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EXECUTIVE SUMMARY
BACKGROUND

Key Points:

e Many instream structures and channel modifications result in partial or complete hydraulic
barriers to anadromous fish passage.

e [f passage is delayed or prohibited, anadromous fish populations may be significantly constrained
or extirpated from a watershed.

o The overarching goal of this study is to generate information about differences in the time adult
steelhead (Oncorhynchus mykiss) have to migrate upstream within different regional climates and
relate it to the design of projects that affect fish passage opportunity; thus helping to achieve more
“fish-friendly” stream structures and channel modifications along the West Coast of the United
States.

Fish Passage Opportunity and High and Low Fish Passage Delay: Many inadequately designed instream
structures and channel modifications (e.g. culverts, check dams, fish ladders, flood control channels, etc.)
result in altered stream flows and hydraulic conditions that block or impede the passage of anadromous
fish at some or all discharges within a stream. To remedy this problem, NOAA’s National Marine Fisheries
Service established design criteria that promote suitable passage conditions for anadromous fish at
instream structures and within project reaches. A basic step in the design of a “fish-friendly” project is to
establish hydraulic criteria known as the high and low fish passage design flows (Qurr and Qirp). The intent
of identifying Qurp and Qrrp is to ensure that, when flows are between the Qrp and Qurp, the hydraulic
conditions generated within an instream structure or project reach are such that fish can freely migrate
upstream and downstream to satisfy their biological requirements, i.e. - spawning, foraging, dispersing, and
rearing in fresh water environments. It is further assumed that fish are unlikely to be present or need to
migrate past the project reach at flows below Qvrp or above Qurp. Flows below Qvrp or above Qurp, at an
instream structure or within a project reach, are allowed to be impassable or to cause passage delay due to
lack of depth, high velocities, excessive turbulence, etc. The time period during which flows are less than
the Qurpis referred to as low flow passage delay and the time period during which discharges are higher
than Qurp is referred to as high flow passage delay. The passage opportunity (as defined in this report)
refers to the total time within a migration season that flows are between Qurr and Qurp. The Qvrp and Qurp
values adopted in an anadromous fish passage project should include a wide enough range of discharges
that the project does not inadvertently delay fish passage to the extent spawning success is adversely
affected. At the same time, adopting Qurr and Qrrp criteria that provides passage over a wider range of
flows than passage naturally occurs in a stream may only increase project complexity and cost without
substantially improving fish access to spawning grounds.



PURPOSE

Key Points:

e A paucity of information exists on how much time and opportunity anadromous fish have to
migrate within the different climate conditions found along the West Coast of the United States.
o There are three objectives of this report:

0 Quantify how utilizing various federal and state Qurp criteria affects adult steelhead
(Oncorhynchus mykiss) migration opportunity within 16 small- to medium-sized watersheds
along the West Coast of the United States.

0 Identify general trends in adult steelhead passage opportunity that may be related to the
varying hydrologic conditions that exist between Oregon and Southern California.

0 Determine to what degree errors in estimating Qurp can impact adult steelhead passage
opportunities.

Federal and State High and Low Fish Passage Design Flow Criteria: Federal and state guidelines exist
for identifying appropriate Qirp and Qurp values for anadromous salmonids and are typically stated in
hydrologic terms as either a percentage of the 2-year flow event (Qz.year) Or as a flow exceedance
percentage. However, a paucity of information exists regarding how these guidelines, when implemented
in different hydrologic/climate zones, impact the total time that anadromous salmonids will have access to
spawning grounds and the relative magnitude of the delays created by specific Qirr and Qurp criteria during
wet, average and dry migration seasons. For species such as the steelhead (Oncorhynchus mykiss), which
spawn in watersheds having a wide variety of hydrologic conditions, understanding how passage
opportunity varies in different climatic regions is important to identify what might become excessive
passage delay under certain conditions. Moreover, as Qurp values must often be computed from regional
flood frequency regression equations or flow duration curves (FDCs) derived from flow records of
relatively short duration, it is unclear how much delay can be inadvertently introduced by errors in
estimating the Qurp.

STUDY METHODOLOGY

Key Points:

e Steelhead passage opportunity within 16 Pacific coast watersheds (divided into three regional
climate zones) was studied.

e The amount of high fish passage delay and the total fish passage opportunity, created by adopting
various federal and state high fish passage design flow criteria, in wet, average and dry years in
each watershed was calculated.

e Moving spatially between the ‘Pacific Northwest’ and ‘Southern California’, several hydrologic
parameters that differ and affect steelhead passage times were identified.

e How the year-to-year variation in steelhead passage time changes between the ‘Pacific Northwest’
and ‘Southern California’ was quantified.
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e The amount of time fish may be delayed/denied fish passage due to errors in estimating high fish
passage design discharges was investigated.

Study Sites and Hydrologic Parameters: Sixteen gaging stations/study sites, located along the West
Coast of the United States, were selected for study. Each study site was located within a small- to medium-
sized coastal watershed, had a mean daily discharge record spanning at least 19 years, had an unimpaired
hydrograph during the fish migration period and currently, or historically, supported anadromous
salmonids. These 16 study sites were divided into three different climate regions: the Pacific Northwest
region; the Northern California region; and the Southern California region. The Pacific Northwest and
Northern California regions contained five study sites each, while the Southern California region contained
six study sites. Basic hydrologic parameters that may vary between regions and affect passage and delay
times were identified and computed. These parameters included hydrograph ‘flashiness’, the variability in
annual water yields, and whether conditions were ‘Wet’, ‘Average’ or ‘Dry’ during a migration season at a
particular site. Flashiness was investigated by computing the rate flow increased and decreased on the
rising and falling limbs of 20 individual storm hydrographs within each climate region. Additionally, the
Richards-Baker flashiness index (Baker et al. 2004) was computed for each water year at each site two
different ways: using all of the year’s flow data; and using only the flow data occurring within the identified
steelhead migration season.

Inter-annual water yield variability was assessed and compared across the three climate regions by
normalizing each study site’s annual water yield by the site’s median annual water yield. The more a
normalized yield deviates from a value of one, the more extreme the yield is relative to a site’s median
yield, thus reflecting how extreme a drought or wet year was. The sites’ annual yields were used to classify
each water year as either ‘Wet’, ‘Average’, or ‘Dry’. Years with water yields in the lower 20t percentile for
the site were classified as ‘Dry’ years. Years falling in the upper 20t percentile were classified as ‘Wet’
years, while the remaining 60 percent of the years were classified as ‘Average’.

Computation of Passage and Delay Times: The amount of time that steelhead could pass and the amount
of time that steelhead passage would be delayed under various Qurp criteria were computed for each site.
Specifically, the total passage time, total high flow delay time, and total low flow delay time that occurred
between Nov 1 and May 15 (the assumed migration season for Southern California steelhead) were
computed, at the 16 study sites, using the various federal and state high fish passage design criterion for
each migration season for which a study site had a mean daily discharge record. The passage opportunity
at each site, for each year, and under each design criterion was then expressed as a percentage of the total
time within the assumed migration season (196 days) that discharges fell between the low and high flow
design discharges. The high fish passage delay time within each migration season was also expressed as a
percentage of the total passage time available within the migration season at each site, for each year, using
each high fish passage design criterion. Box-and-whisker plots were then created to compare the
variability that occurs in the total passage time and the high flow delay time that occurs within migration
seasons at each study site using each of the high fish passage design discharge criterion. Box-and-whisker
plots were also created for each study site showing the variability in passage and high flow delay time that
occurred within ‘Wet’, ‘Average’, and ‘Dry’ years using various Quep criteria. The resulting suite of metrics
and plots allow one to compare the passage opportunities and delay times between individual sites when a
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specific Qurp is adopted. Regional trends in passage and high flow delay times were visually assessed by
creating and comparing box-and-whisker plots that combine all the passage or high passage delay times for
all of the study sites within each region using each of the Qurp criteria. Such regional box-and-whisker plots
were created using all of the years and for ‘Wet’, ‘Average’, and ‘Dry’ years to demonstrate how passage and
high flow delay times varied amongst the regions for all years and during ‘Wet’, ‘Average’ and ‘Dry’ years.

Qurr and Qurp Criteria Used: The adult steelhead Qurp criteria that were used in the above analyses
included:

e the 1% annual exceedance (Q1%anexc)

o the 1% exceedance for the steelhead migration season (Q1osu-mp-Exc)

e the 5% exceedance for the steelhead migration season (QsesH-mp-Exc)

o 50% of the 2-year flow event calculated using annual peak flow records (50%Q2-rk)

o 50% of the 2-year flow event calculated from regional regression equations (50%Qz-em)

e Other criteria were used, on a limited basis, to briefly investigate adult coho and chinook passage
times at specific sites, as well as juvenile steelhead passage times. The results of these analyses are
not discussed in the executive summary, which like the report, focuses on adult steelhead passage,
particularly in Southern California. Some of these results have been included in the report and
appendices for interested readers.

The Qurp criterion used at any given site was always the 50% annual exceedance (Qsooanex) or 3 cfs,
whichever was greater. This is consistent with the Qurp criterion used throughout coastal California and
represents a low flow condition that often produces shallow depths in the natural channel that are
assumed to impede adult steelhead movement.

Sensitivity Analysis of Errors in Qurr estimates: How sensitive passage and high flow delay times are to
errors in estimating Qurp was analyzed. At selected sites within each climate region, flow duration curves
(FDCs) were derived from the 5- 10-, 15- and 20-consecutive wettest and driest periods of the complete
mean daily discharge record available at a site. The passage and high flow delay times that resulted from
using Qurp estimates derived from the shorter 5-, 10- 15- and 20- year FDCs were compared (via box-and-
whisker plots) to the passage and high flow delay times obtained when the entire discharge record was
used to develop the FDCs and estimate Qurp values. The passage and high flow delay times that result from
estimating Qurp from the 2-year event obtained through regional flow frequency equations versus
estimating the Qurp from the 2-year flow event obtained from actual peak-discharge data were also
compared via box-and-whisker plots.
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STUDY RESULTS

Key Points:

e Moving from the ‘Pacific Northwest’ to ‘Southern California’ there is a progressive pattern of less
precipitation, fewer storm events, increased hydrograph flashiness, and increased inter-annual
variability of water yields.

e Low instream flow delay increases from north to south, is typically the greatest in small streams, and
was the largest factor affecting total fish passage opportunity within the 16 study watersheds.

e The total amount of time steelhead have to migrate upstream generally decreases as one moves from
Oregon to Southern California with the smallest passage times being found in small Southern California
watersheds. However, total fish passage opportunity between two streams within the same climate
region can vary substantially.

e The ‘regional’ median fish passage opportunity in ‘Southern California’ during wet years (years having
the most passage opportunity in Southern California) was similar to the ‘regional’ median fish passage
opportunity in the ‘Pacific Northwest’ during dry years (years having the least passage opportunity in
the Pacific Northwest).

o The inter-annual variability in both total passage opportunity and high fish passage delay time (as a
percentage of the passage opportunity) generally increases as one moves from the Pacific Northwest to
Southern California.

e Adopting higher fish passage design discharge reduces the annual variability in high fish passage delay
within a watershed (particularly in Southern California).

e Passage opportunities in streams within Northern California generally exhibit characteristics that are
between those found in the Pacific Northwest and Southern California.

e Inaccurate estimates of high fish passage design flows (due to a lack of stream gaging data and/or
stream gaging data collected in dry years) may result in substantially increasing high fish passage delay
times at fish passage projects.

o Further research is needed on how to accurately estimate high fish passage design discharges in
ungaged basins, or in basins with little stream flow data.

e Additional research is needed to: (1) better define the relative importance of delay in wet, average, and
dry years; (2) better identify when flow connectivity between the ocean and spawning grounds occurs
(particularly in Southern California); and (3) better determine when and how fish actually migrate
during high flow storm events.

Trends in Total Fish Passage Opportunity: Observations of the data suggest that there may be several
general regional trends that affect the total time adult steelhead have passage within a stream as one
moves north to south along the 16 study sites. These north-to-south trends include: 1) decreasing
precipitation (Table 1); 2) decreasing number of storm events (Appendix B); 3) increasing storm
hydrograph flashiness (Figure 11); and 4) increasing variability in inter-annual water yields (Figure 5).
The net result of these trends (regardless of the Qurp criteria adopted) shows that total passage times (as a
percent of the assumed 196 day migration season) are typically the highest in the Pacific Northwest and
decrease from north to south (Figures 29-31). The variability in the percentage of the time steelhead had



to pass within a given migration season also tends to increase from north to south regardless of the Qurp
criteria adopted (Figures 29-31). Consequently, the passage times in Southern California generally have
the largest variability from year to year, and the lowest median passage time of the three regions.
Regardless of the region and the Qurp criteria used, passage times were also generally the highest during
the ‘Wet’ years and lowest in the ‘Dry’ years. However, the change in median passage time between ‘Wet’
and ‘Dry’ years for the Pacific Northwest region was typically substantially less than for Southern California
(Figures 29-31). For example, using the 1% annual exceedance as the Qurp criteria, the Pacific Northwest
region had a median passage time of about 90% during ‘Wet’ years and about 65% during ‘Dry’ years. The
corresponding ‘Wet’ and ‘Dry’ median passage times for the Southern California region were about 62%
and 10%, respectively. The Northern California regional trends exhibited characteristics between those of
the Pacific Northwest and Southern California.

The largest factor typically affecting total passage time within each migration season at each site was how
often flows were less than the Qurp criteria. Low flow delay increased substantially from north to south
(Figures 17 - 20). Smaller watersheds (in all three regions) tended to have greater low flow delay than
larger watersheds within the same region. Results show that, for smaller watersheds in Southern
California, the percent of low flow delay, even within a Wet migration season, can exceed 50%, whereas in
the Pacific Northwest smaller watersheds typically do not experience large amounts of low flow delay
during Wet or Average water years.

Within a given climate region, median passage times and annual variability in passage time can vary from
site to site regardless of the Quep criteria evaluated (Figures C-29 through C-33). For example, in Southern
California, the median passage time for all migration seasons at San Jose Creek and Topanga Creek were
approximately 10%, whereas the median passage time for all migration seasons at Lopez and Sespe creeks
were approximately 70%. The differences in median passage times for these streams is likely due to the
greater amounts of low flow delay being associated with smaller watersheds. San Jose Creek and Topanga
Creek (which have the lower median passage times) have watershed areas of 5.5 and 18 square miles,
respectively. Lopez and Sespe creeks (which have the higher median passage times) have watershed areas
of 47 and 252 square miles, respectively. The variability of the migration passage times between sites
within Southern California can also vary substantially. Using the 1% annual exceedance as the Qurp criteria
at San Jose Creek, 50% of the migration seasons provided passage approximately 5% to 18% of the time,
whereas at Salsipuedes Creek 50% of the migration seasons provide passage approximately 15% to 63% of
the time (Figure C-31).

Differences in High Fish Passage Delay from the Various Qurp Criteria: When exceedance based Qurp
criteria are used, the average long-term high fish passage delay times are determined a priori. For Qioanexc
the average delay will be 3.65 days per year, while the average delays for the Q1osu-mp-exc, QsossH-MP-EXC,
Q1o%su-mp-exc Criteria will be 1.96, 9.8, and 19.6 days within the assumed 196 day steelhead migrations
season. When the 50%Q;-px and 50%Qz-em criteria are used, the long-term average number of high flow
delay days that occur in a migration season, or year, is not known in advance and varies from site to site.
Yet, it has historically been assumed that the average high flow delays associated with the 50%Q2.px and
50%0Q2-em criteria will be less than what the Qi¢anexc criteria will yield. In this study, the annual exceedance
values corresponding to the 50%0Q..pk criteria ranged from 0.2% to 1.8% and were less than 1% for all sites
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in the Northern California and Southern California regions. Two of the annual exceedance values
corresponding to the 50%Q.-px criteria were greater than 1% in the Pacific Northwest region. The annual
exceedance values associated with the 50%Q2-gm criteria ranged from 0.2% to 3.9% with one annual
exceedance value having a value greater than 1% in each climate region.

Regardless of the Qurp criteria used, the total number of high flow delay days is greatest during Wet years
and are the least during Dry years (Figures 23-25). The median percentage of time that high flow delay
occurs within a migration season is also greatest in Wet years and least in Dry years for all regions. The
variability in high flow delay among migration seasons, as well as the median percentage of time high flow
delay occurs within Wet and Average migration seasons, increases from north to south. However, the
median percentage of time high flow delay occurs during dry years tend to be higher in the Pacific
Northwest and Northern California than in Southern California

Amongst the Qurp criteria analyzed, the differences between the long-term average high flow delay,
expressed as a steelhead migration season exceedance value, ranged from (0.3% to 10%). However, an
important consideration in selecting an appropriate Qurp is the importance of long-term average delay
versus the year-to-year variability in delay provided by a specific criterion. The larger the high fish passage
design discharge is, the more it tends to reduce the variability in the year to year high flow delay that
occurs within a stream. For example, when using the Qoanexc Criteria, the percentage of time that high flow
delay occurs within Average migration seasons within the Southern California region range from 0% to
about 33% (Figure 27). However, when using the 50%Q2.px criteria (which always provided a larger high
fish passage design discharge in Southern California), the percentage of time that high flow delay occurs
within Average seasons in the Southern California region ranges from 0% to about 12%. Specifically, larger
Qurp values will tend to eliminate or substantially reduce delay that occurs within one or two larger storm
events that in a particular year may provide much of the fish passage opportunity. Table B-16
demonstrates an example of where in an Average year flows exceeded Q.rp for only 13 days at Topanga
Creek. Using the Qianexc Criteria, 3 days of high flow delay would occur during this year. However, using
the 50%0Q:-pk criteria, no high flow delay would occur and fish passage opportunity increases by 30%. A
similar reduction in high fish passage delay occurs for Wet years in Southern California (Figure 28). Three
out of 4 wet years have high fish passage delays of 8% or more when using the Qiyanexc criteria, whereas, on
average, only 1 out of 4 wet years has a high fish passage delay of 8% or more, when using the higher
50%Q2-pk criteria.

One potential concern with using Quep criteria based upon annual exceedance values in climate regions
where much of the rainfall occurs within the steelhead migration season is that total number of high flow
delay days occurring within the year are not likely to be equally distributed throughout the year, but are
more likely to occur during the migration season. Thus, the percentage of time high flow delay actually
occurs during the migration season is higher than the percent of time high flow delay occurs over the entire
year. For example, on Sespe Creek the 2.5% annual exceedance value is equivalent to the 4.0% steelhead
migration season exceedance value (Table 4). Consequently, when considering Qurp criteria, it is important
to determine whether it is more meaningful to base criteria on the percentage of time that high flow delay
occurs within the migration season or over the entire year. Alternatively, it may be important to consider
what percentage of time high flow delay is acceptable during Wet, Dry, and Average migration seasons as
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neither an annual exceedance value or a migration season exceedance value derived from all flow data is
directly tailored for meeting any specific Wet, Dry or Average year passage goals.

High Fish Passage Delay Due to Errors in Qurp criteria estimates: For Qurr defined as exceedance
values, the length of the data record used to create a flow duration curve as well as when the data was
collected (wet, average, dry years) can influence the median passage and median high flow delay times as
well as the variability in the high flow delay times. Short duration flow records collected within dry
periods yield the lowest median passage times and the most high flow delay. Selecting a Qurp using such
flow duration records also increases the variability in the high flow delay times at a particular site. The
degree to which median passage times were affected by using short duration flow data collected during dry
periods increases from north to south (Figure 37). At Salsipuedes Creek (in Southern California), using a 5-
year flow duration record derived from the 5 driest consecutive years on record resulted in severely
underestimating the 1% annual exceedance flow and increasing the median delay time at the site by over
20%. At Tucca Creek (in the Pacific Northwest), the 1% annual exceedance flow estimated from the 5
driest consecutive years of data only reduced the median passage time by 1 to 2%. Results demonstrated
that in Southern California, the 1% annual exceedance flow estimated from the 20 driest consecutive years
were approximately 50% less than the 1% annual exceedance value, as defined by using the entire
available data record (Figure 36).

The regional regression equations used in this study have standard errors that increase from 25.3-39% for
Western Oregon to 47-134% in Southern California (Gotvald, 2012 and Cooper, 2005). For the 16 sites
studied, the ratio of 50%Q2-pk to 50%Q2-em ranged from 0.63 to 5.0 (Tables 3 and 4). As suggested by
Gotvald (2012) and Cooper (2005), the errors in the 50%Q.em estimates increased from north to south. In
southern California all of the 50%0Q.-gm estimates were less than the 50%Qz.pk values. Despite these
differences, when analyzed as a region, these two criteria do not result in substantially different total
passage times (Figure 43). However, the two methods result in substantially different 75% quartile
percent high flow delay times. For Southern California, the 75% quartile high flow delay increased by
about 4% when using the regression equations versus the peak flow data to estimate high flow fish passage
criteria (Figure 44). Thus, when compared to the 50%Qz.pk criteria, on average, 1 in four years at every site
in Southern California would experience at least 4% more delay due to the underestimated 50Qz-.gm values.
The median percentage of high flow delay also increases approximately 2% when 50%Qz-em values are used
as the Qurp criteria.

Study Limitations and Future Study Needs: The study results have several important limitations. First,
the climate zones were selected for preliminary trend analyses purposes and do not coincide with any
known demarcations of distinct climate zones along the West Coast. All of the trends in passage time and
delay times are also based on visual inspection of the box-and-whisker plots, other graphs, and data shown
in tables. Additional work is needed to determine if any clear demarcations in climate zones exist and
whether any of the observed trends are statistically significant.

The fish passage opportunities in this report are all computed strictly based upon hydrologic criteria (e.g.

whether or not flows fall between the chosen Qurp and Qurp values). Consequently, the reported fish
passage opportunities may be under or overestimated due to unknown fish behavior and/or morphological
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conditions at a stream that are not accounted for in a purely hydrologic analysis. Some biological factors
that may influence actual passage opportunities include: whether or not steelhead migrate at constant base
flow conditions, migrate primarily on the rising and/or falling limbs of storm hydrographs, or require a
‘migration initiating flow’ (at a discharge substantially higher than the Qi discharge) before they begin to
migrate. Some unaccounted for geomorphic conditions, particularly in Southern California, that could
influence fish passage opportunities include: what flows are necessary to breach the estuaries and provide
flow connectivity to the ocean; and naturally occurring features within streams that may limit the
discharge range over which fish may migrate (e.g. excessive velocities and turbulence at higher discharges,
or too shallow of a depth at critical riffles during lower flows). Further research is needed to better identify
how such biological and geomorphic factors may influence total passage opportunities within the different
climate regions.

Most fish passage projects occur at locations with short duration discharge records or within ungaged
streams where exceedance and Qz.pk based criteria cannot be computed. Simultaneously, estimating Qvrp
and Qurp values at ungaged locations using 2-year regional regression equations is subject to large errors
that may inadvertently create significant passage delay. Additional research needs to be conducted to
better estimate Qrrp and Qurp values at ungaged locations along with the amounts and types of data needed
to provide Qrrr and Qurp estimates accurate enough to meet fish passage goals.
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1. Introduction

1 INTRODUCTION

1.1 BACKGROUND

Eliminating physical in-stream barriers to migrating Pacific salmon and steelhead is a key component in
stock recovery plans developed by the National Marine Fisheries Service (NMFS) (NMFS 2012, NMFS
2013). NMFS and other fisheries resource agencies have developed design guidelines for providing fish
passage at in-stream structures, such as at road-stream crossings and diversion dams (CDFG 2002, CDFG
2009, NMFS 2001, NMFS 2011, ODFW 2006, WDFW 2003). One of the commonly used fish passage design
approaches involves creating hydraulic conditions that permit the target fish species and lifestage to freely
move through the structure. Referred to as the hydraulic design approach, it utilizes hydraulic criteria to
ensure passage of the target fish, such as minimum water depths and maximum water velocities.

Providing suitable hydraulic conditions for passage at all flows is usually impractical and unnecessary. For
projects using the hydraulic design approach, fish passage design flows are established to define the range
of flows for which passage criteria should be satisfied. The flow range is defined by a low fish passage
design flow (Qvrp) and high fish passage design flow (Qurp) for the target fish. The duration streamflow
persists between Qrrr and Qurr during the seasonal migration period is referred to as the passage window.

The fish passage flow range is intended to encompass nearly all the flows the target fish would be expected
to use for upstream movement in the event that no artificial barriers existed in the stream or river. Even in
unimpaired stream systems there are flows that fish will not attempt to move upstream due to physical and
behavioral reasons, such as at low flows when depths throughout the channel are naturally too shallow and
at high flows when excessive velocities, turbulence, or turbidity may persist. Although defining flows at
which a target fish does not migrate is difficult, the fish passage flow range is not intended to include flows
during which movement is unlikely.

Upstream fish movement can become delayed at a structure when streamflows are below Q.p or above Qup
and fish are attempting to move upstream. Lengthy delay in upstream movement for adult anadromous
salmon or steelhead has the potential to prevent them from reaching spawning grounds, or cause the fish
to spawn in lower reaches of the stream where their offspring may have reduced access to habitat and a
reduced chance of survival (Kemp and O’Hanley 2010, Roni et al. 2008, Wofford et al. 2005). Excessive
delay in upstream movement of juvenile salmonids is less time sensitive, but can affect their ability to
redistribute and feed, thus affecting their growth rate and overall survival (Cederholm and Scarlett 1981,
Nickelson et al. 1992, Kahler et al. 2001).

Selection of Qurp and Qurp strives to avoid delays in upstream movement that adversely affect the fish’s life
history and survivability of their offspring. However, increasing the passage window also affects project
feasibility and cost. Therefore, ample consideration should also be given to whether the fish passage flow
range includes flows that the target fish may not utilize for upstream movement and if the frequency and
duration of delay to movement imposed by either Qurr or Quepr will adversely affect the fish.

1.2 StUuDY NEED
Instream structures and channel modifications (e.g. culverts, check dams, fish ladders, flood control
channels, etc.) can result in hydraulic conditions that block or impede the passage of anadromous fish at
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some or all discharges within a stream. To remedy this problem, NOAA’s National Marine Fisheries Service
(NMFS) establishes design criteria that promote suitable passage conditions for anadromous fish at
instream structures and within project reaches. These criteria define high and low fish passage design
flows (Qurp and Qrrp) and these values establish what is referred to as a “fish passage design window" or the
total time during a migration period when streamflow is between Qurr and Qrep. This study was initiated to
evaluate west coast regional differences in the fish passage opportunities provided by different fish passage
design windows/flow criteria. The current fish passage design flow criteria for California, which differs
from criteria used in the Pacific Northwest, are defined by the National Marine Fisheries Service (NMFS
2001) and the California Department of Fish and Wildlife (CFDG 2002). They include design flow criteria
for adult anadromous salmonids and juvenile salmonids, and are most frequently applied to smaller
ungaged watersheds. The two agencies use the same definitions for design flows. Selection of the current
design flow criteria was based primarily on hydrologic data and field observations of fish migration timing
in north-coastal California streams (Lang, Love & Trush 2004).

Throughout coastal California watersheds, runoff is predominately generated from rainfall events rather
than snowmelt or spring-flow hydrology. Adult steelhead generally use these runoff events to migrate to
spawning grounds, as baseflow conditions often provide inadequate depth for migration or spawning. As
such, the low and high passage design flow criteria and the duration, frequency, and magnitude of rainfall
and resulting runoff events governs the passage window an adult steelhead may have to reach its spawning
grounds within a given year.

Climatic differences between the northern and southern regions of California has generated concerns as to
the impacts of high flow migration delay imposed on coastal central and southern California steelhead by
current high passage design flow criteria. In general, the mean annual precipitation decreases moving from
north to south, as does the frequency of rainfall and runoff events that adult steelhead may utilize to
migrate inland. Annual and inter-annual variability in rainfall patterns also increases from north to south,
which may further influence the opportunity adult steelhead have within a given year to migrate to their
spawning grounds.

This study aims to investigate regional differences in the frequency and duration of provided passage
windows and potential delay imposed by current passage design flow criteria for adult steelhead. For the
purposes of this study, regions investigated were defined as Pacific Northwest (Oregon Coast), Northern
California (Oregon Border to Monterey Bay), and Southern California (south of Monterey Bay to Orange
County). These region definitions are used for presentation clarity only; climate differences along the US
west coast do not vary within distinct regions but along gradients. Study results in this report are
presented with sites arranged from northern-most to southern-most to identify whether a trend is
observed. Evaluated passage design flow criteria include those currently used in California, Oregon, and
Washington. Additional definitions of passage design flows were also evaluated.

To isolate the effects of regional differences in hydrology on migration, the analyses of passage conditions
for adult steelhead presented in the main body of the report assumes the same migration period,
November 1 through May 15, for all of the climate regions. Passage analysis for juvenile salmonids used the
entire year. Passage analysis was also completed for adult coho and Chinook using shorter assumed
migration periods (Oct 1 - Feb 28 and Sept 15 - Feb 15, respectively) and is presented in Appendix E.
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1.3 CURRENT FISH PASSAGE DESIGN FLOW CRITERIA

Current state and federal criteria for calculating the high fish passage design flow (Qurp) and the low fish
passage design flow (Qurp) for anadromous salmonids in coastal California, Oregon and Washington states
are summarized below. Most methods rely on similar hydrologic analyses; typically daily exceedance flow
methods derived from daily average flows, but vary as to the daily exceedance specified and the time
periods used for determination (annual versus migration period data).

1.3.1 HIGH FISH PASSAGE DESIGN FLow

California (NMFS 2001, CDFG 2002) - The adult anadromous salmonid Qurp is calculated as the 1%
annual exceedance flow where site-specific or regional flow duration curves (FDCs) are available or can be
constructed. If flow duration data are not available or inappropriate for a particular location, then 50% of
the 2-year flood recurrence interval flow is used as the Qupp criteria. A provision is also made to use
hydraulic analysis of the stream active channel to determine flow needed to meet depth and velocity
passage conditions. For upstream juvenile salmonid passage, Quep is the 10% annual exceedance flow.

Oregon (ODFW 2006) - The adult anadromous salmonid Qgurp is defined as the 5% exceedance flow during
the migration season, with the migration season defined by the Oregon Department of Fish and Wildlife
(ODFW). A juvenile salmonid Qurp is not defined.

Washington (Barnard et al. 2013) - Qurp is the 10% exceedance flow over the migration season for each
target fish species and age class. The migration season generally varies for each target fish species and age
class; thus, multiple 10% exceedance flows must be calculated at a particular project site and compared to
determine the limiting Qurp for passage and design.

NMFS Northwest (NMFS 2011) - For the region encompassing Oregon, Washington, and Idaho the adult
anadromous salmonid Qurp is defined as the 5% exceedance flow during the period of migration. A juvenile
salmonid Qugp is not defined.

1.3.2 Low FISH PASSAGE DESIGN FLow

California (NMFS 2001, CDFG 2002) - Where FDCs are available or can be created, the adult anadromous
salmonid Qurp is the 50% annual exceedance flow or 3 cfs, whichever is greater. The 95% annual
exceedance flow or 1 cfs, whichever is greater, should be used for juvenile salmonid Qvrp.

Oregon (ODFW 2006) - The adult anadromous salmonid Qvrp is the 95% exceedance flow during the
migration season as defined by the ODFW. A juvenile salmonid Qvrr is not defined.

Washington (Barnard et al. 2013) - The two-year, seven-day, low-flow or alternatively, meet fish
passage criteria, primarily depth limitations, for all target fish species and age classes under zero flow
conditions.

NMFS Northwest (NMFS 2011) - The adult salmonid Qurp is the 95% exceedance flow during the
migration season.



2. Study Site Selection

2 STUDY SITE SELECTION

To evaluate regional differences in hydrology and quantify the effects of these regional differences on the
fish passage window and migration delay, five to six study sites were selected in each of three coastal
climate regions (Southern/Central California, Northern California and the Pacific Northwest). Study sites
consisted of streamflow gaging stations located on streams or rivers that currently or historically
supported anadromous salmonid populations. To select the study sites an initial list of 32 potential sites
was generated that included a summary of their location, data record length and data quality. From these
32 sites, and in collaboration with NMFS, 16 streamflow records for small-to-medium size watersheds in
the three climate regions (Southern California - 6 sites; Northern California - 5 sites; and the Pacific
Northwest - 5 sites) were selected for the study. The USGS Hydro-Climate Data Network (Slack and
Landwehr 1992) was used as a resource for identifying the suitable streamflow gaging records. This USGS
reference identifies gaging stations that meet record length and data quality criteria for climate analyses
and that have minimal flow regulation. Eight of the 16 selected study sites are part of this USGS Hydro-
Climate Data Network. Figure 1 shows the locations for the gage sites used for these analyses.

The site operational status, data record length and data availability are summarized in Table 1. All but one
of the gage sites were operated by the USGS. The exception is the NF Caspar Creek gage, which was
operated by the US Forest Service (USFS) Redwood Sciences Laboratory as part of their ongoing, long-term
watershed studies in the Caspar Creek watershed (http://www.fs.fed.us/psw/ef/caspar_creek/).
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Figure 1. Study site location map (prepared by NOAA Fisheries West Coast Region, GIS Lab, Santa Rosa, CA).
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Table 1. Summary of the selected study sites’ operational status, data records and data availability. Water years (WY) are defined as October
1 through September 30.

Annual Peak Flow Mean Daily Flow 15-minute Flow
Drainage Mean
USGS Site Area Annual Years of Years of Years of
Site Name Number (sg. miles) Precip (in) | Start Date End Date Record [ StartDate End Date Record [ StartDate End Date Record
Pacfici Northwest Region Sites
Tucca Ck 14303200 3.09 WY 1984 WY 2011 28 10/1/1983 | 9/13/2012 29 10/1/1986 | 9/30/2012 26
EF Lobster Ck 14306340 5.7 WY 1984 WY 2011 28 10/1/1983 | 9/13/2012 29 10/1/1986 | 9/30/2012 26
Big ck' 14306900 12.3 Not Used* | WY 1973 | WY 1991 19 10/1/1972 | WY 1991 19 10/1/1987 | 9/30/1991 4
Salmon Riv' 14303750 58.9 WY 1974 | WY 1995 21 10/1/1974 | 9/30/1995 21 Not available
Jetty ck' 14301250 1.99 WY 1975 | WY 1995 20 10/1/1975 | 9/30/1995 20 Not available
Northern California Region Sites
Little Riv 11481200 40.5 67.6 WY 1956 | WY 2011 56 10/1/1955 | 9/30/2012 57 10/1/1995 | 9/30/2007 12
Elder Ck 11475560 6.5 99.9 WY 1965 | WY 2011 47 10/1/1967 | 9/30/2012 45 10/1/1988 | 9/30/2007 19
NF Caspar Ck USFS Site 1.83 46.4 WY 1964 WY 2010 47 10/1/1963 | 9/30/2010 47 10/1/2004 | 9/30/2010 6
Corte Madera Ck®| 11460000 18.1 42.3 WY 1952 WY 1997 43 10/1/1951 | 9/30/1993 42 Not Available
Soquel Ck 11160000 40.2 42.2 WY 1951 | WY 2011 61 10/1/1951 | 9/30/2012 61 10/1/1988 | 9/30/2012 | 24
Central/Southern California Region Sites
Lopez Ck 11141280 20.9 28 WY 1967 | WY 2010 a4 10/1/1967 | 9/30/2012 45 10/1/1988 | 9/30/2012 24
Salsipuedes Ck 11132500 47.1 21 WY 1941 | WY 2011 71 10/1/1941 | 9/30/2012 71 10/1/1988 | 9/30/2012 24
San Jose Ck 11120500 5.51 32.7 WY 1941 | WY 2011 71 10/1/1941 | 9/30/2012 71 10/1/1988 | 9/30/2012 24
Santa Cruz Ck 11124500 74 25.5 WY 1942 WY 2011 70 10/1/1941 | 9/30/2012 71 10/1/1988 | 9/30/2012 24
Sespe ck’ 11113000 252 26.7 WY 1933 WY 2011 73 10/1/1927 | 9/30/2012 82 10/1/1992 | 9/30/2012 20
Topanga ck' 11104000 18 23.4 WY1931 WY1979 49 10/1/1930 | 9/30/1979 49 Not available

! Historic Gage Sites that are not currently operating

2. Gage stopped year round operation in 1993. Restarted Nov - May operation in 2009. Has a peak flow reported for 1997.

3. Gage has some data gaps. It initially operated in WY 1912 and 1913 then stopped, resuming in WY 1928. Water years 1986-1990 are also
missing form both the daily average and peak flow data sets.

* - The mean annual precipitation was not determined for the Pacific Northwest region sites because itis not used in the USGS regression
equations for this region. See Section 4.
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3 REGIONAL DIFFERENCES IN HYDROLOGY

Differences in hydrology exist over the extent of anadromous salmonid habitat along the Pacific coast of the
United States. The annual precipitation typically exhibits a north-to-south gradient with more northern
watersheds generally receiving greater annual precipitation. This section evaluates the magnitude of these
differences in regional hydrology by comparing hydrologic variability and watershed responses to
precipitation. The trends and differences in hydrology and watershed responses between sites and regions
are quantitatively compared but their effects on fish passage or other ecological influences were not
evaluated for statistical significance.

3.1 VARIATION IN WATER YIELD TO CHARACTERIZE WET, AVERAGE AND DRY YEARS

An important influence on the frequency and duration of fish passage windows is the number of storms
creating and maintaining fish passage flows per year or migration period. One way to quantify flow
availability in a given year is to use the annual water yield determined by converting the sum of the mean
daily flow to an annual total volume. While this metric does not capture the effects of storm patterns or
magnitudes, it provides a means for classifying years as Wet, Average or Dry based on annual water yield
and evaluating variability among the Dry and Wet years.

For these analyses, Wet years are defined as those years in the upper 20 percentile of a site’s annual
average water yield, Average years comprise the middle 60 percent, and Dry years are the lower 20
percentile of annual water yields. Annual water yields were also normalized by the median annual water
yield for each site’s data record to allow direct comparison between sites.

To compare inter-annual variability in water yield between sites, the deviation from median annual water
yield [(annual water yield - median annual water yield) /median annual water yield)] for each water year
and site was plotted. The upper and lower 20 percentile, defining Wet and Dry water year classes, were
also calculated for each site in terms of the deviation from median annual water yield and included as
horizontal lines on the plots. Figure 2 through Figure 4 show the deviation from median annual water yield
for a representative study site from each of the three climate regions. Similar figures for all of the study
sites are included in Appendix A (Figures A-1 through A-16).

The upper and lower 20 percentiles of annual water yield defining Wet and Dry year classes for each site
are shown as deviation from median annual water yield in Figure 5. The plot shows an increasing
divergence from the median from north to south.

Appendix A also includes the non-normalized water yield plots for all study sites (Figure A-17 through
Figure A-19). These plots more clearly show the frequency of water year types and inter-annual variability
at each site. For the Pacific Northwest and Northern California sites, the longest period of consecutive Dry
years occurred in the early 1990’s, with four sites (Tucca Ck, EF Lobster Ck, Little Riv and Elder Ck)
experiencing three consecutive Dry years. The data records for the Southern California sites are longer and
most sites experienced four consecutive Dry years spanning water years 1948 to 1951.
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Figure 2. Annual water yield expressed as the deviation from the median water yield for East Fork Lobster
Creek (Pacific Northwest region). Wet years are the highest 20% of annual water yields and are indicated in
these plots as those columns exceeding the upper dashed line. Dry years are the lowest 20% and are those
years whose columns extend beyond the lower dashed line.
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Figure 3. Annual water yield expressed as the deviation from the median water yield for Elder Creek
(Northern California region). Wet years are the highest 20% of annual water yields and are indicated in these
plots as those columns exceeding the upper dashed line. Dry years are the lowest 20% and are those years
whose columns extend beyond the lower dashed line.
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Figure 4. Annual water yield expressed as the deviation from the median water yield for San Jose Creek
(Southern California region). Wet years are the highest 20% of annual water yields and are indicated in these
plots as those columns exceeding the upper dashed line. Dry years are the lowest 20% and are those years
whose columns extend beyond the lower dashed line.
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Figure 5. Comparison of the upper 20t%-percentile water yield (lower boundary of Wet year yields) and the
lower 20t-percentile water yield (upper boundary of Dry year yields) expressed as the deviation from the
median annual water yield. Sites are arranged from north to south moving left-to-right along the x-axis.
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3.2 DIFFERENCES IN WATERSHED RESPONSE TO STORMS

When fish passage conditions rely primarily on storm initiated flows, as is common in Pacific coastal
watersheds, an individual watershed’s hydrologic response to precipitation can determine the passage
time available. If a watershed responds rapidly to precipitation, the flow hydrograph may rise and fall more
quickly, possibly limiting passage opportunity during individual storms and providing a shorter passage
window compared to a watershed with a slower response. This characteristic of storm hydrographs is
often referred to as “flashiness” and depends on a number of watershed characteristics including drainage
area, slopes, geology, land use, orientation and antecedent conditions. A watershed’s ability to sustain base
flows and the magnitude of these base flows is also a function of the watershed’s groundwater storage and
extraction rates. If the local water table elevation has decreased in response to groundwater extraction
practices, streamflow may be affected as more water infiltrates to replenish groundwater storage (Barlow
and Leake, 2012).

No single, widely adopted method for characterizing flashiness or the rate of change in flow exists.
However, numerous researchers have proposed flashiness measures (Richter et al. 1996; Poff et al. 1997;
Baker et al. 2004; and Shuster et al. 2008) and possible metrics to evaluate flashiness include:

e Rate of flow increase on the rising limb of a storm hydrograph
o Rate of flow decrease on the falling limb of a storm hydrograph
e The Richards-Baker (R-B) Index a measure of the day-to-day variation in flow (Baker et al. 2004).

The first three measures are used to evaluate individual storm hydrographs and were calculated for ten
discrete hydrographs for two sites within each climate region, for a total of 60 hydrographs. The R-B index
was calculated for all study sites using the mean daily flow records for each water year of record.

3.2.1 STORM HYDROGRAPH FLASHINESS

Evaluation of storm hydrograph flashiness was conducted using instantaneous streamflow records rather
than mean daily flow. Two sites in each climate region were selected for the analysis. Selection was based
in part on availability and quality of the instantaneous streamflow records and with consideration of the
watershed location. The northern- and southern-most study sites with a quality data record were used for
these analyses. Using the instantaneous streamflow records, ten discrete hydrographs were identified for
each selected site. A discrete hydrograph was defined as a storm hydrograph that clearly rose from and
returned to winter baseflow. Complex hydrographs generated from adjacent storms or with multiple peak
flows were not included in these analyses. The rates of streamflow rise and fall were calculated as cfs per
hour along an asymptote line from the peak flow to the first inflection point on the rising and falling
hydrograph limbs (Figure 6), respectively. The asymptote slopes were calculated by visually selecting the
peak and asymptote points for each hydrograph. The rates of rise and fall were then normalized by each
storms’ peak flow to allow comparison between sites and storm magnitudes. Figure 7 through Figure 9
present the maximum, median and minimum rates of rise and fall for the six sites.
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Figure 6. Example storm hydrograph for analysis of rates of hydrograph rise and fall.

In all climate regions and in almost all cases, the rate of hydrograph rise was at least twice the rate of
hydrograph fall. This response is expected due to temporary storage and slower release of water from
streambanks and near-channel groundwater inflows. A rising-to-falling limb rate ratio of 2:1 indicates that
flows within the fish passage range (Q between Qurr and Qurp) may persist twice as long for the falling limb
of the hydrograph than for the rising limb.
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Figure 7. Maximum rate of change for discrete hydrographs rising and falling limbs normalized by the peak
flow of the event.
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Figure 8. Median rate of change for discrete hydrographs rising and falling limbs normalized by the peak flow

of the event.
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Figure 9. Minimum rate of change for discrete hydrographs rising and falling limbs normalized by the peak
flow of the event.

3.2.2 RICHARDS-BAKER (R-B) FLASHINESS INDEX ANALYSIS

The R-B Index quantifies the day-to-day difference in mean daily discharge normalized by the sum of the
mean daily discharge values throughout the water year (Baker et al. 2004). The R-B index evaluates the
magnitude of fluctuations in mean daily discharge over the water year rather than for an individual
hydrograph, thus is a good measure of day-to-day flow variation. The R-B index is calculated as:
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Z?=1|Qi — qi—1l

R — B index = m
i=14i

Where g; are the mean daily discharge values throughout the water year and n is the number of records in a
water year.

To compare the study sites, the R-B index is calculated for each water year and inter-annual variability in
the R-B index value is summarized for each site as box plots for the annual flow data (Figure 10) and for the
period of November 1 through May 15, which is the assumed adult steelhead migration period as described
in Section 4.1 (Figure 11). A higher R-B index value suggests that on an annual basis, the site’s streamflow
increases and decreases more rapidly and is more responsive to precipitation events. The Southern
California sites clearly show a higher and larger variation in the R-B index. This regional difference is likely
influenced by more discrete storms and lower frequency of precipitation events for the Southern California
sites. The R-B index calculated over the different time periods, annual versus migration period, do not show
significant differences because the migration period includes the time periods within which almost all
storm flows occur.
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Figure 10. Annual R-B index plot for sites in the three coastal climatic regions.
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Figure 11. Assumed migration period (Nov 1 - May 15) R-B index plot for sites in the three coastal climatic
regions.

3.3 DIscussIoN

The southern California sites, with exception of Lopez Creek (which is the furthest north and has the
shortest data record in this climate region), never experienced two consecutive Wet year classes, while the
northern California and Pacific Northwest sites regularly experience two or more Wet years in a row. Itis
possible that consecutive Wet years experienced at the northern sites provide improved opportunities, in
comparison to the southern sites, for adult steelhead to migrate and spawn and their off-spring to
successfully out-migrate to the ocean. As such, in the Southern California sites it may be important to
consider that the off-spring of adult steelhead spawning during a Wet year are likely to out-migrate during
an Average or Dry water year, when water quality conditions and connectivity to the marine environment
may be compromised.

Comparison of hydrographs for ten discrete storms showed that the Southern California study sites
generally exhibit the largest rates of hydrograph rise and fall. Faster rising and falling rates indicate flashier
watershed response to precipitation. The effect of a flashier watershed response on fish passage may be a
shorter time meeting fish passage flow criteria during discrete storm events, as streamflow rises and falls
more rapidly through the passage range (Q between Qvrp and Qurp).

The RB-Index also increased from north-to-south. This index captures variation in the day-to-day flow with
higher values indicating greater variation. The higher RB-Index for the more southern study sites could
indicate that they experience more isolated storms with less prolonged, steady flow. The migration period
RB-Index values are higher than the annual values because they do not include the dry season when day-to-
day variation in flow is expected to be small.
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4 FISH PASSAGE DESIGN FLOWS

As summarized in Section 1.3, current fish passage design flow criteria vary along the Pacific coastal states
and alternate criteria have been needed within California to address regional hydrologic differences. This
section describes the methods typically used to define fish passage design flows and compares, for each
site, the resulting design flows derived from the various criteria.

4.1 CALCULATION OF FISH PASSAGE FLowsS
Methods currently used to compute Qirr and Quer in California, Oregon and Washington are either:

e Daily exceedance flow methods using flow duration curves (FDCs) constructed from daily average
flow records, or

e Recurrence interval methods specifying a percent of a particular flow magnitude, typically the 2-
year return period flow (Q2.year) calculated using annual peak flows.

Daily exceedance flow-based criteria are more common because definitions based on daily exceedance
directly ties the design flow to the percent of time the flow will exceed the criteria during the specified
period (i.e. migration season). For example, defining Qurr as the 1% annual exceedance flow means that, on
average, flow will exceed Qurp for 1% of the days within a year, or 3.6 days per year. Similarly, defining Qurp
as the 1% exceedance flow over a migration period that extends for 180 days means that, on average, flow
will exceed Qurp for 1% of the days within this migration period, or 1.8 days.

FDCs were calculated with an Excel spreadsheet by using Excel’s percentile function to identify the flow
magnitude corresponding to a particular daily exceedance. FDCs for annual exceedance flows used the
entire data record for each study site and those developed for the migration periods used a data series
truncated to include only those days within the assumed migration timing. The migration periods assumed
for this study were suggested by NMFS staff in California for adult steelhead, coho and Chinook (Table 2).
These assumed migration periods were selected as representative for the purposes of analysis and
comparison between the climate regions, and are not intended to replace local knowledge or current
regulatory guidelines.

Table 2. Representative migration periods provided by NMFS for hydrologic comparison across the three
climate regions.

Species/Lifestage Migration Period

Adult Steelhead November 1 - May 15

Adult Coho October 1 - February 28
Adult Chinook September 15 - February 15
Juvenile Salmonids Entire year

Recurrence interval flows are typically calculated using the annual instantaneous peak flow record or using
local or regional empirical equations to calculate the instantaneous peak flow for a specified recurrence
interval. For this study, methods outlined in Bulletin 17B (USGS 1982) were used to calculate recurrence
interval flows from instantaneous peak flow records for each study site. Regional equations developed by
the USGS (Cooper 2005, Gotvald et al. 2012) were also used to calculate recurrence interval flows for each
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study site. Of note is that peak flow records from all but one of the study sites (NF Caspar Creek) were used
in development of these regional equations

All of the Oregon sites used in these analyses were in coastal watersheds and the Oregon regression
equations for western Oregon coastal streams, Region 1, are of the form (Cooper 2005):

Qvear = Kq * (Area)®*(124 — 2)? (MxJanT)¢(SoilC)4(SoilP)®

Where Qvyear is the recurrence interval year of interest; Area is the contributing watershed area in square
miles; [24-2 is the 2-year, 24 hour precipitation intensity in inches; MxJ/anT is the mean maximum January
temperature in Farenheit; SoilC is the soil storage capacity in inches; and SoilP is the soil permeability in
inches per hour. K;, a, b, ¢, d and e are regression coefficients that vary with the recurrence interval of
interest (Table 10 of Cooper, 2005). Equation parameter values for the Qz.year recurrence interval flows for
Oregon were determined using the Oregon Department of Water Resources online peak discharge
estimator (OWRD 2012).

The California regression equations (Gotvald et al. 2012) have recently been updated and are now based on
streamflow data through 2006. The regression equations for all three coastal regions (North Coast, Central
Coast and South Coast) have the form:

dear = KZ * (Area)y(Precip)Z

Where Qyeqr is the recurrence interval year of interest, Area is the contributing watershed area in square
miles, and Precip is the mean annual precipitation for the watershed in inches. Kz, y and z are regression
coefficients that vary with the recurrence interval of interest (Table 5 of Gotvald et al. 2012). For this study,
all of the study sites, except North Fork Caspar Creek, are USGS gaged streams whose data sets were used
in deriving the California regional regression equations. Watershed areas are the contributing watershed
area to the gage site and the mean annual precipitation for each site was taken from the Table 2
supplemental Excel spreadsheet accompanying Gotvald et al. (2012). For calculating recurrence interval
flows for ungaged watersheds, the mean annual precipitation must be determined using GIS tools to
determine the spatially averaged mean annual precipitation for the watershed of interest using the 800-
meter resolution PRISM (Parameter-elevation Relationships on Independent Slopes Model) data

(http://prism.nacse.org/).

4.2 COMPARISON OF FISH PASSAGE DESIGN FLOWS USING VARIOUS CRITERIA

Comparing the fish passage design flows resulting from the various criteria at a study site and between
sites reveals differences in regional hydrology and implications of these criteria for fish passage
opportunities. This section provides a direct comparison between the high fish passage flow criteria.

Figure 12 compares the Qugp criteria currently being used for adult salmon and steelhead in California (1%
annual exceedance flow) and Oregon (5% migration period exceedance flow) for all study sites. The
migration period used for this plot was the assumed steelhead migration period of November 1 through
May 15. Also included in the plot are California’s alternate criteria for Qurp, 50% of the 2-year recurrence
interval flow. The Qz.year flows were calculated by the two different methods described above: direct
analysis of the annual instantaneous peak flow record for each study site using USGS Bulletin 17B (USGS
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1982) and using USGS regional regression equations (Gotvald et al. 2012). All flows have been scaled to the
drainage area at the study site to facilitate comparisons between sites.

The plot reveals that the various definitions of Qurp result in substantially different high passage flows. For
50% of the 2-year recurrence interval flow (Qz.year), the empirical equations (Qz-em) generally under-
predicted for the more southern study sites when compared to Qz.year calculated using the actual peak flow
records for each study site (Qz-px). For the majority of the sites (12 of 16), use of the empirical equations
rather than the annual peak flow record results in a lower Qurp. For the exceedance flow based Qurp
criteria, the 1% steelhead migration period exceedance flow was the highest, and was often close to the
50%Q2-em, followed by the 1% annual exceedance flow. The 5% and 10% migration period exceedance
flows; used as the Quep criteria in Oregon and Washington, respectively; are significantly less than the other
daily exceedance flow criteria, especially for the Southern California region sites. Comparing the scaled fish
passage flow criteria between regions also reveals the regional differences. On a drainage area basis, the
two northern regions have similar magnitude and variability in the Qurp. However, the Southern California
study sites have a noticeably lower Qurp than both Northern California and the Pacific Northwest. The most
southern of the Northern California study sites, Soquel Creek, also shows decreasing magnitudes for Qugp,
possibly showing that it is located in a transition between the two climatic regions.
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Figure 12. Comparison of current high fish passage flow criteria for adult salmon and steelhead (50% of Qz.ycar
determined from annual peak flow data and USGS regression equations, 1% annual exceedance flow, and the
1%, 2%, 5% and 10% migration period exceedance flows).
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Table 3 lists the return period of the flow associated with 50%Q.-rx and the equivalent daily exceedance of
this flow for the annual and adult steelhead migration periods. Table 4 provides the same information for
50%0Q2-gm. The return periods were calculated using the peak flow record from the site with methods
provided in USGS (1982). The daily exceedance was derived from the constructed FDCs (Appendix D). The
50%0Q2-px criteria results in a Qurp with a return period between 1.01- and 1.48-years. The exceedance flow
equivalent to 50%Qz.pk is generally less than the 1% annual exceedance flow and the 1% exceedance flow
for the steelhead migration period, except for Tucca Creek, Salmon River, and Big Creek in the Pacific
Northwest, and Elder Creek in Northern California. These exceptions explain some of the results displayed
in Figure 12.

Table 3 suggests some regional differences regarding using 50%Q..px criteria for adult steelhead Qurp. The
Southern California sites have a less frequent return period associated with 50%Q..px compared to the
other regions. The average return period of 50%Qz.pk among the Southern California sites is 1.44-years,
while the averages for the Pacific Northwest and Northern California sites are 1.13- and 1.18-years,
respectively. In other terms, the annual exceedance flow equivalent to the 50%Q..px among the Pacific
Northwest sites averages to be a 1.0% annual exceedance flow, while the Northern and Southern California
sites annual exceedance flow equivalent average to be a 0.4% and 0.3% annual exceedance flow,
respectively.

Similar to Table 3, Table 4 summarizes the return periods and annual exceedance flows equivalent to the
50%Qz-em. The average return period for the 50%Qz-gm flows were 1.19 years for the Southern and Northern
California sites and 1.17 years for the Pacific Northwest sites. Annual exceedance flows equivalent to the
50%Qz-em flows are 1.04% among the Southern California sites and 0.57% and 1.7% for the Pacific
Northwest and Northern California sites, respectively. For almost all of the sites, the 50%Q..px flows were
greater than the 50%Q2-em flows and the lower return periods and higher annual exceedance flows reflect
that difference.

Table 5 and Table 6 summarize the actual (unscaled) juvenile and adult steelhead passage flow criteria for
all of the study sites. The adult passage analyses presented in the report use the 50% annual exceedance
flow or 3 cfs whichever is greater for Qurp, and the juvenile passage analyses use the 95% annual
exceedance flow or 1 cfs whichever is greater. For analysis of Qurp the 1% annual and 1% steelhead
migration period flows, and both versions of 50% of Q2.year (50%Q2-px and 50%Q2-gmp) are presented
throughout the report. Analysis of adult passage using a Qurr equal to the 5% migration period exceedance
flow is also included for most analyses but this criteria results in extremely low passage flows for the more
southern study sites. The other alternatives for Qurp are not presented because the 2% steelhead migration
period exceedance flow is essentially equivalent to the 1% annual exceedance flow, and thus provides the
same results for the passage window and passage delay. The 10% migration period exceedance flows is
quite low, especially for the Southern California region sites, resulting in extremely short and impractical
passage windows.
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Table 3. Equivalent return period and daily exceedance probability for the 50% of the 2-

year return period flow calculated using the peak flow records from the site.

Return Period

Daily Exceedance of 50%Q_p¢

50%Qy.pk of 50%Q;.pk Annual Adult Steelhead

Region | Site (cfs) (years) Period Migration Period
o | Jetty 75 1.22 0.4% 0.5%
2 § Tucca 108 1.18 1.4% 2.2%
'S £ | salmon 2,873 1.01 0.9% 1.4%
a g EF Lobster 285 1.22 0.4% 0.7%
Big 501 1.03 1.8% 2.8%
. Little 2,394 1.15 0.3% 0.4%
S € | Elder 285 1.22 0.8% 1.3%
£ & | NF Caspar 64 1.10 0.5% 0.8%
2 & | Corte Madera 1,045 1.17 0.2% 0.3%
Soquel 1,361 1.25 0.2% 0.3%
Lopez 186 1.47 0.5% 0.8%
c o Salsipuedes 732 1.48 0.3% 0.4%
2 S | Santa Cruz 541 1.42 0.5% 0.8%
3 :—i San Jose 211 1.37 0.2% 0.3%
O | Sespe 4,392 1.44 0.4% 0.7%
Topanga 540 1.46 0.2% 0.3%

Table 4. Equivalent return period and daily exceedance probability for the 50% of the 2-

year return period flow calculated using the regional empirical equations.

Return Period Daily Exceedance of 50%Q,.em

50%Q;.em of 50%Qu.em Annual Adult Steelhead

Region | Site (cfs) (years) Period Migration Period
o | Jetty 77.3 1.23 0.4% 0.4%
2 § Tucca 151 1.41 0.6% 1.0%
'g < Salmon 1,501 <1.0 3.9% 6.2%
a ZB EF Lobster 275 1.20 0.5% 0.7%
Big 399 1.01 3.2% 5.1%
Little 1,625 1.05 0.7% 1.2%
£ ¢ | Elder 456 1.63 0.2% 0.4%
£ & | NF Caspar 68.3 1.12 0.4% 0.6%
2 8 | Corte Madera 495 1.02 1.1% 1.7%
Soquel 1,016 1.14 0.4% 0.7%
Lopez 168 1.42 0.6% 1.0%
c o | Salsipuedes 237 1.15 0.9% 1.4%
2 £ | santaCruz 448 1.34 0.7% 1.0%
3 £ | sanJose 64.9 1.06 0.8% 1.3%
© O | Sespe 877 1.06 2.5% 4.0%
Topanga 135 1.10 0.8% 1.2%
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4. Fish Passage Design Flows

Table 5. Summary of juvenile fish passage criteria for each study site.

Juvenile Low Flow' Juvenile High Flow (cfs)
Site Name 95% Annual (cfs) 10% Q2-Pk 10% Q2-Em’ 10% Annual
) Jetty Ck 1.2 15.1 15.5 20
Tucca Ck 1.2 21.6 30.2 40
Pacific NW sites |Salmon Riv 32 574 300 910
EF Lobster Ck 0.7 57 55 63
v Big Cr 6.3 100 79.8 230
0 Little Riv 4.5 479 325 358
Elder Ck 0.7 56.8 91.2 67
Northern CA sites|NF Caspar Ck 0.06 12.9 13.7 8.3
l Corte Madera Ck 0.01 209 99 52
Soquel Ck 1 272 203 87
7\ Lopez Ck 1.2 37 34 17
Salsipuedes Ck 0.05 146 47.4 12
Southern CA sites Santa Cruz Ck 0.00 108 89.6 36
San Jose Ck 0.00 42 13 2.3
Sespe Ck 0.10 878 175 182
] Topanga Ck 0.00 108 27.0 3.6

1 . .
Passage analyses were conducted using the 95% annual exceedance flow or 1 cfs whichever was greater.

? The values for California were calculated using the updated CA regression equations (Gotvald et al. 2012)
and those for Oregon using (Cooper 2005).



4. Fish Passage Design Flows

Table 6. Summary of adult steelhead low and high passage flows based on various criteria for each study site.

Adult Low Flow"

Adult High Flow (cfs)

Site Name 50% Annual (cfs) | 50% Q2-Pk | 50% Q2-Em’ 1% Annual | 1% SH Mig Per® | 2% SH Mig Per® | 5% SH Mig Per® | 10% SH Mig Per®
T Jetty Ck 6.5 75.7 77.3 52.6 70 50 34.6 26
Tucca Ck 9.1 108 151 125 159 119 80 56
Pacific NW sites |Salmon Riv 213 2872 1501 2710 3430 2606 1760 1270
»l/ EF Lobster Ck 9.5 285 275 208 262 199 138 96
Big Cr 45 501 399 605 738 600 429 319
Little Riv 36 2394 1625 1440 1860 1380 854 547
Elder Ck 5.5 284 456 263 336 258 166 106
Northern CA sites|NF Caspar Ck 0.51 64.5 68.3 47.4 60.5 45.9 25.8 15.5
l Corte Madera Ck 1.9 1045 495 506 671 484 236 116
Soquel Ck 7.9 1361 1016 610 879 576 304 168
Lopez Ck 3.8 186 168 125 182 118 61 33
T Salsipuedes Ck 1.5 732 237 200 398 183 64 12
Southern CA sites}S2nta Cruz Ck 1.5 542 448 320 511 300 150 75
San Jose Ck 0.29 210 64.9 50 91 46 15 5.5
Sespe Ck 12 4392 877 2031 3708 1899 783 385
Topanga Ck 0.2 540 135 91.7 202 85.6 27 9.5

1 . .
Passage analyses were conducted using the 50% annual exceedance flow or 3 cfs whichever was greater.

?The values for California were calculated using the updated CA regression equations (Gotvald et al. 2012) and those for Oregon using (Cooper 2005).

*The migration period used for these percent exceedance flows is an assumed steelhead migration period of Nov 1- May 15
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5 Variation of Passage and Delay with Different Fish Passage Criteria

5 VARIATION OF PASSAGE AND DELAY WITH DIFFERENT FISH PASSAGE
CRITERIA

5.1 METHODS

Fish passage windows, the time periods when flow is between Qirr and Qurp, and passage delays due to
flows lower than Q.rp or higher than Qurr were determined for each study site using the mean daily flow
record and all combinations of high and low fish passage criteria listed in Table 7 and Table 8 using a
program developed for this purpose. All annual and migration period exceedance flows were calculated
using the complete record of mean daily flow for the particular study site. For each combination of Qrpand
Qurp, the program determines whether the mean daily flow is above, below or between these values. Total
time above, below and between Qurpand Qurp is computed for each water year. The program also outputs
the number and length of each distinct time period above, below and between Qurrand Qurp per water year
for the entire period of record.

Figure 13 illustrates the various passage and delay events using example Wet and Average year
hydrographs. The individual storm fish passage windows and the high and low flow delay events are shown
for Qrrp and Qurp criteria defined as the 50 percent annual exceedance flow and 1-percent annual
exceedance flow, respectively, at Lopez Creek.

Table 7. Adult Fish Passage Criteria combinations analyzed

QLFP QHFP

1% annual exceedance flow! (1%Annual)

50% Q2-year; Q2-year determined from gage data! (50%Q2Pk)
50% Q2-year; Q2-year determined using USGS regression equations
(USGS, 2012)! (50%Q2Em)

1% migration period exceedance flow3 (1%MigPer)

5% migration period exceedance flow? (5% MigPer)

3 cfs or 50% annual
exceedance flow,

whichever value is greater
1

(Q3cfs & Q50%Ann)

INMFS Southwest Region, CDFG criteria
20regon Department of Fish and Wildlife criteria
3Hypothetical criteria, used for sensitivity analysis

Table 8. Juvenile Fish Passage Criteria combinations analyzed

Qurp Qurp
10% annual exceedance flow?! (Q10%Ann)
1 cfs or 95% annual exceedance flow 10% Qz-year; Q2-year determined from gage datat
whichever value is greater! (10%Q2Pk)
(Qlcfs & Q95%Ann) 10% Qz-year; Q2-year determined using USGS regression
equations (USGS, 2012)! (10%Q2Em)

INMFS Southwest Region, CDFG criteria
20regon Department of Fish and Wildlife criteria
3Hypothetical criteria, used for sensitivity analysis
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Figure 13. Example of passage windows (gray) as defined using Qurr =Q1%Ann and Qcre = Q50%Ann for Lopez

Creek during the steelhead migration season of (a) water year 2005 (classified as Wet) and (b) water year
2010 (classified as Average).
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5 Variation of Passage and Delay with Different Fish Passage Criteria

Several different analyses were conducted to quantify the impacts of fish passage flow criteria on the
annual and migration period passage windows and delay. Passage conditions were also compared across
water year type classifications (Wet, Average and Dry) to focus on differences within inter-annual
hydrologic variability across climatic regions. Section 5.2 presents detailed passage summaries for Wet,
Average and Dry years by direct comparison of passage windows and high and low flow delays between
sites and years at a given site. Section 5.3 presents composite analyses for all sites using the complete data
records. The passage analysis presented in these sections evaluated a migration period from November 1
through May 15 which is assumed to represent adult steelhead migration period within these climate
regions. Similar analyses of adult passage for migration periods representing adult coho and Chinook
passage (Table 2) are provided in Appendix E. Assessment of juvenile passage criteria (Section 5.4) was
conducted on an annual basis.

5.2 COMPARISON OF PASSAGE FOR DIFFERENT WATER YEAR TYPES

To compare the passage opportunities in different year types, water years were classified as “Wet”,
“Average” or “Dry” using the annual water yields calculated from the mean daily flows for each gaging
record. Wet years are defined as those years in the upper 20 percentile of water yield, Average years are
those in the middle 60 percentile, and Dry years are the lower 20 percentile of annual water yields.

5.2.1 USE OF 15-MINUTE VERSUS MEAN DAILY FLOW DATA

Two years bracketing the median in each year-type were selected for comparison. Three study sites (Lopez
Ck, Salispuedes Ck and Sespe R) were selected to evaluate differences in the calculated passage window
and delay associated with using the finer resolution 15-minute data sets compared to use of mean daily
flow records. For these three sites, adjustments were made to the years analyzed to avoid years that had
incomplete 15-minute flow records. The identification of the median water years in each water year type is
included for Lopez Creek (Figure 14) as an example of the water year rankings and justification for the
years selected for analysis.

Table 9 compares the passage characteristics of the six selected water years for Lopez Creek as determined
using both the mean daily and 15-minute data for each year. These results are presented only to illustrate
differences in the mean daily and 15-minute derived estimates of passage and low and high flow delay, and
to demonstrate that both data records provide very similar predictions of total annual passage and delay
times. The mean daily flow records for USGS gaging stations are available for a station’s full period of
record, more easily analyzed and manipulated. Most importantly, the mean daily flow data are verified
before release. Thus, the mean daily flow records were used for all analyses except this analysis.

The comparison between passage predictions using the mean daily versus the 15-minute data also suggests
that using the 15-minute data provides negligible improvement in accuracy for predicting annual passage
windows and delay. Comparing the passage window and delay estimated using the different data records,
the mean daily and 15-minute derived total passage window and delays agreed reasonably well for all
years. For all Qupp criteria analyzed, the mean daily high flow delay estimates were slightly greater than
those determined from the 15-minute data for the Wet and Average years and slightly lower for the Dry
years. This is primarily due to the differences in levels of precision (15 min versus mean daily data)
provided by the two different data sets and the tendency of mean daily flows to overestimate duration
because the value is an average rather than the median daily flow. During wetter years, the peak storm

24



5 Variation of Passage and Delay with Different Fish Passage Criteria

flows are generally higher than drier years; thus, the mean daily flow is more likely to exceed Qurp resulting
in an additional day of high flow delay predicted using the mean daily flow record, even if more than half of
the day was below Qugp. In drier years, if storm flow peaks exceed Qurp, it is generally only for a few hours
and the mean daily flow does not exceed Qurp, thus, these few hours of high flow delay would not be
detected using the mean daily flow record.

As expected, Table 9 shows the number of storms and their peak flow magnitudes on Lopez Creek are quite
different in Wet versus Dry years. The passage windows, however, do not necessarily vary significantly
between Wet and Dry years, with Dry year 1989 (the 14t percentile ranking in annual water yield for the
Lopez Creek record) having a very similar total passage window to Wet year 1995 (the 88-percentile
ranking in annual water yield). The Wet year 1995 has more days of high flow delay and the Dry year of
1989 has more days of low flow delay, resulting in similar total passage windows. The other Dry year, 2009
(the 4.6-percentile ranking in annual water yield), is quite different with only 17 days of passage predicted
and all passage delay resulting from low-flow passage delay.

The complete set of tabular summaries for all study sites using the mean daily flow records is included in
Appendix B (Tables B-1 through B-16). The results for Southern California region sites of Lopez Creek,
Salisipuedes Creek and the Sespe Creek that compare the mean daily and 15-minute record-based analyses
are also included in Appendix B (Tables B-17 through B-19).

Dry Average Water Yield Wet
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Figure 14. Lopez Creek annual water yield rankings determined using mean daily flow. Water years used to
compare passage conditions predicted using mean daily and 15-minute data are indicated.
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5 Variation of Passage and Delay with Different Fish Passage Criteria

Table 9. Lopez Creek comparison of fish passage using mean daily and 15-minute data for median Wet, Average and Dry years for the
assumed steelhead migration period November 1 to May 15.

Water Year/Type 1995/Wet 2005/Wet 2001/Ave 2010/Ave 1989/Dry 2009/Dry
Rank of 44 (Percentile) 6 (0.883) 9 (0.813) 18 (0.604) 21 (0.534) 38 (0.139) 42 (0.046)
(Data Interval) (Daily) (15-min) (Daily) (15-min) (Daily) (15-min) (Daily) (15-min) (Daily) (15-min) (Daily) (15-min)
Number of Storm Events" 7 4 4 4 3 2
Median 130 242 265 754 68.5 81 107.5 234 13 18 -2 I
Storm Qpeak (cfs) Min 19 52 91 169 24 49 15 25 9.7 13 6.8 16
Max 594 2080 465 2020 450 Missing 148 313 40 163 9 2
Low Flow Delay (Days)
Total 63 61.9 0 0.4 54 47.0 59 60.9 76 80.6 179 181.6
Qer = 50% Annual = 3.8 cfs Me(flian Event 63 9.00 0 0.01 45 0.01 10.5 0.03 14 10.20 28.5 0.02
Min Event 63 7.34 0 0.01 1 0.01 2 0.01 1 0.01 1 0.01
Max Event 63 28.11 0 0.05 28 17.50 36 36.20 20 19.20 70 43.00
High Flow Delay (Days)
Total 4 3.67 4 3.54 1 0.22 0 0.57 0 0.00 0 0.00
Quer=50%Q2-yr Peak = 186 cfs Meqian Event 1 0.11 1 0.66 1 0.00 0 0.19 0 0.00 0 0.00
Min Event 1 0.00 1 0.00 1 0.00 0 0.00 0 0.00 0 0.00
Max Event 2 1.81 2 2.21 1 0.11 0 0.21 0 0.00 0 0.00
Total 4 3.69 4 3.61 1 0.25 0 0.68 0 0.00 0 0.00
o= 1% MigPer = 182 cfs Meqian Event 1 0.11 1 0.66 1 0.00 0 0.22 0 0.00 0 0.00
Min Event 1 0.00 1 0.00 1 0.00 0 0.00 0 0.00 0 0.00
Max Event 2 1.83 2 2.25 1 0.14 0 0.24 0 0.00 0 0.00
Total 6 5.86 6 5.03 1 1.66 2 2.91 0 0.00 0 0.00
Ouge = 1% Annual = 125 cfs Meqian Event 1 0.58 1 0.91 1 0.00 2 0.66 0 0.00 0 0.00
Min Event 1 0.01 1 0.32 1 0.00 2 0.00 0 0.00 0 0.00
Max Event 2 2.28 2 2.89 1 0.29 2 1.59 0 0.00 0 0.00
Passage Window (Days)
Queo = 50% Annual = 3.8 cfs Total 129 115.40 192 192.1 141 138.7 137 132.1 120 121.2 17 14.4
Min Event 6 0.01 6 0.01 4 0.01 2 0.01 2 0.01 2 0.01
Qurp =50%Q2-yr Peak=186cfs [ "o 57 38.6 68 6.7 70 50.9 76 74.1 113 105.8 6 3.2
Ques = 50% Annual = 3.8 cfs Total 129 115.38 192 192.0 141 138.7 137 134.4 120 121.2 17 14.3
) Min Event 7 0.01 1 0.01 1 0.01 1 0.01 1 0.01 1 0.01
Qurp = 1% MigPer = 182 cfs Max Event 58 38.6 124 6.7 71 51.0 119 77.4 114 138.4 7 122
Ques = 50% Annual = 3.8 cfs Total 127 113.2 190 190.6 141 137.3 135 134.5 120 121.1 17 14.3
Min Event 7 0.01 1 0.01 1 0.01 1 0.01 1 0.01 1 0.01
Qurp = 1% Annual =125 cfs Max Event 53 38.3 69 59.5 71 51.0 77 77.3 114 129.3 122

L Storms are defined as discrete hydrographs with peak flow at least three times the base flow and intervals of 24 hours or greater between peak flows.

’. A median value is not reported when there are only two events during the year or migration period.
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5.2.2 Low AND HIGH FLow DELAY BY WATER YEAR TYPE AND REGION

Figure 15 through Figure 20 summarize passage for the two median Wet, Average and Dry years for the
northern and southern-most study sites in each climate region during the assumed adult steelhead
migration period. The summary plots for all sites are included in Appendix B (Figures B-1 through B-16).
Passage windows and reason for delay vary substantially between the climatic regions. The Southern
California sites are dominated by low flow passage delays. Smaller watersheds in this region, such as San
Jose and Topanga creeks, show very small total annual passage windows during Average and Dry years
because flows persist below the Q.rp of 3 cfs for extended periods.

In all regions, adult steelhead passage delays due to low flows are greater than those due to high flows
except for in the wettest years. For smaller watersheds a Qrep of 3 cfs is typically used because the annual
50% exceedance flow is lower than alternative minimum flow of 3 cfs. As a result, in all regions the smaller
watersheds have longer low flow passage delays in all year classes and the smallest watershed, NF Caspar
Creek (Drainage Area = 1.83 sq. mi.) provides a good illustration of the effect of watershed size (Figure B-
8). For the Pacific Northwest sites, the effect of watershed size on low-flow delay is not as great because
even the smallest watersheds maintain flows greater than 3 cfs during the assumed adult steelhead
migration period of November1 through May 15. Thus, all sites within this region exhibit similar duration
of low-flow delay.

Plots Figure 15 through Figure 20 also show that even during Wet years, the total high flow delay is
relatively small compared to the fish passage window. Figure 21 and Figure 22 show the number of days
within the migration period where flow is below Qv for the Northern and Southern California region sites.
The number of days with low flow delay increases dramatically for Dry years and is highest in the smaller
watersheds (NF Caspar Ck in the Northern CA region, DA = 1.8 sq. mi. and San Jose Ck in the Southern CA
region, DA = 5.5 sq. mi.). Because low flows persist during much of the selected migration period, the
primary factor influencing the duration of the passage window is Qrrp rather than Qurp.
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Figure 22. Southern California site low flow delays (number of days per year flow below QLFP = 50% annual

exceedance flow or 3 cfs whichever is greater) by water year type over the assumed steelhead migration

period of Nov 1 - May 15.
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5.3 FIsH PASSAGE WINDOW AND DELAYS FOR ALL SITES

As described above, a program was developed to calculate the passage and delay for each study site using
the entire mean daily flow record and selected fish passage flow criteria. Section 5.2 described a subset of
these analyses for the median Wet, Average and Dry water years at each site. This section presents the
complete analysis of high-flow delay and available passage time within the assumed adult steelhead
migration period by region and water year type (Wet, Average, Dry). These analyses consider only
whether streamflow meets passage criteria or exceeds Qurp and do not account for additional factors that
may influence migration such as behavior or responses to changing flow conditions.

5.3.1 HIGH FLow DELAY

The results for all sites grouped by region are summarized as box plots in Figure 23 through Figure 25 that
show the days above Qurr during the assumed migration period within a given year for the three different
water yield classifications: Dry, Average and Wet. The box plots show the median (center line of the box),
lower quartile (bottom line of the box), upper quartile (upper line of the box), whiskers that extend upward
from the top of the box to the maximum data point within 1.5 times the quartile range and downward from
the bottom of the box to the minimum data point within 1.5 times the quartile range. Outliers are plotted as
asterisks and indicate values falling outside the whisker range.

Figure 23 shows that for all regions and Qurp criteria, the median high flow delay during Dry years is zero
days. High-flow delay during Dry years is essentially zero for all evaluated definitions of Qurp for the
Southern California sites. Northern California sites have essentially no high-flow delay during Dry years
when Qurp is defined as the 1% migration period exceedance value (Q1gsu-mp-xc) or 50% of the Qz.year
determined from the instantaneous peak flow records (50%Qz-rk). Qurr defined as 50% of Qz-px, was
generally the highest fish passage flow for the Northern and Southern California region study sites. Qurp
defined as 50% of the Qz.year determined from the regional empirical equations (50%Q2-em) resulted in more
overall high flow delay in all regions when compared to using 50%Q2-px.

During Dry years the Pacific Northwest sites experience the most high-flow delay compared to the other
regions, as illustrated by the larger magnitudes of the upper quartile values. This observation primarily
results from a larger difference in the 2-year recurrence interval flows predicted by the two methods for
the Salmon River; 50%Q2-pk is 2,872 cfs compared to a 50%Q.gm of 1,500 cfs. This result is also influenced
by less difference in the duration of high flows between Dry and Average year classes for the Pacific
Northwest region sites compared to the sites in the other climate regions.

Median high flow delay during Average years is similar across all regions and all definitions of Qurp, at 1 to
3 days per year. The Southern California region sites have more delay noted as outliers. This is likely due to
more variability in magnitude of high flow events in this region during Average years and a larger range in
annual water yields being defined as Average (see Figure 4 and Figure 5). The number of outliers may also
be influenced by the size of the data set, which is largest for the Southern California region.

For Wet years (Figure 25), median high flow delays increase to between 5 and 10 days per year. The
Southern California region again has much greater variability which is consistent with the hydrologic
variability noted in Section 3.1. The Qurp criteria defined as 50%Q:.pk results in the greatest magnitude Qurp
for Southern California region sites and; thus, results in the least high flow passage delay. The variability
for Qurp defined as 50%Q2-em for the Pacific Northwest sites also shows high variability (greater box and
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whisker height), similar to the Southern California region sites. This variability results from the large
difference between Qz-pk and Qz.gm for two of the Pacific Northwest sites. For example, Salmon River 50%Q.-
pk is 2,872 cfs compared to a 50%Qz-em of 1,500 cfs and Big Creek has 50%Qz-px of 501 cfs compared to a
50%0Q2-em of 399 cfs.

Appendix C contains additional analyses of these results including:

presenting detailed comparison of high flow delay by study site for different Quep criteria,

plots showing high flow delay by study site, region and water year type,

composite plots of high flow delay in Wet, Average and Dry years by region, and

plots of low flow delay by site and water year type for the Northern and Southern California region
sites.
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Figure 23. High flow passage delay during Dry years for different Qurp criteria. For all Qurp criteria and
regions, the median high flow delay during Dry years is zero days. The total years of record for all sites in each
region is indicated by n.
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Figure 24. High flow passage delay during Average years for different Qure criteria. The total years of record
for all sites in each region is indicated by n.
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Figure 25. High flow passage delay during Wet years for different Qurp criteria. The total years of record for all
sites in each region is indicated by n.
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5.3.2 PERCENT PASSAGE ANALYSIS

The analysis of high flow delay above isolates the effect of specific Quep criteria on the number of days high
flow may impede passage. The overall impact of high flow delay should also be evaluated in terms of the
annual duration of high flow delay relative to the annual passage. For example, if the total passage window
is 150 days and high flow delay is 5 days total, the percent of delay due to high flow is low. However, in
some years the available passage window may be reduced by low flows and any high flow delay could be
substantial when compared to the short passage window available to the fish. . Figure 26 through Figure 28
summarize the percent of high flow delay compared to the passage time during a Nov. 1 through May 15
migration period. This percentage is calculated for each water year as:

# of days exceeding Qurp

100% x
% # of days meeting passage criteria (Qipp < Q < Qurp)

The percent of high flow delay may exceed 100% if the number of days of high flow delay exceeds the
number of days meeting the passage criteria within a given water year. The plots presented here are
truncated to 50% on the y-axis to better show the median percent values. Several sites in the Southern
California region have water years with percent of high flow outliers greater than 100%. These large
percent values occur in drier years because the drier years have few days of passage due to flows being
consistently lower than Qurp; thus, one or two events exceeding Qurp results in the number of days where
flow exceeds Qurpr equaling or exceeding the number of days of passage. The individual site results for the
Southern California region are included in Appendix C (Figures C-23 through C-33) to show the variation in
percent of high flow delay between sites. The smaller watersheds generally experience much higher
percent of high flow delay because their available passage time in a given year is often limited by prolonged
periods of flows less than Qpgp.

Another metric is to evaluate the percent of passage time provided during the migration period. . Figure 29
through Figure 31 summarizes the percent of passage time during a Nov.1 to May 15 migration period
calculated as:

# of days meeting passage criteria (Qipp < Q < Qurp)
migration period (196 day)

100% X

Dry and Average years show little difference in the median percent passage for the different Quep criteria
and percent passage time decreases from the northern to the southern-most regions. As expected, the Qurp
criteria shows more influence on percent of passage time in Wet years because more days have flow
exceeding Qurp. Higher magnitude Quep criteria result in larger percent passage times. The median percent
of passage time remains essentially constant for all Qurp criteria for Dry and Average years because the high
flow delay is minimal. The impacts of various Qurp are apparent in the Wet years (Figure 31) because there
is greater high flow delay with the lower magnitude of Qurp (5% SH-MPExc) having the least passage time.
For the composite of the Southern California sites, a Qurp criteria of the 1% exceedance flow during a Nov. 1
to May 15 migration period had a median passage percent of 65%, compared to a Qugp criteria equal to the
5% migration period exceedance flow which provided a median passage percent of 57%.
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Figure 26. Percent time of high passage delay relative to passage time during Dry years for different Qurp
criteria.
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Figure 27. Percent time of high passage delay relative to passage time during Average years for different Qurp

criteria.
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Figure 28. Percent time of high passage delay relative to passage time during Wet years for different Qurp
criteria.

36



5 Variation of Passage and Delay with Different Fish Passage Criteria

PacNW Sites . Nor CA Sites . So CA Sites
1007 » ; R 3 ® ® ® R
(O] 1 1
E g0 : :
- 1 1
© i :
2 60 : '
a : :
[ i '
o 40 1 1
= 'Y e % ® E
S 20 : :
@ 1 1
[a ' i
04 1 1
I I I I I ] I I I I I ] I I I I I
< < < N- ' < < - ' < < 9] N\
¢ &S ¢ &S ¢ &S g
& Q Q q { & Q Q oV v Q Q Q Vv {7
ooy N Q Q A N Q Q oo N Q
oe R RS o S§° o N X J° S° ol® X X o o
\o% \o% S ) h \oo" o <0 ) h \oo" \o% 936 S
N 3 S S S <
Figure 29. Percent passage time during Dry years for different Qurp criteria.
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Figure 30. Percent passage time during Average years for different Qurp criteria.
PacNW Sites . Nor CA Sites . So CA Sites
100 i i
: 7P T =B 5
L i ﬁ i
(] i 1
= : :
® 60 ' '
a : : H
& a0 ' Y £ % % ® ;
S : :
8 Lo : |
g g R g
07— T T T U T T T U T T T T
< ¥ < N~ < < N\ < < < -
<" & & & o2 & & & & R & & & & R
voooNX ® 3 o SRR Y a QR v o
o0 Q) N KN @\0 e\o X X o 8\0 0\o X '’ o 0\0
M 1o 1o S ° M o° o & °> ¢ o 1o s S
N 3 S S S <

Figure 31. Percent passage time during Wet years for different Qurp criteria.
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5.4 JUVENILE PASSAGE CRITERIA ANALYSIS

Figure 32 and Figure 33 summarize high flow passage delay and percent passage time for juvenile
salmonids using the California criteria for Qrp and Qure. Analysis of juvenile passage was evaluated on an
annual basis for all sites and regions. These plots provide a composite of results for all water year types,
Wet, Average and Dry. The Quep criteria used for a particular estimate of high flow delay or passage time are
indicated on each plot. The Qurp criteria for all analyses were the 95% annual exceedance flow or 1 cfs
whichever was greater (Table 5).

The visual trends are similar to those seen for the adult passage analysis for the migration period with
some notable exceptions. First, the 10% annual exceedance flow for almost all study sites in the Southern
California region is much lower than the 10%Qz.year flows. This difference causes a lower percent passage
median and high variability in percent of high passage delay associated with using the 10% annual
exceedance flow for the Southern California sites. The effect is even more pronounced in the small
watersheds in this region because they have lower values of the 10% annual exceedance flow and because
Qurpe defaults to 1 cfs which leads to a small range of fish passage flows (see Appendix C juvenile result plots
by site). Second, the impact of the anomalous Qz.vear regression equation estimates for the Salmon River site
in the Pacific Northwest region creates high variability in percent high passage delay for this region.
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Figure 32. Percent time of high flow delay for juvenile salmonid relative to passage time during a year for all
three Qurr criteria evaluated.
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Figure 33. Percent passage time for juvenile passage over the entire year for all three Qurp criteria evaluated.

5.5 DiscussioN

Total time that passage conditions are met (flows between Qurr and Qurp) is clearly influenced by selection
of the design flow criteria. Qirp are criteria intended to represent geomorphic limitations to movement
within the natural channel, so lowering this flow below the naturally passable flow in the channel will not
increase the amount of passage opportunity for the fish. Qurp criteria can be selected to increase the total
passage time available on an annual or migration period basis but their influence is limited to improving
passage during the often short duration of storm flows. As such, a large increase in the magnitude of Qurp
may only result in an incremental increase in the total available passage window.

Passage opportunity and high flow delays in all regions varied for Wet, Average and Dry years. Wet years in
all regions experience more high flow delay due to the greater number and magnitude of storms
experienced during Wet years. However, the percent of these high flow delays relative to the total passage
time during the migration period was highest for the Southern California region sites because the total
number of days within the passage flow range is lower.

Passage in Average and Dry years is influenced more by low flow passage delays and this influence
increases for sites located further south and for smaller watersheds in all of the climate regions. This result
suggests that meeting low flow design criteria can be critical to maximizing passage opportunities. In
addition, because low flow passage is a strong function of channel morphology, it may be necessary to
adopt site specific low flow passage criteria to avoid setting Q.rp below the flows that are naturally passable
in the channel.

The passage analysis presented here used the complete records of mean daily flow for each of the study
sites with a comparison to the 15-minute data for some sites to evaluate predictions resulting from the
different data time periods. The 15-minute data captures the peak flows occurring during storm
hydrographs. As such, this data could possibly provide more accurate estimates of high flow delay
compared to using mean daily flow data. Comparing the estimates of total high flow delay for a given year
predicted using the two different data sets showed that, in general, the mean daily flow data predicted
slightly longer high flow delays because the smallest delay time possible is one day. Many high flow delay
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periods are shorter than this as the hydrograph rises above then drops below Qurp over a few hours rather
than days. This likely becomes more significant smaller the watershed size. Thus, using the mean daily
flow record provides a conservative estimate of high flow delay for a given Qurp value. The total passage
time during the migration period was essentially equal for both flow data sets. Given the verified data
quality and ease of analysis, using the mean daily flow records are recommended.
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6 EFFECTS OF DATA QUANTITY AND QUALITY ON FISH PASSAGE FLOW
CRITERIA

Determining fish passage flow criteria, whether defined as exceedance values, percent of recurrence
interval flows or other methods, relies on streamflow data. Thus, the quality and quantity of data used in
the criteria calculations may strongly influence the criterion value. As an example, a flow duration curve
determined from a short data record may not capture enough of the year-to-year variation to provide an
acceptable estimate of the higher daily exceedance flows commonly used to define Qugp. This section
evaluates the influence of data quantity on calculation of fish passage design flows determined using both
the daily exceedance- and recurrence interval-based methods, and attempts to quantify the influence of
uncertainty in calculating the fish passage criteria on passage opportunities and delay.

6.1.1 DAILY EXCEEDANCE FLOW METHODS

Fish passage flow criteria defined by exceedance flows determined for either the annual or migration
period record require developing flow duration curves (FDCs). As described in Section 4.1, annual and
migration period FDCs were derived from mean daily flows and calculated using the complete data record
for all study sites. To assess the sensitivity on exceedance flow estimates to the length of available data
record, FDCs calculated using the complete mean daily flow record at all study sites were compared to
FDCs calculated from truncated data sets derived from the 5-, 10-, 15-, and 20-consecutive wettest and
driest years in a site’s data record. These truncated data sets represent data sets that might result from a
site with a short data record collected during a prolonged wet or dry climate period. These analyses were
completed for at least two sites in each climate region using the study sites with the longest data records.

The wettest and driest consecutive year periods were identified by summing the annual water yields for
each time period of interest (5-, 10-, 15- or 20-years) within the data record then identifying the maximum
and minimum values for each study site. The 1% annual exceedance flow, the current California adult
anadromous salmonid high passage flow criteria, was then determined for each of the shorter record FDCs
and compared to the 1% exceedance flow determined from the study site’s entire record.

Figure 34 and Figure 35 compares the FDCs derived for these different record lengths for Salsipuedes
Creek using the annual mean daily flow record. FDC comparison plots for the other sites analyzed are
included in Appendix D. Figure 34 shows the entire FDC and Figure 35 focuses on the 0 to 20% exceedance
values representing the higher flows. As expected, the FDCs derived from the wettest and driest
consecutive five-year periods predicted the highest and lowest daily exceedance flows, respectively. The 1-
percent annual exceedance flow determined using the five consecutive wettest years (Water Years 1995-
1999) and five consecutive driest years (Water Years 1947-1951) was 540 cfs and 16 cfs, respectively,
while the 1 percent annual exceedance flow using the entire date record was 200 cfs. The FDCs derived
using longer data records also differed from that calculated using the entire record, but the difference from
the value for the entire data record decreases as record length increases.

41



6 Effects of data quantity and quality on fish passage flow criteria

10000 —All Years
----- 5 Consecutive Wettest
00 o 000000000000O00000O0O0O0O0O0O0O0O0O0O0@0@0@0@@] =-=--- 5 Consecutive Driest
— - =10 Consecutive Wettest
— - =10 Consecutive Driest
:5 100 — — 15 Consecutive Wettest
L — — 15 Consecutive Driest
go 10 — -+ 20 Consecutive Wettest
o — - - 20 Consecutive Driest
2
8 1
0.1
0.01 1 1 1 1 1 1 1 1 1

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%
Exceedence Probability

Figure 34. Salsipuedes Creek (71 year record length) flow duration curves calculated using the mean daily
flows for the entire record and shorter record lengths sampling preferentially Wet or Dry year types. (Similar
plots for the other sites for which this sensitivity analysis was conducted are located in Appendix D).
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Figure 35. Salsipuedes Creek (71 year record length) flow duration curves calculated using the mean daily
flows for the entire record and shorter record lengths sampling preferentially Wet or Dry year types. (Same
plot as Figure 34 but emphasizing the higher flows).
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Figure 36 compares the variation in magnitude of the 1% annual exceedance flow determined for the
varying record lengths of wettest and driest consecutive periods for all sites analyzed. The 1-percent
annual exceedance flows derived from each shortened data record at a site were normalized by the 1-
percent annual exceedance flow calculated using the entire data record. Figure 36 shows that both the 15-
and 20-year record lengths provide good estimates of the 1-percent annual exceedance flow for the Pacific
Northwest and Northern California sites as indicated by normalized values at or near 1.0. The Southern
California sites are not as consistent and even the longer record lengths sampled over wetter and drier
periods for these sites varied by 50 to 200% from the 1% annual exceedance flow calculated using the
entire data record.
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Figure 36. Normalized 1% annual exceedance flows for shortened data records sampling wetter and drier
climate periods within a site’s data record. Values were normalized by the 1% annual exceedance flow

calculated using the entire data record for each site A value of one indicates that the value predicted using the
shortened data record was equal to that determined using the entire data record.
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While variation in the Quep value associated with varying data records is important to understand, of
greater interest is the impact this variation might have on passage opportunity or high flow delay. Figure
37 shows the change in median percent passage time (see Section 5.3.2) for Quep criteria derived from the
eight analyzed record lengths compared to the median percent passage time predicted using the 1% annual
exceedance flow derived from the entire data record. For all sites, a 1% annual exceedance value
determined from a shorter data record collected during a drier period results in the largest difference in
predicted percent passage time. This result occurs because the 1% annual exceedance flow determined
from short, drier records is lower than Qurp values determined from longer records. The lower Qurp value
decreases the available passage window. All analyses used Qurp equal to the 50% annual exceedance flow or
3 cfs whichever was greater (Table 6).
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Figure 37. Comparison of median percent passage time predicted using the 1% annual exceedance flows
determined from the entire record and truncated mean daily flow records as the Qurp criteria.

The influence of Qurp values on the median percent of high passage delay compared to the percent passage
time calculated in the same manner as described in Section 5.3.1 is shown in Figure 38. Similar to the
percent passage time results (Figure 37), the largest differences occur for Qurp determined from a 5-year
record length collected during a prolonged dry period. These results reflect the influence of the magnitude
of Qurr on the predicted passage time and high flow delay because the smaller Qurp values predicted from
dry period data are more commonly exceeded.
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Figure 38. Comparison of median percent of high passage delay predicted using the 1% annual exceedance
flows determined from the entire record and truncated mean daily flow records as the Qurp criteria.

Figure 39 shows a more detailed analysis of variation in predicted percent passage time for Salsipuedes
Creek. The box plots summarize the percent passage time for all 71 years in the data record using the 1-
percent annual exceedance flows from the entire record and each truncated record. A median percent
passage time during the assumed steelhead migration period of 46% for Salsipuedes Creek is predicted
using the entire data records 1-percent annual exceedance flow. The 15- and 20-year records from the
wettest periods of these record lengths are essentially identical to the predictions using the entire record
derived 1% annual exceedance flow as Qurp. The 15- and 20-year dry record length predictions remain
different in both the median and upper quartile for the 15-year record and just in the upper quartile for the
20-year record. This result is observed because the wetter years include the high flows that represent the
low percent exceedance range but these values are missing from the drier years’ records. The lower
quartile is minimally influenced by whether a record period is wetter or drier because the lower quartile
represents passage during Dry years where high flow delays are minimal or non-existent. Similar figures
for the other sites analyzed are included in Appendix D.

Figure 40 shows the percent time of high flow delay compared to percent passage time for Salsipuedes
Creek and the same variations in Qugp criteria as Figure 39. Similar to Figure 39, the predictions approach
those using the entire data record derived 1% annual exceedance flow for record lengths of 15- and 20-
years collected during wetter climate periods, but the predicted median percent of high flow delay is higher
than the median for the entire record compared to records from prolonged dry periods. For the 15-year dry
period Qure, the median is 4.4% compared to 1% for the entire record and the 20-year dry period has a
median of 3.7%.

46



6 Effects of data quantity and quality on fish passage flow criteria

100+

80

60

40-

Percent Passage Time

20

Figure 39. Box plots summarizing percent passage time in all years of the data record for Salsipuedes Creek

predicted using the 1% annual exceedance values predicted from various data record lengths as Qurp. The low
fish passage flow for all analyses is 3 cfs. The dashed line indicates the median percent passage time using the
1% annual exceedance flow calculated from the entire data record as Quprp.
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Figure 40. Box plots summarizing percent time of high passage delay relative to passage time in all years of
the data record for Salsipuedes Creek predicted using the 1% annual exceedance values predicted from
various data record lengths as Qure. The low fish passage flow for all analyses is 3 cfs.
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6.1.2 RECURRENCE-INTERVAL BASED METHODS

At some locations in California, an alternate Qugp criteria for adult anadromous salmonids defined as 50%
of the 2-year recurrence interval flow has been used because flow duration curves are not available or
result in inappropriate Qurp criteria. The magnitude of various recurrence interval flows (e.g. Qz-year, Q10-year,
etc.) for a location of interest can be estimated in several ways:

e Using the instantaneous annual peak flow record for a site - if it exists

e (Generating an instantaneous annual peak flow record for a site from adjacent gaged watersheds

e (Calculating the recurrence interval flows using empirically derived USGS regional regression
equations

If the data are available and a site’s data record is long enough to meet data quality standards described in
Bulletin 17B (USGS 1982), determining Qz.year from the data record is preferred. Generating a synthetic
record of instantaneous annual peak flows requires evidence that the gaged watershed (or watersheds)
peak flows are representative of and highly correlated with the watershed of interest. In general, this
method would only be appropriate when the watershed of interest has some flow data but the data record
length is insufficient to meet data quality standards and needs to be extended by correlation to a nearby
gage. The final method, estimation using USGS regression equations, can be applied at all sites but the
regression equation estimates may have significant uncertainty.

Figure 42 and Figure 41 compare Qz.year flows determined directly from the instantaneous annual peak
flows and estimated using the most current USGS regression equations for the Oregon (Cooper 2005) and
California (Gotvald et al. 2012) study sites, respectively. These regression equations were presented in
Section 4.1. For all but one of the Oregon study sites (Salmon River), the regression equation estimates of
Q2-year were similar to the Qz.year values calculated using the annual instantaneous peak flow data.
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Figure 41. Comparison of Qz.year magnitudes estimated using the instantaneous annual peak flow data records
and the USGS Western Oregon regional regression equations (Cooper 2005).
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Figure 42. Comparison of Qz.year magnitudes estimated using the instantaneous annual peak flow data records
and the USGS California regional regression equations (Gotvald et al. 2012).

For eight of the 11 California sites, the regression equation Qz.year value is less than that calculated from the
site data and for the Sespe Creek, the regression estimate is more than four times lower. The USGS
recommends that the regression equation estimated recurrence intervals be corrected using nearby gaged
watershed data and the correction procedure is described in the technical report (Gotvald et al. 2012).
These corrections were not made for the study sites to show the maximum possible differences in Qz.year
magnitudes. The California regression equations are also largely dependent on the basin average mean
annual precipitation (MAP) and many watersheds have high topographic relief which creates highly
variable point-to-point precipitation. The MAP values used for these regression equation Qz.ycar values were
the same values used by the USGS for these gage sites in their development of the regional regression
equations. For ungaged sites, watershed averaged MAPs need to be determined using GIS analysis of the
800-meter resolution PRISM data (http://prism.nacse.org/).

With respect to the use of either the regression equation or instantaneous peak data for calculating the
50% of Q2-year values, the resulting differences on passage and delay predictions are summarized
regionally in Figure 43 and Figure 44. Even for large differences between the two Q.year values for the
Southern California sites, the percent passage times predicted are similar. However, the median percent of
high flow delay is greater for Qurp defined using the regression equation values, 1.5% compared to a
median of 0% for 50% of Qz.year from the peak flow data. This difference reflects the fact that the regression
equation estimate of Q2.year was often much lower than the peak flow-derived value; thus, Qurr equal to 50%
Q2-em would be exceeded more frequently because of its lower magnitude.
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Figure 43. Box plots summarizing percent passage time in all years of the data record for all sites within each
climate region using 50% of Q2.year from USGS regression equations and each site’s annual instantaneous peak
flow data as Qurp. The low fish passage flow for all analyses was either the 50% annual exceedance value or 3
cfs whichever was greater.
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Figure 44. Box plots summarizing percent time of high passage delay relative to passage time in all years of
the data record for all sites within each climate region using 50% of Q2.year from USGS regression equations
and each site’s annual instantaneous peak flow data as Qurp. The low fish passage flow for all analyses was
either the 50% annual exceedance value or 3 cfs whichever was greater.
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6.2 DISCUSSION
Analysis of data quality and quantity effects reveals several notable results.

Streamflow record lengths of at least 15 years, and preferably longer, are recommended for
deriving annual or migration period flow duration curves. These record lengths are needed to
sample enough years to reasonably predict the low percent exceedance, higher flow values that
define QHFp.

Streamflow records collected during prolonged dry periods, even with 15- or 20-year record
lengths, may not include the high flows needed to provide good estimates of low percent
exceedance values used to define Qurp. Shorter streamflow records could be compared to longer,
nearby gaging records to evaluate whether these records were collected during periods of wetter or
drier conditions by evaluating the cumulative annual water yields for the record length of interest.

USGS empirical regression equation estimates of recurrence interval flows may have high error and
should be compared to nearby gaged streams when possible and adjusted using procedures
described in the USGS manuals (Gotvald et al. 2012; Cooper 2005).

The error in prediction of percent passage and high flow delay resulting from uncertainty in
estimating and defining Qurp is highest when the Qurr magnitude is lower than expected. This occurs
because a lower value for Qurp creates more high flow delay; thus, decreasing the passage window.
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7 DISCUSSION /SYNTHESIS

Many factors influence successful fish passage through natural channels and engineered structures. This
project was limited to analysis of the hydrologic influence on fish passage by comparing actual flow to
possible low (Qirp) and high (Qurp) fish passage design flow criteria, and thus did not address:

e Flows needed to breach a closed estuary for access to/from the ocean

o Flow needed to provide sufficient depth in the natural channel to support fish movement

o Fish behavior that may dictate passage timing under particular conditions such as migrating under
light versus dark conditions or on the rising versus falling limb of a storm hydrograph

o Fish behavior associated with movement triggered by flow or velocity thresholds, or changes in
atmospheric conditions

This study investigated regional differences in the frequency and duration of passage windows (flows
between Qrrp and Qurp) and potential delay imposed by current passage design flow criteria. To evaluate
passage, variability in regional hydrology was quantified and the effects of this variability on the fish
passage window and migration delay was analyzed. Five to six study sites were selected in each of three
coastal climate regions (Southern/Central California, Northern California and the Pacific Northwest), and
these study sites consisted of streamflow gaging stations located on streams or rivers that currently or
historically supported anadromous salmonid populations.

7.1 HYDROLOGIC DIFFERENCES BETWEEN REGIONS

Evaluation of annual water yield for each study site revealed that the Southern California sites have
dramatically increased year-to-year variability compared to the Northern California and Pacific Northwest
sites. The results suggest that Wet years in Southern California region produce substantially more runoff
than Average and Dry years, while most of the sites in the two northern regions showed substantially less
variability in water yield between Wet and Dry years (Figure 5).

The Southern California sites, with exception of Lopez Creek (which is the furthest north and has the
shortest data record in this climate region), never experienced two consecutive Wet years, while the
Northern California and Pacific Northwest sites regularly experience two or more Wet years in a row. Itis
possible that consecutive Wet years experienced at the northern sites provide improved opportunities, in
comparison to the southern sites, for adult steelhead to migrate and spawn and their off-spring to
successfully out-migrate to the ocean. As such, when considering potential steelhead recovery sites in
Southern California, it may be important to consider that the off-spring of adult steelhead spawning during
a Wet year are likely to out-migrate during an Average or Dry water year, when water quality conditions
and connectivity to the marine environment are more likely to be compromised.

Comparison of hydrographs for ten discrete storms showed that the Southern California study sites
generally exhibit the largest rates of hydrograph rise and fall. Faster rising and falling rates indicate flashier
watershed response to precipitation. The effect of a flashier response on fish passage may be a shorter
passage window during discrete storm events, as streamflow rises and falls more rapidly through the
passage range (Q between Qurr and Qurp).
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The RB-Index calculated for both the annual and migration period flow records at all study sites also
increased from north-to-south. This index captures variation in the day-to-day flow with higher values
indicating greater variation. The higher RB-Index for the more southern study sites could indicate that they
experience more isolated storms with less prolonged, steady flow. The migration period RB-Index values
are higher than the annual values because they do not include the dry season when day-to-day variation in
flow is expected to be small.

The observed regional difference in hydrology suggest that providing adult steelhead passage during both
Dry and Wet years may require a wider range in fish passage flows than needed in the two northern
regions. The observed inter-annual variability around the long-term median water yield at each Southern
California study site suggest fish passage design flow criteria based on averages or medians should be
evaluated to ensure that the passage windows provided during different hydrologic year classes are
biologically sufficient.

7.2 FISH PASSAGE FLOW CRITERIA

7.2.1 Qurp BASED ON Q2-year VERSUS DAILY EXCEEDANCE

Comparing values of the various Qurp definitions for each study site reveals substantial differences. Qurp
values based on daily exceedance resulted in predictable relationships between flow magnitudes from low
to high exceedance values at a site and when comparing between sites. However, definitions of Qurr based
on Qzyear provided less predictable results than those based on daily exceedance. These differences occur
because return period of a peak flow event is not related to the frequency of daily average flows during the
year or migration period. For the sites analyzed in this study, exceedance values for 50%Q2.ycar using the
site’s peak flow record ranged from 0.4% - 1.8%, 0.2% - 0.8%, and 0.2%-0.5%, in the Pacific Northwest,
Northern California, and Southern California regions, respectively (Table 3). Exceedance values for 50%Q.-
year Showed a slightly larger range when using the empirical equation to calculate Qz.year (Table 4). It is
worth noting that 50%Q;-year was initially proposed as a high fish passage design discharge that would be
conservative (i.e. meet or exceed the 1% annual exceedance criteria) so the criteria is meeting this intent.

The magnitude of Qurp for 50% of Qz.year relative to the daily exceedance definitions of Qurp varied between
sites within a region and between regions. As an example, for the Pacific Northwest Tucca Creek and Big
Creek sites (Table 3), the 1% exceedance flows for both the annual and steelhead migration period are
greater than 50% of Qz.px, while for the other Pacific Northwest sites 50% of Qz.px is greater than all the
evaluated daily exceedance definitions of Qurp. Another example of the variability associated with 50% of
Q2-year criteria compared to other definitions of Quer is found in the Southern California region. For the San
Jose Creek and Topanga Creek sites (Figure 12), the 50% of Q..px flows are two to three times greater than
flows calculated using definitions of Qurp based on daily exceedance, while 50% of Q,.px within the region’s
other four study sites is relatively close to the various daily exceedance-based definitions of Qgugp.

Use of Q2-year calculated from the empirically derived regional regression equations (Qz-em) may include
substantial error when compared to calculation of the 2-year return period flow using the annual peak flow
record for the site (Qz-rk). Gotvald (2012) and Cooper (2005) report standard errors associated with
predicted flows using the empirical equations of 25.3-39% for Western Oregon, 43-59% for California’s
North Coast Region, 66-162% for California’s Central Coast Region and 47-134% for California’s South
Coast Region. Since most project sites are on ungaged streams, use of empirical equations will likely be
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widespread if the 2-year return period flow is used to define Qurp. In some cases, the error associated with
using the empirical equations can result in Q2.gm being half of Q,.pk. In the case of Corte Madera Creek, 50%
of Qz-em was even less than the 1% annual exceedance flow.

Constructed regional flow duration curves have been used to determine fish passage flows in ungaged
streams rather than use of the empirical equations for calculating Qz-yearr However, the error associated
with extrapolating daily exceedance flows for application to ungaged streams is untested, and could be as
high as the error associated with use of the empirical equations for estimating the 2-year peak flow. This
should be investigated in future studies.

7.2.2 BANKFULL FLOW AND Qz-pk

The bankfull flow is commonly associated with full mobilization of the streambed in gravel/cobble bedded
channels (Dunne and Leopold, 1978), and as such, some have conjectured that salmonids may cease
upstream movement during these conditions. In humid climates, such as the Pacific Northwest and
northern coastal California, the bankfull flow has been routinely found to have a return period ranging
between 1.2- and 1.8-years (Leopold et al., 1995; Dunne and Leopold, 1978; Harman and Jennings, 1999).
The results of this study found that 50% of Q..pk produces a flow with a return period averaging 1.15-years
among the Pacific Northwest and Northern California Sites. These results would suggest that using 50% of
Qz-rk in the two northern regions leads to a Qurr with a return period that has a return period that is
commonly associated with a bankfull flow.

However, in more arid climates, such as the Southern California region, the bankfull flow has been found to
occur less frequently. A study of eight streams in the Los Angeles Basin and Santa Monica Mountains found
the return period associated with a bankfull discharge ranging from 2.1- and 6.7-years, with a median
return period of 2.5-years (Coleman et al. 2005). For the Southern California sites, this study found that
50%Qz-pk produces a flow with a return period averaging 1.44-years, which may be less than a bankfull, or
channel forming flow in these streams.

7.2.3 INFLUENCE OF MIGRATION PERIOD ON DAILY EXCEEDANCE FLow

For this study, the adult steelhead migration period was defined by NMFS staff for the purpose of
consistent comparisons between regions to encompass the wide range of migration timing experienced
throughout coastal California watersheds. The variation in migration periods is influenced in part by the
inter-annual variability in timing of storm events and associated migration opportunities. The result is a
fairly lengthy migration period of November 1 through May 15. When defining Qurr based on a migration
period, such as the 1% exceedance flow for the migration period, the assumed migration period directly
influences the magnitude of Qurr. Generally, using a longer migration period results in a lower Qurp because
it encompasses longer dry periods. Even though a steelhead in Southern California may migrate upstream
in November if conditions permit, during most years the flow would likely be too low. Therefore, including
November in the calculation of the 1% exceedance flow for the migration period produces a lower Qurp
than if it was not included. To avoid including drier periods in calculation of Qurp, which can unintentionally
reduce the resulting design flow, it may be best to focus on using only the wettest period. For example, in
western Washington State, a common means of calculating Qurpis to use the wettest month during the
anticipated migration period, which is typically January in that region (WDFW, 2013).
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7.3 EFFECT OF FISH PASSAGE FLOW CRITERIA ON PASSAGE

Total time that passage conditions, flows between Qvrr and Qurp, are met is clearly influenced by selection of
these design flow criteria. The Qurp criteria are intended to represent geomorphic limitations to movement
within the natural channel. The alternative low flow criteria of 3 cfs for adult anadromous salmonids was
originally selected based on critical riffle measurements in a number of alluvial streams and rivers in
northern coastal California (Lang, Love & Trush 2004). However, there can be substantial variation in low
flow depths verses streamflow in natural channels. Therefore, site specific field studies of the low flow
geomorphic controls in a stream may be necessary to identify a Qurr that maximizes the passage window at
low flows. This would likely be required on a project-by-project basis.

Qurp criteria can be selected to improve the total passage on an annual or migration period basis but their
influence is limited to improving passage during the often short duration of storm flows. The magnitude
and frequency of storm flows varies between water year types (Wet, Average or Dry) influencing the
passage opportunity and high flow delay. Passage opportunity and high flow delays in all regions varied for
Wet, Average and Dry years. Wet years in all regions experience more high flow delay due to the greater
number and magnitude of storms experienced during Wet years. However, the percent of these high flow
delays compared to the available passage time during the migration period was highest for the Southern
California region sites because the total number of days meeting passage flows is lower.

Passage in Average and Dry years is influenced more by low flow passage delays and this influence also
increases for sites located further south and for smaller watersheds in all of the climate regions. Thus,
meeting low flow design criteria can be critical to maximizing passage opportunities. In addition, because
low flow passage is a strong function of channel morphology, it may be necessary to adopt site specific low
flow passage criteria.

The passage analysis presented here used the complete records of mean daily flow for each of the study
sites with a comparison to the 15-minute data for some sites to compare calculated passage windows and
passage delay resulting from the different data time periods. The 15-minute data captures the true peak
flows occurring during storm hydrographs, which could possibly provide more accurate estimates of high
flow delay compared to the mean daily flow. Comparing the estimates of high flow delay for the same year
predicted using the two different data sets showed that, in general, the mean daily flow data predicted
slightly longer high flow delays because the smallest delay time possible is one day. Many high flow delay
periods are shorter than this as the hydrograph rises above then drops below Qurp over a time period of a
few hours rather than one day. Thus, using the mean daily flow record provides a conservative estimate of
high flow delay for a given Qurp value. Differences between flow data sets in the total passage time during
the migration period were negligible. Given the verified data quality and ease of analysis for calculations
based on the mean daily flow records, using the mean daily flow data to calculate exceedance flows is
recommended.
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7.4 EFFECT OF STREAMFLOW DATA QUALITY AND QUANTITY

Calculation of fish passage flow criteria defined by exceedance flows determined for either the annual or
migration period record require developing flow duration curves (FDCs) from the stream flow record at a
site or a regional flow duration curve derived from nearby gage records. The duration of these records and
the water year types included in the record can influence the magnitude of the predicted exceedance flows.
Analysis of data quality and quantity effects on flow duration curves and exceedance flows suggests:

o Streamflow record lengths of at least 15 years, and preferably longer, are recommended for
deriving annual or migration period flow duration curves. These record lengths are needed to
sample enough years to reasonably predict the low percent exceedance, higher flow values, that
define QI—[FP-

e Streamflow records collected during prolonged dry periods, even with 15- or 20-year record
lengths, may not include the high flows needed to provide good estimates of low percent
exceedance values. Shorter streamflow records could be compared to longer, nearby gaging records
to evaluate whether these records were collected during periods of wetter or drier conditions by
evaluating the cumulative annual water yields for the record length of interest.

e USGS regression equation estimates of recurrence interval flows may have high error and should be
compared to nearby gaged streams when possible and adjusted using procedures described in the
USGS manuals (Gotvald et al. 2012; Cooper 2005).

e The error in prediction of percent passage and high flow delay resulting from uncertainty in
estimating Qurp is highest when the Qurpr magnitude is underestimated. This occurs because a lower
value for Qurp creates more high flow delay; thus, shrinking the passage window. Quep is
underestimated compared to exceedance flows calculated from a long flow record when
exceedance flows for Qurp are calculated using a short flow record collected during a drier climate
period.

7.5 ADDITIONAL CONSIDERATIONS

As noted above, this study was limited to analysis of hydrology to determine frequency and duration of
flows assumed suitable for fish passage. In previous studies to identify appropriate fish passage flows
(Lang et al. 2004), observation of fish migration and behavior were invaluable to matching Qurp criteria to
fish needs. Recommendations for future work to further inform and refine selection of fish passage design
flows include:

e Observing local fish movement and migration behavior
These observations may be needed to optimize passage opportunity and minimize delay within

specific watersheds. Incorporating channel geomorphological knowledge and considerations may
also better define low flow passage criteria and minimize low flow delay.

56



7 Discussion/Synthesis

o Evaluate the effects of water quality and unique hydraulic conditions

Many watersheds pose additional water quality or hydraulic conditions that limit migration timing.
Identifying natural upper flow limits for migration due to factors (e.g. turbidity, velocities,
turbulence, etc.) at a particular location or channel condition might better match Qurp criteria to fish
migration needs of the watershed.

Even when regional or watershed specific fish passage flow criteria are not warranted, estimation of fish
passage flow criteria for ungaged streams is problematic. Simpler methods, such as using a percent of a
recurrence interval flow estimated using a regional regression equation, can have high error and the
methods for using and correcting estimates from these equations should be highly specified and verified.
Alternatively, regional flow duration curves could be developed and used for Qurr estimation in ungaged
streams. Regardless of the method used to estimate Qurp, streamflow data quantity and quality will
influence design flow estimations and the longest record data sets possible should be used for flow criteria
development.
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APPENDIX A — FREQUENCY OF WET, AVERAGE
AND DRY WATER YEARS

Appendix A supplements material presented in Section 3.1 and contains plots comparing the
frequency and magnitude of wet, average and dry years for each of the projects study sites. The
water year classifications (Wet, Average and Dry) are defined using the annual water yield
calculated from the site’s mean daily flow record as:

Wet years - those years in the upper 20 percentile of a site’s annual average water yield,
Average years - those in the middle 60 percentile, and
Dry years - those years in the lower 20 percentile of annual water yields.

Figure A- 1 through Figure A- 16 show the annual water yield expressed as the deviation from the
median water yield.

Annual Yield for Year i — Median Annual Yield for Site Record
Median Annual Yield for Site Record

Wet years are the highest 20% of annual water yields and are indicated in these plots as those
columns exceeding the upper dashed line. Dry years are the lowest 20% and are those years whose
columns extend beyond the lower dashed line.. The figures are presented from north-to-south with
the northern-most site in the Pacific Northwest Region first (Figure A- 1 - Jetty Creek) to the
southern-most site in the southern California region (Figure A- 16 - Topanga Creek). These plots
were created to allow direct comparison between sites and highlight the increase in water yield
variability observed in the more southern site data records. The variability in annual water yields at
a site is emphasized by the range in the deviation from the median for each year of a site’s data
record. For example, Jetty Creek has low variability with a range in deviation from the meidan
water yield of -0.29 to 0.56 and Topanga Creek shows high variability with a range from -0.96 to
19.38. The range increases consistently from north-to-south.

Figure A- 17 through Figure A- 19 show the actual annual water yields for each of the sites. These
plots more clearly show the actual variation in water yield magnitude from year-to-year and
patterns of sequential wet, average and dry years.
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Figure A- 1. Annual water yield expressed as the deviation from the median water yield for Jetty
Creek.
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Figure A- 2. Annual water yield expressed as the deviation from the median water yield for Tucca
Creek.
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Figure A- 4. Annual water yield expressed as the deviation from the median water yield for East Fork
Lobster Creek.
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Figure A- 5. Annual water yield expressed as the deviation from the median water yield for Big Creek.
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Figure A- 6. Annual water yield expressed as the deviation from the median water yield for Little
River.
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Figure A- 7. Annual water yield expressed as the deviation from the median water yield for Elder
Creek.
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Figure A- 8. Annual water yield expressed as the deviation from the median water yield for North Fork
Caspar Creek.
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Figure A- 9. Annual water yield expressed as the deviation from the median water yield for Corte
Madera.
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Figure A- 10. Annual water yield expressed as the deviation from the median water yield for Soquel
Creek.

A-7




8

Il

-

|

Lopez Creek

Average

I

-
a

et
i

8 8 8 8
<t ™ o @

0.00

=
<
-

PIIA 191 A UBIP3IA] WIOI) UOIIRIABQ

-2.00

0T10¢
800t
900¢
00T
¢00¢
0002
8661
9661
V66T
66T
0661
8861
9861
861
861
0861
861
961
vi6T
6T
0L6T
8961
99T
961
96T
0961
8961
9661
1211
96T
0s6T
86l
oreT
et
[47))
ovet
8¢g6T
9¢g6T
re6el
6T
oc6T
8¢6T

Figure A- 11. Annual water yield expressed as the deviation from the median water yield for Lopez

Creek.

16.00

1 -
[
| -
1 -
l‘—
I ]
I -
1-
1 - !
]
I -1
1 _-
I -
_—
I P
I -
I -
_ =
|
I —
] "
I [
I L
p—
L ]
I —
| |
I - |
— |
| -r
! -
——
I —
|
I -
I —
t—
] —
1 -
—— 1
| —
——— |
I
I it}
—— |
_ ==
4 | - |
()] I —
[1}] | -t
mu i ]
I —
_I—
% “.uﬂ_ —
o m_ 1
m W_m W_
<1 1
W | i
v 1 >
I ]
A D =
S| >
S 883888 8 8 8
<t ~ o ©0 o < ™~ o o~
- — - i

PI21A 1218 A UBIP3IAl WO} UOIIRIASQ

0T0¢
800¢
900¢
140(0X4
Z00¢
000t
866T
966T
66T
7661
066T
886T
986T
86T
86T
086T
8L6T
9/6T
vL6T
26T
0L6T
8961
996T
o6t
2961
096T
8561
9661
121°)
ZS6T
0561
8v6T
9v6T
14%)"
veT
oveT
8¢6T
9¢6T
re6l
26T
06T
876T

Figure A- 12. Annual water yield expressed as the deviation from the median water yield for

Salsipuedes.
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Figure A- 13. Annual water yield expressed as the deviation from the median water yield for Santa

Cruz Creek.
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Figure A- 14. Annual water yield expressed as the deviation from the median water yield for San Jose

Creek.
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Figure A- 15. Annual water yield expressed as the deviation from the median water yield for Sespe

River.
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Figure A- 16. Annual water yield expressed as the deviation from the median water yield for Topanga

Creek.
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Figure A- 18. Water year type comparisons for the Northern California sites. Water year types were

determined using the annual water yield calculated from the mean daily flow data. Wet years are the

highest 20% of annual water yields, dry years are the lowest 20%.
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Figure A- 19. Water year type comparisons for the Southern California sites. Water year types were

!

Topanga Creek

(Y-8108) p|BIA

L---

determined using the annual water yield calculated from the mean daily flow data. Wet years are the

highest 20% of annual water yields, dry years are the lowest 20%.
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APPENDIX B - PASSAGE SUMMARIES FOR
MEDIAN WET, AVERAGE AND DRY YEARS

Appendix B supplements material presented in Section 5.1 and contains tabular summaries
comparing the passage opportunities at each study site for the different water year type
classifications “Wet”, “Average” or “Dry.” The water year type classifications are the same as those
used throughout this document and are defined using the annual water yield calculated from the

site’s mean daily flow record as:

e Wetyears - those years in the upper 20 percentile of a site’s annual average water yield,
e Average years - those in the middle 60 percentile, and
e Dry years - those years in the lower 20 percentile of annual water yields.

For analysis of passage within each water type classification, two years bracketing the median in
each year-type classification were selected for comparison. Results for a total of six years --two
Wet, two Average and two Dry years-- is presented for each study site. The mean daily flow record
for the comparison years is used for the results presented in Table B- 1 through Table B- 16.

For three study sites (Lopez Ck, Salispuedes Ck and Sespe R), the passage window and delays were
determined using both the mean daily and 15-minute flow data records. For these three sites,
adjustments were made to the years analyzed to include years that had complete mean daily and
15-minute records. Comparison of the mean daily and 15-minute derived results are included in
Table B- 17 through Table B- 19.
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Table B- 1. Jetty Creek storm characteristics and passage summary for median Wet, Dry and Average years

determined using the mean daily flow record. The Q.rp was either the 50% annual exceedance flow or 3 cfs whichever

was greater and results are summarized for various Qurp criteria as indicated.

Water Year/Type 1982/Wet 1995/Wet 1980/Ave 1990/Ave 1988/Dry 1992/Dry
Rank of 19 (Percentile) 2 (0.944) 3 (0.888) 10 (0.500) 11 (0.444) 17 (0.111) 18 (0.055)
(Data Sample Period) (Daily) (Daily) (Daily) (Daily) (Daily) (Daily)
Number of Storm Events 10 9 11 8 9 10
Median 72 70 27 38 23 20
Storm Qpeak (cfs) Min 26 17 13 15 8.2 12
Max 303 136 53 154 42 55
Low Flow Delay (Days)
Total 4 9 17 58 50 66
Quep = 50% Annual = 6.5 cfs Median Event 4 --- 4 9 6 4
Min Event 4 4 1 1 1 1
Max Event 4 5 12 22 13 34
High Flow Delay (Days)
Total 3 5 0 2 0 0
Median Event --- 1 0 2 0 0
Qurp = 50% Q2-yr Peak =75 cfs Min Event 1 1 o 5 o 0
Max Event 2 2 0 2 0 0
Total 3 5 0 2 0 0
Quep = 50% Q2-yr Emp = 77.3 cfs Me(.iian Event --- 1 0 2 0 0
Min Event 1 1 0 2 0 0
Max Event 2 2 0 2 0 0
Total 7 6 0 2 0 0
QHFP = 1% MigPer = 70 cfs Mec'llan Event 2 1 0 2 0 0
Min Event 1 1 0 2 0 0
Max Event 3 3 0 2 0 0
Total 12 12 1 6 0 1
Quep = 1% Annual =53 cfs Meoﬁan Event 3 2 1 2 0 1
Min Event 1 1 1 1 0 1
Max Event 1 3 0 1
Passage Window (Days)
Quep= 50% Annual = 6.5 cfs Total 189 182 180 136 147 131
Min Event 26 1 4 5 1 1
Quep = 50% Q2-yr Peak =75 cfs Max Event 83 75 164 80 70 44
Qurp= 50% Annual = 6.5 cfs Total 189 182 180 136 147 131
Min Event 26 1 4 5 1 1
Quep = 50% Q2-yr Emp =77.3 cfs Max Event 83 75 164 80 70 44
Quep = 50% Annual = 6.5 cfs Total 185 181 180 136 147 131
. Min Event 1 1 4 5 1 1
Quep = 1% MigPer =70 cfs Max Event 83 75 164 80 70 44
Quep = 50% Annual = 6.5 cfs Total 180 175 179 132 147 130
Min Event 6 1 4 2 1 1
Quep = 1% Annual =53 cfs Max Event 79 74 138 48 70 44

'~ A median value is not reported when there are only two events during the year or migration period.
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Table B- 2. Tucca Creek storm characteristics and passage summary for median Wet, Dry and Average years
determined using the mean daily flow record. The Q.rp was either the 50% annual exceedance flow or 3 cfs whichever

was greater and results are summarized for various Qurp criteria as indicated.

Water Year/Type 1997/Wet 2011/Wet 1990/Ave 1991/Ave 2005/Dry 1994/Dry
Rank of 28 (Percentile) 3 (0.925) 4 (0/888) 14 (0.518) 15 (0.481) 25 (0.111) 26 (0.074)
(Data Sample Period) (Daily) (Daily) (Daily) (Daily) (Daily) (Daily)
Number of Storm Events 9 15 9 11 6 6
Median 114 66 61 46 48 57
Storm Qpeak (cfs) Min 39 34 21 14 20 28
Max 296 198 218 160 85 181
Low Flow Delay (Days)
Total 5 0 58 30 60 81
Queo = 50% Annual =9.1 cfs Mecjhan Event 2 0 6.5 3 9.5 21.5
Min Event 1 0 2 1 4 9
Max Event 2 0 23 8 37 29
High Flow Delay (Days)
Total 19 2 7 4 0 2
Median Event 3 2 2 1 0 2
=50% Q2-yr Peak =108 cfs
Quep =30% Q2-y Min Event 1 2 1 1 0 2
Max Event 5 2 4 1 0 2
Total 8 1 3 1 0 1
Quer = 50% Q2-yr Emp = 151 cfs Median Event 3 1 --- 1 0 1
Min Event 1 1 1 1 0 1
Max Event 4 1 2 1 0 1
Total 7 1 3 1 0 1
Qurp = 1% MigPer = 159 cfs Mec-han Event 2 1 --- 1 0 1
Min Event 1 1 1 1 0 1
Max Event 4 1 2 1 0 1
Total 13 2 7 3 0 2
Qurp = 1% Annual = 125 cfs Mecjhan Event 3 2 2 1 0 2
Min Event 2 2 1 1 0 2
Max Event 5 2 4 1 0 2
Passage Window (Days)
Quep = 50% Annual = 9.1 cfs Total 172 194 131 162 136 113
Ques = 50% Q2-yr Peak = 108 cf Min Event 1 76 3 2 1 9
Hpp = U6 Syrreax = Lo dls Max Event 65 118 49 52 84 56
Quep = 50% Annual = 9.1 cfs Total 183 195 135 165 136 114
Qurp = 50% Q2-yr Emp = 151 cf Min Event 1 76 5 2 1 9
HEp =04 LETyrEmp = 152 s Max Event 95 119 49 52 84 57
Que = 50% Annual = 9.1 cfs Total 184 195 135 165 136 114
_ 1% MigPer = 159 f Min Event 2 76 5 2 1 9
Quep = 1% MigPer = > Max Event 95 118 49 52 84 57
Quee = 50% Annual =9.1 cfs Total 178 194 131 163 136 113
Qo = 1% A =15 o Min Event 1 76 3 2 1 9
HFP = 270 ANNUAT= > Max Event 94 118 49 52 84 56

'~ A median value is not reported when there are only two events during the year or migration period.
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Table B- 3. East Fork Lobster Creek storm characteristics and passage summary for median Wet, Dry and Average
years determined using the mean daily flow record. The Q.rp was either the 50% annual exceedance flow or 3 cfs
whichever was greater and results are summarized for various Qurp criteria as indicated.

Water Year/Type 1997/Wet 2008/Wet 1989/Ave 1993/Ave 1992/Dry 1994/Dry
Rank of 27 (Percentile) 3 (0.923) 4 (0.884) 14 (0.500) 15 (0.461) 24 (0.115) 25 (0.076)
(Data Sample Period) (Daily) (Daily) (Daily) (Daily) (Daily) (Daily)
Number of Storm Events 12 12 15 18 14 8
Median 145 146 66 66 74.5 62.5
Storm Qpeak (cfs) Min 66 46 13 16 11 19
Max 600 425 233 204 232 198
Low Flow Delay (Days)
Total 21 19 29 13 46 57
Quep = 50% Annual =9.5 cfs Median Event 4 4 3 8 3
Min Event 1 4 2 1 2 1
Max Event 12 15 19 6 22 30
High Flow Delay (Days)
Total 5 2 0 0 0 0
Median Event 1 2 0 0 0 0
=50% Q2-yr Peak =285 cfs
Quee =30% Q2-y Min Event 1 2 0 0 0 0
Max Event 2 2 0 0 0 0
Total 6 2 0 0 0 0
Median Event 1 2 0 0 0 0
=50% Q2-yr Emp =275 cfs
Quep =50% Q2-yr Emp Min Event 1 2 0 0 0 0
Max Event 2 2 0 0 0 0
Total 8 2 0 0 0 0
Quep = 1% MigPer = 262 cfs Me(?lan Event 1 2 0 0 0 0
Min Event 1 2 0 0 0 0
Max Event 5 2 0 0 0 0
Total 13 5 1 0 1 0
Quer = 1% Annual = 202 cfs Me(#an Event 2 2 1 0 1 0
Min Event 1 1 1 0 1 0
Max Event 5 2 1 0 1 0
Passage Window (Days)
Que = 50% Annual = 9.5 cfs Total 170 176 167 183 151 139
Ques = 50% Q2-yr Peak = 285 cf Min Event 1 4 3 2 1 2
HFP = OLV0 RETyrFeal = 285 CIs Max Event 95 163 122 91 122 116
Qurp = 50% Annual = 9.5 cfs Total 169 176 167 183 151 139
Quee = 50% Q2-yr E =975 of Min Event 1 4 3 2 1 2
Hp =207 LeryrEmp = 2/5 ¢fs Max Event 65 163 122 91 122 116
Ques = 50% Annual = 9.5 cfs Total 167 176 167 183 151 139
Ques = 1% MigPer = 262 f Min Event 2 4 3 2 1 2
upp = 1/ MIgFEr=20-cls Max Event 65 163 122 91 122 116
Qurp = 50% Annual = 9.5 cfs Total 162 173 166 183 150 139
—1%A | =202 cf Min Event 1 4 3 2 1 2
Quep = 1% Annual = 202 cfs Max Event 37 125 100 91 95 116

'~ A median value is not reported when there are only two events during the year or migration period.

B-6



Table B- 4. Salmon River storm characteristics and passage summary for median Wet, Dry and Average years
determined using the mean daily flow record. The Q.rp was either the 50% annual exceedance flow or 3 cfs whichever

was greater and results are summarized for various Qurp criteria as indicated.

Water Year/Type 1982/Wet 1995/Wet 1989/Ave 1993/Ave 1994/Dry 1992/Dry
Rank of 21 (Percentile) 2 (0.950) 3 (0.900) 11 (0.500) 12 (0.450) 19 (0.100) 20 (0.050)
(Data Sample Period) (Daily) (Daily) (Daily) (Daily) (Daily) (Daily)
Number of Storm Events 18 20 13 17 10 15
Median 2115 1380 1860 1050 1340 1010
Storm Qpeak (cfs) Min 729 319 486 550 271 224
Max 5420 4140 2690 2660 5160 2640
Low Flow Delay (Days)
Total 15 4 37 24 73 47
Quep = 50% Annual = 213 cfs Median Event --- 1 3.5 3 12 7
Min Event 5 1 1 1 7 2
Max Event 10 2 29 17 29 22
High Flow Delay (Days)
Total 9 7 0 0 2 0
Median Event 1 1 0 0 2 0
=50% Q2-yr Peak = 2872 cfs
Quep = 30% Q2-y Min Event 1 1 0 0 2 0
Max Event 2 1 0 0 2 0
Total 25 25 16 7 10 9
Qurp = 50% Q2-yr Emp = 1501 cfs Met#lan Event 2.5 3 2 1 2.5 1
Min Event 1 1 1 1 1 1
Max Event 9 6 4 2 4 4
Total 5 5 0 0 1 0
Quep = 1% MigPer = 3430 cfs Mec.han Event 1 1 0 0 1 0
Min Event 1 1 0 0 1 0
Max Event 2 1 0 0 1 0
Total 9 8 0 0 2 0
Quer = 1% Annual = 2710 cfs Me(ﬁan Event 1 1 0 0 2 0
Min Event 1 1 0 0 2 0
Max Event 2 2 0 0 2 0]
Passage Window (Days)
Quep = 50% Annual = 213 cfs Total 172 185 159 172 121 150
Ques = 50% Q2-yr Peak = 2872 cf Min Event 1 1 44 5 1 1
HFP T OLY0 LTI RN = 2872 TS Max Event 74 34 60 75 55 112
Qurp = 50% Annual = 213 cfs Total 156 167 143 165 113 141
Quee = 50% Q2-yr E 1501 cf Min Event 2 1 1 1 1 1
Hpp = OU RSYrEMp = LURCS Max Event 49 31 34 53 54 51
Quep = 50% Annual = 213 cfs Total 176 187 159 172 122 150
Ques = 1% MigPer = 3430 cf Min Event 5 2 44 5 1 1
urp = /0 MIgPer = 5350.cts Max Event 74 53 60 75 56 112
Quee = 50% Annual = 213 cfs Total 172 184 159 172 121 150
Queo = 1% A | =2710 cf Min Event 1 1 44 5 1 1
HFP= 270 ANNUAL= 2720 CHS Max Event 74 34 60 75 55 112

. A median value is not reported when there are only two events during the year or migration period.
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Table B- 5. Big storm characteristics and passage summary for median Wet, Dry and Average years determined using
the mean daily flow record. The Q.rr was either the 50% annual exceedance flow or 3 cfs whichever was greater and
results are summarized for various Qurp criteria as indicated.

Water Year/Type 1982/Wet 1983/Wet 1990/Ave 1991/Ave 1988/Dry 1973/Dry
Rank of 19 (Percentile) 2 (0.944) 3 (0.888) 9 (0.555) 10 (0.500) 17 (0.111) 18 (0.055)
(Data Sample Period) (Daily) (Daily) (Daily) (Daily) (Daily) (Daily)
Number of Storm Events 12 10 8 10 13 11
Median 386 489 402 297 125 105
Storm Qpeak (cfs) Min 161 68 9% 102 95 50
Max 1000 848 769 626 602 953
3
Total 15 19 48 4 32 66
Queo = 50% Annual = 45 cfs Mec.jlan Event 2.5 8 4 13 7
Min Event 1 3 4 4 2
Max Event 12 13 22 4 16 14
High Flow Delay (Days)
Total 17 9 10 3 2 7
Median Event 3 2 4 2
=50% Q2-yrPeak =501 cfs
Quep =50% Q2-y Min Event 1 2 2 1 1 1
Max Event 8 5 4 2 1 4
Total 22 20 13 7 4 10
Quep = 50% Q2-yr Emp = 398 cfs Median Event 2.5 2 3 1 --- 2
Min Event 1 1 2 1 1 2
Max Event 9 6 5 5 3 6
Total 5 2 3 0 0 2
Quep = 1% MigPer = 738 cfs Mec.jlan Event 1 --- 1 0 0 2
Min Event 1 1 1 0 0 2
Max Event 2 1 1 0 0 2
Total 9 7 5 1 0 5
Quep = 1% Annual = 605 cfs Me?llan Event 2 1 2 1 0 ---
Min Event 1 1 1 1 0 1
Max Event 3 5 2 1 0 4
Passage Window (Days)
Qurp = 50% Annual = 45 cfs Total 164 168 138 189 163 123
Quee = 50% Q2-yr Peak = 501 of Min Event 1 1 5 10 2 1
Hp = JLm LAyTFedk = Suncls Max Event 69 103 47 108 95 48
Qurp = 50% Annual = 45 cfs Total 159 157 135 185 161 120
= 50% Q2-vr E 398 cf Min Event 1 1 5 10 2 1
Quiep = 50% Q2-yr Emp =398 cfs Max Event 68 39 47 79 98 48
Quep = 50% Annual = 45 cfs Total 176 175 145 192 165 128
Ques = 1% MigPer = 738 cf Min Event 1 1 5 10 2 1
up = 170 MIgFer = /oo .cls Max Event 70 104 48 182 145 48
Quep = 50% Annual = 45 cfs Total 172 170 143 191 165 125
Queo = 1% A | = 605 cf Min Event 1 1 5 10 2 1
#ep = 270 Annual =65 ¢l Max Event 69 103 48 109 145 48

'~ A median value is not reported when there are only two events during the year or migration period.
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Table B- 6. Little River storm characteristics and passage summary for median Wet, Dry and Average years
determined using the mean daily flow record. The Q.rp was either the 50% annual exceedance flow or 3 cfs whichever

was greater and results are summarized for various Qurp criteria as indicated.

Water Year/Type 1972/Wet 1984/Wet 1957/Ave 1969/Ave 1981/Dry 1968/Dry
Rank of 56 (Percentile) 5 (0.927) 6 (0.909) 28 (0.509) 29 (0.490) 50 (0.109) 51 (0.090)
(Data Sample Period) (Daily) (Daily) (Daily) (Daily) (Daily) (Daily)
Number of Storm Events 12 20 15 23 13 10
Median 833 727 520 470 456 445
Storm Qpeak (cfs) Min 238 111 71 79 64 75
Max 7740 2950 2650 1820 1500 1730
Low Flow Delay (Days)
Total 10 0 24 16 70 59
Quep = 50% Annual = 36 cfs Median Event --- 0 --- 5 12.5 13
Min Event 2 0 9 1 1 1
Max Event 8 0 15 10 22 26
High Flow Delay (Days)
Total 4 1 2 0 0 0
Median Event T 1 2 0 0 0
=50% Q2-yr Peak = 2364 cfs
Qurp =30% Q2-y Min Event 2 1 2 0 0 0
Max Event 2 1 2 0 0 0
Total 7 3 4 2 0 1
Quer = 50% Q2-yr Emp = 1625 cfs Median Event 2 --- 1 2 0 1
Min Event 2 1 1 2 0 1
Max Event 3 2 2 2 0 1
Total 7 3 3 0 0 0
Quep = 1% MigPer = 1860 cfs Mecjhan Event 2 1 --- 0 0 0
Min Event 2 1 1 0 0 0
Max Event 3 1 2 0 0 0
Total 8 6 5 2 2 1
Qurp = 1% Annual = 1440 cfs Mecjhan Event 2 2 1 2 1
Min Event 1 1 1 2 1 1
Max Event 3 3 2 2 1 1
Passage Window (Days)
Quep = 50% Annual = 36 cfs Total 183 196 170 180 126 138
= 50% Q2-vr Peak = 2364 cf Min Event 13 43 3 1 1 2
Quep = 50% Q2-yr Peak = 2364 cfs Max Event 73 153 9% 179 97 100
Que = 50% Annual = 36 cfs Total 180 194 168 178 126 137
Ques = 50% Q2-yr E 1625 cf Min Event 11 2 3 1 1 2
HFP = OLY0 METYTEMP = 2555 €15 Max Event 73 153 76 112 97 )
Qurp = 50% Annual = 36 cfs Total 180 194 169 180 126 138
Ques = 1% MigPer = 1860 cf Min Event 11 2 3 1 1 2
urp = 20 Viigrer= 160 cts Max Event 73 153 89 179 97 100
Quep = 50% Annual = 36 cfs Total 179 191 167 178 124 137
Quee = 1% A | = 1440 f Min Event 2 1 1 1 1 2
HFP = 270 ANNUAL= AT TS Max Event 73 152 74 112 % 92

"~ A median value is not reported when there are only two events during the year or migration period.
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Table B- 7. Elder Creek storm characteristics and passage summary for median Wet, Dry and Average years
determined using the mean daily flow record. The Q.rp was either the 50% annual exceedance flow or 3 cfs whichever

was greater and results are summarized for various Qurp criteria as indicated.

Water Year/Type 1995/Wet 2003/Wet 2005/Ave 2010/Ave 1976/Dry 1992/Dry
Rank of 44 (Percentile) 5 (0.906) 6 (0.883) 22 (0.511) 23 (0.488) 39(0.116) 40 (0.093)
(Data Sample Period) (Daily) (Daily) (Daily) (Daily) (Daily) (Daily)
Number of Storm Events 11 12 13 14 8 10
Median 209 210 72 90 35 27
Storm Qpeak (cfs) Min 10 24 39 8.9 16 6.4
Max 789 647 292 300 278 125
Low Flow Delay (Days)
Total 22 35 35 37 16 63
Quep = 50% Annual =5.5 cfs Median Event 4 3 8
Min Event 1 6 35 18 4 2
Max Event 7 29 35 19 12 29
High Flow Delay (Days)
Total 10 12 1 2 0 0
Median Event 2.5 2.5 1 2 0 0
=50% Q2-yr Peak =285 cfs
Qupe = 50% Q2-y Min Event 1 1 1 2 0 0
Max Event 4 6 1 2 0 0
Total 4 4 0 0 0 0
Median Event 1 1 0 0 0 0
=50% Q2-yr Emp =456 cfs
Quep = 50% Q2-yr Emp Min Event 1 1 0 0 0 0
Max Event 2 1 0 0 0 0
Total 7 9 0 0 0 0
Qurp = 1% MigPer = 336 cfs Mec-han Event 1.5 2 0 0 0 0
Min Event 1 1 0 0 0 0
Max Event 3 3 0 0 0 0
Total 11 15 1 2 1 0
Qurp = 1% Annual = 263 cfs Me(jhan Event 2 2 1 2 1 0
Min Event 1 1 1 2 1 0
Max Event 8 6 1 2 1 0
Passage Window (Days)
Quep= 50% Annual = 5.5 cfs Total 164 149 160 157 181 134
Ques = 50% Q2-yr Peak = 285 f Min Event 1 1 2 4 2 2
Hpp = OU76 LAZyrFeax = 28> ¢ls Max Event 61 117 158 109 2 109
Quep= 50% Annual = 5.5 cfs Total 170 157 161 159 181 134
Quee = 50% Q2-yr E - 156 of Min Event 1 1 --- 4 2 2
HEp = 3070 LETYrEMp =455 cis Max Event 62 135 161 155 92 109
Que = 50% Annual =5.5 cfs Total 167 152 161 159 181 134
— 1% MigPer = 336 of Min Event 1 1 --- 4 2 2
Quep = 1% MigPer = > Max Event 62 118 161 155 92 109
Quer = 50% Annual = 5.5 cfs Total 163 146 160 157 180 134
Qo = 1% A =263 of Min Event 1 1 2 4 2 2
HFP = 270 ANNUAT= > Max Event 61 104 158 109 87 109

'~ A median value is not reported when there are only two events during the year or migration period.
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Table B- 8. NF Caspar Creek storm characteristics and passage summary for median Wet, Dry and Average years
determined using the mean daily flow record. The Q.rp was either the 50% annual exceedance flow or 3 cfs whichever

was greater and results are summarized for various Qurp criteria as indicated.

Water Year/Type 1995/Wet 2003/Wet 1986/Ave 1980/Ave 1994/Dry 1981/Dry
Rank of 45 (Percentile) 5 (0.909) 6 (0.886) 23 (0.500) 24 (0.477) 41 (0.090) 42 (0.068)
(Data Sample Period) (Daily) (Daily) (Daily) (Daily) (Daily) (Daily)
Number of Storm Events 12 11 7 13 7 8
Median 28 37 29.5 15 5.7 12.6
Storm Qpeak (cfs) Min 3.2 4.1 3.5 4.8 3.4 3.4
Max 133 123 124 98 50 44
Low Flow Delay (Days)
Total 107 79 137 117 162 156
Median Event 7.5 3 8 6 13 11.5
Quep =3 cfs N
Min Event 1 1 2 1 1 1
Max Event 43 42 54 25 56 48
High Flow Delay (Days)
Total 4 4 1 1 0 0
Median Event 1 1 1 1 0 0
Qurp = 50% Q2-yr Peak = 64 cfs Vin Event 1 1 1 1 o o
Max Event 1 2 1 1 0 0
Total 4 2 1 1 0 0
Quer = 50% Q2-yr Emp = 68.3 cfs Median Event 1 --- 1 1 0 0
Min Event 1 1 1 1 0 0
Max Event 1 1 1 1 0 0
Total 5 4 1 1 0 0
Quep = 1% MigPer = 60 cfs Mecjhan Event 1 1 1 1 0 0
Min Event 1 1 1 1 0 0
Max Event 2 2 1 1 0 0
Total 9 8 4 1 1 0
Qurp = 1% Annual = 47 cfs Mecjhan Event 2 1 4 1 1 0
Min Event 1 1 4 1 1 0
Max Event 3 2 4 1 1 0
Passage Window (Days)
Qup =3 cfs Total 85 113 58 79 34 40
Min Event 1 3 1 1 1 1
Quep = 50% Q2-yr Peak =64 cfs Max Event 26 20 16 24 1 1
Quep =3 cfs Total 85 115 58 79 34 40
Min Event 1 3 1 1 1 1
Qup = 50% Q2-yr Emp = 68.3 cfs Max Event 26 31 16 24 11 12
Quep =3 cfs Total 84 113 58 79 34 40
. Min Event 1 3 1 1 1 1
Quee = 1% MigPer = 60 cfs Max Event 25 20 16 24 1 1
Qurp =3 cfs Total 80 109 55 79 33 40
Min Event 1 1 1 1 1 1
Qurp = 1% Annual =47 cfs Max Event 25 20 16 24 10 1

"~ A median value is not reported when there are only two events during the year or migration period.
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Table B- 9. Corte Madera Creek storm characteristics and passage summary for median Wet, Dry and Average years
determined using the mean daily flow record. The Q.rp was either the 50% annual exceedance flow or 3 cfs whichever
was greater and results are summarized for various Qurp criteria as indicated.

Water Year/Type 1986/Wet 1956/Wet 1966/Ave 1962/Ave 1987/Dry 1964/Dry
Rank of 42 (Percentile) 4 (0.926) 5 (0.902) 21 (0.512) 20 (0.487) 37 (0.121) 38 (0.077)
(Data Sample Period) (Daily) (Daily) (Daily) (Daily) (Daily) (Daily)
Number of Storm Events 10 11 9 9 9 13
Median 376 552 73 154 63 19
Storm Qpeak (cfs) Min 53 29 11 15 8.9 5.1
Max 2950 2360 1510 1400 776 310
Low Flow Delay (Days)
Total 42 35 26 55 91 33
Quo= 3cfs Mec.llan Event 7 3 5 10.5 6 3.5
Min Event 1 1 1 3 1 3
Max Event 13 12 11 31 33 6
High Flow Delay (Days)
Total 4 4 1 1 0 0
Median Event - 1 1 1 0 0
=50% Q2-yr Peak = 1045 cfs
Que =50% Q2-y Min Event 1 1 1 1 0 0
Max Event 3 2 1 1 0 0
Total 9 8 3 3 1 0
Quep = 50% Q2-yr Emp = 495 cfs Median Event 1 1 --- --- 1 0
Min Event 1 1 1 1 1 0
Max Event 6 3 2 2 1 0
Total 7 4 2 2 1 0
Quep = 1% MigPer = 671 cfs Mec.llan Event 1 1 2 2 1 0
Min Event 1 1 2 2 1 0
Max Event 4 2 2 2 1 0
Total 9 7 3 3 1 0
Quep = 1% Annual = 506 cfs Median Event 1 1 1 0
Min Event 1 1 1 1 1 0
Max Event 6 2 2 2 1 0
Passage Window (Days)
Qi = 3cfs Total 150 158 169 140 105 164
Quee = 50% Q2-yr Peak = 1045 cf Min Event 1 1 1 2 1 1
HFP = OLY0 RETYT el = LA €IS Max Event 78 155 114 91 87 100
Qip=3cfs Total 145 154 167 138 104 164
Quep = 50% Q2-yr E 195 of Min Event 1 1 1 2 1 1
up =207 LeyrEmp =455 ¢ls Max Event 53 60 84 90 64 100
Qurp =3 cfs Total 147 158 168 139 104 164
Queo = 1% MigPer = 671 cf Min Event 1 1 1 2 1 1
Hip = S0 BBEETS BAZEIS Max Event 58 60 114 90 64 100
Qup=3cfs Total 145 155 167 138 104 164
Quee = 1% A | = 506 cf Min Event 1 1 1 2 1 1
Hp = 270 ANNUAL = SU6 CIS Max Event 83 60 84 90 64 100

'~ A median value is not reported when there are only two events during the year or migration period.
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Table B- 10. Soquel Creek storm characteristics and passage summary for median Wet, Dry and Average years
determined using the mean daily flow record. The Q.rp was either the 50% annual exceedance flow or 3 cfs whichever

was greater and results are summarized for various Qurp criteria as indicated.

Water Year/Type 1998/Wet 1963/Wet 1984/Ave 2004/Ave 2007/Dry 1994/Dry
Rank of 60 (Percentile) 6 (0.915) 7 (0.898) 30 (0.508) 31 (0.491) 54 (0.101) 55 (0.084)
(Data Sample Period) (Daily) (Daily) (Daily) (Daily) (Daily) (Daily)
Number of Storm Events 19 11 10 13 6 10
Median 449 476 203 59 36 37
Storm Qpeak (cfs) Min 49 126 66 13 23 21
Max 1840 4150 929 1320 187 322
Low Flow Delay (Days)
Total 14 5 0 30 59 109
Quep = 50% Annual = 7.9 cfs Median Event --- 5 0 7 6 6
Min Event 2 5 0 3 1 1
Max Event 12 5 0 20 11 35
High Flow Delay (Days)
Total 1 3 0 0 0 0
Median Event 1 3 0 0 0 0
Qup = 50% Q2-yr Peak = 1361 cfs ~in Event 1 3 0 0 0 0
Max Event 1 3 0 0 0 0
Total 4 4 0 2 0 0
Quer = 50% Q2-yr Emp = 1016 cfs Median Event 1 --- 0 --- 0 0
Min Event 1 1 0 1 0 0
Max Event 2 3 0 1 0 0
Total 6 4 1 2 0 0
Quep = 1% MigPer = 879 cfs Me(fllan Event 1.5 --- 1 --- 0 0
Min Event 1 1 1 1 0 0
Max Event 2 3 1 1 0 0
Total 8 7 1 3 0 0
Qurp = 1% Annual = 610 cfs Mecjhan Event 2 2.5 1 1 0 0
Min Event 1 1 1 1 0 0
Max Event 3 3 1 1 0 0]
Passage Window (Days)
Qurp= 50% Annual = 7.9 cfs Total 181 188 197 167 137 87
Min Event 1 37 197 3 1 2
Quep = 50% Q2-yr Peak = 1361 cfs Max Event 167 103 197 164 81 31
Quep= 50% Annual = 7.9 cfs Total 178 187 197 165 137 87
Min Event 3 31 197 2 1 2
Quep = 50% Q2-yr Emp = 1016 cfs Max Event 97 71 197 132 81 31
Quer = 50% Annual = 7.9 cfs Total 176 187 19 165 137 87
) Min Event 2 31 54 2 1 2
Quep = 1% MigPer = 879 cfs Max Event 83 71 142 132 81 31
Quee = 50% Annual = 7.9 cfs Total 174 184 19 164 137 87
Min Event 2 6 54 2 1 2
Quep = 1% Annual =610 cfs Max Event 83 48 142 77 81 31

. A median value is not reported when there are only two events during the year or migration period.
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Table B- 11. Lopez Creek storm characteristics and passage summary for median Wet, Dry and Average years
determined using the mean daily flow record. The Q.rp was either the 50% annual exceedance flow or 3 cfs whichever

was greater and results are summarized for various Qurp criteria as indicated.

Water Year/Type 1995/Wet 2005/Wet 2001/Ave 2010/Ave 1989/Dry 2009/Dry
Rank of 44 (Percentile) 6 (0.883) 9 (0.813) 18 (0.604) 21 (0.534) 38 (0.139) 42 (0.046)
(Data Interval) (Daily) (Daily) (Daily) (Daily) (Daily) (Daily)
Number of Storm Events 7 4 4 4 3 2
Median 130 265 68.5 107.5 13
Storm Qpeak (cfs) Min 19 91 24 15 9.7 6.8
Max 594 465 450 148 40 9
Low Flow Delay (Days)
Total 63 0 54 59 76 179
Quer = 50% Annual = 3.8 cfs Me(jiian Event 63 0 4.5 10.5 14 28.5
Min Event 63 0 1 2 1 1
Max Event 63 0 28 36 20 70
High Flow Delay (Days)
Total 4 4 1 0 0 0
Quep = 50% Q2-yr Peak = 186 cfs Mecjhan Event 1 1 1 0 0 0
Min Event 1 1 1 0 0 0
Max Event 2 2 1 0 0 0
Total 4 4 1 0 0 0
o _ Median Event 1 1 1 0 0 0
Qurp =50% Q2-yr Emp = 168 cfs Min Event 1 1 1 0 0 0
Max Event 2 2 1 0 0 0
Total 4 4 1 0 0 0
Qurp = 1% MigPer = 182 cfs Mec-han Event 1 1 1 0 0 0
Min Event 1 1 1 0 0 0
Max Event 2 2 1 0 0 0
Total 6 6 1 2 0 0
Qurp = 1% Annual = 125 cfs Me?llan Event 1 1 1 2 0 0
Min Event 1 1 1 2 0 0
Max Event 2 2 1 2 0 0
Passage Window (Days)
Qi = 50% Annual = 3.8 cfs Total 129 192 141 137 120 17
Min Event 6 6 4 2 2 2
Quep = 50% Q2-yr Peak = 186 cfs Max Event 57 68 70 76 113 6
Qurp= 50% Annual = 3.8 cfs Total 129 192 141 137 120 17
Min Event 7 1 1 2 1 1
Quep = 50% Q2-yr Emp = 168 cfs Max Event 58 68 71 76 114 7
Que = 50% Annual = 3.8 cfs Total 129 192 141 137 120 17
. Min Event 7 1 1 1 1 1
Quep = 1% MigPer = 182 cfs Max Event 58 124 71 119 114 7
Quee = 50% Annual = 3.8 cfs Total 127 190 141 135 120 17
Min Event 7 1 1 1 1 1
Quep = 1% Annual = 125 cfs Max Event 53 69 71 77 114 7

'~ A median value is not reported when there are only two events during the year or migration period.
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Table B- 12. Salsipuedes Creek storm characteristics and passage summary for median Wet, Dry and Average years
determined using the mean daily flow record. The Q.rpr was either the 50% annual exceedance flow or 3 cfs whichever
was greater and results are summarized for various Qurp criteria as indicated.

Water Year/Type 2005/Wet 2001/Wet 1997/Ave 2003/Ave 2007/Dry 2009/Dry
Rank of 70 (Percentile) 5 (0.942) 9 (0.884) 29 (0.594) 36 (0.492) 62 (0.115) 64 (0.086)
(Data Interval) (Daily) (Daily) (Daily) (Daily) (Daily) (Daily)
Number of Storm Events 7 6 5 7 4 1
Median 664 201.5 159 80 4.25 67
Storm Qpeak (cfs) Min 142 94 50 17 3.5 67
Max 1600 1990 256 503 7.2 67
Low Flow Delay (Days)
Total 56 69 62 136 188 190
Qup =3 cfs Median Event 56 --- 13 7 39 85
Min Event 56 1 1 2 10 8
Max Event 56 68 20 37 81 97
High Flow Delay (Days)
Total 7 3 0 0 0 0
Median Event 1 3 0 0 0 0
Qurp = 50% Q2-yr Peak = 732 cfs
Hrp =S RSV Min Event 1 3 0 0 0 0
Max Event 4 3 0 0 0 0
Total 15 6 2 1 0 0
Quep = 50% Q2-yr Emp = 237 cfs Median Event 1 --- --- 1 0 0
Min Event 1 1 1 1 0 0
Max Event 5 1 1 0 0
Total 12 5 0 1 0 0
Quep = 1% MigPer = 399 cfs Mec.ilan Event 1 --- 0 1 0 0
Min Event 1 1 0 1 0 0
Max Event 4 0 1 0 0
Total 16 8 3 1 0 0
Queo = 1% Annual = 200 cfs Meqlan Event 1 1 --- 1 0 0
Min Event 1 1 1 1 0 0
Max Event 6 6 2 1 0 0
Passage Window (Days)
Quep =3 cfs Total 133 124 134 60 8 6
Ques = 50% Q2-yr Peak = 732 f Min Event 2 1 2 1 1 2
Hp = 20k Leyrreak = /a2 cls Max Event 82 70 114 15 4 4
Qup=3cfs .TotaI 125 121 132 59 8 6
Quro = 50% Q2-yr E =937 ¢f Min Event 1 1 1 1 1 2
Hep = 2070 LAEYrEMP = 23/ ¢ls Max Event 54 68 79 14 4 4
Qup=3cfs Total 128 122 134 59 8 6
- 1% MiePer = 399 cf Min Event 1 1 2 1 1 2
Qurp = 1% MigPer =399 cfs Max Event 54 69 114 14 4 4
Qup=3cfs Total 124 119 131 59 8 6
Queo = 1% A | =200 cf Min Event 1 1 1 1 1 2
Hp = 270 ANNUAT= S0 ClS Max Event 54 67 78 14 4 4

- A median value is not reported when there are only two events during the year or migration period.
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Table B- 13. Santa Cruz Creek storm characteristics and passage summary for median Wet, Dry and Average years
determined using the mean daily flow record. The Q.rp was either the 50% annual exceedance flow or 3 cfs whichever

was greater and results are summarized for various Qurp criteria as indicated.

Water Year/Type 1978/Wet 1958/Wet 1974/Ave 1971/Ave 2007/Dry 1976/Dry
Rank of 70 (Percentile) 7 (0.913) 8 (0.898) 35 (0.507) 36 (0.492) 63 (0.101) 64 (0.086)
(Data Sample Period) (Daily) (Daily) (Daily) (Daily) (Daily) (Daily)
Number of Storm Events 8 12 8 9 8 4
Median 202 398 70 56 5 10.5
Storm Qpeak (cfs) Min 67 126 12 13 4 4.5
Max 2290 1680 359 378 6.5 100
Low Flow Delay (Days)
Total 66 80 48 35 132 139
Quep = 3 cfs Median Event 7 --- 17 22 28
Min Event 2 35 12 7 2 12
Max Event 57 45 19 28 47 99
High Flow Delay (Days)
Total 6 9 0 0 0 0
Median Event 1 0 0 0 0
=50% Q2-yr Peak =541 cfs
Quep = 30% Q2-y Min Event 2 1 0 0 0 0
Max Event 4 6 0 0 0 0
Total 9 11 0 0 0 0
Quep = 50% Q2-yr Emp = 448 cfs Median Event --- 1 0 0 0 0
Min Event 4 1 0 0 0 0
Max Event 5 9 0 0 0 0
Total 6 10 0 0 0 0
Quep = 1% MigPer = 511 cfs Me(.jlan Event --- 1 0 0 0 0
Min Event 2 1 0 0 0 0
Max Event 4 8 0 0 0 0
Total 10 17 1 1 0 0
Quer = 1% Annual = 319.5 cfs Median Event 2 L 1 0 0
Min Event 5 1 1 0 0
Max Event 5 11 1 1 0 0
Passage Window (Days)
Qurp =3 cfs Total 124 107 148 161 64 58
Ques = 50% Q2-yr Peak = 541 cf Min Event 2 1 1 10 1 10
wpp = 200 LAZyrreak =4l ¢s Max Event 71 45 140 151 57 48
Qup=3cfs Total 121 105 148 161 64 58
= 50% Q2-vr E - 48 of Min Event 2 5 1 10 1 10
Quirp = 50% Q2-yr Emp = 448 cfs Max Event 69 45 140 151 57 48
Quep =3 cfs Total 124 106 148 161 64 58
Ques = 1% MigPer = 511 of Min Event 2 5 1 10 1 10
upp = 1/ VIBFEr=o.2Cls Max Event 71 45 140 151 57 48
Qup=3cfs Total 120 99 147 160 64 58
Qure = 1% A |=319.5cf Min Event 2 5 1 9 1 10
Hep = 20 ANNUAT= 3595 1S Max Event 68 34 128 151 57 48

'~ A median value is not reported when there are only two events during the year or migration period.
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Table B- 14. San Jose Creek storm characteristics and passage summary for median Wet, Dry and Average years
determined using the mean daily flow record. The Q.rp was either the 50% annual exceedance flow or 3 cfs whichever
was greater and results are summarized for various Qurp criteria as indicated.

Water Year/Type 1993/Wet 1967/Wet 1974/Ave 1945/Ave 1950/Dry 1960/Dry
Rank of 69 (Percentile) 7 (0.911) 8(0.897) 34 (0.514) 35 (0.50) 62 (0.102) 63 (0.088)
(Data Sample Period) (Daily) (Daily) (Daily) (Daily) (Daily) (Daily)
Number of Storm Events 12 11 6 5 4 3
Median 67 27 13.5 12 13.5 11
Storm Qpeak (cfs) Min 45 16 6.8 7.5 5 8.5
Max 182 390 103 145 42 16
Low Flow Delay (Days)
Total 116 116 176 185 191 192
Median Event 13 17 16 24 27 46.5
Quep=3cfs -
Min Event 3 6 3 2 9 17
Max Event 36 40 43 80 97 84
High Flow Delay (Days)
Total 0 2 0 0 0 0
o _ Median Event 0 --- 0 0 0 0
Qurp=50% Q2-yr Peak =211 cfs Min Event 0 1 0 0 0 0
Max Event 0 1 0 0 0 0
Total 8 7 1 2 0 0
Quep = 50% Q2-yr Emp = 65 cfs Median Event 1 2 1 --- 0 0
Min Event 1 1 1 1 0 0
Max Event 2 2 1 1 0 0
Total 3 4 1 1 0 0
Quep = 1% MigPer = 91 cfs Mec.jlan Event 1 1 1 1 0 0
Min Event 1 1 1 1 0 0
Max Event 1 2 1 1 0 0
Total 10 8 1 2 0 0
Quep = 1% Annual = 50 cfs Mec.ilan Event 1 2 1 2 0 0
Min Event 1 1 1 2 0 0
Max Event 3 1 2 0 0
Passage Window (Days)
Qup =3 cfs Total 80 78 20 11 5 5
Min Event 1 2 1 1 1 1
Quep =50% Q2-yr Peak = 211 cfs Max Event 33 36 9 5 2 2
Qup=3cfs ‘Total 72 73 19 9 5 5
Min Event 1 1 1 1 1
Qup = 50% Q2-yr Emp =65 cfs Max Event 17 36 3 2 2
Quep =3 cfs Total 77 76 19 10 5 5
. Min Event 1 1 1 1 1
Quee = 1% MigPer = 91 cfs Max Event 18 36 3 2 2
Qi =3 cfs Total 70 72 19 9 5 5
Min Event 1 1 1 1 1 1
Quep = 1% Annual =50 cfs Max Event 17 36 5 3 2 2

"~ A median value is not reported when there are only two events during the year or migration period.
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Table B- 15. Sespe River storm characteristics and passage summary for median Wet, Dry and Average years
determined using the mean daily flow record. The Q.rp was either the 50% annual exceedance flow or 3 cfs whichever

was greater and results are summarized for various Qurp criteria as indicated.

Water Year/Type 1938/Wet 1958/Wet 2000/Ave 1947/Ave 1977/Dry 2007/Dry
Rank of 78 (Percentile) 8 (0.909) 9 (0.896) 39 (0.506) 40 (0.493) 70 (0.103) 71 (0.090)
(Data Sample Period) (Daily) (Daily) (Daily) (Daily) (Daily) (Daily)
Number of Storm Events 7 10 5 5 6 6
Median 4320 3720 1120 1130 112 36
Storm Qpeak (cfs) Min 109 476 174 62 32 29
Max 14800 11700 2410 3730 753 248
Low Flow Delay (Days)
Total 39 43 84 34 123 7
Quep = 50% Annual = 12 cfs Median Event 39 --- 6 11 20 7
Min Event 39 9 1 7 5 7
Max Event 39 34 77 16 60 7
High Flow Delay (Days)
Total 4 3 0 0 0 0
Median Event 1 1 0 0 0 0
=50% Q2-yr =4392 cfs
Qurp =30% Q2-y Min Event 1 1 0 0 0 0
Max Event 2 1 0 0 0 0
Total 28 29 5 6 0 0
Median Event 3.5 4 1 1 0 0
=50% Q2-yr Emp =877 cfs
Quep =30% Q2-yr Emp Min Event 1 1 1 1 0 0
Max Event 20 13 2 3 0 0
Total 7 6 0 1 0 0
Querp = 1% MigPer = 3708 cfs Me(ihan Event 1 1 0 1 0 0
Min Event 1 1 0 1 0 0
Max Event 4 1 0 1 0 0
Total 15 16 1 1 0 0
Qurp = 1% Annual = 2031 cfs Me(jhan Event 2 2 1 1 0 0
Min Event 1 1 1 1 0 0
Max Event 8 8 1 1 0] 0
Passage Window (Days)
Quep= 50% Annual = 12 cfs Total 153 150 113 162 73 189
Queo = 50% Q2-yr Peak = 4392 cf Min Event 8 1 2 3 1 189
Hpp = 2L LASyrreak =a332cls Max Event 64 55 84 159 42 189
Quep= 50% Annual = 12 cfs Total 129 124 108 156 73 189
Queo = 50% Q2-yr E -877 ¢ Min Event 1 1 1 1 1 189
HEp = S04 LETYIEMP =87/ s Max Event 57 47 39 113 42 189
Quep = 50% Annual = 12 cfs Total 150 147 113 161 73 189
_ 1% MigPer = 3708 cf Min Event 7 1 2 3 1 189
Quep = 1% MigPer = 3708 cfs Max Event 64 51 97 115 42 189
Quep = 50% Annual = 12 cfs Total 142 137 112 161 73 189
Qo = 1% A | = 2031 cf Min Event 1 1 2 3 1 189
HFP= 270 ANNUAT= 2052 1S Max Event 62 47 84 115 42 189

'~ A median value is not reported when there are only two events during the year or migration period.
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Table B- 16. Topanga Creek storm characteristics and passage summary for median Wet, Dry and Average years
determined using the mean daily flow record. The Q.rp was either the 50% annual exceedance flow or 3 cfs whichever

was greater and results are summarized for various Qurp criteria as indicated.

Water Year/Type 1938/Wet 1943/Wet 1936/Ave 1946/Ave 1976/Dry 1964/Dry
Rank of 48 (Percentile) 5 (0.914) 6 (0.893) 24 (0.510) 25 (0.489) 43 (0.106) 44 (0.085)
(Data Sample Period) (Daily) (Daily) (Daily) (Daily) (Daily) (Daily)
Number of Storm Events 6 6 6 5 2 4
Median 441 107.5 27.5 27 9.8
Storm Qpeak (cfs) Min 135 15 6.5 4.7 3.2 6.9
Max 2670 1110 77 182 24 17
Low Flow Delay (Days)
Total 106 116 157 183 194 192
Median Event 6 32 28 37 75 44
Qurp =3 cfs "
Min Event 1 3 9 8 19 9
Max Event 51 81 92 50 100 61
High Flow Delay (Days)
Total 2** 2 0 0 0 0
o _ Median Event --- 2 0 0 0 0
Qurp =50% Q2-yr =540 cfs Min Event 1 2 0 0 0 0
Max Event 1 2 0 0 0 0
Total 9 6 0 2 0 0
Median Event 2 1.5 0 2 0 0
Quep = 50% Q2-yr Emp =135 cfs Min Event 1 1 0 2 0 0
Max Event 4 2 0 2 0 0
Total 8 4** 0 0 0 0
Quep = 1% MigPer = 202 cfs Mecthan Event 3 0 0 0 0
Min Event 1 2 0 0 0 0
Max Event 4 2 0 0 0 0
Total 11 9 0 3** 0 0
Quep = 1% Annual = 92 cfs Me(fllan Event 2 3 0 0 0
Min Event 1 3 0 1 0 0
Max Event 5 3 0 2 0 0
Passage Window (Days)
Qup=3cfs Total 88 78 40 13 3 5
Min Event 1 1 2 1 1 1
Qurp = 50% Q2-yr =540 cfs Max Event 51 52 32 5 2 2
Qup=3cfs Total 81 74 40 11 3 3
Min Event 1 1 2 1 1 1
Quep = 50% Q2-yr Emp = 135 cfs Max Event 40 40 32 5 2 2
Qur =3 cfs Total 82 76 40 13 3 5
i Min Event 1 1 2 1 1 1
Quep = 1% MigPer =202 cfs Max Event 40 40 32 5 2 2
Qup =3 cfs Total 79 71 40 10 3 5
Min Event 1 1 2 1 1 1
Quep = 1% Annual =52 cfs Max Event 40 39 32 3 2 2

'~ A median value is not reported when there are only two events during the year or migration period.
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Table B- 17. Lopez Creek storm characteristics and passage summary for median Wet, Dry and Average years determined comparing results using the mean
daily and 15-minute flow records. The Q.rp was either the 50% annual exceedance flow or 3 cfs whichever was greater and results are summarized for
various Qurp criteria as indicated.

Water Year/Type 1995/Wet 2005/Wet 2001/Ave 2010/Ave 1989/Dry 2009/Dry
Rank of 44 (Percentile) 6 (0.883) 9 (0.813) 18 (0.604) 21 (0.534) 38 (0.139) 42 (0.046)
(Data Interval) (Daily) (15-min) (Daily) (15-min) (Daily) (15-min) (Daily) (15-min) (Daily) (15-min) (Daily)  (15-min)
Number of Storm Events 7 4 4 4 3 2
Median 130 242 265 754 68.5 81 107.5 234 13 18
Storm Qpeak (cfs) Min 19 52 91 169 24 49 15 25 9.7 13 6.8 16
Max 594 2080 465 2020 450 Missing 148 313 40 163 9 22
Low Flow Delay (Days)
Total 63 61.9 0 0.4 54 47.0 59 60.9 76 80.6 179 181.6
QLFP = 50% Annual = 3.8 cfs Meqian Event 63 9.00 0 0.01 4.5 0.01 10.5 0.03 14 10.20 28.5 0.02
Min Event 63 7.34 0 0.01 1 0.01 2 0.01 1 0.01 1 0.01
Max Event 63 28.11 0 0.05 28 17.50 36 36.20 20 19.20 70 43.00
High Flow Delay (Days)
Total 4 3.67 4 3.54 1 0.22 0 0.57 0 0.00 0 0.00
QHFP = 50% Q2-yr = 186 cfs Meqian Event 1 0.11 1 0.66 1 0.00 0 0.19 0 0.00 0 0.00
Min Event 1 0.00 1 0.00 1 0.00 0 0.00 0 0.00 0 0.00
Max Event 2 1.81 2 2.21 1 0.11 0 0.21 0 0.00 0 0.00
Total 4 3.69 4 3.61 1 0.25 0 0.68 0 0.00 0 0.00
QHEP = 1% MigPer = 182 cfs Meqian Event 1 0.11 1 0.66 1 0.00 0 0.22 0 0.00 0 0.00
Min Event 1 0.00 1 0.00 1 0.00 0 0.00 0 0.00 0 0.00
Max Event 2 1.83 2 2.25 1 0.14 0 0.24 0 0.00 0 0.00
Total 6 5.86 6 5.03 1 1.66 2 2.91 0 0.00 0 0.00
QHFP = 1% Annual = 125 cfs Me(.iian Event 1 0.58 1 0.91 1 0.00 2 0.66 0 0.00 0 0.00
Min Event 1 0.01 1 0.32 1 0.00 2 0.00 0 0.00 0 0.00
Max Event 2 2.28 2 2.89 1 0.29 2 1.59 0 0.00 0 0.00
Passage Window (Days)
QLFP = 50% Annual = 3.8 cfs .Total 129 115.40 192 192.1 141 138.7 137 132.1 120 121.2 17 14.4
QHEP = 50% Q2-yr = 186 cfs Min Event 6 0.01 6 0.01 4 0.01 2 0.01 2 0.01 2 0.01
Max Event 57 38.6 68 69.7 70 50.9 76 74.1 113 105.8 6 3.2
QLFP = 50% Annual = 3.8 cfs .Total 129 115.38 192 192.0 141 138.7 137 134.4 120 121.2 17 14.3
QHEP = 1% MigPer = 182 cfs Min Event 7 0.01 1 0.01 1 0.01 1 0.01 1 0.01 1 0.01
Max Event 58 38.6 124 69.7 71 51.0 119 77.4 114 138.4 7 12.2
QLFP = 50% Annual = 3.8 cfs .Total 127 113.2 190 190.6 141 137.3 135 134.5 120 121.1 17 14.3
QHFP = 1% Annual = 125 cfs Min Event 7 0.01 1 0.01 1 0.01 1 0.01 1 0.01 1 0.01
Max Event 53 38.3 69 59.5 71 51.0 77 77.3 114 129.3 7 12.2

"~ Amedian value is not reported when there are only two events during the year or migration period.
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Table B- 18. Salsipuedes Creek storm characteristics and passage summary for median Wet, Dry and Average years determined comparing results using the
mean daily and 15-minute flow records. The Q.rr was either the 50% annual exceedance flow or 3 cfs whichever was greater and results are summarized for
various Qurp criteria as indicated.

Water Year/Type 2005/Wet 2001/Wet 1997/Ave 2003/Ave 2007/Dry 2009/Dry
Rank of 70 (Percentile) 5 (0.942) 9 (0.884) 29 (0.594) 36 (0.492) 62 (0.115) 64 (0.086)
(Data Interval) (Daily) (15-min) (Daily) (15-min) (Daily) (15-min) (Daily) (15-min) (Daily) (15-min) (Daily)  (15-min)
Number of Storm Events 7 6 5 7 4 1
Median 664 2440 201.5 851 159 733 80 267 4.25 8.2 67 306
Storm Qpeak (cfs) Min 142 460 94 267 50 180 17 32 3.5 5.3 67 306
Max 1600 3690 1990 5790 256 1250 503 1430 7.2 12 67 306
Low Flow Delay (Days)
Total 56 55.8 69 69.5 62 60.6 136 136.4 188 189.7 190 190.6
QLFP =3cfs Median Event 56 27.90 - 34.70 13 0.45 7 1.15 39 10.70 85 0.05
Min Event 56 18.90 1 1.16 1 0.01 2 0.01 10 0.01 8 0.01
Max Event 56 36.90 68 68.30 20 20.60 37 36.10 81 81.10 97 72.30
High Flow Delay (Days)
Total 7 5.84 3 2.42 0 0.23 0 0.45 0 0 0 0
QHFP = 50% Q2-yr = 732 cfs Mec?ian Event 1 0.40 3 0.06 0 0.01 0 0.00 0 0 0 0
Min Event 1 0.00 3 0.00 0 0.00 0 0.00 0 0 0 0
Max Event 4 2.94 3 2.21 0 0.03 0 0.34 0 0 0 0
Total 12 8.98 5 4.18 0 0.72 1 0.67 0 0 0 0
QHFP = 1% Migher = 399 cfs | Median Event 1 0.51 0.17 0 0.19 1 0.00 0 0 0 0
Min Event 1 0.03 1 0.00 0 0.00 1 0.00 0 0 0 0
Max Event 4.03 4 3.17 0 0.21 1 0.41 0 0 0 0
Total 16 14.17 8 7.65 3 1.80 1 1.18 0 0 0 0.08
QHFP = 1% Annual = 200 fs | Median Event 1 0.83 1 0.34 0.29 1 0.08 0 0 0 0
Min Event 0.40 1 0.19 1 0.00 1 0.00 0 0 0 0
Max Event 6 5.30 6 5.52 2 0.84 1 0.55 0 0 0 0
Passage Window (Days)
QLFP =3cfs Total 133 134.4 124 124.10 134 135.1 60 59.2 8 6.3 6 5.4
QHFP = 50% Q2-yr = 732 cfs Min Event 2 0.01 1 1.01 2 0.03 1 0.01 1 0.02 2 0.01
Max Event 82 54.2 70 70.2 114 76.2 15 14.0 4 1.5 4 3.4
QLFP =3 fs Total 128 131.2 122 122.30 134 134.6 59 58.9 8 6.3 6 5.4
QHEP = 1% MigPer = 399 cfs Min Event 1 0.01 1 0.17 2 0.03 1 0.01 1 0.02 2 0.01
Max Event 54 54.0 69 69.4 114 76.1 14 14.0 4 1.5 4 3.4
QLFP =3 fs Total 124 126.1 119 118.8 131 133.6 59 58.4 8 6.3 6 5.3
QHFP = 1% Annual = 200 cfs Min Event 1 0.01 1 0.05 1 0.03 1 0.01 1 0.02 2 0.01
Max Event 54 53.8 67 67.0 78 7.00 14 13.9 4 1.5 4 3.4

- A median value is not reported when there are only two events during the year or migration period.

B-21



Table B- 19. Sespe River storm characteristics and passage summary for median Wet, Dry and Average years determined comparing results using the mean
daily and 15-minute flow records. The Q.rp was either the 50% annual exceedance flow or 3 cfs whichever was greater and results are summarized for
various Qurp criteria as indicated.

Water Year/Type 1995/Wet1 1992/Wet 2003/Ave 2000/Ave 2007/Dry 2002/Dry
Rank of 78 (Percentile) 6 (0.935) 10 (0.883) 34 (0.571) 39 (0.506) 71 (0.090) 74 (0.051)
(Data Interval) (Daily) (15-min) (Daily) (15-min) (Daily) (15-min) (Daily) (15-min) (Daily) (15-min) (Daily) (15-min)
Number of Storm Events 7 9 8 6 6 3
Median 2610 5390 727 1440 968 1910 1120 2280 36 84.5 23 31
Storm Qpeak (cfs) Min 573 1270 468 944 111 163 174 542 29 66 16 26
Max 28800 65000 17000 44000 2430 7230 2410 4900 248 604 30 93
Low Flow Delay (Days)
Total 19 28.2 57 56.8 38 32.3 84 85.2 7 6.8 34 35.0
Ques = 50% Annual = 12 cfs Median Event 4.5 0.02 57 0.05 1.00 6 0.24 7 0.09 0.38
Min Event 1 0.01 57 0.03 7 0.01 1 0.05 7 0.01 12 0.01
Max Event 9 12.00 57 56.70 31 31.10 77 77.57 7 6.30 2 11.70
High Flow Delay (Days)
Total 4 5.38 4 4.34 0 0.54 0 0.07 0 0 0 0
Qe = 50% Q2-yr = 4392 fs Median Event 0.06 4 0.18 0 0.14 0 0.07 0 0 0 0
Min Event 2 0.01 4 0.01 0 0.09 0 0.07 0 0 0 0
Max Event 2 2.53 4 2.12 0 0.22 0 0.07 0 0 0 0
Total 7 6.24 5 4.84 0 1.00 0 0.20 0 0 0 0
Ques = 1% MigPer = 3708 cfs Median Event 3 0.28 0.51 0 0.10 0 0.10 0 0 0 0
Min Event 1 0.01 1 0.01 0 0.02 0 0.08 0 0 0 0
Max Event 3 4.05 3.76 0 0.27 0 0.11 0 0 0 0
Total 11 10.09 8 7.96 3 2.20 1 1.49 0 0 0 0
Ques = 1% Annual = 2031 cfs Median Event 2.5 0.44 0.79 1 0.38 1 0.07 0 0 0 0
Min Event 1 0.01 1 0.14 1 0.01 1 0.01 0 0 0 0
Max Event 5 4.05 441 1 0.75 1 0.34 0 0 0 0
Passage Window (Days)
Qus = 50% Annual = 12 cfs Total 173 141.10 136 135.8 158 156.3 113 105.7 189 186.6 162 147.0
Min Event 4 0.01 44 0.01 7 0.01 2 0.01 189 0.01 162 0.02
Qurp = 50% Q2-yr Peak =4392cfs| ™ e e 110 53.40 92 53.7 151 58.1 84 82.4 189 185.0 162 137.3
Qus = 50% Annual = 12 cfs Total 170 140.20 135 135.3 158 155.8 112 105.6 189 186.6 162 147.0
, Min Event 4 0.01 1 0.01 7 0.01 2 0.01 189 0.01 162 0.02
Qurp = 1% MigPer = 3708 cfs Max Event 53 53.40 44 53.6 151 58.1 84 82.2 189 185.0 162 137.3
Qus = 50% Annual = 12 cfs Total 166 136.4 132 132.2 155 154.6 113 104.3 189 186.6 162 147.0
Min Event 4 0.01 35 0.01 7 0.01 2 0.01 189 0.01 162 0.02
Qurp = 1% Annual = 2031 cfs Max Event 53 52.90 53 52.8 58 58.0 97 40.1 189 185.0 162 137.3

'~ A median value is not reported when there are only two events during the year or migration period.

!_ The 15-minute data for water year 1995 is not complete but it was the most complete available near the median wet year.
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Figure B- 1. Jetty Creek (Pacific NW region) adult salmonid passage summary for median Wet, Average and Dry years
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during the assumed steelhead migration period (Nov 1 - May 15). The x-axis shows the Qugp criteria. Q.rp was either

the 50% annual exceedance flow or 3 cfs whichever was greater.
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Figure B- 2. Tucca Creek (Pacific NW region) adult salmonid passage summary for median Wet, Average and Dry years

during the assumed steelhead migration period (Nov 1 - May 15). The x-axis shows the Qurp criteria. Q.rp was either

the 50% annual exceedance flow or 3 cfs whichever was greater.
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Figure B- 3. East Fork Lobster Creek (Pacific NW region) adult salmonid passage summary for median Wet, Average
and Dry years during the assumed steelhead migration period (Nov 1 - May 15). The x-axis shows the Qgurp criteria.

Q.rr was either the 50% annual exceedance flow or 3 cfs whichever was greater.
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Figure B- 4. Salmon River (Pacific NW region) adult salmonid passage summary for median Wet, Average and Dry

years during the assumed steelhead migration period (Nov 1 - May 15). The x-axis shows the Qurp criteria. Q.rp was

either the 50% annual exceedance flow or 3 cfs whichever was greater.
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Figure B- 6. Little River (Northern California region) adult salmonid passage summary for median Wet, Average and

Dry years during the assumed steelhead migration period (Nov 1 - May 15). The x-axis shows the Qurp criteria. Qirp

was either the 50% annual exceedance flow or 3 cfs whichever was greater.
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Figure B- 7. Elder Creek (Northern California region) adult salmonid passage summary for median Wet, Average and
Dry years during the assumed steelhead migration period (Nov 1 - May 15). The x-axis shows the Qurp criteria. Qurp

was either the 50% annual exceedance flow or 3 cfs whichever was greater.
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Figure B- 8. North Fork Caspar Creek (Northern California region) adult salmonid passage summary for median Wet,
Average and Dry years during the assumed steelhead migration period (Nov 1 - May 15). The x-axis shows the Qurp

criteria. Q.rp was either the 50% annual exceedance flow or 3 cfs whichever was greater.
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Figure B- 9. Corte Madera Creek (Northern California region) adult salmonid passage summary for median Wet,
criteria. Qurp was either the 50% annual exceedance flow or 3 cfs whichever was greater.
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Figure B- 10. Soquel Creek (Northern California region) adult salmonid passage summary for median Wet, Average

and Dry years during the assumed steelhead migration period (Nov 1 - May 15). The x-axis shows the Qugp criteria.

Qure was either the 50% annual exceedance flow or 3 cfs whichever was greater.
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Figure B- 11. Lopez Creek (Southern California region) adult salmonid passage summary for median Wet, Average

and Dry years during the assumed steelhead migration period (Nov 1 - May 15). The x-axis shows the Qgurp criteria.

Q.rr was either the 50% annual exceedance flow or 3 cfs whichever was greater.
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Figure B- 12. Salsipuedes Creek (Southern California region) adult salmonid passage summary for median Wet,

Average and Dry years during the assumed steelhead migration period (Nov 1 - May 15). The x-axis shows the Qurp

criteria. Q.rp was either the 50% annual exceedance flow or 3 cfs whichever was greater.
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Figure B- 14. San Jose Creek (Southern California region) adult salmonid passage summary for median Wet, Average

and Dry years during the assumed steelhead migration period (Nov 1 - May 15). The x-axis shows the Qugp criteria.

Qure was either the 50% annual exceedance flow or 3 cfs whichever was greater.
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Figure B- 15. Sespe River (Southern California region) adult salmonid passage summary for median Wet, Average and

Dry years during the assumed steelhead migration period (Nov 1 - May 15). The x-axis shows the Qurp criteria. Qure

was either the 50% annual exceedance flow or 3 cfs whichever was greater.
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APPENDIX C — SITE SPECIFIC PASSAGE SUMMARIES

Appendix C supplements material presented in Section 5.2 and presents analysis of the high and low flow
delay resulting from different Qurp and Qurp criteria determined using the program described in Section 5
and the mean daily flow record for each of the 16 project study sites.

Figure C- 1 through Figure C- 4 summarize the range of high flow delay by study site for the four highest
value Qurp criteria for adult salmonid passage over the assumed steelhead migration period of Nov 1 — May
15. The figures are presented in approximate order of decreasing magnitude for Qurp such that Figure C- 1
(Qurp = Q2-year from peak flow data) shows results for the highest Qurr value and Figure C- 4 (Qurr = 1%
annual exceedance flow) shows the lowest value for most sites. The sites are also arranged from north-to-
south moving from the left to right on the plot x-axis. These results show how the number of days of high
flow delay per year increases as Qurp decreases. This increase in high flow delay with a change in Qugp is
greater for the more southern sites because of the larger variation in Qurr magnitude for the different
criteria definitions (see Section 4.2). This result is most prevalent in the number and magnitude of outlier
values as Qurp decreases.

Figure C- 5 through Figure C- 16 use the same data as Figure C- 1 through Figure C- 4 but present it for the
Wet, Average, and Dry years at the southern California, northern California and Pacific Northwest study
sites, respectively. The Wet, Average and Dry water years are determined as described above in Section 3.1.
This set of regional result figures are ordered with the Qurp criteria of 50% of Qz.year from peak flow data as
the first figure in each set. This Qurp value is the highest Quep for all of the southern California sites and the
highest or approximately equal to the 2-year recurrence interval flow determined using USGS regression
equations for the northern California and Pacific Northwest study sites.

Figure C- 17 through Figure C- 20 also present the same results but composite the delay in Wet, Average
and Dry years by region. These result figures confirm the observations from all years composited together
in Figure C- 1 through Figure C- 4 but more explicitly quantify the decrease in high flow delay (increase in
fish passage window) for adult salmonids over the assumed steelhead migration period of Nov 1 - May 15
that would occur in the wet and average years for the different Qurp criteria. As expected, no change in high
flow delays was observed for the Dry years.

Figure C- 21 and Figure C- 22 compare the adult salmonid low flow delay for the Wet, Average, and Dry
years at each of the southern and northern California study sites over the assumed steelhead migration
period, respectively. The Qurp criteria used for these analyses were the current California criteria, 50% of
the annual exceedance or 3 cfs whichever is greater. As expected, low flow delays are longest in dry years
and at the more southern sites. Watershed area is also an influence on low flow delay with the smaller
watersheds [NF Caspar Ck (DA= 1.83 sq. mi.), San Jose Ck (DA= 5.51 sq. mi.), and Topanaga Ck (DA=18.0
sqg. mi.)] showing the longest low flow delays in their respective regions.



Figure C- 23 through Figure C- 28 show the adult salmonid percent time of high passage delay relative to
passage time for the Southern California study sites for the various Qure values analyzed. This percentage is
calculated for each water year as:

# of days exceedin
100% X f day g Qurp

# of days meeting passage criteria (Q rp < Q < Qyrp)

These box plots were created using all years of each site’s data and do not distinguish the Wet, Average or
Dry water years.

Figure C- 29 to Figure C- 33 summarize the percent of passage time for the Southern California region sites
during a Nov.1 to May 15 migration period calculated as:

# of days meeting passage criteria <Q=<
100% x f day gp g (Qurp < Q < Qurp)

migration period (196 day)

These box plots were also created using all years of each site’s data and do not distinguish the Wet, Average
or Dry water years.
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Figure C- 1. High flow delay - number of days per year above Qurpr = 50% 0f Q2.year flow from peak data over the

assumed steelhead migration period of Nov 1 - May 15.
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Figure C- 2. High flow delay - number of days per year above Qurpr = 50% 0f Q2.year estimated using USGS
regression equations over the assumed steelhead migration period of Nov 1 - May 15.
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Figure C- 3. High flow delay - number of days per year above Qurr = 1% steelhead migration period
exceedance flow over the assumed steelhead migration period of Nov 1 - May 15.
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Figure C- 4. High flow delay - number of days per year above Qurr = 1% annual exceedance flow over the
assumed steelhead migration period of Nov 1 - May 15.
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Figure C- 5. Southern California site high flow delays (number of days per year above Qurr = 50% of Q>.
vear flow from peak data) by water year type over the assumed steelhead migration period of Nov 1 -
May 15.
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Figure C- 6. Southern California site high flow delays (number of days per year above Qurr = 50% of Q>
vear flow from USGS regression equations) by water year type over the assumed steelhead migration
period of Nov 1 - May 15.
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Figure C- 7. Southern California site high flow delays (number of days per year above Qurr = 1%
Migration Period Exceedance flow by water year type over the assumed steelhead migration period of
Nov 1 - May 15.
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Figure C- 8. Southern California site high flow delays (number of days per year above Qurr = 1%
Annual Exceedance flow by water year type over the assumed steelhead migration period of Nov 1 -
May 15.
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Figure C- 9. Northern California site high flow delays (number of days per year above Qurpr = 50% of
Q2.year flow from peak data) by water year type over the assumed steelhead migration period of Nov 1
- May 15.
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Figure C- 10. Northern California site high flow delays (number of days per year above Qurr = 50% of
Qz.year flow from USGS regression equations) by water year type over the assumed steelhead migration
period of Nov 1 - May 15.
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Figure C- 11. Northern California site high flow delays (number of days per year above Qurr = 1%
Migration Period Exceedance flow by water year type over the assumed steelhead migration period of
Nov 1 - May 15.
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Figure C- 12. Northern California site high flow delays (number of days per year above Qurr = 1%
Annual Exceedance flow by water year type over the assumed steelhead migration period of Nov 1 -
May 15.
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Figure C- 13. Pacific Northwest site high flow delays (number of days per year above Qurr = 50% of Q..
year flow from peak data) by water year type over the assumed steelhead migration period of Nov 1 -
May 15.
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Figure C- 14. Pacific Northwest site high flow delays (number of days per year above Qurr = 50% of Q..
year flow from USGS regression equations) by water year type over the assumed steelhead migration
period of Nov 1 - May 15.
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Figure C- 15. Pacific Northwest site high flow delays (number of days per year above Qurpr = 1%
Migration Period Exceedance flow by water year type over the assumed steelhead migration period of
Nov 1 - May 15.
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Figure C- 16. Pacific Northwest site high flow delays (number of days per year above Qurpr = 1% Annual
Exceedance flow by water year type over the assumed steelhead migration period of Nov 1 - May 15.
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Figure C- 17. Composite regional high flow delays (number of days per year above Qurr = 50% 0f Qz.year
flow from peak data) by water year type over the assumed steelhead migration period of Nov 1 - May
15.
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Figure C- 18. Composite regional high flow delays (number of days per year above Qurpr = 50% 0f Qz.year
flow from USGS regression equations) by water year type over the assumed steelhead migration
period of Nov 1 - May 15.
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Figure C- 19. Composite regional high flow delays (number of days per year above Qurr = 1%
Migration Period Exceedance flow by water year type over the assumed steelhead migration period of
Nov 1 - May 15.
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Figure C- 20. Composite regional high flow delays (number of days per year above Qurr = 1% Annual
Exceedance flow by water year type over the assumed steelhead migration period of Nov 1 - May 15.
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Figure C- 21. Northern California site low flow delays (number of days per year below Qrrr = 50%
annual exceedance flow or 3 cfs whichever is greater) by water year type over the assumed steelhead
migration period of Nov 1 - May 15.

200 - Lopez Ck : Salsipuedes Ck : San Jose Ck|== : Santa Cruz Ck : Sespe River : Topanga Ck
1 1 | | |
: | o= | i !
R | i i i i
150 i i i i !
o : i | ; !
L 1 1 1 1 1
= i i i i i
o : i E ; !

g 1004 N | | s

[3) ' : i ; ;
o i i i i :
4 T i i i i i
> i i 1 1 i
© i i I I i
0 i i 1 1 i
50 a i | | i
0] : i | ; !

I I I I I I I I I I I I I I I I I I
Wet Average Dry  Wet Average Dry  Wet Average Dry  Wet Average Dry  Wet Average Dry  Wet Average Dry

Figure C- 22. Southern California site low flow delays (number of days per year below Qurr = 50%
annual exceedance flow or 3 cfs whichever is greater) by water year type over the assumed steelhead
migration period of Nov 1 - May 15.

C-15



50

40

304

204

10

Percent Time High Delay /Passage

R

=L

4

3 2 »
L 1 2 &

T
Lopez

T
Salsipuedes

T T T T
San Jose Santa Cruz Sespe Topanga

Figure C- 23. Percent time of high passage delay relative to passage time for the Southern California
study sites for Qurr = 50% of Q2-Pk. These box plots were created using all years of each site’s data.

50

40

304

204

10

Percent Time Hgih Delay /Passage

R
®
‘ * :
® ; »
T T T T T T
Lopez Salsipuedes San Jose Santa Cruz Sespe Topanga

Figure C- 24. Percent time of high passage delay relative to passage time for the Southern California
study sites for Qurr = 50% of Q2-Em. These box plots were created using all years of each site’s data.
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Figure C- 25. Percent time of high passage delay relative to passage time for the Southern California
study sites for Qurr = 1% steelhead migration period flow. These box plots were created using all

years of each site’s data.
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Figure C- 26. Percent time of high passage delay relative to passage time for the Southern California
study sites for Qurr = 1% annual exceedance flow. These box plots were created using all years of each
site’s data.
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Figure C- 27. Percent time of high passage delay relative to passage time for the Southern California
study sites for Qurp = 5% steelhead migration period flow. These box plots were created using all
years of each site’s data.
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Figure C- 28. Percent time of high passage delay relative to passage time for the Southern California
study sites for Qurr = 5% steelhead migration period flow. These box plots were created using all
years of each site’s data. This figure is the same as Figure C- 27 but with the y-axis expanded to show
truncated data.
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Figure C- 29. Percent passage time relative to the 196 days of assumed steelhead migration (Nov 1 -
May 15) for the Southern California study sites for Qurr = 50% of Q2-Pk. These box plots were created
using all years of each site’s data.

100

[ -

£ 80

=

S

g 601 %

@ »

T 40

c

[}

e

& 20

®
0 i I

T T T T T T
Lopez Salsipuedes San Jose Santa Cruz Sespe Topanga

Figure C- 30. Percent passage time relative to the 196 days of assumed steelhead migration (Nov 1 -
May 15) for the Southern California study sites for Qurr = 50% of Q2-Em. These box plots were created
using all years of each site’s data.
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Figure C- 31. Percent passage time relative to the 196 days of assumed steelhead migration (Nov 1 -
May 15) for the Southern California study sites for Qurr = 1% annual exceedance flow. These box plots
were created using all years of each site’s data.
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Figure C- 32. Percent passage time relative to the 196 days of assumed steelhead migration (Nov 1 -
May 15) for the Southern California study sites for Qurr = 1% steelhead migration period flow. These
box plots were created using all years of each site’s data.
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Figure C- 33. Percent passage time relative to the 196 days of assumed steelhead migration (Nov 1 -
May 15) for the Southern California study sites for Qurr = 5% steelhead migration period flow. These
box plots were created using all years of each site’s data.
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APPENDIX D — ANALYSIS OF STREAMFLOW
DATA QUALITY ON FISH PASSAGE CRITERIA AND
PASSAGE AND DELAY ESTIMATION

Appendix D supplements material presented in Section 6.1 and contains plots comparing flow
duration curves (FDCs) derived using different data record lengths (Figure D- 1 through Figure D-
16) and the changes in percent passage time and percent time of high flow delay relative to passage
time (Figure D- 17 through Figure D- 28) for the 1-percent annual exceedance flows estimated
using flow duration curves derived from shortened data records from sequences of Wet or Dry
years.
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Figure D- 28. Box plots summarizing percent time of high passage delay relative to passage time in all years of
the data record for Sespe River predicted using the 1% annual exceedance values predicted from various
data record lengths as Q. The low fish passage flow for all analyses is the 50% annual exceedance flow.
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Figure D- 1. Jetty Creek flow duration curves calculated using the mean daily flows (20 year record
length).
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Figure D- 2. Tucca Creek flow duration curves calculated using the mean daily flows (29 year record
length)
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Figure D- 3. East Fork Lobster Creek flow duration curves calculated using the mean daily flows (29

year record length)
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Figure D- 4. Salmon River flow duration curves calculated using the mean daily flows (21 year record

length)
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Figure D- 5. Big Creek flow duration curves calculated using the mean daily flows (19 year record

length).

10%

20%

30%

40%

50%
Exceedence Probability

60%

70% 80%

90%

100%

D-9



1,000

100

Daily Flow (cfs) All Years
— — Daily Flow (cfs) 2 Years
= = =Daily Flow (cfs) 5 Years
- = Daily Flow (cfs) 10 Years
-weeee Daily Flow (cfs) 15 Years

— - - Daily Flow (cfs) 20 Years

=====Daily Flow (cfs) 5 Consecutive Wettest

-=-===Daily Flow (cfs) 5 Consecutive Driest

Discharge (cfs)

10

0%

10%

20%

30%

40%

50%
Exceedence Probability

60%

70% 80%

0%

100%

Figure D- 6. Little River flow duration curves calculated using the mean daily flows (57 year record

length).
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Figure D- 7. Elder Creek flow duration curves calculated using the mean daily flows (45 year record

length).
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Figure D- 8. NF Caspar Creek flow duration curves calculated using the mean daily flows (47 year
record length).
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Figure D- 9. Corte Madera Creek flow duration curves calculated using the mean daily flows (42 year

record length).
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Figure D- 10. Soquel Creek flow duration curves calculated using the mean daily flows (61 year record
length).
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Figure D- 11. Lopez Creek flow duration curves calculated using the mean daily flows (45 year record
length).
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Figure D- 12. Salsipuedes Creek flow duration curves calculated using the mean daily flows (71 year
record length).
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Figure D- 13. Santa Cruz Creek flow duration curves calculated using the mean daily flows (71 year

record length).
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Figure D- 14. San Jose Creek flow duration curves calculated using the mean daily flows (71 year

record length).
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Figure D- 15. Sespe River flow duration curves calculated using the mean daily flows (82 year record

length).
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Figure D- 16. Topanga Creek flow duration curves calculated using the mean daily flows (49 year
record length).
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Figure D- 17. Box plots summarizing percent passage time in all years of the data record for Tucca
Creek predicted using the 1% annual exceedance values predicted from various data record lengths
as Qurp- The low fish passage flow for all analyses is the 50% annual exceedance flow.
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Figure D- 18. Box plots summarizing percent time of high passage delay relative to passage time in all
years of the data record for Tucca Creek predicted using the 1% annual exceedance values predicted
from various data record lengths as Qure. The low fish passage flow for all analyses is the 50% annual
exceedance flow.
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Figure D- 19. Box plots summarizing percent passage time in all years of the data record for East Fork
Lobster Creek predicted using the 1% annual exceedance values predicted from various data record
lengths as Qure. The low fish passage flow for all analyses is the 50% annual exceedance flow. The low
outlier values represent one dry year in the data record with significantly lower time with flows in the
passage flow window.
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Figure D- 20. Box plots summarizing percent time of high passage delay relative to passage time in all
years of the data record for East Fork Lobster Creek predicted using the 1% annual exceedance values
predicted from various data record lengths as Qurp. The low fish passage flow for all analyses is the
50% annual exceedance flow.
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Figure D- 21. Box plots summarizing percent passage time in all years of the data record for Little
River predicted using the 1% annual exceedance values predicted from various data record lengths as
Qurp. The low fish passage flow for all analyses is the 50% annual exceedance flow. The low outlier
values represent one dry year in the data record with significantly lower time with flows in the
passage flow window.
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Figure D- 22. Box plots summarizing percent time of high passage delay relative to passage time in all
years of the data record for Little River predicted using the 1% annual exceedance values predicted
from various data record lengths as Qurp. The low fish passage flow for all analyses is the 50% annual
exceedance flow.
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Figure D- 23. Box plots summarizing percent passage time in all years of the data record for Soquel
Creek predicted using the 1% annual exceedance values predicted from various data record lengths
as Qurp. The low fish passage flow for all analyses is the 50% annual exceedance flow. The low outlier
values represent dry years in the data record with significantly lower time with flows in the passage
flow window.
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Figure D- 24. Box plots summarizing percent time of high passage delay relative to passage time in all
years of the data record for Soquel Creek predicted using the 1% annual exceedance values predicted
from various data record lengths as Qurp. The low fish passage flow for all analyses is the 50% annual
exceedance flow.
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Figure D- 25. Box plots summarizing percent passage time in all years of the data record for Santa
Cruz Creek predicted using the 1% annual exceedance values predicted from various data record
lengths as Qure. The low fish passage flow for all analyses is the 50% annual exceedance flow. The low
outlier values represent dry years in the data record with significantly lower time with flows in the
passage flow window.
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Figure D- 26. Box plots summarizing percent time of high passage delay relative to passage time in all
years of the data record for Santa Cruz Creek predicted using the 1% annual exceedance values
predicted from various data record lengths as Qurp. The low fish passage flow for all analyses is the
50% annual exceedance flow.
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Figure D- 27. Box plots summarizing percent passage time in all years of the data record for Sespe
River predicted using the 1% annual exceedance values predicted from various data record lengths as
Qurp- The low fish passage flow for all analyses is the 50% annual exceedance flow. The low outlier
values represent dry years in the data record with significantly lower time with flows in the passage
flow window.
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Figure D- 28. Box plots summarizing percent time of high passage delay relative to passage time in all
years of the data record for Sespe River predicted using the 1% annual exceedance values predicted
from various data record lengths as Qurp. The low fish passage flow for all analyses is the 50% annual
exceedance flow.
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APPENDIX E — ANALYSIS OF PASSAGE FOR THE
ASSUMED COHO AND CHINOOK MIGRATION
PERIODS

Appendix E summarizes passage analyses for the variations of Qurr and assumed migration periods for
coho (Octl - Feb 28) and chinook (Sep15 - Feb15). Passage analysis for these species was conducted for
the Northern California and Pacific Northwest study sites only because these species are not present at the
Southern California sites. The results are presented as percent passage time for the respective migration
periods calculated as:

# of days meeting passage criteria (Qipp < Q < Qurp)
# of days in the migration period

100% X

and as the percent of high flow delay relative to passage time calculated as:

# of days exceeding Qurp
# of days meeting passage criteria (Qipp < Q < Qugrp)

100% X

The assumed migration periods for coho and chinook are shorter than the migration period assumed for
steelhead (Nov1 - May15) and used in the analyses presented in the main report. These shorter migration
periods also include earlier dates in the Fall and in many years these dates are earlier than the first rain of
the water year. Thus, passage opportunity is predicted to be lower for all Qurp criteria analyzed during the
assumed coho and chinook migration periods.
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(Sep15 - Feb15) in all years of the data record for the Pacific Northwest sites. Qurp is the 5% migration
period exceedance flow for each site and Quer is the 50% annual exceedance flow or 3 cfs whichever is

o8 ST U< 23

Figure E- 36. Box plots summarizing percent time of high passage delay relative to passage time during the
assumed chinook migration period (Sep15 - Feb15) for all years of the data record for the Pacific
Northwest sites. Qurp is the 5% migration period exceedance flow for each site and Qirp is the 50% annual
exceedance flow Or 3 Cfs WhiChEVET IS GIEAtET . ...t sersss s e s s s s 23

Figure E- 37. Box plots summarizing percent passage time during the assumed chinook migration period
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Figure E- 1. Box plots summarizing percent passage time during the assumed coho migration period (Octl - Feb28) in all
years of the data record for the Northern California sites. Qurr is the 1% annual exceedance flow for each site and Qvrr is
the 50% annual exceedance flow or 3 cfs whichever is greater.
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Figure E- 2. Box plots summarizing percent time of high passage delay relative to passage time during the assumed coho
migration period (Octl - Feb28) for all years of the data record for the Northern California sites. Qurp is the 1% annual
exceedance flow for each site and Qvrp is the 50% annual exceedance flow or 3 cfs whichever is greater.
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Figure E- 3. Box plots summarizing percent passage time during the assumed coho migration period (Oct1 - Feb28) in all
years of the data record for the Northern California sites. Qurr is the 1% migration period exceedance flow for each site

and Qurp is the 50% annual exceedance flow or 3 cfs whichever is greater.
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Figure E- 4. Box plots summarizing percent time of high passage delay relative to passage time during the assumed coho
migration period (Oct1 - Feb28) for all years of the data record for the Northern California sites. Qurp is the 1% migration

period exceedance flow for each site and Qvrp is the 50% annual exceedance flow or 3 cfs whichever is greater.
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Figure E- 5. Box plots summarizing percent passage time during the assumed coho migration period (Oct1 - Feb28) in all
years of the data record for the Northern California sites. Qurr is the 5% migration period exceedance flow for each site

and Qurp is the 50% annual exceedance flow or 3 cfs whichever is greater.
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Figure E- 6. Box plots summarizing percent passage time during the assumed coho migration period (Oct1 - Feb28) in all
years of the data record for the Northern California sites. Qurr is the 5% migration period exceedance flow for each site

and Qurp is the 50% annual exceedance flow or 3 cfs whichever is greater.
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Figure E- 7. Box plots summarizing percent passage time during the assumed coho migration period (Oct1 - Feb28) in all
years of the data record for the Northern California sites. Qurp is 50% of Qz-year determined using the USGS regression
equation for each site and Qvrp is the 50% annual exceedance flow or 3 cfs whichever is greater.
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Figure E- 8. Box plots summarizing percent time of high passage delay relative to passage time during the assumed coho
migration period (Octl - Feb28) for all years of the data record for the Northern California sites. Qurp is 50% of Qz-year
determined using the USGS regression equation for each site and Qurr is the 50% annual exceedance flow or 3 cfs
whichever is greater.
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Figure E- 9. Box plots summarizing percent passage time during the assumed coho migration period (Oct1 - Feb28) in all
years of the data record for the Northern California sites. Qurp is 50% of Qz-year determined using the peak flow data for
each site and Qurr is the 50% annual exceedance flow or 3 cfs whichever is greater.
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Figure E- 10. Box plots summarizing percent time of high passage delay relative to passage time during the assumed coho
migration period (Octl - Feb28) for all years of the data record for the Northern California sites. Qurp is 50% of Qz-year
determined using the peak flow data for each site and Qurr is the 50% annual exceedance flow or 3 cfs whichever is
greater.
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Figure E- 11. Box plots summarizing percent passage time during the assumed chinook migration period (Sep15 - Feb15)
in all years of the data record for the Northern California sites. Qurp is the 1% annual exceedance flow for each site and
Qurp is the 50% annual exceedance flow or 3 cfs whichever is greater.
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Figure E- 12. Box plots summarizing percent time of high passage delay relative to passage time during the assumed
chinook migration period (Sep15 - Feb15) for all years of the data record for the Northern California sites. Qurp is the 1%
annual exceedance flow for each site and Qvrr is the 50% annual exceedance flow or 3 cfs whichever is greater.
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Figure E- 13. Box plots summarizing percent passage time during the assumed chinook migration period (Sep15 - Feb15)
in all years of the data record for the Northern California sites. Qurp is the 1% migration period exceedance flow for each
site and Qvrr is the 50% annual exceedance flow or 3 cfs whichever is greater.
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Figure E- 14. Box plots summarizing percent time of high passage delay relative to passage time during the assumed

chinook migration period (Sep15 - Feb15) for all years of the data record for the Northern California sites. Qurp is the 1%
migration period exceedance flow for each site and Qvrp is the 50% annual exceedance flow or 3 cfs whichever is greater.
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Figure E- 15. Box plots summarizing percent passage time during the assumed chinook migration period (Sep15 - Feb15)
in all years of the data record for the Northern California sites. Qurp is the 5% migration period exceedance flow for each
site and Qvrr is the 50% annual exceedance flow or 3 cfs whichever is greater.
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Figure E- 16. Box plots summarizing percent time of high passage delay relative to passage time during the assumed

chinook migration period (Sep15 - Feb15) for all years of the data record for the Northern California sites. Qurp is the 5%
migration period exceedance flow for each site and Qvrp is the 50% annual exceedance flow or 3 cfs whichever is greater.
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Figure E- 17. Box plots summarizing percent passage time during the assumed chinook migration period (Sep15 - Feb15)
in all years of the data record for the Northern California sites. Qurp is 50% of Q2-year determined using the USGS
regression equation for each site and Qurr is the 50% annual exceedance flow or 3 cfs whichever is greater.
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Figure E- 18. Box plots summarizing percent time of high passage delay relative to passage time during the assumed
chinook migration period (Sep15 - Feb15) for all years of the data record for the Northern California sites. Qurp is 50% of
Q2-year determined using the USGS regression equation for each site and Qvrr is the 50% annual exceedance flow or 3 cfs
whichever is greater.
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Figure E- 19. Box plots summarizing percent passage time during the assumed chinook migration period (Sep15 - Feb15)
in all years of the data record for the Northern California sites. Qurp is 50% of Q2-year determined using the peak flow
data for each site and Qurr is the 50% annual exceedance flow or 3 cfs whichever is greater.
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Figure E- 20. Box plots summarizing percent time of high passage delay relative to passage time during the assumed
chinook migration period (Sep15 - Feb15) for all years of the data record for the Northern California sites. Qurp is 50% of
Q2-year determined using the peak flow data for each site and Qvrr is the 50% annual exceedance flow or 3 cfs whichever
is greater.
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Figure E- 21. Box plots summarizing percent passage time during the assumed coho migration period (Oct1 - Feb28) in all
years of the data record for the Pacific Northwest sites. Qurr is the 1% annual exceedance flow for each site and Qvrr is the
50% annual exceedance flow or 3 cfs whichever is greater.
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Figure E- 22. Box plots summarizing percent time of high passage delay relative to passage time during the assumed coho
migration period (Octl - Feb28) for all years of the data record for the Pacific Northwest sites. Qurr is the 1% annual
exceedance flow for each site and Qvrr is the 50% annual exceedance flow or 3 cfs whichever is greater.
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Figure E- 23. Box plots summarizing percent passage time during the assumed coho migration period (Oct1 - Feb28) in all
years of the data record for the Pacific Northwest sites. Qurr is the 1% migration period exceedance flow for each site and
Qurp is the 50% annual exceedance flow or 3 cfs whichever is greater.
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Figure E- 24. Box plots summarizing percent time of high passage delay relative to passage time during the assumed coho
migration period (Octl - Feb28) for all years of the data record for the Pacific Northwest sites. Qurp is the 1% migration
period exceedance flow for each site and Qvrr is the 50% annual exceedance flow or 3 cfs whichever is greater.
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Figure E- 25. Box plots summarizing percent passage time during the assumed coho migration period (Oct1 - Feb28) in all
years of the data record for the Pacific Northwest sites. Qurr is the 5% migration period exceedance flow for each site and
Qurp is the 50% annual exceedance flow or 3 cfs whichever is greater.
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Figure E- 26. Box plots summarizing percent time of high passage delay relative to passage time during the assumed coho
migration period (Octl - Feb28) for all years of the data record for the Pacific Northwest sites. Qurp is the 5% migration
period exceedance flow for each site and Qvrr is the 50% annual exceedance flow or 3 cfs whichever is greater.
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Figure E- 27. Box plots summarizing percent passage time during the assumed coho migration period (Oct1 - Feb28) in all
years of the data record for the Pacific Northwest sites. Qurr is 50% of Q2-year determined using the USGS regression
equation for each site and Qurr is the 50% annual exceedance flow or 3 cfs whichever is greater.
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Figure E- 28. Box plots summarizing percent time of high passage delay relative to passage time during the assumed coho
migration period (Octl - Feb28) for all years of the data record for the Pacific Northwest sites. Qurp is 50% of Q2-year
determined using the USGS regression equation for each site and Qurr is the 50% annual exceedance flow or 3 cfs
whichever is greater.
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Figure E- 29. Box plots summarizing percent passage time during the assumed coho migration period (Oct1 - Feb28) in all
years of the data record for the Pacific Northwest sites. Qurr is 50% of Q2-year determined using the peak flow data for
each site and Qvrp is the 50% annual exceedance flow or 3 cfs whichever is greater.
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Figure E- 30. Box plots summarizing percent time of high passage delay relative to passage time during the assumed coho
migration period (Octl - Feb28) for all years of the data record for the Pacific Northwest sites. Qurp is 50% of Q2-year
determined using the peak flow data for each site and Qurr is the 50% annual exceedance flow or 3 cfs whichever is
greater.
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Figure E- 31. Box plots summarizing percent passage time during the assumed chinook migration period (Sep15 - Feb15)
in all years of the data record for the Pacific Northwest sites. Qurp is the 1% annual exceedance flow for each site and Qvrp
is the 50% annual exceedance flow or 3 cfs whichever is greater.
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Figure E- 32. Box plots summarizing percent time of high passage delay relative to passage time during the assumed
chinook migration period (Sep15 - Feb15) for all years of the data record for the Pacific Northwest sites. Qurp is the 1%
annual exceedance flow for each site and Qvrr is the 50% annual exceedance flow or 3 cfs whichever is greater.
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Figure E- 33. Box plots summarizing percent passage time during the assumed chinook migration period (Sep15 - Feb15)
in all years of the data record for the Pacific Northwest sites. Qurp is the 1% migration period exceedance flow for each site
and Qvrp is the 50% annual exceedance flow or 3 cfs whichever is greater.
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Figure E- 34. Box plots summarizing percent time of high passage delay relative to passage time during the assumed
chinook migration period (Sep15 - Feb15) for all years of the data record for the Pacific Northwest sites. Qurp is the 1%
migration period exceedance flow for each site and Qvrr is the 50% annual exceedance flow or 3 cfs whichever is greater.
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Figure E- 35. Box plots summarizing percent passage time during the assumed chinook migration period (Sep15 - Feb15)
in all years of the data record for the Pacific Northwest sites. Qurp is the 5% migration period exceedance flow for each site
and Qvrp is the 50% annual exceedance flow or 3 cfs whichever is greater.
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Figure E- 36. Box plots summarizing percent time of high passage delay relative to passage time during the assumed
chinook migration period (Sep15 - Feb15) for all years of the data record for the Pacific Northwest sites. Qurp is the 5%
migration period exceedance flow for each site and Qvrr is the 50% annual exceedance flow or 3 cfs whichever is greater.
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Figure E- 37. Box plots summarizing percent passage time during the assumed chinook migration period (Sep15 - Feb15)
in all years of the data record for the Pacific Northwest sites. Qurp is 50% of Q2-year determined using the USGS regression
equation for each site and Qurr is the 50% annual exceedance flow or 3 cfs whichever is greater.
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Figure E- 38. Box plots summarizing percent time of high passage delay relative to passage time during the assumed
chinook migration period (Sep15 - Feb15) for all years of the data record for the Pacific Northwest sites. Qurp is 50% of
Q2-year determined using the USGS regression equation for each site and Qvrr is the 50% annual exceedance flow or 3 cfs
whichever is greater.
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Figure E- 39. Box plots summarizing percent passage time during the assumed chinook migration period (Sep15 - Feb15)
in all years of the data record for the Pacific Northwest sites. Qurp is 50% of Q2-year determined using the peak flow data
for each site and Qvrp is the 50% annual exceedance flow or 3 cfs whichever is greater.
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Figure E- 40. Box plots summarizing percent time of high passage delay relative to passage time during the assumed
chinook migration period (Sep15 - Feb15) for all years of the data record for the Pacific Northwest sites. Qurp is 50% of
Q2-year determined using the peak flow data for each site and Qvrr is the 50% annual exceedance flow or 3 cfs whichever
is greater.
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