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Introduction

This Technical Memorandum (TM) addresses runoff. Runoff entails both the
instantaneous rate of discharge in a watercourse as well as the volume of discharge over a
period of time. This TM discusses runoff that was measured at stream gage locations in
the watershed. This data will be used in the modeling effort to calibrate and validate the
hydrologic model.

Project Scope and Background

The Pajaro River Watershed Flood Prevention Authority was formed to develop flood
protection strategies in the Pajaro River Watershed. The first phase in developing the
strategies is to construct a stream flow model. The model shall address a number of key
issues, including the following:

e What are the causes of flooding on the Pajaro River?

e Has rainfall runoff increased downstream with increasing development upstream?
e Has the improvement and/or maintenance of streams affected flooding?

e Has erosion or sedimentation in the streams affected flooding?

e Have upstream retention basins reduced or mitigated the degree of flooding?

e How will future conditions change the degree of flooding?

Answering these and other related questions regarding Pajaro River flooding requires the
development of hydrologic and sediment models for the Pajaro River and its tributaries.
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Setting

The Pajaro River drains an area of approximately 1,300 square miles of the coastal plains
and mountains of Central California. A tributary of Monterey Bay, the watershed drains
portions of Santa Cruz, Monterey, Santa Clara and San Benito Counties. The watershed
is somewhat elongated toward the southeast.

The lower portions of the Pajaro River from Murphy’s Crossing to the Pacific Ocean are
protected by levees constructed by the Corps of Engineers between 1949 and 1952. Four
miles above this federal project is the USGS stream gage — Pajaro River at Chittenden,
CA. This gage has been in continuous operation since the 1939 water year. The drainage
area at this gage is 1,186 square miles.

Two miles above the Chittenden gage site, the San Benito River is confluent to the
Pajaro. At this point the San Benito River drains 661 square miles - slightly more than
half the drainage area at the Chittenden gage. The Pajaro River at the outlet to Soap Lake
— a low-lying area of Santa Clara and San Benito Counties — has a drainage area of
approximately 500 square miles.

Objectives of this TM

Two types of runoff data will be presented in this TM. The first type is the measured
runoff hydrograph from 1994 to 1999 at each active stream gage for which data is
available. The second type is historical data at each stream gage in the Pajaro River
watershed. The historic data will be used as the input for statistical analysis of both peak
discharge and volume of runoff.

The hydrograph data from 1994 to 1999 will be used to help calibrate and validate the
hydrologic model by showing that the model predicts recent runoff events in terms of the
timing of peak discharge and in total amount of runoff. The statistical results of the
historical data analysis will be used to calibrate the hydrologic model so that it can
effectively reproduce the frequency response of a gauged watershed. Once the model can
reasonably replicate the runoff events from the six-year period and the frequency curves
at stream gage locations, the model will be ready to assess a variety of watershed changes
and the impacts those changes would have on downstream frequencies of peak discharge
and volume of discharge.
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Hvdrographs at Active Stream Gages

The USGS has been collecting data in the Pajaro River watershed since the 1930’s.
Table 3.1 and Figure 3.1 show the 27 stream gage locations at which data has been
collected since 1930. Lengths of record at the gages vary from 1 year to 60 years.

Of the 27 historic gages only seven are currently active. These include six gages
operated by the USGS: Clear Creek near New Idria, San Benito River near Willow
Creek School, Tres Pinos Creek near Tres Pinos, San Benito River at Highway 156,
Pajaro River at Chittenden, and Corralitos Creek at Freedom. In addition, the Santa Clara
Valley Water District (SCVWD) maintains the Pacheco Creek at Dunneville gage.

Table 3.1: USGS Stream Gages within the Pajaro River Watershed.

Station Station Name Begin | End | Total Years | Area (mi®)
11152900 Cedar Creek Near Bell Station 10/1961 | 09/1982 21 13
11153000 Pacheco Creek Near Dunneville 10/1939 | 09/1982 43 146
11153040 Pacheco Creek at Dunneville 10/1981 | 09/1985 4 154
11153470| Llagas Creek Above Chesbro Res. | 10/1971 | 09/1982 11 10
11153500 Llagas Creek Near Morgan Hill 10/1951 | 11/1971 21 20
11153700 Pajaro River Near Gilroy 03/1959 | 09/1982 24 399
11153790 Uvas Creek at Sveadal 10/1972 | 10/1974 3 3
11153800| Alec Canyon Creek Near Morgan Hill | 11/1969 | 05/1972 3 1
11153900 Uvas Creek Above Uvas Reservoir | 08/1961 | 09/1982 22 21
11154000 Uvas Creek Near Morgan Hill 10/1930 | 03/1957 27 30
11154100 Bodfish Creek Near Gilroy 10/1959 | 09/1982 23 7
11154200 Uvas Creek Near Gilroy 01/1959 | 09/1992 34 71
11154500 Pajaro River at Sargent 10/1940 | 09/1941 1 505
11154700 Clear Creek Near New Idria 10/1993 | 09/1999 6 14
11156000| San Benito River Below Hernandez | 10/1949 | 09/1963 8 108
11156450 Willow Creek Trib. Nr. San Benito 07/1964 | 09/1969 6 1
11156500| San Benito R. Nr. Willow Cr. School | 10/1939 | 09/1999 60 249
11156700 Pescardero Creek Near Paicines 07/1959 | 10/1970 13 38
11157500| Tres Pinos Creek Near Tres Pinos 10/1940 | 09/1999 46 208
11158500 San Benito River Near Hollister 10/1949 | 09/1983 34 586
11158600 San Benito River at Highway 156 10/1970 | 09/1999 29 607
11158900| Pescadero Creek Near Chittenden 09/1970 | 09/1981 12 10
11159000 Pajaro River at Chittenden 10/1939 | 09/1999 60 1186
11159150 Corralitos Creek Near Corralitos 10/1957 | 10/1972 16 11
11159200 Corralitos Creek at Freedom 10/1956 | 09/1999 43 28
11159400| Green Valley Creek Near Corralitos | 10/1963 | 09/1967 4 7
11159500 Pajaro River at Watsonville 10/1911 | 09/1973 4 1272

The SCVWD keeps up other USGS gages in the watershed. However, these gages drain
small areas or are under severe regulation by nearby upstream water supply reservoirs
and are therefore not included in this study.

Hydrographs from active stream gages were obtained from the USGS and the SCVWD.
Typical hydrographs are shown in Figures 3.2 to 3.7. These and other measured stream
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flows will be compared to the runoff predicted by the hydrologic model. This
comparison will be discussed in the upcoming TM 1.2.7.

Historic Stream Gage Data

The 27 stream gages shown in Table 3.1 and Figure 3.1 were analyzed for length of
record. Statistical analysis on records of 20 or fewer years was considered less desirable
than on gages with more than 20 years of record. All stations with less than 20 years of
record were eliminated from Table 3.1.

Stream gage records for discharges from smaller watersheds were considered less
desirable for the model as the major comparison points decided on in TM 1.2.1 were for
drainage areas in excess of 500 square miles. Only those stream gages with drainage
areas in excess of 20 square miles were considered appropriate for this statistical analysis.

Several stream gages were combined in order to meet the time and drainage area
requirements. The first combination involves the two gages on the San Benito River near
Hollister. Their records were combined to create one long record from 1949 to 1999.
Since the drainage areas of the two gages is only 3.5% different, the data was not
corrected to account for this small variation. The two gages on Pacheco Creek near
Dunneville were similarly combined to create one long record. The difference in
drainage area was only 5.5 percent. Again no correction was made to account for this
small difference. This gage was abandoned by the USGS in 1985. The SCVWD took
over operation of the gage when the USGS abandoned it. Data is current but not all is
readily available.

Uvas Creek has three stream gages. The one farthest downstream has been influenced by
Uvas Reservoir and as such a statistical analysis may not be appropriate. However, for
now, the data will be retained for analysis until it is shown to be inappropriate. The
remaining two gages on Uvas Creek both reflect the runoff from the watershed above the
reservoir. The upper gage only drains 20 square miles of the 30 that drain to the
reservoir. The lower of the two gages was located near the site of the existing dam. It
had a slightly longer record 27 years as opposed to 22 years and drained 30 square miles.
Because of the similarity of these gages it was decided to use the lower of the two and to
disregard the upper gage.

Only nine stream gages remain after the above steps that can be analyzed statistically.
The locations of these gages are summarized in Table 3.2 and shown in Figure 3.8.
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Table 3.2: USGS Stream Gages Used for Statistical Analysis.

Station Station Name Begin End | Total Years| Area (mi)
11153040 Pacheco Creek at Dunneville 10/1939 | 09/1995 55 154
11153700 Pajaro River Near Gilroy 03/1959 | 09/1982 24 399
11154000 Uvas Creek Near Morgan Hill 10/1930 | 03/1957 27 30
11154200 Uvas Creek Near Gilroy 01/1959 | 09/1992 34 71
11156500| San Benito R. Nr. Willow Cr. School | 10/1939 | 09/1999 60 249
11157500 Tres Pinos Creek Nr. Tres Pinos 10/1940 | 09/1999 46 208
11158600 San Benito River at Highway 156 10/1949 | 09/1999 49 607
11159000 Pajaro River at Chittenden 10/1939 | 09/1999 60 1186
11159200 Corralitos Creek at Freedom 10/1956 | 09/1999 43 28

Stream Gage Statistics

The standard method used in the United States for analysis of stream gage data involves
the use of the log Pearson Type III probability distribution. This distribution is mandated
for use by federal agencies in Bulletin 17B, published by the United States Water
Resources Council in 1982. That Bulletin provides the guidelines for application of the
log Pearson Type III distribution to stream gage data. Because of the wide spread use,
most local and state agencies throughout the country use the same distribution to analyze
stream gage data.

The log Pearson Type III distribution requires an estimation of the mean, the standard
deviation and the skew of the probability distribution for each station. The data from
station records provide good estimates of both mean as well as standard deviation. The
skew, however, is a statistic that is more difficult to estimate accurately because the
computation involves the cube of the distance of each data point from the mean value.
Very high or very low data can influence the skew coefficient significantly.

To account for this difficulty, Bulletin 17B allows for the weighting of individual gage
station skews with an estimate of the regional skew. In the central coast region, the
stream gage station Arroyo Seco Near Soledad has been continuously collecting data for
98 years. The associated 244 square mile watershed drains an area that includes the
Ventana Wilderness Area and has neither dams nor any significant urbanization.
Therefore we assume that the area has remained hydrologically unchanged since the
station was established. The skew computed using this station’s data was used as the
regional skew coefficient in analysis of stream gage data in the Pajaro River watershed.
Statistics based on this data best reflect the long-term skew in the region.

The peak discharge frequency curve and the 3-Day average discharge frequency curve
are shown in Figure 3.9 for the Arroyo Seco watershed. An exceedance probability of
1% indicates that there is a one percent chance each year that the associated discharge
value may be equaled or exceeded and is called a 100-year flood. The 10 percent
exceedance probability corresponds to a 10-year flood and the 50 percent exceedance
probability corresponds to a 2-year flood.
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There is a statistical chance that the data-based frequency curve is not completely
accurate. The data may have been affected by long term weather patterns, not enough
time to adequately sample the series, or some other unknown influence. The 90%
confidence curves included in Figure 3.9 represent the area in which the actual frequency
curve is 90% likely to fall. A longer period of record generally yields tighter confidence
curves.

The large circles on Figure 3.9 show estimates of the 100-year and 10-year peak
discharge and 3-Day average discharge made by the SCVWD and published in the 1998
Hydrology Procedures. The SCVWD values are very close to those predicted by this
current statistical analysis.

The data plotted on Figure 3.9 was done using the Median Plotting Position method. The
data and the log Pearson Type III curve seem to be close to one another for both the peak
discharge as well as for the 3-Day average discharge curves until the lower frequency
events. At these less frequent events the log Pearson Type III analysis predicts values
greater than those observed. For example, the data itself might lead one to predict a 100-
year peak discharge value of approximately 28,000 cfs. The log Pearson Type III
analysis predicts a 100-year value of 37,000 cfs. Thus even with almost 100-years of
record the data and the statistically generated frequency curve can vary significantly for
the less frequent events. However, the log Pearson Type III analysis provides the current
best estimate of the frequency of runoff events.

Figures 3.10 to 3.18 contain the frequency curves for the nine stream gages in the
watershed. Estimates from the SCVWD and from the US Army Corps of Engineers are
also shown on the frequency curves. The two stations where previous estimates are
significantly different than current frequency curves were Figures 3.15 — Tres Pinos at
Tres Pinos; and 3.16 — San Benito River at Highway 156. The 1998 peak discharge
values at those two stations are more than double the next largest value in the 50 or so
years the record at the two locations. These very large values pull the frequency curves
up relative to older estimates that were done prior to the 1998 data.

Watershed Changes

One of the cornerstones of statistics and probability as applied to flood control hydrology
and frequency analysis is that the data comes from homogeneous watershed. A
homogeneous watershed does not permanently change in a significant way over time. All
natural watersheds are constantly undergoing small changes. These changes, however,
are natural and are generally assumed to be random. They average out over time such
that no trend is embedded in the data. A change in a watershed that may make the stream
gage data non-homogeneous would be the construction of a dam that regulates
downstream discharges. However, construction of a dam that controls ten percent of the
watershed above a gage may have only a little, if any effect on the runoff at the gage.
Large-scale urbanization could also have a significant effect on the homogeneity of the
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stream gage data. Like the dam though, if the urbanization covers only a small portion of
the watershed its effects may not be discernable at the measuring station.

The effects of urbanization may be seen in the stream gage record. Because the Pajaro
River at Chittenden stream gage has been recording data for a significant period, it was
decided to check the data at this gage to see if any trends were present. This gage has
recorded 60 years of data from October 1939 to September 1999.

Volume runoff is used for this analysis rather than peak discharge for several reasons.
First, peak discharges can be mitigated by use of detention basins which have become
commonplace in the watershed. Also, conversion of permeable to impermeable surfaces
creates an increase in runoff volume, particularly so at the smaller, more common events.
Rather than focus on infrequent events, emphasis is placed on the more common events,
especially the 2-year event which has a 50 percent chance of being equaled or exceeded
in any year.

Table 3.3 summarizes the results for the 1-Day, 3-Day and 5-Day average discharges of
2-year storms. The two data sets, 1940 to 1969 and 1970 to 1999, each have 30 years of

continuous data. The 2-year discharges are products of the log Pearson Type III analysis.

Table 3.3: Pajaro River at Chittenden Stream Gage.

Flow Duration | 1940-1969 | 1970-1999
1-Day 2,866 cfs 2,113 cfs
3-Day 2,130 cfs 1,655 cfs
5-Day 1,639 cfs 1,336 cfs

The table shows that the 2-year discharges have decreased within this particular
watershed in the last 30 years compared to the preceding 30 years. These results do not
show any evidence of urbanization in the watershed. These results, however, could be
showing that the reservoirs built in the watershed since 1940 have reduced the maximum
annual 1-, 3-, and 5-Day average discharges. These reservoirs and their dates of
construction are: Chesbro, 1955; Uvas, 1957; and Hernandez, 1961. The Pacheco
Reservoir was constructed prior to 1940.

The same analysis was done for the San Benito near Hollister stream gage. The
comparison is more complicated though because the gage was moved during the period
of record. As mentioned earlier, two gage records were combined to form this one.

From October 1949 until September 1983 the gage site had a drainage area of 586 square
miles. From October 1970 until September 1999 the new gage site had a drainage area of
607 square miles — a 3.5 percent increase in drainage area. For purposes of this
comparison the differences in drainage area were ignored. Table 3.4 below shows the 2-
year storm results from 1950 to 1974 and from 1975 to 1999. The 1950 to 1974 data are
from the first gage location while the 1975 to 1999 data are from the second and current
gage location.
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Table 3.4: San Benito River Near Hollister Stream Gage

Flow Duration | 1950-1974 | 1975-1999
1-Day 407 cfs 408 cfs
3-Day 251 cfs 297 cfs
5-Day 183 cfs 228 cfs

The results show more discharge in the second 25-year period than in the first. The only
significant change in this watershed has been the construction of Hernandez Reservoir
and Dam in 1961. There is very little urbanization in this watershed.

The 2-year runoff volumes change, less than 30 percent in both cases, does not indicate
any trend in the runoff data. At present, there is no reason to believe that the data needs
to be de-trended before it can be used for statistical analysis. While it cannot be
definitely stated that the gage records are indeed homogeneous, the data fails to show any
trend due to urbanization. The data may show a change in volume of runoff due to the
construction of upstream water supply reservoirs.

Conclusion

The stream gage data for the Pajaro River watershed has been collected and analyzed.
The data shows the response of the watershed to rainfall as presented in TM 1.2.2 —
Rainfall. The statistical analysis of the data shows how the watershed behaves from a
probabilistic viewpoint. Both the data and the statistical analysis will be used in the
calibration of the hydrologic model.

While the watershed has undergone changes due to construction of dams, changes of use
from grassland to agricultural or from agricultural to urban or from low density urban to
higher density urban, there is, at present, insufficient evidence in the stream gage record
at Chittenden to indicate that these watershed changes have altered the statistical nature
of the risk of floods along the lower Pajaro River.
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Figure 3.1
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Figure 3.2

San Benito River near Hollister (11158600) Feb 17-27, 1994
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