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Table 1. Analysis methods used to determine the frequency of the 1997 peak flow for stations
presented in this report, summarized according to the degree of regulation

Degree of regulation

Analysi th
nalysis method None Minor Partial Regulated Total
WRC-Weighted............... 103 32 1 0 136
WRC-Station.................. 1 1 39 14 55
Graphical ........cccorvvevrnnne 14 4 19 49 86
Indeterminate.................. 0 0 2 13 15
Total......cccoevevercrrerrrrirannn 118 37 61 76 292

Ideally, severely regulated stations would be
analyzed by more detailed methods. Flow records
prior to regulation, if available, and reconstructed
records of unregulated flow (after regulation) can be
analyzed to define a frequency curve for unregulated
conditions. Regulated flows of a given frequency can
then be estimated based on the unregulated flows and
reservoir operating criteria. Such studies, while
beyond the scope of this report, were undertaken by the
U.S. Army Corps of Engineers for several regulated
basins following the 1997 floods.

Summary of Methods Used

The methods used to define the frequency of the
1997 peak at the stations presented in this report are
summarized in table 1 according to the degree of
regulation. The WRC method was used at 191 stations
(65 percent) and the graphical method at 86 stations
(29 percent). The frequency relation was
indeterminate at 15 stations (5 percent).

RESULTS

Preliminary determinations of the magnitude
and frequency of the 1997 annual peak flow at 292
streamflow gaging stations are presented in table 2.

The significant figures used to report frequencies
are not intended to reflect a measure of true precision.
Significant figures in excess of what may be justified by
the actual precision of the frequency analyses were
retained in order to allow better comparison of the
results presented in this report—specifically, when the

1997 peak was either excluded or included in the
analysis. Any frequency determinations greater than a
500-year recurrence interval are reported only as
greater than 500 years (exceedance probability less
than 0.20 percent).

Additional station information and details of the
analyses are presented in table 3 (at back of report).
Table 3 lists stations in order of ascending station
number and can be used to cross-reference the listing
by county in table 2.

SUMMARY AND CONCLUSIONS

Preliminary determinations of the magnitude
and frequency of the 1997 annual peak flow at 292
streamflow stations, which are presented by county in
table 2, indicate that the 1997 peak was the largest on
record at 106 stations (36 percent) and the second
largest at an additional 46 stations (16 percent). The
1997 peak was more than twice as large as the next
highest peak at 20 stations (7 percent).

The 1997 peak flows had recurrence intervals
greater than 100 years at 32 stations (11 percent) based
on frequency analyses that include the 1997 peak.
Based on analyses of the record prior to the 1997 peak,
the number of stations increases to 49 (17 percent).
Recurrence intervals greater than 100 years occurred
primarily on streams draining the central and northern
Sierra Nevada (both east and west sides) ranging from
Tuolumne County on the south to Plumas County on
the north. A few streams in the coast range near the
juncture of Lake, Mendocino, and Sonoma Counties
also had recurrence intervals greater than 100 years.
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At almost all the stations, the recurrence interval
of the 1997 peak decreased when the 1997 peak was
included in the frequency analysis. Only 6 stations (2
percent) show an increase in the recurrence interval of
the 1997 peak when the 1997 peak is included in the
analysis.

The average period of record for all stations is 41
years (including systematic and historic peaks). At
stations where historic periods could be defined, the
historic periods averaged 73 years. Overall, the
average period available for analysis at all stations is 66
years (including historic periods where applicable).

The annual peak flow for the 1997 water year
occurred on January 1 or 2, 1997, at 214 stations (73
percent). Peak flows on some north-coast streams
occurred a day or two earlier. Peak flows on several
regulated streams and those at downstream locations
were delayed up to several days. Twenty-eight stations
(10 percent) had an annual peak flow not associated
with the late December/early January storms. In the
extreme north, the annual peak on the Smith River
occurred in mid-November. Several central-coast
streams had annual peaks on December 10, 1996
(primarily in Santa Cruz County) or in late January
1997. For stations with annual peaks not associated
with the late December/early January storms, this
report presents the magnitude and frequency for the
early January peak (if available) as well as the annual
peak.

Uncertainties in the frequency determinations
vary from station to station and are not quantified for
this report.

Summary of Table 2—Magnitude and Frequency
of 1997 Peak Flows

Table 2 lists the magnitude and frequency of
1997 peak flows for streamflow gaging stations by
county. Ancillary information about the station is also
included. The stations are located on county maps in
figures 10-54. The following information is presented
for each station:

1. Station Number. A number that uniquely
identifies each streamflow gaging station.
Permanent numbers have been assigned based
on a downstream-order numbering system.

2. Station Name. The name of the stream and a
nearby reference location.

3. Drainage Area. The area, in square miles,
upstream of a station from which direct
surface runoff from precipitation normally
drains by gravity into the stream.

4. Regulation. The degree to which peak flows

at the station may be regulated. The

classification is based primarily on the ratio of

usable reservoir storage to drainage area.
None: No identified reservoir storage.
Minor: Reservoir storage is less than 103

acre-feet/mi>.
Partial: Reservoir storage is greater than

103 acre-feet/miZ but generally less than

700 acre-feet/miZ.
Regulated: Reservoir storage is generally

greater than 700 acre-feet/mi?.
The storage ratio was not the only criterion for
distinguishing between the “partial” and
“regulated” categories. The percentage of the
basin subject to regulation and the degree to
which peak flows are actually influenced by
the storage (as evidenced by the pattern of
annual peaks as plotted on the frequency curve
graph) were also considered. For example, a
station with a storage ratio of 860 acre-feet/
mi? is classified as partially regulated because
only 24 percent of the basin is subject to
regulation by one large reservoir. Another
station, with a storage ratio of only 310 acre-
feet/mi?, is classified as regulated because it is
immediately below a reservoir.

5. Period of Record. The total number of water
years for which annual peak flows are
available for analysis. Peaks from the period
of systematic data collection and historic
peaks are included. The specific years in the
period of record are listed in table 3.

6. Historic Period. The total number of water
years in the historic period. The historic
period defines an extended period, beyond the
period of record, during which the largest
peak flows are known. The specific years in
the historic period are listed in table 3.

(7-14) 1997 Peak. Information about the 997
annual peak and, at some stations, a secondary
peak that occurred in early January. (A
secondary peak is listed only if the annual

18 Magnitude and Frequency of the Floods of January 1997 in Northern and Central California—Preliminary Determinations



peak was not associated with the early
January flooding.)

7. Date. Date of the peak flow at the gaging
station.

8. Stage. The maximum water-surface elevation
of the stream, in feet, at the gaging station.
The stage (gage height) is measured relative to
an arbitrary gage datum and does not
necessarily represent the depth of the stream.

9. Flow. The maximum flow (discharge) of the
stream, in cubic feet per second, at the gaging
station.

10. Unit Runoff. The ratio of peak flow, in cubic
feet per second, to drainage area, in square
miles.

(11, 12) Exceedance Probability. The
probability, in percent, that an annual peak
flow of the magnitude listed for the 1997 peak
will be equaled or exceeded in any one year.
Exceedance probabilities determined to be
less than 0.20 percent are reported as <0.20.

11. 1996. The exceedance probability of the 1997
peak based on a frequency analysis that
includes annual peak flows through only the
1996 water year. The 1997 peak is not
included in the frequency analysis.

12. 1997. The exceedance probability of the 1997
peak based on a frequency analysis that
includes annual peak flows through 1997. The
1997 peak is included in the frequency
analysis.

(13, 14) Recurrence Interval. The average
interval, in years, between annual peak flows
equal to or exceeding the magnitude listed for
the 1997 peak. Recurrence intervals
determined to be greater than 500 years are
reported as >500.

13. 1996. Recurrence interval of the 1997 peak
based on a frequency analysis that includes
annual peak flows through only the 1996
water year. The 1997 peak is not included in
the frequency analysis.

14. 1997. Recurrence interval of the 1997 peak
based on a frequency analysis that includes
annual peak flows through 1997. The 1997
peak is included in the frequency analysis.

Summary of Table 3—Location and Frequency
Analysis Information

Table 3 lists location and frequency analysis
information for streamflow gaging stations. The
stations are listed by station number in ascending order.
The following information is presented for each
station:

1. Station Number. A number that uniquely
identifies each streamflow gaging station.
Permanent numbers have been assigned based
on a downstream-order numbering system.

2. County. The county in which the streamflow

gaging station is located. On streams that

define a county boundary, the gaging station is
listed based on the location of the gage
structure.

Latitude, in degrees, minutes, seconds.

Longitude, in degrees, minutes, seconds.

5. Period of Record. The specific water years for
which annual peaks flows are available for
analysis. Peaks from the period of systematic
data collection and historic peaks are
included. Historic peaks are indicated with a
“H” following the year. The total number of
years in the period of record are listed in table
2.

6. Historic Period. The specific water years in
the historic period. The historic period
defines an extended period, beyond the period
of record, during which the largest peak flows
are known. The total number of years in the
historic period is listed in table 2. (At a few
stations, the listed historic period begins after
the earliest year of systematic record. At
those stations, isolated years early in the
systematic record are considered part of the
historic period and are included as part of the
total number of years in the historic period as
listed in table 2 even though not listed here as
part of the continuous historic period.)

7. Low Threshold. One of two different values
are listed, depending on the analysis method
used at a particular station. For stations
analyzed with the WRC method, the value
listed is the WRC low-outlier threshold, in
cubic feet per second. For stations analyzed

AW
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with the graphical method, the value listed is
the lower limit, in cubic feet per second, of
peak flows used to graphically-fit a frequency
curve. No low thresholds are listed for
stations with indeterminate frequency
relations.

High Threshold. The high-outlier threshold
used by the WRC method. The high-outlier
threshold is used in conjunction with the
historic period to adjust the WRC frequency
curve and to adjust the plotting positions of
annual peaks.

Analysis Method. The frequency analysis
method used to define the frequency of the
1997 peak:

Graphical: The graphical method was used to
define the frequency curve in the range of the
1997 peak.

Indeterminate: The frequency of the 1997
peak could not be adequately defined with the
methods used in this study.

WRC-Station: The WRC method, with the
station skew option, was used to define the
frequency curve.

WRC-Weighted: The WRC method, with the
weighted skew option, was used to define the
frequency curve.
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Figure 48. Location of streamflow gaging stations in Sutter County.
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Determinations
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Magnitude and Frequency of the Floods of January 1997 in Northern and Central Cal
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