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Mr. John E. Maier, Vice President N:érggé]a
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Rochester, New York 14649
Dear Mr. Maier:

SUBJECT: INTEGRATED PLANT SAFETY ASSESSMENT REPORT (IPSAR)
SECTION 4.5, PLANT FLOODING BY DEER CREEK -
R. E. GINNA NUCLEAR POWER PLANT

In Section 4.5 of the Integrated Plant Safety Assessment Report for your
facility (NUREG-0821), the staff concluded that further analysis was
needed so that you could provide, as a minimum, protection against local
site flooding to a level.equivalent to a Standard Project Flood plus one
foot, and justify on a cost-benefit basis why protection should not be
provided for flooding levels up to the Probable Maximum Flood (PMF). You
responsed to this issue in letters dated January 31, 1983 and May 20, 198&3.

Enclosed is the staff's evaluation of your analysis of the potential for
flooding of the plant by Deer Creek. Based on an independent assessment

of regional watershed characteristics, the staff concludes that your

proposal to provide physical protecton to 273.8 ft mean sea level (egquivalent
to a discharge flow of about 26,000 cfs) is acceptable. However, the staff
will require that you develop and implement emergency procedures to (1)
identify a flooding elevation corresponding to a discharge flow of about
10,000 cfs and (2) install flood protection devices within 45 minutes after
flooding reaches that elevation.

These conclusions will be reflected in the staff's supplement to the [PSAR
for your facility.

\'A Sincerely,

XA Copy Has Been Seﬂ" ‘g PDR Original signed by/ J. Shea

Dennis M. Crutchfield, Chief ifi{?ﬁy’
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K. E. GINNA NUCLEAR POWER PLANT
[PSAR SECTION 4.5
PLANT FLOODING BY DEER CREEK

INTRODUCTION

The Integrated Plant Safety Assessment Report (IPSAR) for R. E. Ginna
Nuclear Power Plant (Reference 1), concluded in Section 4.5 that a
design-basis flood on Deer Creek based on current licensing criteria
(275 ft. mean sea level [msl]), would inundate safety-related equipment
in the auxiliary building, turbine building and screenhouse. Deer (reek
is a stream with a 13.9 squa‘e mile watershed that flows past the south
side of the power plant.

The staff concluded that the licensee should complete an analysis of

the flooding of Deer Creek and, as a minimum, provide protection against
flooding to the level of a Standard Project Flood (SPF) plus one foot.
Further, the staff required that the licensee perform a cost-benefit
evaluation for flooding protection up to the Probable Maximum Flood
(PMF), the current licensing criteria.

The steff has concluded that the SPF plus cne foot is comparable to
the original design-basis fcr the plant with a nominal margin. The
cost-benefit evaluation was intended to identify additional protection
which could be economically implemented to offset the uncertainties in
the recurrence intervals for severe flooding events.

The licensee submitted the results of their analysis and determinations
of flood levels using the staff's SPF and PMF values by letter dated
January 31, 1983 (Reference 2). In that report, the licensee concluded
that the SPF plus one foot would be contained within the banks of Deer
Creek and, therefore, no plant modifications were necescary. The staff
did not agree with that assessment, but did conclude that the SPF would
be below the level of plant protection. In addition, the staff found
that the licensee had not adequately addressed either the cost-penefit
evaluation or the uncertainty in the recurrence interval. For example,
disaster control procedures and portable equipment might provide additional
protection for a substantially lower cost.

The licensee subsequently proposed, in a ietter dated May 20, 1983
(Reference 3) to provide protection to an elevation of 273.8 ft. msl,

which is equivalent to a discharge flow of about 26,000 cfs or about 80%

of the licensee's calculated PMF. The staff's analysis indicates that the
flow at this elevation would be about 25,000 cfs or 65% of the PMF. This
protection requires several permanent structural modifications and two
prompt actions, the installation of a portable dam around the service rollup
door and the connection of an alternate cooling water supply for the diesel
generators. The permanent modifications are 1.5 foot curbs in front of
access doors, a water seal between containment and auxiliary building walls,
and upgrading of some masonry walls. The licensee calculated that protection
to the flooding elevation for the staff's PMF of 38,700 cfs would cost more
than $2 million, This cost estimate was ba;eg on channel widening and
improvements (excavation of about 106,000 yd ~ of material), construction
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of a new bridge and installation of about 31 waterproof deors. (See
Reference 2.) The licensee (Reference 3) also estimated that protection

to the PMF, beyond that proposed as part of the Structural Upgrade Program,
would cost in excess of $2 millon for either replacirg block "3155 with
concrete walls to the proper height or dredging about 70,000 yd = from Deer
Creek.

In order to determine whetner additional actions should be required, the

staff reviewed the conservatisms of the probable maximum flood estimates
and estimated the probability of flooding at the proposed protection level.

EVALUATION

The filooding analysis submitted by the licensee as part of the topic
evaluativn (Reference 4) estimated Deer Creek flood flow discharges
using the HEC-1 surface runoff modeling routine. This computer program
uses the Soil Conservation Services Runoff Curve Number concept and a
developed unit response hydrograph, that is combined with a selected
total storm depth and a rain storm distribution (obtained from U. S.
Corps of Engineers) to estimate the watershed flood hydrograph.

The 24 hour rainfall depths having return periods of 5 to 100 years
were obtained from a rainfall frequency atlas and return periods of
500 years and greater were estimated from a straight line projection
on Gumbe! extreme probability paper. The license then used these
rainfalls in HEC-1 to predict peak discharge rates for maximum 24 hou7
rainfall depths having return periods of 100, 500, 15000, 350000, 10~
years and for the PMP. Their estimated PMF is 32,500 cfs. Flooding
elevations about the plant were then predicted using the HEC-2 flood
routing routine.

The topic evaluation (Reference 5), prepared by Franklin Research Center
(FRC), questioned the recurrence probabilities and the 24 hour rainfall
amount for a 13.9 sq. mi. watershed. FRC assembled runoff records from
eight small New York State watersheds varing in size from 1.5 to 44.4
sq. mi., tabulated the maximum discharge of record and calculated the
discharge per unit area and individual watershed return perioas by Log
Pearson III procedures. The largest discharge per unit area of 223 cfs/
sq. mi, was for a 13.6 (recently revised from 14.1 by USGS) square mile,
watershed 140 miles from the plant near the Catskill Mountains.

FRC also predicted the PMF using the same HEC-1 computer program model
used by the licensee, but with variations in antecedent moisture

and rainfall distribution which resulted in a maximum discharge of 38,700
cfs. Flooding depths at the plant were estimated using the same HEC-2
model with some changes in roughness coefficients.



The licensee's response to the topic evaluation (Reference 6) qualita-
tively assessed the conservatisms in the analysis but did not form a
sufficient basis to determine what corrective actions were warranted.

As a result, the staff concluded in the integrated assessment (Reference
1, Section 4.5) that further analyses should be performed, as previously
described.

In summary, the licensee's analysis estimates that the plant site begins
flooding at 14,000 cfs, the SPF is 13,100 cfs, and the PMF is 32,500 cfs;
whereas the staff estimates that the site begins flooding at 12,000 cfs,
the SPF is 15,000 cfs, and the PMF is 38,700 cfs.

These various estimates of flood flows result in corresponding estimates
of the flooding elevation (or flood stage) around the plant site, which
vary both between analyses and with location because the site is sloped.
Despite the differences between the licensee's analys:s and the staff's
analysis, the flooding elevations for the PMF would cause a sufficient
number of systems and equipment to fail such that safe plant shutdown
could not be accomplished. The PMF corresponds to an maximum elevation
of 275.2 ft. msl at the turbine building and 262.0 ft msl at the screen-
house, while equipment begins to fail at 254.9 ft msl at the screenhouse
(Note: The licensee's calculated PMF level at the turbine building is
274.8 ft msl and at the screenhouse is 262.3 ft msl.)

In response to issues raised by the staff regarding the validity of the
statistical approach used by the licensee to estimate the recurrance
interval, the licensee proposed to provide protection an elevation of
273.8 ft msl. This corresponds te . discharge of about 26,000 cfs.
Physical protection against higher flows would require a major renovation
of structures, as evidenced by the staff's review of Topic [I[-3 A,
"Effects of High Water Level on Structures.”

The staff recognizes that there are inherent conservatisms in the

estimate of the PMF. These conservatisms result in a flood with virtually
ne chance of being exceeded. In order to determine whether the corrective
action proposed by the licensee provides sufficient protection or whether
additional protection should be required, the staff has reviewed the
various conservatisms in the elements of the estimation of the PMF, and
made additional estimates of the probability of flooding at the level of
protection.,

A PME

The construction of the probable maximum flood (PMF) for an

ungaged area consists of two elements: selection of the Probable
Maximum Precipitation (PMP), and developing the runoff hydro-

graph from this precipitation. From the “Standards for Determining
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"

Design Basis Flooding at Power Reactor Sites" (Reference 7) a PMP is
defined as "the estimated [precipitation] depth for a given duration,
drainage area, and time of year for which there is virtually no risk of
exceedance. The Probable Maximum Precipitation for a given duration and
drainage area approaches and approximates the maximum which is physically
possible within the 1imits of contemporary hydrometeorological knowledge
and techniques."

The selected PMP rainfall is then transformed into a flood hydrograph

by methods that result in a PMF that is a “"nypothetical flood (peak
discharge, volume and hydrograph shape) that is considered to be the

most severe reasonably possible based on comprehensive hydrometeorological
application of Probable Maximum Precipitation and other hydrologic

factors favorable for maximum flood runoff such as sequential storms

and snow melt" (Reference 7).

Flood Probability

In order to determine whether additional corrective actions should

be required beyond those proposed by the licensee, the staff “ad

to estimate the probability of flooding to the level of protection.
The FRC analysis (Reference 5) had an evaluaticn of discharges from
eight small New York State watersheds, six of which encircled the plant
at about 50 miles distance and two are located about 130 miles to the
southeast near the Catskill mountains (see Figure 1), because Deer
Creek is an ungaged stream. Figure 2 shows the average discharges per
unit area plotted versus watershed area. The staff used this informa-
tion to make a first estimate of the probability of flooding to the
level of protection.

These data were used in a regional (or ensemble) determination of
parameters for the Wakeby distribution by the method given by Landwenhr
et al. (Reference 8). It has been argued that this distribution is
flood-l1ike and, furthermore, is more conservative than the commonly
used thinner-tailed flood frequency distributions, because it is
“thick-tailed;" i.e., for a given extreme flood value it gives a
greater probability of occurrence. Therefore, the staff used this
approach, making use of 196 station-years of date, to estimate the
probability for a flood discharge flow of 26,000 cfs (i.e., the
licensee's estimate of the level of protection).

The g;edicted discharges for given recurrence probability depends
on the mean annual maximum flow (Qam) from the ungaged Jeer Creek
watershed. The discharges for a sequence of probabilities from
10-2 to 108 and a range of Qam from 100 to 1300 cfs are shown in
Table 1. The mean annual maximum discharge (Qam) of the eignt
gaged watersheds have been plotted versus watershed area in Figure
3. A solid vertical line has been placed on the figure at area
equal 13.9 (the area of the ungaged Deer Creek watershed) between



Jam of 100 and 1300 cfs. Lighter solid lines envelope the points
of the eight gaged sites. By virtue of location, point number

3 appears to be most similar watershed to the Deer (Creek watershed
and 1t a strai

crosses the

iht line 1s drawn between 1t and the origin 1t

Deer Creek line at Qam = 350 cfs. However, using
the station with the longest period of record (no. 6) and projecting
back to the origin, a Qam of 700 cfs 1S measured at the Ueer
Creek line. Note that one of the watersheds near the Catskills
with an area of 13.9 mis has a Qam of 911 cfs. From Table 1
the proposed protection level (26,000 cfs) has
of occurrence of less than 10-8 for a Tam of cfs, but 1ncCreases
to slightly less than 10-2 for Qam 900 cfs and to somewhat less than
10-5 for an arbitrary top end of the calculated range of Qam equal
1300 cfs. Note in Figure 2 that with the amount of intormation
available and analysis done, the two watersheds may be 1n a
separate group from the others or just part of a wide continum,
t whatever the situation, the inclusion of these data add
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another degree of conservatism to the analysis. The probability
occurrence for the other levels of flooding (site flooding, standard

of

project flood [SPF] and the prebable maximum flood [PMF]) can also

be interpreted from Table 1. Based on this analysis, the probability
of flooding beyond the level of protection appears to be sufficiently
low,

However, because the validity of extrapolating any statistical
distribution to such low probabilities is questionable for such
hydrologic phenomena, the staff then attempted to verify this con-
clusion with an apprcach which is being developed generically for
probabilistic risk assessments (PRAs). This estimate is based on
the following assumptions:

The flood flow in Deer Creek corresponding to el 273.8 1is
25,000 cfs as determined by the staff (licensee's estimate was
26,000 cfs).

4 -5
The exceedance probability of the PMF is no greater than 10

per year.
A conservative estimate of the PMF is 38,700 cfs.
The 100 year flood is about 3,000 cfs.
The probability of any flow between the 100 year flood flow
and the PMF can be approximately estimated by a straight line
interpolation on log-normal probability paper (Figure 4).
From this plot of the 100 year flood and the PMF on log-normal

probability paper, the exceedance probability of a flood flgw of
25,000 cfs on Deer Creek was determined to be about 5 X 10 per year,
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The equipment required for safe plant shutdown is located in the
auxiliary building and turbine bu 1ding The licensee has committed

to provide protection in this area to 273.8 msl, 1.4 ft below the
staff's PMF in this area of 275.2 ft msl. The s believes that 1ts
PMF estimate may be very conservative., bBecause e probability of
flooding beyond the proposed level of protection is low, it 1s the staff
judgment that this accident sequence would not dominate events leading
to core melt., In addition, based on the licensee's cost estimates, the
staff concludes that additional protection would not be cost-effective.
Therefore, the staff concludes that the licensee's proposal is acceptable.

S

However, 1n order to assure that the proposed flood protection can De
ichieved, the staff will require that the licensee develop associated
emergency procedures. These procedures should identify a point at which
the flooding elevation corresponds to approximately 10,000 cfs, at which
time the plant personnel should begin installing the flood protection
devices. Installation should be complete within 45 minutes thereafter,
to ensure they will be in place well before the rising floodwater
jeopardizes safe shutdown capability.
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