTS
concerns at Fort Calhoun. We have identified those areas which show the
most promise and are actively pursuing programs in these areas. We have
also prioritized those programs to assure that resolutions which require
near-term action can be implemented promptly.




o2v

DISTANCE FROM NDZZLE CL

INCHES

FIGURE 1

FORT CALHOUN REACTOR PRESSURE VESSEL MAP

ADJUSTED RTypt IN °F (12/31/82.)

§5.92 Effective Full Power Years
C.923 x 10'9/cm? Peak Surface Fluence
o . g E g
QUMET IN LET o INJLET . OUT. LET + IN LET s IN LEY —QUTLET
20 / K'/ U k
i o~ 4_4} ¢ % __ L3
60 +
'oo 4+ 2"'0
2-410 3 2-410
,:.43\ (; 4 23/
234)*
| S R ¢ -G---fCORE_______ #----mm oo O-=mnm- -
140 - 1251/
P X9-410 o ~
L* N \
+ R K
“+ 230
LY L
180 + D-410 +23 0 itk 3-410
220 +
KR
0 v . |
260 4 90 180 270 J6C

*Determined using the Brookhaven azimuthal flux distribution.

A2 '"UID'?&R&CSR”ON



NOIL¥J07 Q73M 13SS3A - 2 3uN914

Jutlct ihzzle

( ’ ™
I '\/

\Vassel
2650

Vessal

Enlzrocd Plzn Vicw

m ‘Mid ceuvrse weldg

' ' l ‘BO‘YTOM CevursSe Wc‘&s UC\'Z:ECN

| iwokmal
,Eg/;s hield

Rezctor

Vessel\

-

Vi

Vesscl :
Céipsule
Assembly

Cora
Supnart |
Borrel




FIGURE 3

CYCLE 8
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FIGURE 4

CYLLE
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FIGURE 5

BOC 8 TO BOC 7

POWER RATIOS
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FIGURE 6
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POWER RATIOS
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FIGURE 7
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FIGURE 8

CYCLE B Al BOC

POWER REDUCTION FROM CYCLE 7
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