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observations) to be the critical habitat type (migration bottlenecks and delay) 
regarding velocity and depth for steelhead migration in the Santa Clara River.  
The actual critical riffles (typical area to measure shallow conditions) have 
narrower active channels (wetted width) than glide habitats resulting in deeper 
conditions compared to the wide, sandy glides.   

The Freeman Diversion Fish Ladder was operated based on results from 
negotiations between NMFS biologists and the District hydrologist and biologist.  
These new operating criteria were revised in the United States Bureau of 
Reclamation’s Biological Assessment of the Operation of the Vern Freeman 
Diversion Dam and Fish Ladder, Santa Clara River, Ventura County, California 
and later revised in the Proposed 2009 Interim Operations Plan. 

The current bypass flow operating criteria are as follows:  

When United starts diverting water after a storm (turn-in), diversion rates are 
limited when total river flow is less than or equal to 750 cfs. When turning in at 
total river flow greater than 635 cfs and less than or equal to 750 cfs, only 30% of 
the remaining river can be diverted providing that the required bypass flows for 
steelhead are met. When turning in at total river flow less than or equal to 635 
cfs, only 20% of the remaining river can be diverted providing that the required 
bypass flows for steelhead are met. These diversion restrictions apply only to 
turning-in procedures undertaken during the principal steelhead migration season 
(January through May) when total river discharge is less than or equal to 750 cfs. 

From January 1st to March 31st the fish ladder is operated for up to 18 days after 
the peak of any storm large enough to allow upstream migration (increase of 200 
cfs peak running 24-hour average over the base flow). From April 1st to May 31st 
(which includes the peak of the downstream migration) the ladder is operated for 
up to 30 days after the peak of any storm large enough to meet the ladder 
initiation criteria.  On the last four days of the operation of the ladder the flows 
are reduced to 2/3 of the previous day’s flow; on the last day a flow of 20 cfs is 
provided.  This ramp down scenario occurs during the 15th through the 18th days 
of the ladder operations after storms with a peak occurring from January through 
March, or on the 27th through the 30th days after storms with a peak occurring 
from April 1st through May 31st. 
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The bypass flow schedules for 2010 are presented in Tables 6 and 7, Appendix 
A. 

3.2.2 VIDEO MIGRATION MONITORING 

Upstream migration monitoring was conducted using a false weir, infrared 
scanners and a computer based surveillance system. (Photo 9, Appendix B). The 
false weir creates a barrier within the ladder that forces upstream migrant 
steelhead to jump out of the water approximately six inches to get over a small 
“fall or plunge” to continue upstream. Consequently, the migrating steelhead 
jump through the infrared scanner that detects the migration event, 3 cameras 
film each fish that negotiates the weir and the surveillance system records the 
events on a computer hard drive. The weir was designed with a bar screen at the 
bottom of the structure to allow Pacific lamprey to pass the false weir.  It is 
unclear if Pacific lamprey are able to pass through the bar screen due to a lack of 
data regarding approach water velocities at the screen.  Approach velocities at 
the bar screen and potential monitoring alternatives will be evaluated during the 
next couple of years of operations. 

A computer based surveillance system was purchased and deployed in 2010 to 
detect and monitor steelhead traversing the fish ladder (Photo 10, Appendix B). 
In previous year a DVR system with a single low resolution camera was used to 
monitor steelhead migration through the fish ladder. The new computer based 
system has multiple functions to detect movement.  During 2010 we only used 
the IR scanners to detect movement over the false weir. Although the 
surveillance software can detect movement, it is difficult to tease out detection of 
fish from the water moving in the background.  When steelhead traverse the fish 
ladder and jump over the false weir, the computer based monitoring system 
documents the event by saving a 20 second video on the computer hard drive. 
When an event is detected a flashing alarm shows up on computer screen.  The 
event is saved as a file that can be reviewed.  The computer system also records 
continuously and there is enough storage on the 1 TB hard drive to save video 
for close to a week depending on the number of cameras in use.  Once the hard 
drive is full, new data is saved over old data, starting at the beginning of the old 
file. Passage events that are detected can first be reviewed from the 20 second 
file and later reviewed from the continuous file if needed. The surveillance 
system receives digital video from two low-light, high resolution, above-water 
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cameras placed upstream and downstream of the false weir, as well as an 
underwater camera placed downstream focused on the false weir.  Three twenty-
five watt fluorescent lights were used to illuminate the false weir at night.   

The IR scanner device was equipped with sensors on both sides of the false weir 
with multiple closely-spaced infrared beams. When the beams are broken by a 
fish jumping over the weir, the IR scanner signals the surveillance system to 
record the event.  

To evaluate the efficiency of the IR scanner device, the video monitoring system 
was checked daily to ensure proper function.  Triggered alarms were reviewed 
and any necessary adjustments were made to the water levels, scanning 
devices, or recording equipment.  Any recorded images saved on the computer 
were reviewed by staff during these checks.  

3.2.3 PIT TAG MONITORING 

A Biomark FS2001 PIT tag scanner along with a 24” x 24” antennae was 
deployed in the fish ladder with the objective of detecting any steelhead that were 
tagged in 2008 or any tagged out-of-basin steelhead that might stray into the 
Santa Clara River.  PIT Tags (Passive Integrated Transponder) or what are now 
called RFID (radio frequency identification) tags have no battery so the microchip 
remains inactive until read with a scanner. The scanner sends a low frequency 
signal to the microchip within the tag providing the power needed to send its 
unique code back to the scanner and positively identifying the individual fish. 
Passive tags are designed to last the life of the fish providing a reliable, long term 
identification method. 

3.2.4 LADDER SHUTDOWNS 

A thorough examination of the entire fish ladder was conducted to check for the 
presence of any fish species during shutdown or dewatering of the ladder. The 
ladder was shut down for operational or maintenance reasons such as high 
storms flows, channel flushes, and/or removal of debris from the weir.  Also, the 
ladder was periodically shut down opportunistically to survey the facility for 
steelhead and/or Pacific lamprey migrants.  
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3.3 RESULTS 

3.3.1 BYPASS FLOW MONITORING AND LADDER OPERATION 

The fish ladder was in operation from January 21 to March 22 and April 7 to April 
19, 2010.  No steelhead or Pacific lamprey were observed traversing the fish 
ladder in 2010. Bypass flow monitoring results can be found in Table 8, Appendix 
A.   

3.3.2 VIDEO MIGRATION OBSERVATION 

The surveillance system was operated continually from January 23 to March 2 
and April 7 to April 19, 2010; during the operation of the fish ladder except during 
the turn-outs on February 27 and 28. Throughout this period the alarm trigger 
system and video recordings were monitored and checked daily. 

In 2010, all triggered alarms were determined to be “false hits” (i.e., triggered by 
something other than steelhead).  

3.3.3 PIT TAG MONITORING 

No tagged fish were detected during the 2010 monitoring season.  A total of 81 
Santa Clara River steelhead smolts were implanted with PIT tags during a 2008 
study (Kelley 2008).  None of these fish or any other PIT tagged fish were 
detected in the Freeman Diversion fish ladder in 2010.  PIT tagging is currently 
occurring on the Ventura River and Topanga Creek and there is the potential that 
some of the steelhead from these creeks could stray into the Santa Clara River 
following their ocean residency.   

3.3.4 LADDER SHUTDOWNS 

The fish ladder was shut down from February 27 and 28, 2010 during a turn-out 
following a storm. 
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4.0 
FISH STRANDING SURVEYS 

 

4.1 INTRODUCTION 

During high flow events when the river is highly turbid from elevated 
concentrations of total suspended solids (over 3000 ntu’s), District operations 
staff “turn-out” all river flows from the facility and the fish screen bay section of 
the diversion structure can become dewatered or extremely shallow. When the 
water is turned out of the facility, head gates are closed to retain sufficient depth 
in the fish screen bay to avoid potential predation from birds. Additional 
operations and maintenance activities include “flushes” where District operations 
staff “turn-out” all river flows from the facility to maintain the active channel 
toward the facility headworks or to conduct maintenance of the canal gates and 
screens.  During all “turn-out” events when the fish ladder is in operation, the fish 
ladder must be shut down and inspected for potential stranded fish.  When the 
fish ladder is shut down it slowly dewaters and this can result in fish becoming 
stranded in the fish ladder. 

The primary objective of fish stranding surveys is to rescue any fish that become 
stranded when diversion operations cause river flow to rapidly diminish 
downstream of the Freeman Diversion in the Santa Clara River and within the 
fish screen bay and fish ladder during dewatering operations.   

4.2 METHODS 

4.2.1 FISH SCREEN BAY STRANDING SURVEYS 

During turn-out and flushing events, the fish screen bay was thoroughly 
examined for the presence of steelhead, Pacific lamprey and other aquatic 
species.  Two or more biologists surveyed the fish screen bay as it dewatered. 
These surveys were conducted by seining the entire area with either 3/8 or 1/4 
inch mesh brailed seines that are 4 feet deep and from 10 to 20 feet long (Photo 
11, Appendix B).  The primary objective of these surveys was to capture and 
relocate steelhead and Pacific lamprey stranded during dewatering of the fish 
screen bay to appropriate habitats either in the estuary (smolts, kelts, 
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macropthalmia) or the Santa Clara River or associated tributaries (resident 
coastal rainbow trout and Pacific lamprey ammocoetes). Also, the fish screen 
bay was periodically dewatered opportunistically to look for steelhead and Pacific 
lamprey migrants that could potentially be held up in the fish screen bay.  All fish 
were transported via aerated coolers.  Non-native aquatic species were removed 
from the river.  All data collected during stranding surveys were documented on 
standardized datasheets.  Fish were transported utilizing materials and methods 
described in Section 2.2 of this report.   

4.2.2 LOWER SANTA CLARA RIVER STRANDING SURVEYS 

Stranding surveys were conducted in the Santa Clara River below the Freeman 
Diversion when bypass flows were significantly reduced or when releases were 
stopped all together, due to turn-out or flushing events.  These surveys were 
conducted by entering the non-wetted area of the floodplain via a Polaris Ranger 
All-Terrain Vehicle that was stocked with equipment necessary to collect, hold 
and transport stranded fish.  Stranded fish were captured either with dip nets or 
1/8 inch to 1/4 inch mesh brailed seines and placed in aerated coolers.  In 2010, 
no upstream migrant steelhead or Pacific lamprey were collected during these 
surveys.  In years when upstream migrant steelhead and Pacific lamprey are 
collected during these surveys they will be relocated upstream of the Freeman 
Diversion Dam.  Downstream migrant steelhead (smolts) were relocated to the 
Santa Clara River Estuary.  In 2010, no downstream migrant Pacific lamprey 
were collected.  In years when downstream migrant Pacific lamprey 
(macropthalmia) are collected during these surveys they will be relocated to the 
estuary. 

4.2.3 FISH LADDER STRANDING SURVEYS 

Stranding surveys were conducted in the fish ladder during turn-out and flushing 
events.  When the fish ladder is in operation and one of these events occurs, the 
fish ladder becomes dewatered and the potential exists for steelhead and Pacific 
lamprey to become stranded either between the denil plates or in resting pools in 
the fish ladder.  A biologist was present and conducted surveys when these 
operations occurred by walking the length of the ladder searching for any 
stranded fish as the ladder dewatered.  Dip nets and buckets were used to 
rescue any stranded fish. 
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Fish ladder stranding surveys were also periodically conducted by briefly 
dewatering the ladder to visually survey for steelhead and Pacific lamprey that 
that might be held up in the fish ladder.  If a fish was observed in the denil 
sections of the ladder it was captured with a dip net, placed in a bucket and 
relocated to an appropriate location based on its life stage.  If a fish was 
observed in one of the resting pools of the ladder and appeared to not be in 
immediate danger, flow was turned back in the ladder to allow the fish to 
continue migrating upstream on its own. 

4.3 RESULTS 

4.3.1 FISH SCREEN BAY STRANDING SURVEYS 

A total of 2 turn-out events lasting 6 days occurred during the 2010 water year.  
The two turn-out events were conducted due to high turbidity levels from high 
sediment loads following storm peaks. Four fish screen bay stranding surveys 
were conducted in 2010 during the turn-out events. The fish screen bay survey 
conducted on July 19 yielded a single steelhead smolt and the other three 
surveys yielded no smolts (Table 9, Appendix A).   

4.3.2 LOWER SANTA CLARA RIVER STRANDING SURVEYS 

Two sediment flushes occurred on June 17 and July 19 toward the end of the 
smolt season. Sediment flushes are conducted when excessive sand volumes 
have accumulated near the Freeman Diversion headworks as a result of bed 
load movement.  The two river surveys that were conducted during the June 17 
and July 19 flushes yielded 13 smolts and 1 smolt respectively (Table 9, 
Appendix A). Seven of the smolts captured on June 17 died following the flush.  
The remaining 6 smolts captured on July 17 and the single smolt captured on 
July 19 were relocated to the Santa Clara River Estuary.  In the future, United will 
attempt to manage maintenance flushes to occur either during bypass flow 
releases or after the smolt season. It appears that late season smolts might stop 
their downstream migration above the diversion and rear in the forebay above 
the dam.  One reason that smolts were not observed late in the season in past 
years could be that smolts passed the dam during the historically more frequent 
flushing events preventing them from rearing in the forebay. 
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4.3.3 FISH LADDER STRANDING SURVEYS  

There were a total of 4 turn-out and flushing events but only 2 required ladder 
checks when the fish ladder was in operation.  A biologist walked the length of 
the fish ladder during each event as the ladder dewatered.  No O. mykiss were 
observed stranded in the fish ladder during these surveys. 
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5.0 
WATER QUALITY 

 

5.1 INTRODUCTION 

Water quality monitoring for 2010 was conducted to monitor water quality 
conditions that steelhead and Pacific lamprey are exposed to in various areas 
within the watershed.  Water quality parameters such as dissolved oxygen, pH, 
conductivity, salinity, and turbidity were collected.  Water temperature monitoring 
was conducted in various locations in the watershed and water quality 
measurements were focused primarily in the Santa Clara River Estuary, Santa 
Paula Creek, Sespe Creek, Piru Creek and the main stem Santa Clara River 
where coastal rainbow trout were relocated during the 2010 monitoring season. 

5.2 METHODS 

Water quality monitoring for 2010 included water temperature measurements 
utilizing Onset Hobo® temperature loggers at various sites within the Santa Clara 
River watershed and in-situ water quality measurements taken during fish 
relocation activities using a Horiba U-10 multi-parameter water quality meter.  
The majority of the temperature loggers were placed in pool habitats at mid-
depth and programmed to take measurements every hour.  The standardized 
data collection dates were January 1, 2010 through August 1, 2010 which 
includes the entirety of the steelhead migration season. In-situ water quality 
measurements were collected when steelhead were relocated to the Santa Clara 
River Estuary, main stem Santa Clara River or Sespe Creek.  The objective of 
water temperature monitoring is to monitor ambient water temperatures at 
selected sites throughout the Santa Clara River watershed where steelhead 
spawn, rear, or migrate.  Additional water temperature monitoring of habitats with 
hyporheic influences (thermal refuge) is planned to occur at selected sites in the 
future. 

Water temperature monitoring occurred at the following eleven sites: 

• Site 1 - Santa Clara River Estuary 
• Site 2 - Freeman Fish Trap Bay 
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• Site 3 - Freeman Fish Screen Bay  
• Site 4 - Santa Paula Creek Upstream of Harvey Diversion 
• Site 5 - Santa Paula Creek at Steckel Park 
• Site  6 - Santa Paula Creek Directly Downstream of Sisar Creek 

Confluence 
• Site 7 - Sespe Creek at Grand Avenue 
• Site 8 - Piru Creek Downstream of Temescal’s Property Line 
• Site 9 - Piru Creek at the Old USGS Gauge 
• Site 10 - Piru Creek at the USGS Gauge Directly Downstream of Santa 

Felicia Dam 

A map identifying each monitoring site can be found in Figure 7, Appendix A. 
Graphs depicting data at these eleven sites are in Figures 8-17, Appendix A. 
Specific information regarding each site can be found in Table 10 Appendix A.   

5.3 RESULTS 

5.3.1 SANTA CLARA RIVER ESTUARY  

The Santa Clara River Estuary water temperature monitoring site was located 
near the north bank approximately 500 feet downstream of the Harbor Boulevard 
Bridge (Photo 12, Appendix B).  The logger was placed at a depth and location 
so that when the sandbar breeches, the logger will be out of water (~0.5 feet from 
the bottom).  The objective at this location was to monitor water temperatures at 
or near the steelhead smolt release point and to potentially monitor sandbar 
breeching when there is a loss of water at the monitoring point.  The estuary was 
closed to the ocean from approximately January 5, 2010 to January 17, 2010 and 
from March 30, 2010 through April 7, 2010 and May 12, 2010 through the end of 
the trapping season.   We performed two separate analyses of water 
temperature, one for estuary closed and one for estuary open.  When the estuary 
was closed the minimum water temperature collected at this site was 14.1 ºC and 
the maximum temperature was 26.3 ºC.   When the estuary was open the 
minimum water temperature collected at this site was 7.0 ºC and the maximum 
was 27.3 ºC (Table 11, Appendix A). 

5.3.2 FREEMAN FISH TRAP BAY 

The Santa Clara River Freeman Fish Trap Bay water temperature monitoring site 
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was located within the fish trap bay at the Freeman Diversion in Saticoy.  The 
logger was attached to a rung of a permanent ladder structure within the fish trap 
bay.  The logger was attached with zip ties approximately 1.0 feet from the 
bottom of the bay (Photo 13, Appendix B).  The objective at this location was to 
monitor water temperatures in the fish trap bay where the downstream migrant 
fish trap is located.  Steelhead smolts and several other aquatic species were 
trapped at this location during the migration season (typically January-June).  
Temperature monitoring is critical at this location as this is where the fish remain 
until the daily trap check occurs.  Occasionally resident and young-of-the-year 
coastal rainbow trout as well as steelhead kelts may also be found in the trap.  
The minimum water temperature collected at this site was 7.6 ºC and the 
maximum temperature was 28.2 ºC (Table 11, Appendix A). 

5.3.3 FREEMAN FISH SCREEN BAY 

The Santa Clara River Freeman Fish Screen Bay water temperature monitoring 
site was located within the fish screen bay.  The fish screen bay consists of a 
concrete channel where downstream migrants enter the diversion and migrate to 
the downstream migrant fish trap. The logger was located approximately 50 feet 
downstream from the intake to fish screen bay and attached to an eye hook 0.5 
feet from the bottom along a concrete wall (Photo 14, Appendix B).  The 
objective at this location was to monitor water temperatures in the main stem as 
river flow enters the Freeman Facility.  Downstream migrant steelhead, Pacific 
lamprey and other aquatic species temporarily rear in the fish screen bay prior to 
entering the trap.  The downstream migrant fish trap is typically taken out of 
operation between June and December and all fish that enter the facility rear in 
the fish screen bay until trapping operations begin in January.  The minimum 
water temperature collected at this site was 1.8 ºC and the maximum 
temperature was 30.6 ºC (Table 11, Appendix A). 

5.3.4 SANTA PAULA CREEK UPSTREAM OF HARVEY DIVERSION 

The Santa Paula Creek upstream of Harvey Diversion water temperature 
monitoring site was located in a low gradient riffle habitat type approximately 500 
feet upstream from Harvey Diversion along Highway 150 in Santa Paula.  The 
logger was attached to a fence post with zip ties 0.4 inches from the bottom 
(Photo 15, Appendix B).  The objective at this location was to monitor water 
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temperatures in Santa Paula Creek.  The minimum water temperature collected 
at this site was 8.0 ºC and the maximum temperature was 21.8 ºC (Table 11, 
Appendix A). 

5.3.5 SANTA PAULA CREEK AT STECKEL PARK 

The Santa Paula Creek at Steckel Park water temperature monitoring site was 
located in a glide habitat type ~50 feet upstream of the Steckel Park Bridge.  The 
logger was attached 0.2 feet from the bottom with zip ties to a fence post.  The 
fence post was located under a boulder and was secured to an alder tree via 
cable along the bank (Photo 16, Appendix B).  This location was ideal for 
monitoring temperatures due to adequate flow, areas of scour, and in-stream 
cover. The minimum water temperature collected at this site was 8.1 ºC and the 
maximum temperature was 27.6 ºC (Table 11, Appendix A). 

5.3.6 SANTA PAULA CREEK DIRECTLY DOWNSTREAM OF SISAR CREEK CONFLUENCE 

The Santa Paula Creek directly downstream of Sisar Creek confluence water 
temperature monitoring site was located in a pool habitat type approximately 35 
feet downstream of the Sisar Creek confluence.  The logger is attached 7 inches 
from the bottom with zip ties to a fence post (Photo 17, Appendix B).  This habitat 
was ideal for water temperature monitoring because of the scoured pool and 
direct observation of resident O. mykiss at this site. The objective at this location 
was to monitor water temperatures in Santa Paula Creek.  The minimum water 
temperature collected at this site was 8.1 ºC and the maximum temperature was 
24.6 ºC (Table 11, Appendix A). 

5.3.7 SESPE CREEK AT GRAND AVENUE 

The Sespe Creek at Grand Avenue water temperature monitoring site was 
located directly downstream of the USGS Gauge along Grand Avenue.  The 
logger was attached to a steel pipe with zip ties 2 feet from the bottom along the 
bank (Photo 18, Appendix B).  The objective at this location was to monitor water 
temperatures at the release location for resident and young-of-the-year coastal 
rainbow trout in Sespe Creek.  This was an easily accessible pool with sufficient 
flow creating areas of scour and abundant in-stream cover, primarily riparian 
vegetation and boulder substrate.    The minimum water temperature collected at 
this site was 6.8 ºC and the maximum temperature was 30.8 ºC (Table 11, 
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Appendix A). 

5.3.8 PIRU CREEK DOWNSTREAM OF TEMESCAL’S PROPERTY LINE  

The Piru Creek downstream of Temescal’s property line water temperature 
monitoring site was located in a pool habitat type approximately 1.5 miles 
upstream of the confluence with the Santa Clara River.  The logger was attached 
0.6 inches from the bottom with zip ties to a fencepost and secured to a willow 
tree with cable (Photo 19, Appendix B).  The objective at this location was to 
monitor water temperatures in lower Piru Creek.  The minimum water 
temperature collected at this site was 7.7 ºC and the maximum temperature was 
24.1 ºC (Table 11, Appendix A). 

5.3.9 PIRU CREEK AT THE OLD USGS GAUGE 

The Piru Creek at the old USGS Gauge water temperature monitoring site was 
located in low gradient riffle habitat, approximately 3 miles upstream from the 
confluence with the Santa Clara River.  The logger was attached 0.6 inches from 
the bottom with zip ties to a pre-existing pipe (Photo 20, Appendix B).  The 
objective at this location was to monitor water temperatures in lower Piru Creek.  
The minimum water temperature collected at this site was 7.0 ºC and the 
maximum temperature was 31.0 ºC (Table 11, Appendix A). 

5.3.10 PIRU CREEK AT THE USGS GAUGE DIRECTLY DOWNSTREAM OF SANTA FELICIA 

DAM 

The Piru Creek at USGS Gauge directly downstream of Santa Felicia Dam water 
temperature monitoring site was located in a pool habitat type approximately 700 
feet downstream of Santa Felicia Dam.  The logger was attached 0.3 inches from 
the bottom with zip ties to a permanent staff gauge (Photo 21, Appendix B). The 
objective at this location was to monitor water temperatures in lower Piru Creek.  
The minimum water temperature collected at this site was 5.3 ºC and the 
maximum temperature was 24.0 ºC (Table 11, Appendix A). 

5.4 DISCUSSION 

The maximum water temperatures at most sites exceeded 25 ºC, which is 
commonly cited as the chronic or incipient upper lethal temperature limit for many 
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anadromous salmonids. However, higher temperatures exceeding 29 ºC can be 
tolerated for a short period of time (Myrick and Cech 2001) if other water quality 
parameters are favorable.  The maximum water temperature of 31.0 ºC occurred 
in Piru Creek at the old USGS gauge site during the summer.  Extreme water 
temperatures are not uncommon in southern California.  Southern California 
coastal rainbow trout have adapted to a wide variation in water temperatures by 
seeking out thermal refuge when available.  Other behavioral responses to 
temperatures near the upper thermal extremes include increased feeding when 
food is available to offset the cost of an elevated metabolic rate. Although feeding 
declines above 19 ºC, growth can still occur up to 25 ºC (Myrick and Cech 2000).  
Also, the duration of exposure is important since these fish will experience upper 
thermal limits over a period of a few hours during any given day and only 
seasonally and these fish can maintain body weight at 25 ºC for 30 days (Myrick 
and Cech 2000).  In drainages where thermal refuge is absent and low food 
production occurs, thermal stress alone can cause mortalities. 

Next year, additional temperature monitoring sites will be located throughout the 
watershed if funding is available.  Once we acquire enough temperature loggers, 
we will conduct temperature monitoring at reference pools that contain thermal 
refuges. 
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Figure 2 - Daily Rainfall Totals in Santa Paula, CA
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Figure 3 - Steelhead monitoring results

0 

2 

4 

6 

8 

10 

12 

14 

1 

10 

100 

1000 

10000 
1/

5/
20

10
 

1/
12

/2
01

0 
1/

19
/2

01
0 

1/
26

/2
01

0 
2/

2/
20

10
 

2/
9/

20
10

 
2/

16
/2

01
0 

2/
23

/2
01

0 
3/

2/
20

10
 

3/
9/

20
10

 
3/

16
/2

01
0 

3/
23

/2
01

0 
3/

30
/2

01
0 

4/
6/

20
10

 
4/

13
/2

01
0 

4/
20

/2
01

0 
4/

27
/2

01
0 

5/
4/

20
10

 
5/

11
/2

01
0 

5/
18

/2
01

0 
5/

25
/2

01
0 

6/
1/

20
10

 
6/

8/
20

10
 

6/
15

/2
01

0 
6/

22
/2

01
0 

6/
29

/2
01

0 
7/

6/
20

10
 

7/
13

/2
01

0 
7/

20
/2

01
0 

7/
27

/2
01

0 
8/

3/
20

10
 

Fi
sh

 N
um

be
rs

 

Fl
ow

 (c
fs

), 
Tu

rb
id

it
y 

(n
tu

) 
2010 Freeman Diversion Steelhead Migration Monitoring 

Sespe Creek 

Tubidity (ntu) 

Smolts 

SH Adults 

Kelts 

YOY 

Resident RBT 



Figure 4 - Steelhead Length Frequency Histogram
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Figure 5 - Steelhead Lengths by Date
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Figure 6 – Flow measurement sites below the Freeman Diversion 
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Figure 7 – Water temperature monitoring locations 
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Figure 12 - Santa Paula Creek at Steckel Park Water Temperature
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Figure 13 - Santa Paula Creek Downstream of Sisar Creek Confluence Water Temperature
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Figure 14 - Sespe Creek at End of Grand Avenue Water Temperature
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Figure 15 - Piru Creek Downstream of Temescal's Property Line Water Temperature
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Figure 16 - Piru Creek at Old USGS Gauge Water Temperature
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Figure 17 - Piru Creek Downstream of Santa Felicia Dam Water Temperature
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Appendix B 

Photos 



 

 
Photo 1 – Santa Clara River Estuary Smolt Relocation Site Open  

 

Photo 2 – Santa Clara River Estuary Smolt Relocation Site Closed 



 
Photo 3 – Santa Clara River (near Santa Paula) Resident Rainbow Trout Relocation Site  

Photo 4 – Sespe Creek Resident Rainbow Trout Relocation Site 



Photo 5 – Santa Paula Creek Resident Rainbow Trout Relocation Site 

 

Photo 6 – Santa Clara River Steelhead Smolt Length Measurement (4/16/2009)  



 
Photo 7 - Santa Clara River Steelhead Smolt (5/6/10)  

 
Photo 8 – Santa Clara River Resident Rainbow Trout (3/20/08) 



 
Photo 9 - Upstream Migration Monitoring Infrared Scanners 

 
Photo 10 – Upstream Migration Monitoring Surveillance System 



 
Photo 11 – Fish Screen Bay Stranding Survey 



 

Photo 12 – Santa Clara River Estuary Water Temperature Monitoring Site 

 

Photo 13 – Fish Trap Bay Water Temperature Monitoring Site 

Logger Site 

Logger Site 



 

Photo 14 – Fish Screen Bay Water Temperature Monitoring Site 

 

Photo 15 – Santa Paula Creek upstream of Harvey Diversion Water Temperature Monitoring 
Site 

Logger Site 

Logger Site 



 

Photo 16 – Santa Paula Creek at Steckel Park Water Temperature Monitoring Site 

 

Photo 17 – Santa Paula Creek below Sisar Creek Confluence Water Temperature Monitoring 
Site 

Logger Site 

Logger Site 



 

Photo 18 – Sespe Creek at end of Grand Avenue Water Temperature Monitoring Site 

 

Photo 19 – Piru Creek D/S of Temescal Property Water Temperature Monitoring Site 

Logger Site 

Logger Site 



 

Photo 20 – Piru Creek at Old USGS Gauge Water Temperature Monitoring Site 

 

Photo 21 – Piru Creek at USGS Gauge Directly Downstream of Santa Felicia Dam Water 
Temperature Monitoring Site 

Logger Site 

Logger Site 



Panoramic Photos Below the Freeman Diversion 
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