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1.0    Introduction 
 
Stanford University’s (Stanford) demands for irrigation water pose a potential risk to 
federally listed threatened steelhead trout (Oncorhynchus mykiss) in Los Trancos Creek, a 
major tributary of San Francisquito Creek in Santa Clara County, California.  
Approximately eight miles long, Los Trancos Creek is one of the last streams flowing to 
South San Francisco Bay to support regular runs of anadromous steelhead trout.  It also 
has historically provided much of Stanford’s water for irrigation.  At issue is the potential 
loss of steelhead that would result from Stanford’s proposed modifications to its existing 
water diversion facility and a fish passage facility located at that site.  The steelhead run 
in Los Trancos Creek is a component of the Central California Coast Evolutionarily 
Significant Unit of steelhead trout that was listed as threatened under the Federal 
Endangered Species Act (62 FR 43937, August 18, 1997). 
 
Stanford exercises several water rights at the Los Trancos Creek diversion, including 
License No. 1723.  Stanford has long held state water right License 1723, which allows 
the annual diversion of up to 900 acre-feet of water during the period December 1 
through May 1 of each year.  Under this license, Stanford can divert water at a maximum 
rate of 40 cfs from Los Trancos Creek and San Francisquito Creek to Stanford’s storage 
reservoir, Felt Lake.  License No. 1723, as amended, includes minimum bypass 
requirements of 0.1 cfs.   However, despite the inadequacy of this bypass requirement for 
the protection of fisheries or other public resources, the existing diversion facility 
provides substantial bypass flows because of structural limitations and because of 
operations of the facility’s fish ladder.  In addition, Stanford voluntarily provides 
minimum bypass flows of 0.5 cfs during December and 1 cfs between January 1 and May 
1.  These bypass flows and a draft Memorandum of Understanding (MOU) were 
proposed as permanent terms in discussions between Stanford and the California 
Department of Fish & Game (DFG) in a January 2002 meeting.  However, the draft 
agreement concerning bypass flows for Los Trancos Creek was never finalized or 
approved by DFG.    
 
To improve the reliability of its water supply and the effectiveness of its fish ladder, 
Stanford seeks to modify its Los Trancos diversion structure and the associated fish 
passage facility.  If implemented, these modifications would make the diversion structure 
much more efficient at diverting water, and it would have the capability of further 
reducing flows supporting habitat for adult and juvenile steelhead.   Modification of the 
existing instream structures will require a Clean Water Act, Section 404 Permit from the 
Army Corps of Engineers, which will necessitate consultation with the National Marine 
Fisheries Service (NMFS) to address effects of the project on the federally listed 
steelhead population. 
 
During the past fifteen months Stanford has worked with NMFS and DFG to identify a 
diversion plan that would protect steelhead while affording Stanford its water supply for 
irrigation.  The results of that collaborative effort is a plan that achieves these objectives 
by limiting Stanford’s diversions from Los Trancos Creek while increasing diversions 
from Stanford’s existing point of diversion on San Francisquito Creek.  This report 
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describes that plan, and it provides the approach and methods employed by NMFS and 
DFG to develop recommended minimum bypass flows and maximum rates of diversion 
for Stanford’s diversion facilities on Los Trancos and San Francisquito Creeks.  The 
recommended diversion plan does not avoid all potential impacts of Stanford’s diversions 
to steelhead and other aquatic resources; however, it greatly reduces the potential 
magnitude of these impacts and it provides Stanford with its water supply for irrigation 
during all but the driest water years. 
 

1.1 Study Area 
 
San Francisquito Creek drains an approximately 43 mi2 watershed that enters the 
southern end of San Francisco Bay near Palo Alto, California.  Its lowermost 8 miles is 
the boundary between Santa Clara and San Mateo Counties.    San Francisquito Creek 
flows about 13 miles downstream from the Searsville Dam, which was constructed in 
1892 and impounds the creek at its confluence with its headwater tributaries Corte 
Madera and Westridge Creeks.  
 
Describing the San Francisquito watershed, SCVWD (2003) states, 
 

Factors, both human and natural, contribute to a high sediment supply to the 
system.  A history of grazing, development and commercial forestry have 
increased runoff rate.  As a result, the watershed displays slope wash, landslides 
and gullying (Royston Hanamoto Alley & Abey et al. 2000).  The upland areas of 
the watershed consist of poorly consolidated sedimentary bedrock.  Easily 
eroded sediments and rapid precipitation runoff contribute to high rates of 
erosion within the watershed (Royston Hanamoto Alley & Abey et al. 2000).  The 
San Francisquito watershed has 4 major faults associated with the San Andreas 
Fault system.  Los Trancos, Corte Madera, and West Union Creeks are aligned 
with faults.  The high seismicity of the area further contributes to the sediment 
supplied to the creeks (Royston Hanamoto Alley & Abey et al. 2000). 
 
Precipitation 
 
The San Francisquito watershed climate is characterized by warm dry summers 
and moderate wet winters.  Average annual rainfall recorded at Dahl Ranch 
Station 24 (1966-1997 SCVWD data) was 34 inches.  Dahl Ranch Station is 
located on the southeastern ridge of the watershed boundary (Map 3). 
Historically, rainfall is common November through March, with January and 
February the highest average totals.  …Mean annual rainfall near the confluence 
of Los Trancos and San Francisquito Creeks at Piers Lane is 18.5 inches (Owens 
et al. 2003).   

    
Los Trancos Creek is one of three major tributaries entering the free flowing section of 
San Francisquito Creek downstream from Searsville Dam (Figure 1).   An approximately 
eight mile long stream with a roughly 7.6 mi2 watershed, Los Trancos Creek is also part 
of the boundary between Santa Clara and San Mateo Counties.   Average daily flow 
during winter ranges from 1 cfs to over 200 cfs; whereas summer flow is often less than 1 
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cfs and surface flow may cease in some reaches during some summer months.  Carmen 
and White (2004) summarize existing information and data concerning the steelhead run 
in Los Trancos Creek.  SCVWD (2003) provides additional information concerning 
steelhead spawing habitat in San Francisquito Creek, and Smith and Harden (2001) 
summarized the principal artificial barriers to steelhead passage on San Francisquito 
Creek. 
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      Figure 1.  San Francisquito Creek watershed, location of the three fish passage transects, and the Stanford water diversion sites. 
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2.0 Methods 

2.1       Assessment of minimum bypass flows for the Los Trancos diversion site 
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ent habitat and passage conditions at flows of 2 to 8 cfs, Carmen and White (2005) 

four riffles and the maximum depths of two pools when 
 flows immediately below the diversion site were estimated to be 1, 2, 3, 4, 

ately 6, and 7.5 cfs.   Carmen and White (2005) also systematically video-
ecorded each of the study riffles and pools during each of the study flows. 

n addition to assessing bypass flow needs for fisheries, NMFS and Stanford evaluated 
ative bypass flows on potential water supply for Stanford.  

ated water yield during 10 separate water years 
inimum flow scenarios.  The results of this water 

ented in Attachment A.2 of the November 
 T. Zigterman, Stanford University Facilities Operations, 

o G. Stern and B. Hearn, NMFS. 

   Assessment of minimum bypass flows and maximum rates of diversion for the San 
Francisquito diversion site 
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inimum width of 10% of the channel.   Thompson then recommends 
ing the results for all the study transects, and the averaged value is the passage 

endation for the stream segment.  Thompson (1972) recommends a 
inimum passage depth criterion of 0.6 ft for adult steelhead. 

hompson acknowledged that “the relationship between flow conditions on the transect 
nd the relative ability of fish to pass has not been evaluated.”  However, in the absence 
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of an intensive site specific study of migrating fish, practicing fisheries biologists have 
routinely adopted and modified Thompson’s approach to assess minimum passage 
conditions.   In general, for most studies involving adult passage of steelhead, 
Thompson’s minimum depth criterion of 0.6 ft is used as the minimum passage depth.   
The flow needed to provide this depth across a substantial portion of critically shallow 
riffles is generally recommended as the minimum bypass flow (or inflow if it is less).  
 
Field methods for the assessment of passage flows on San Francisquito Creek were 
similar to those described by Thompson (1972).  Representatives for Stanford (Carmen 
Consulting) and NMFS collected stream hydraulic data on San Francisquito Creek during 
the period May 19-23, 2005.  The field effort coincided with an unusually late spring 
storm event. 
 
During an initial field reconnaissance on May 19, riffle habitats were observed at each of 
the following locations on San Francisquito Creek when stream flow at the USGS gage 
on this creek was about 40 cfs: 
 

1. near the footbridge at Stanford West Apartments 
2. near the eastern end of the Oak Apartments 
3. downstream about 100 yards from the Bonde Weir near the El 

Camino Real Bridge 
4. immediately downstream of the Middlefield Road Bridge  
5. immediately downstream of the University Ave. Bridge 

 
 
We observed two or three riffles at each of these five locations, and then selected one 
transect at each of the first three sites, for a total of three study transects (Figure 1).   
Each study transect was established across the most restrictive cross-section at the study 
site.  Transect 1 crossed a riffle about 125 yards upstream from the Stanford West 
footbridge.  Transect 2 was located near the eastern end of the Oak Apartments, and 
Transect 3 was located about 100 yards downstream from the Bonde Weir, which is 
immediately downstream from the El Camino Real Bridge. 
 
We judged that fish passage conditions immediately below Middlefield Road and 
University Ave Bridge were not as difficult at the observed flow as at the upstream three 
sites.  Given this and our limited resources, measurements were not made at the latter two 
sites.  However, the riffles immediately below these two bridges were photographed at 
flows of about 40 and 6-8 cfs.  In addition to these measurements and observations we 
observed the Bonde Weir located about 100 yards upstream from Transect 3 at each study 
flow, and we visited and photographed San Francisquito Creek in the vicinity of the 
Stanford Golf Course near the Stanford diversion station when flow was approximately 
20 cfs.   At this observed flow, conditions in the segment through the golf course 
appeared to be less problematic for adult steelhead movements than at Study Transects 1, 
2, and 3. 
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Depths across the study transects on San Francisquito Creek were determined by 
surveying each transect’s bed profile, measuring the water surface elevation at three 
separate flows, and measuring depth and velocity across each transect at the middle flow 
(Table 1).   The hydraulic component of RHABSIM (Tom R. Paine & Associates’ 
Riverine Habitat Simulation model) was used to interpolate and extrapolate depths and 
wetted width data at additional flows.  At each study flow, we gauged stream flow within 
about 200 ft of each site to ensure that we had reliable stream flow measurements for the 
modeling work.  All study transects were photographed at each of the three study flows. 
 
Table 1. Estimated stream flows (cfs) at each study transect during field measurements. 

Transect High flow Middle flow Low flow 
1 40 22 9 
2 40 22 9 
3 42 20 6 
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3.0        Results 

3.1 Assessment of bypass flows needed to protect steelhead in Los Trancos Creek 
downstream from the Stanford Diversion Site 

 
Fish migrating upstream must have streamflows that provide suitable water velocity and 
depths for successful upstream passage (Bjornn and Reiser 1991).  In addition, it is 
important to preserve streamflows that provide adequate depths and velocities supporting 
suitable and preferred habitats for temporarily resting and more stationary fishes, as well 
as spawning.  The artificial reduction of stream flows can adversely affect steelhead by 
limiting opportunities for instream migrations and by reducing the quantity and quality of 
available habitat for steelhead.  Therefore, an assessment of bypass flow needs for the 
Los Trancos diversion facility, should determine the discharge at which: 1) opportunities 
for juvenile and adult migrations are not diminished, and 2) temporarily resting or 
stationary fishes are not exposed to increased risk of injury or mortality.    
 
In his evaluation of flows for migrating adult steelhead in Los Trancos Creek, Smith 
(1995) used a 0.4 ft minimum depth criterion in an adaptation of Thompson’s (1972) 
methods [see Section 2.2 of this report for further discussion of Thompson’s method].  
Smith states, “Riffles were judged passable to upstream migrating steelhead if at least a 
continuous 2 feet of the width of the transect exceeded 0.4 feet in depth and 1.5 feet of the 
channel exceeded 0.5 feet in depth or 1 foot of the channel exceeded 0.6 feet in depth.”  
He also states that “For this evaluation I considered a depth of 0.4 feet to provide 
minimal or marginal conditions for passage.”  Smith’s depth criterion is appreciably 
lower than Thompson’s minimum passage depth criterion for steelhead of 0.6 ft, which is 
typically used in assessments of passage flows for adult steelhead.  Nevertheless, Smith’s 
data can be examined using the standard 0.6 ft depth criterion. His data show that 0.6 ft 
depths were achieved at most of his study riffles when stream flow was 8 cfs.  However, 
Smith also noted that the stream bed of Los Trancos Creek is highly dynamic, and that 
major storms produce substantial bedload movement that periodically renders some 
riffles impassible at 8 cfs.  He reports that cases of obstructed passage from mobilized 
gravels is a temporary problem generally lasting days or perhaps a few weeks, and it is 
often associated with the release of accumulated sediments upstream of the diversion 
dam.  Smith concludes: 
 

“Setting passage requirements based upon such variable streambed and 
flow/depth relationships is difficult, but it appears that Los Trancos Creek 
would be passable to upstream migrating steelhead at 8 cfs most of the 
migration season in most years.  However, major storms which produce 
substantial bedload movement would probably increase the flows needed 
for adult passage during a portion of the migration period.  ... Setting 
passage flow requirements at greater than 8 cfs would provide for 
improved passage under some circumstances, but is probably not 
necessary to insure access by most migrating fish. 
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Opening of the diversion dam after substantial amounts of sediment have 
accumulated upstream would also reduce passage conditions in riffles 
immediately downstream of the diversion for several hours.  At flows of 8 
cfs the passage conditions would probably be suitable within 8 hours.” 
 

Carmen and White (2004) provided limited corroborative evidence that 8 cfs may be an 
adequate flow to facilitate passage of adult steelhead in Los Trancos Creek.  That study 
found that 4.3 cfs was inadequate for upstream passage of adults, but “at 15+ cfs there 
were clearly no barriers with average depths of one foot or more.”   Carmen and White 
(2004) cited McBain and Trush (2000) who reported a linear relationship between stream 
discharge and average minimum passage depth at riffles and runs in selected northcoast 
California stream channels.  That analysis suggested a minimum passage depth of 0.6 feet 
is generally achieved in small streams when flow is somewhere between 7.5 and 15 cfs. 
 
Carmen and White (2005) provided additional support that 8 cfs is adequate for upstream 
passage of adults.  In that study Carmen and White documented stream depths along the 
thalweg (i.e., the deepest portion of the stream channel) of four riffles located 
downstream from the diversion structure.  That data showed that at a flow of 7.5 cfs, the 
stream thalweg exceeded 0.6 ft at all points along each of the four measured riffles, and 
the thalweg of these riffles generally exceeded 0.8 ft deep.  These latter measurements do 
not provide information on the proportion of the channel width that exceeded 0.6 ft deep; 
however, the prevalence of thalweg depths greater than 0.8 ft suggests that the desired 0.6 
ft passage condition was probably met at the studied riffles when flow was 7.5 cfs. 
 
The above information suggests that a bypass flow of 8.0 cfs should adequately protect 
opportunities for upstream migration by adult steelhead, although Smith’s caution 
regarding barriers formed by mobilized gravels needs to be considered in any bypass 
flow recommendation for this diversion site.  For example, it may be appropriate to 
monitor gravel deposition in reaches below the diversion site immediately after major 
storm events (e.g., discharge exceeding 150 cfs above the diversion site) or following the 
opening of the diversion dam after substantial sediments have accumulated.   A gradual 
rampdown from 15 cfs to 8 cfs over several hours would help reestablish a defined 
thalweg through the gravel.   Smith (1995) suggests that this may be accomplished in 8 
hours; however, it would be appropriate to collect additional site specific information on 
this matter before finalizing a long-term ramping rate for the project. 
 
Resource agencies that apply the Thompson method for solving flow-related fish passage 
problems generally recommend that the resulting “minimum passage flow” (or inflow) be 
maintained during the period of time when adult fish are migrating.  However, in the case 
of the Los Trancos diversion site, Stanford projected that a continuous minimum bypass 
flow of 8 cfs, or inflow, would substantially reduce their diversions from historic levels 
and would have a substantial adverse effect on their water supply (letter from T. 
Zigterman, Stanford to P. Rutten, NMFS, dated December 8, 2004). 
 
To help address Stanford’s concern about the effects of bypass flows for fisheries on its 
historic water supply for irrigation, we evaluated additional two-stage diversion scenarios 
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in which a bypass flow of 8 cfs would be maintained whenever inflow to the project 
exceeded 8 cfs, but some water could be diverted when inflow to the project site dropped 
below 8 cfs.  The rationale for these scenarios is that if natural inflow is insufficient to 
facilitate passage (i.e., < 8 cfs), then an 8 cfs minimum bypass flow should be 
unnecessary and diversions should be allowable.  The logic of such a two-stage bypass 
flow scenario dismisses the potential losses of passage opportunity afforded by 
suboptimal flows providing maximum depths of 0.4 or 0.5 ft in shallow riffles.  It also 
raises the question of what absolute minimum bypass flow is needed to protect habitats 
for non-migratory life stages (e.g., juvenile steelhead and egg incubation) and other 
species, as well as migratory adult steelhead temporarily holding in pools downstream 
from the diversion site.  Thus, a two-stage bypass flow scenario requires the assumption 
that lost opportunity for upstream passage at suboptimal flows is acceptable, and it 
necessitates a second, lower minimum bypass flow triggered when natural inflow is less 
than 8 cfs.  This two-stage approach is recommended for this project because of the 
importance of both mitigating the impacts of Stanford’s diversions upon fisheries 
resources and minimizing the adverse effects of operational changes upon Stanford’s 
historic water supply for irrigation. 
 
To determine the minimum bypass flow for periods when inflow is less than 8 cfs, NMFS 
and DFG evaluated Carmen and White’s 2005 video recording of habitat conditions at 
several riffles and pools when stream flows ranged from 1 to 7.5 cfs.  Stream transect 
data collected by Carmen and White (2004; 2005) were also useful in the assessment of 
the lower stage minimum flow.   
 
Carmen and White’s systematic video recording show incremental increases in the 
current velocities on pool surfaces and in the shallow riffles.  As the current velocities 
increase, the surface turbulence becomes more intense and extends to a greater area of the 
pool surfaces.   This surface turbulence provides important cover for fishes located in 
pools (Raleigh 1982; Raleigh et al. 1984).  The value of elevated surface turbulence as 
cover for stream-dwelling salmon and steelhead has been recognized by many 
researchers (Jenkins 1969; Griffith 1972; Everest and Chapman 1972; Gibson 1978; 
Bjornn and Reiser 1991).  Johnson et al. (1998) developed a classification system for 
rating the habitat value of various levels of surface turbulence, and the Federal Highway 
Administration acknowledges the role of surface turbulence as cover for fishes within 
pools (FHWA 2004).  In Los Trancos Creek, most of the pools are relatively shallow (< 3 
ft deep), and surface turbulence provides important cover from potential predators, 
including human poachers.   
 
DFG and NMFS biologists, who reviewed the video-recording, concurred that a flow of 6 
cfs nearly maximizes the value of surface turbulence as cover for steelhead.  These 
biologists also found that a flow of 4 cfs provides substantial turbulence, but with a lower 
habitat value than occurs at 6 cfs.  At flows of 1 and 2 cfs, surface turbulence is minimal, 
and the bottoms of pools are readily observable.  At these lower flows, fishes would be 
much more noticeable to predators than at the higher flows.  The video-recording shows 
that 3 cfs is a transitional flow in which surface turbulence begins to become a habitat 
factor; however, it is much less evident than at the higher flows.   
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The relationship between riffle depths and stream discharge may provide some insight 
into the reason for the noticeable increased turbulence observed beginning at about 4 cfs.  
A basic principle of surface hydraulics is that substrate roughness has less effect (i.e., less 
drag) on stream current velocities as flow increases.  Thalweg depth data collected by 
Carmen and White (2005) show that riffle depths noticeably rise as flow increases to 4 
cfs; but then the rate of change in depth tails off markedly at higher flows (Figure 2).   
Although these data probably have inherent measurement error (how else to explain a 
drop in depth at higher flows?), they do suggest that depths did not increase as fast after 
flow reached 4 cfs.  To balance the slowed rate of change in depth with an increasing 
discharge, there is an increased rate of change in velocity at the higher flows.  Those 
higher velocities produce the surface turbulence providing important cover to fishes and 
other aquatic organisms. 
 
 

Figure 2.   Maximum thalweg depth at four riffles in Los 
Trancos Creek (data from Carmen & White 2005)
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The consensus of NMFS and DFG biologists who reviewed the systematic video 
recording of alternative flows in Los Trancos Creek was that a minimum bypass flow of 
5 cfs or inflow (whichever is less) should provide adequate protection for fisheries when 
natural inflow to the diversion site is less than 8 cfs.  In addition to having adequate 
surface turbulence, a flow of 5 cfs provides greater riffle and pool depths, increased riffle 
velocities and pool volumes, and it likely provides greater riffle widths than lower flows. 
 
It has been argued that natural flows in Los Trancos Creek are often less than 5 cfs and 
that lower flows limit the population, and thus little benefit is accrued by maintaining a 
minimum flow of 5 cfs.  However, during relatively wet winters, such as Water Year 
1999, unimpaired inflow to the diversion site exceeded 5 cfs during most of the winter 
(Stanford University stream gauge data).   In addition, it is important to limit the duration 
of time that fishes are exposed to the potential higher risk of predation that occurs at 
lower flows.  During more normal years, a minimum bypass flow of 5 cfs would reduce 
the duration of time that fishes are exposed to lower flows.  For example, a migratory 
steelhead stopping to rest in a pool below the diversion site would be exposed to low 
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flows and the associated higher risk of predation for a shorter time with a 5 cfs bypass 
flow, than if a lower minimum bypass flow is adopted. 
 
Another benefit of a 5 cfs minimum bypass flow is that it will enhance passage 
conditions for downstream migrating smolts relative to historic operations.  Seaward 
smolt migrations of steelhead and salmon often coincide with increases in water 
discharge (White and Huntsman 1938; Allen 1944; Osterdahl 1969; Raymond 1979; 
Northcote 1984).   Relatively large freshets also appear to cause large downstream 
movements of juvenile coho salmon (Chapman 1965).  It is well documented that stream 
flow affects the travel rates of migrating smolts.   Smolt migration is largely a passive 
process (Thorpe and Morgan 1978; Fried et al. 1978; Thorpe et al. 1981).   Fried et al. 
(1978) reported that water current was the main factor influencing routes and rates of 
smolt movements.    Berggren and Filardo (1993), who examined the time that it takes 
juvenile steelhead to migrate through reaches in the Snake and Columbia rivers, reported 
that estimates of smolt travel time for yearling steelhead were inversely related to average 
river flows.  Moreover, delays in the rate of downstream movement can influence smolt 
survival.   Cada et al. (1994) concluded that relevant studies “generally supported the 
premise that increased flow led to increased smolt survival.”  Therefore, contrary to 
Smith (1995) who stated that “a continous pathway 1 foot wide and 0.35 feet deep may be 
sufficient to provide passage” and Carmen and White’s (2004) statement that “flows of 
1.0 cfs or higher provided adequate depths in riffles (including critical riffles) so that no 
barriers to outmigration of juveniles were present in the creek”, successful migrations of 
steelhead in Los Trancos Creek would be better protected by conserving elevated flows 
and providing effective screening at the diversion facility. 
 
In summary, steelhead would benefit from a two-stage minimum bypass flow at the 
Stanford diversion facility.  Upstream migration of adult steelhead would be generally 
facilitated and protected by a continuous minimum flow of 8 cfs whenever inflow to the 
diversion facility exceeds 8 cfs.    When inflows to the project site are less than 8 cfs, a 
minimum bypass flow of 5 cfs, or inflow, should be maintained to protect resting 
migrants and more stationary individuals.   Bed load movement at high flows may cause 
the formation of temporary passage barriers (gravel bars) that are impassible at 8 cfs.  
However, monitoring could be initiated to identify such passage problems and these 
problems may be solved through the gradual ramp down of flows during diversion 
operations.  The ramping rates (e.g., duration and magnitude of intermediate flows) for 
this project should be empirically determined. 
 
3.2       Assessment of bypass flows needed to protect steelhead downstream from the 

Stanford diversion site on San Francisquito Creek 
 
Water diversions from San Francisquito Creek can potentially affect depths, velocities, 
and channel geometry in San Francisquito Creek.   These changes can affect the 
availability and quality of habitats for steelhead and other aquatic species.  Our 
assessment examined the effect of alternative stream flows on depths across shallow 
riffles that are potential barriers to migration.  This assessment also considered minimum 
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bypass flows needed to maintain habitat for resting adult steelhead and other more 
stationary fish and other aquatic species. 
 
 
3.2.1 Passage flows at riffles and other barriers on San Francisquito Creek 
 
The stream discharge meeting Thompson’s 0.6 criteria differed markedly at the riffle 
transects measured in May 2005.  The flow needed to meet the Thompson criteria was 
much higher at Transect 3 than at the other two sites.   At Transects 1 and 2, the 
minimum depth criteria of 0.6 feet for 25% of the wetted channel were met by flows of 
approximately 15 to 16 cfs (Table 2).  At Transects 1 and 2, a contiguous 10% of the 
wetted cross-section met the minimum depth criterion at flows of 9 and 14 cfs, 
respectively.   These results contrasted sharply with those at Transect 3 where 25% of the 
wetted cross-section did not meet the minimum depth criteria of 0.6 ft across 25% of the 
channel (with 10% contiguous) until flows were over 60 cfs.   
 
The reason for the disparity in the passage flows needed at the study transects is unclear; 
however, Transect 3 crossed a wide natural riffle located in a stream reach much affected 
by artificial structures.  Transect 3 was located about 100 yards downstream from the 
Bonde Weir and it was immediately upstream (<20 yards) of a river bend with a stream 
bank that is stabilized with a high wall of rock-filled gabions.  To further evaluate 
passage conditions at Transect 3, results were also calculated using a minimum depth 
criterion of 0.5 feet.  This alternative depth criterion was applied because it appeared that 
steelhead passage opportunity remained possible, if not optimal, at the observed flow of 
42 cfs when depths across the transect were almost uniformly 0.5 ft.   A less restrictive 
standard was also applied at Transect 3 because it was recognized that Thompson’s 
method involves an averaging of results, and yet it was important to make sure that 
Transect 3 would not become a true adult passage barrier due to project minimum flows 
leaving maximum depths of only 0.4 feet or less.   At Transect 3 the minimum depth 
criteria of 0.5 feet for 25% of the wetted channel was met by a flow of approximately 42 
cfs, and a contiguous 10% of the wetted cross-section was at least 0.5 feet deep at a flow 
of 34 cfs (Table 3).    
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  Table 2. Total width and percentage of Transects 1 and 2 with depth greater than 0.6 ft. 

Transect Flow 
(cfs) 

Total Cross-section 
width > 0.6 ft deep 

(ft) 

Wetted width 
 > 0.6 ft deep 

(%) 

Largest contiguous 
width > 0.6 ft deep 

  (ft) 
1 7 0 0 0 
 9 4 15 4 
 10 4 14.7 4 
 12 6 19 6 
 14 6 18.6 6 
 16 9.75 29.3 9.75 
     
2 7 0 0 0 
 9 1 7 1 
 10 1 6.8 1 
 12 2 13         1 (6.5% ww)a 

 14 3 19.5       2 (13% ww) 
 16 4 25.3           2  (12.6% ww) 
 18 5 31          3 (18.6% ww) 

    aww = wetted width 
 
 
   Table 3. Total width and percentage of Transect 3 with depth greater than 0.5 ft 

Transect Flow 
(cfs) 

Total Cross-section 
width > 0.5 ft deep 

(ft) 

Wetted width 
   >  0.5 ft deep 

(%) 

Largest contiguous 
width > 0.5 ft deep 

  (ft) 
3 24 2 5.2 2 
 28 3.5 6.5 2 
 30 5 9.8 3 
 34 6.75 14.7 6.75 
 38 8.50 22.0 9.25 
  40a 9.25 24 9.25 
 44 9.88 25.5 9.25 

   aAt 40 cfs, depths reach 0.6 ft across a two foot wide band on this transect. 
 
The transect data suggest that upstream migration of adult steelhead in San Francisquito 
Creek is constrained by more than one flow condition.   Data collected at Transects 1 and 
2, together with observations at reaches in the Stanford Golf Course and below 
Middlefield Road and University Avenue bridges, indicate that passage becomes difficult 
at most natural riffles when flow drops below 16 cfs.  However, a more formidable 
barrier to steelhead movements is the single shallow riffle at Transect 3 where flows of at 
least 34 to 40 cfs are needed for successful upstream migrations.  It is worth noting that 
even with a flow of 34 to 40 cfs, the standard minimum depth and width criteria (0.6 ft 
for 10% contiguous width) are not met. 
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In addition to the natural riffles examined during this survey, the Bonde Weir is another 
serious barrier to upstream movements of steelhead.  Smith and Harden (2001) state, 

 
“Because the weir spreads the flow across most of the channel and is inclined, it presents 
substantial velocity and depth problems for passage.  Very difficult passage is probably 
possible at 30 cfs, but 100+ cfs is probably necessary for most fish.   The barrier is 
probably regularly passable only during storms in most years. 

 
Based on our study team’s observations of the weir at flows of about 40, 20 and 6 cfs, we 
concur with Smith and Harden’s assessment that passage is very difficult, but may be 
possible for some tenacious and highly motivated fish at flows of about 30 to 50 cfs.   
 
The Bonde Weir has been the subject of investigations and considered for modification to 
minimize its impact to upstream fish movements.  In March 2005, The San Francisco Bay 
Salmonid Habitat Restoration Fund granted $156,000 to the City of Menlo Park to design 
and remedy fish passage at this location.  An additional $70,000 has been granted to 
Menlo Park by the NOAA Restoration Center for this project.   
 
Smith and Harden (2001) also listed the USGS gauge weir located 0.1 mile upstream of 
Junipero Serra Boulevard as a significant obstacle to steelhead movement.   Smith and 
Harden recommend important measures for mitigating this impact to steelhead migration. 
 
 
3.2.2 Recommended Minimum Bypass Flows for Stanford’s Water Diversions 

from San Francisquito Creek 
 
This assessment of bypass flow needs for the Stanford diversion facility on San 
Francisquito Creek is motivated by the need to increase bypass flows below Stanford’s 
Los Trancos Creek diversion and provide for the capture of that flow at Stanford’s 
downstream diversion intake on San Francisquito Creek.  Through the coordinated use of 
Stanford’s two points of water diversion, alternative operations will allow for Stanford to 
obtain adequate volumes of water for its irrigation practices without causing undue 
adverse impacts to the run of steelhead in Los Trancos Creek.  As such, this assessment 
requires balancing and minimizing potential adverse effects to aquatic life in both creeks 
as well as Stanford’s water supply for irrigation.  Situated in a rural environment and in a 
watershed largely owned by Stanford, Los Trancos Creek has been generally protected 
from development.   As a result it supports one of the few remaining runs of steelhead 
trout in South San Francisco Bay.  In contrast, San Francisquito Creek flows through a 
more urban setting including Stanford’s campus, and the cities of Menlo Park and Palo 
Alto.  Water temperatures and sedimentation of its substrates render San Francisquito 
Creek much less suitable as habitat for steelhead spawning and juvenile rearing than Los 
Trancos Creek.  However, lower San Francisquito Creek remains an important migratory 
corridor for steelhead between late December and early June.   
 
To limit the effects of water diversions from San Francisquito Creek on steelhead, 
diversion operations should be maintained with both an absolute minimum bypass flow 
and constraints on rates of diversion at higher flows.   A minimum flow would conserve 
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juvenile rearing habitat, holding pools for adults, and habitats for other aquatic biota.   
Passage opportunity for steelhead could be protected by limiting the rate of diversion 
when natural flows approach critical passage thresholds at two categories of barriers.     
 
A minimum bypass flow for Stanford’s diversion should be adequate to protect stationary 
fish (e.g., migratory adults resting in pools) and resident individuals (rearing juveniles 
and non-migratory species), and it should be set at a level that affords Stanford 
opportunity to divert water and offset lost opportunities to divert water from Los Trancos 
Creek.  At the observed flows of 6 to 9 cfs, pools and run habitat maintained depths that 
are probably, if not optimal, at least adequate for juvenile and adult steelhead.   
Therefore, a minimum bypass flow in the vicinity of 5 to 10 cfs should provide 
reasonable stream protection for San Francisquito Creek, especially in the context of a 
plan to reduce diversions and mitigate impacts to Los Trancos Creek.   
 
 A flow of 5 cfs is recommended as a minimum bypass flow for Stanford’s diversion 
facility on San Francisquito Creek, because 1) it would likely maintain substantial depth 
in the stream’s pools during the winter and spring, and 2) a higher, more protective 
bypass flow would restrict additional diversions from San Francisquito Creek that would 
offset Stanford’s reduced diversions on Los Trancos Creek.   A flow of 5 cfs is not 
consistently available at the Stanford diversion on San Francisquito Creek, and in dry 
years flow is generally less than 5 cfs.    For example, at the USGS gage on this creek, 
flows of 5 cfs or greater are exceeded only 56% of the time over the long-term between 
December 1 and April 30th (Table 4).  This means that flows in San Francisquito Creek 
are less than 5 cfs 44% of the time during Stanford’s licensed season of diversion.   Data 
for the wettest period of the winter (February 1-March 31) show that 5 cfs is equaled or 
exceeded only 65% of the time between February 1 and March 31.  Therefore 
recommendations for an even higher minimum flow would further constrain Stanford’s 
ability to obtain water that would offset its reduced diversions from Los Trancos Creek.   
 

Table 4. Percentage of time that average daily flow exceeds discharge of 3 to 15     
cfs during two periods for 70 years of record (USGS gage on San Francisquito 
Creek, water years 1930 to 1999).  

Flow (cfs) % exceedence Dec 1-Apr 30 % exceedence Feb 1-March 31 
3 62 70 
5 56 65 
7 51 60 
9 47 56 
11 45 53 
13 42 50 
15 40 48 

 
 
A minimum flow of 5 cfs would not facilitate upstream passage of adult steelhead; 
however, this issue could be addressed by constraints on diversion rates.  Adult fish are 
probably able to negotiate most riffles and reaches of San Francisquito Creek when flow 
is at least 16 cfs, and passage at these riffles is probably more difficult at flows of about 
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12 to 15 cfs.  The riffle at Transect 3 and the Bonde Weir are unusually difficult barriers 
that require flows of at least 34 to 40 cfs for successful passage.  When flows approach 
these two principal thresholds, diversion rates could be reduced or stopped in order to 
avoid impacts to migrating steelhead.   For example, relatively high rates of diversion, 
such as 5 to 8 cfs, should be avoided when flows are between 17 and 24 cfs and when 
flows are between 41 and 46 cfs.  When inflow is at the two critical thresholds for 
steelhead passage (i.e., 12 to16 cfs and 34 to 40 cfs), diversions should cease.  
 
Diversion operations with an absolute minimum bypass flow and a variable diversion rate 
would help accomplish the twin objectives of protecting steelhead passage and increasing 
water supply from San Francisquito Creek.  The analysis of passage conditions at the 
shallow riffles in San Francisquito Creek indicate that maximum diversion rates of 8 cfs 
should be avoided when flows are in the vicinity of the critical passage thresholds of 12 
to 24 cfs and 34 to 46 cfs.   Table 5 provides a possible operational scheme that would 
substantially mitigate the effects of increased water diversions from San Francisquito 
Creek on steelhead migrations.  This operational plan would not avoid all impacts to 
steelhead passage; however, it would substantially limit the effects of additional 
diversions when flows are near the observed critical passage thresholds.  Allowing 
diversions under this scheme would help facilitate reductions in diversions from Los 
Trancos Creek, which supports important year round habitat for steelhead.   
 
 Table 5.  A proposed operational plan for water diversions from San Francisquito 
    Creek at the Stanford diversion facility.  Stream flow is discharge at the USGS 
    Gauge near Stanford. 

Stream flow 
(cfs) 

Max Diversion Rate  
(cfs) 

Stream flow 
(cfs) 

Max Diversion rate   
(cfs) 

0-5 0 24 8 
6 1 25 8 
7 2 26 8 
8 3 27 8 
9 4 28 8 
10 5 29 8 
11 6 30 8 

12-16 0 31 8 
17 1 32 8 
18 2 33 8 
19 3 34-40 0a 

20 4 41-46 4 a 
21 5 47 8 
22 6 48 8 
23 7 >49 8 

aMaximum instantaneous pumping rate could be increased to 8 cfs over this range of flow if the 
riffle at Transect 3 is modified and able to successfully pass adult steelhead between flows of 16 
and 40 cfs and Bonde Weir is modified to successfully and efficiently pass adult steelhead at flows 
of 16 to 100 cfs. 
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4.0 Discussion 
 
Stanford’s planned modifications of its water diversion facility on Los Trancos Creek 
will include an improved fish ladder structure, but it also poses a significant risk to the 
creek’s steelhead run due to the facilities increased water diversion efficiency.   Prior to 
collaborative discussions with Stanford, the proposed project would greatly enhance the 
efficiency of the diversion structure to annually divert water at a rate of up to 40 cfs 
between December 1 and May 1, with a minimum bypass flow of 8 cfs when inflow 
exceeds 8 cfs and if inflow is less than 8 cfs a minimum bypass flow of 0.5 cfs in 
December and 1 cfs from January 1 to May 1.  The plan to divert water down to a stream 
flow of 0.5 or 1 cfs would reduce the low flows that create important habitat and refuge 
for juvenile and adult steelhead and other aquatic species.  However, these potential 
impacts would be substantially mitigated if the project were operated with a minimum 
bypass flow of 8 cfs when inflow exceeds 8 cfs, and a minimum bypass flow of 5 cfs 
when inflow is less than 8 cfs (see Section 3.1).  In addition to a higher minimum flow, it 
is strongly recommended that a ramping rate be evaluated and established for future 
diversions from Los Trancos Creek to ensure that quick reductions in flow do not leave 
impassible shoals of gravel following storm events.  
 
These recommendations for a higher minimum flow for the Los Trancos diversion 
facility would limit the volume of Los Trancos Creek water available to Stanford for its 
historic irrigation practices.   However, reductions in Stanford’s diversions from Los 
Trancos Creek during low flows could be offset by increased diversions at Stanford’s 
existing diversion facility located downstream on San Francisquito Creek where natural 
flow is much higher during winter months.  The assessment of flows needed to protect 
steelhead in San Francisquito Creek indicate that diversions of up to 8 cfs could be 
implemented without undue impacts to fisheries and aquatic habitats if minimum bypass 
flows are maintained and the project is operated with carefully controlled variable rates 
of diversion (see Table 5). 
 
The recommended diversion plan with a higher minimum flow at the Los Trancos Creek 
point of diversion and increased diversions from the San Francisquito Creek diversion 
site represents a compromise that will help protect and conserve the high quality stream 
habitats present in Los Trancos Creek, while diminishing a minor portion of flow in San 
Francisquito Creek.  The impacts of higher diversion rates from the latter stream would 
be mitigated by maintenance of the minimum bypass flow (5 cfs) and restrictions on the 
rates of diversion.  In addition, it is worth pointing out that conservation of low flows 
(i.e., 1-5 cfs) in Los Trancos Creek would augment inflow to San Francisquito Creek 
during periods of low flow.  That additional flow from Los Trancos Creek would not 
have reached San Francisquito Creek under historic operations; and therefore, the effects 
of higher diversions from San Francisquito Creek would be partially mitigated by the 
increased inflow from Los Trancos Creek. 
 
The potential volume of water that might be diverted from San Francisquito Creek under 
an operational scenario such as presented in Table 5 can be estimated using historic 
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USGS data for this creek together with the diversion scenario’s operational constraints.  
The USGS gage data for San Francisquito Creek are especially useful for such an 
analysis because of the close proximity of the gage station and Stanford’s diversion 
structure, and the lack of intervening diversions or tributary inflow between the two sites.  
One approach to estimating potential water yield would be to apply the diversion 
scenario’s maximum rates of diversion and minimum flow requirements (e.g., see Table 
5) to the historic San Francisquito Creek flow data.  Such an estimate would not include 
the potential additional yield of water from San Francisquito Creek that would result 
from the higher minimum flow requirements at the Los Trancos diversion site.  The 
above estimation procedure would also not include possible lost yield due to operational 
limitations (e.g., mechanical malfunctions or power outages).   
 
Appendix Table A-1 shows the potential water yield that would have been available from 
the San Francisquito Creek diversion during the winter months of Water Years 1999 to 
2004 based on the diversion scenario in Table 5, not including the additional yield due to 
reduced diversions from Los Trancos Creek and without consideration of the lost yield 
due to operational limitations.  This analysis was done for only these six years, because in 
discussions with Stanford, water years 1999 to 2004 were problematic for balancing 
water supply and higher bypass flows at the Los Trancos diversion site.  Earlier water 
years for which there are flow data for Los Trancos Creek (WY1995-1998) were 
considerably wetter, and NMFS bypass flow recommendations for Los Trancos Creek 
were of less impact to potential water supply. 
 
Table A-1 shows that under flow conditions similar to Water Years 1999 to 2004, 
Stanford could divert approximately 610 to 1297 acre feet of water using the operational 
plan identified in Table 5.   Those volumes do not include the additional yield that would 
likely result from raising the minimum bypass flow at the Los Trancos diversion site.  
However, it also does not account for potential lost yield due to mechanical limitations 
and related downtimes.    
 
The accuracy of these estimates of Stanford’s estimated yields from San Francisquito can 
be evaluated using Stanford’s own analysis of water yield from SF Creek using the 
operations plan outlined in Table 5.   Stanford estimated the potential theoretical yield 
from San Francisquito Creek for a single water year (2004) using alternative assumptions 
(Stanford 2005).   Stanford’s calculations of estimated yield from San Francisquito Creek 
included consideration of 1) the additional flow to San Francisquito Creek due to higher 
bypass flows at the diversion on Los Trancos Creek, and 2) alternative scenarios 
assuming no mechanical downtime and a 20% downtime (Table 6).  Stanford’s estimates 
of potential yield are highly dependent on the duration of facility downtime during high 
flow events.  However, these estimates corroborate the approximate volumes of potential 
yield from San Francisquito Creek shown in Table A-1 for water years 1999 through 
2003 (1297, 1095, 691, 942, and 919 acre-feet, respectively). 
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Table 6. Estimated potential water yield (acre-feet) from San Francisquito Creek during 

Water Year 2004 under operational conditions identified in Table 5 of this report. 
NMFS  estimate  
per Table A-1 

Stanford estimate 
 w/out downtime 

Stanford estimate  
w/ 20% downtime 

610 715 572 

 
 
Any final plan for bypass flows for Stanford’s diversions from Los Trancos Creek and 
San Francisquito Creeks will need to consider the constraints of facility operations.   
Manual settings of bypass flows would be impractical and inappropriate because of the 
dependency on personnel at all times of the day and night during storm events.  In order 
to divert from Los Trancos Creek when flow is between 5 and 8 cfs, the facility will need 
to be automated and be able to distinguish two levels of inflow (>8 cfs and <8 cfs) and 
then shift between minimum bypass flows of 5 cfs and 8 cfs.  Likewise, in order to 
achieve the objectives of diversion consistent with the schedule shown in Table 5, the 
San Francisquito Creek diversion facility will need to be able to monitor stream inflow 
and synchronize rates of diversion so that no water is diverted when inflow is less than 5 
cfs, nor would diversions occur at inflows of 12 to16 cfs or 34 to 40 cfs.   In addition, 
diversion rates will need to precisely ramp down from 8 cfs to 1 cfs as inflow approaches 
the three critical thresholds.    Due to technical considerations, the diversion schedule for 
San Francisquito Creek may need to be accomplished through an alternative modified 
schedule with less flexibility in pumping rates (e.g., instantaneous pumping rates of only 
2, 4, or 8 cfs) to allow the previously described bypass flows to be maintained.  
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Estimated Theoretical Water Yield for Stanford 
 from San Francisquito Creek during Water Years 1999 to 2004 

 Based on the Rates of Withdrawal and Minimum Flow schedule in Table 5 
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Table A-1 San Francisquito Creek yield with NMFS bypass flows and max diversion of 8 cfs
Assumes that no additional inflow from Los Trancos due to higher min flows in Los Trancos

WY 2001
DATE USGS Q Yield (cfs) Yield (af) USGS Q Yield (cfs) Yield (af) USGS Q Yield (cfs) Yield

1-Dec 50 8 15.84 2.4 0 0 1.9 0
2-Dec 15 0 0 1.4 0 0 1.6 0
3-Dec 23 7 13.86 1.1 0 0 1.5 0
4-Dec 17 1 1.98 0.95 0 0 1.5 0
5-Dec 14 0 0 0.94 0 0 1.5 0
6-Dec 27 8 15.84 0.8 0 0 1.8 0
7-Dec 12 0 0 0.72 0 0 2.1 0
8-Dec 9.2 4 7.92 0.66 0 0 2 0
9-Dec 7.9 2 3.96 0.99 0 0 2 0

10-Dec 7 2 3.96 1.1 0 0 2.1 0
11-Dec 6.5 1 1.98 1 0 0 2.1 0
12-Dec 6.1 1 1.98 1.1 0 0 2.8 0
13-Dec 6.5 1 1.98 1.3 0 0 3.8 0
14-Dec 8.9 3 5.94 1.5 0 0 5.4 0
15-Dec 6.7 1 1.98 1.5 0 0 8.7 3
16-Dec 6.1 1 1.98 1.4 0 0 7.1 2
17-Dec 5.5 0 0 1.4 0 0 5.2 0
18-Dec 5.1 0 0 1.4 0 0 4.2 0
19-Dec 4.9 0 0 1.4 0 0 3.6 0
20-Dec 6.2 1 1.98 1.4 0 0 3.2 0
21-Dec 6 1 1.98 1.4 0 0 3.1 0
22-Dec 5 0 0 1.3 0 0 2.9 0
23-Dec 4.9 0 0 1.3 0 0 2.9 0
24-Dec 4.8 0 0 1.2 0 0 2.8 0
25-Dec 4.7 0 0 1.2 0 0 2.6 0
26-Dec 4.7 0 0 1.2 0 0 2.6 0
27-Dec 4.7 0 0 1.2 0 0 2.4 0
28-Dec 4.7 0 0 1.2 0 0 2.4 0
29-Dec 4.5 0 0 1.2 0 0 2.4 0
30-Dec 4.5 0 0 1.2 0 0 2.4 0
31-Dec 4.4 0 0 1.2 0 0 2.4 0

1-Jan 4.2 0 0 1.2 0 0 2.4 0
2-Jan 4.2 0 0 1.2 0 0 2.3 0
3-Jan 4 0 0 1.3 0 0 2.2 0
4-Jan 3.9 0 0 1.3 0 0 2.2 0
5-Jan 3.8 0 0 1.3 0 0 2.1 0
6-Jan 3.8 0 0 1.3 0 0 2.1 0
7-Jan 3.9 0 0 1.2 0 0 2.1 0
8-Jan 3.8 0 0 1.1 0 0 8.6 3
9-Jan 3.8 0 0 1.1 0 0 5.1 0

10-Jan 3.6 0 0 1.3 0 0 53 8
11-Jan 3.6 0 0 7.1 2 3.96 101 8
12-Jan 3.6 0 0 8.6 3 5.94 43 4

WY 1999 WY 2000
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WY 2001
DATE USGS Q Yield (cfs) Yield (af) USGS Q Yield (cfs) Yield (af) USGS Q Yield (cfs) Yield

13-Jan 3.6 0 0 4.1 0 0 13 0
14-Jan 3.4 0 0 3.2 0 0 8.6 3
15-Jan 3.5 0 0 2.7 0 0 6.7 1
16-Jan 6.4 1 1.98 43 4 7.92 5.6 1
17-Jan 5.3 0 0 11 6 11.88 4.9 0
18-Jan 172 8 15.84 51 8 15.84 4.3 0
19-Jan 208 8 15.84 17 1 1.98 3.8 0
20-Jan 579 8 15.84 11 6 11.88 3.6 0
21-Jan 138 8 15.84 6.7 1 1.98 3.6 0
22-Jan 46 4 7.92 5.3 0 0 3.4 0
23-Jan 203 8 15.84 98 8 15.84 4.9 0
24-Jan 70 8 15.84 886 8 15.84 10 5
25-Jan 40 0 0 257 8 15.84 81 3
26-Jan 56 8 15.84 51 8 15.84 69 8
27-Jan 42 4 7.92 26 8 15.84 20 4
28-Jan 29 8 15.84 15 0 0 11 6
29-Jan 23 7 13.86 12 0 0 8.1 3
30-Jan 21 5 9.9 22 6 11.88 6.3 1
31-Jan 106 8 15.84 17 1 1.98 5.8 1
1-Feb 44 4 7.92 12 0 0 5.7 0
2-Feb 30 8 15.84 11 6 11.88 5.6 0
3-Feb 25 8 15.84 24 8 15.84 5.2 0
4-Feb 21 5 9.9 20 4 7.92 4.7 0
5-Feb 19 3 5.94 16 0 0 4.4 0
6-Feb 62 9 17.82 14 0 0 4.1 0
7-Feb 1260 9 17.82 10 5 9.9 3.8 0
8-Feb 391 9 17.82 9 4 7.92 3.5 0
9-Feb 1010 9 17.82 8.4 3 5.94 22 6

10-Feb 269 9 17.82 30 8 15.84 105 8
11-Feb 123 9 17.82 317 8 15.84 234 8
12-Feb 84 9 17.82 449 8 15.84 138 8
13-Feb 65 9 17.82 1290 8 15.84 58 8
14-Feb 58 9 17.82 1340 8 15.84 27 8
15-Feb 46 4 7.92 243 8 15.84 18 2
16-Feb 183 8 15.84 119 8 15.84 15 0
17-Feb 485 8 15.84 87 8 15.84 19 3
18-Feb 195 8 15.84 63 8 15.84 49 8
19-Feb 143 8 15.84 48 8 15.84 115 8
20-Feb 154 8 15.84 63 8 15.84 82 8
21-Feb 341 8 15.84 73 8 15.84 53 8
22-Feb 130 8 15.84 201 8 15.84 165 8
23-Feb 95 8 15.84 486 8 15.84 342 8
24-Feb 82 8 15.84 115 8 15.84 194 8
25-Feb 172 8 15.84 86 8 15.84 102 8
26-Feb 91 8 15.84 63 8 15.84 50 8
27-Feb 73 8 15.84 184 8 15.84 33 8
28-Feb 63 8 15.84 186 8 15.84 26 8
29-Feb -- 0 0 190 8 15.84 -- 0

WY 1999 WY 2000
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WY 2001
DATE USGS Q Yield (cfs) Yield (af) USGS Q Yield (cfs) Yield (af) USGS Q Yield (cfs) Yield

1-Mar 55 8 15.84 129 8 15.84 20 4
2-Mar 43 4 7.92 88 8 15.84 19 3
3-Mar 56 8 15.84 75 8 15.84 17 1
4-Mar 45 4 7.92 71 8 15.84 137 8
5-Mar 41 4 7.92 113 8 15.84 191 8
6-Mar 38 0 0 89 8 15.84 81 8
7-Mar 37 0 0 65 8 15.84 46 4
8-Mar 40 0 0 232 8 15.84 34 0
9-Mar 136 8 15.84 291 8 15.84 32 8

10-Mar 63 8 15.84 150 8 15.84 27 8
11-Mar 47 8 15.84 105 8 15.84 23 7
12-Mar 37 0 0 85 8 15.84 20 4
13-Mar 33 8 15.84 66 8 15.84 16 0
14-Mar 43 4 7.92 58 8 15.84 14 0
15-Mar 88 8 15.84 49 8 15.84 13 0
16-Mar 48 8 15.84 43 4 7.92 12 0
17-Mar 37 0 0 37 0 0 11 6
18-Mar 34 0 0 34 0 0 10 5
19-Mar 38 8 15.84 32 8 15.84 11 6
20-Mar 36 0 0 30 8 15.84 11 6
21-Mar 34 0 0 27 8 15.84 8.4 3
22-Mar 31 8 15.84 25 8 15.84 7 2
23-Mar 41 4 7.92 24 8 15.84 6.8 2
24-Mar 34 0 0 22 6 11.88 7 2
25-Mar 129 8 15.84 21 5 9.9 17 1
26-Mar 61 8 15.84 19 3 5.94 10 5
27-Mar 44 4 7.92 17 1 1.98 7.9 2
28-Mar 36 0 0 13 0 0 7.2 2
29-Mar 33 8 15.84 12 0 0 6.7 1
30-Mar 32 8 15.84 12 0 0 6.4 1
31-Mar 52 8 15.84 11 6 11.88 5.9 0

1-Apr 35 0 0 11 6 11.88 5.9 0
2-Apr 30 8 15.84 10 5 9.9 5.7 0
3-Apr 26 8 15.84 10 5 9.9 5.6 0
4-Apr 25 8 15.84 9.8 5 9.9 5.4 0
5-Apr 88 8 15.84 9.6 5 9.9 5.3 0
6-Apr 162 8 15.84 9.6 5 9.9 7.9 3
7-Apr 74 8 15.84 9.6 5 9.9 22 6
8-Apr 147 8 15.84 9.3 4 7.92 11 6
9-Apr 94 8 15.84 9.3 4 7.92 9.4 4

10-Apr 63 8 15.84 9.2 4 7.92 7.6 2
11-Apr 183 8 15.84 8.9 4 7.92 6.5 1
12-Apr 98 8 15.84 9.1 4 7.92 5.8 0
13-Apr 68 8 15.84 16 0 0 5.2 0
14-Apr 59 8 15.84 12 0 0 4.8 0
15-Apr 50 8 15.84 12 0 0 5.1 0
16-Apr 41 4 7.92 11 6 11.88 4.9 0
17-Apr 35 0 0 39 0 0 4.2 0
18-Apr 33 8 15.84 19 3 5.94 4.3 0

WY 1999 WY 2000
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WY 2001
DATE USGS Q Yield (cfs) Yield (af) USGS Q Yield (cfs) Yield (af) USGS Q Yield (cfs) Yiel

19-Apr 30 8 15.84 12 0 0 4.1 0
20-Apr 29 8 15.84 10 5 9.9 17 1
21-Apr 25 8 15.84 9.3 4 7.92 24 8
22-Apr 20 4 7.92 9.6 4 7.92 10 5
23-Apr 19 3 5.94 9.5 4 7.92 7.3 2
24-Apr 18 2 3.96 9.2 4 7.92 5.9 1
25-Apr 17 1 1.98 8.7 4 7.92 5.1 0
26-Apr 17 1 1.98 7.3 2 3.96 4.6 0
27-Apr 15 0 0 6.8 2 3.96 3.5 0
28-Apr 15 0 0 6.6 2 3.96 2.7 0
29-Apr 14 0 0 7.2 2 3.96 2.7 0
30-Apr 15 0 0 7.1 2 3.96 3 0

1999Total: 1297 af 2000Total: 1095 af 2001Total:

WY 1999 WY 2000
d
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WY 2002 WY 2003 WY 2004
DATE USGS Q Yield (cfs) Yield (af) USGS Q Yield (cfs) Yield (af) USGS Q Yield (cfs) Yiel

1-Dec 11 6 11.88 1.2 0 0 1.5 0
2-Dec 350 8 15.84 1.2 0 0 2.3 0
3-Dec 59 8 15.84 1.2 0 0 1.4 0
4-Dec 19 3 5.94 1.2 0 0 0.94 0
5-Dec 13 0 0 1.2 0 0 1 0
6-Dec 17 1 1.98 1.2 0 0 3.4 0
7-Dec 13 0 0 1.6 0 0 9.9 4
8-Dec 9.8 4 7.92 1.6 0 0 2 0
9-Dec 10 5 9.9 1.9 0 0 2 0

10-Dec 8.2 3 5.94 3 0 0 14 0
11-Dec 7 2 3.96 1.9 0 0 10 5
12-Dec 6.1 1 1.98 1.7 0 0 2.6 0
13-Dec 5.5 0 0 98 8 15.84 1.7 0
14-Dec 70 8 15.84 353 8 15.84 21 5
15-Dec 23 7 13.86 224 8 15.84 4.5 0
16-Dec 13 0 0 1010 8 15.84 2.4 0
17-Dec 38 0 0 142 8 15.84 1.9 0
18-Dec 28 8 15.84 47 8 15.84 1.6 0
19-Dec 16 0 0 308 8 15.84 2.6 0
20-Dec 167 8 15.84 345 8 15.84 4.9 0
21-Dec 255 8 15.84 124 8 15.84 3.9 0
22-Dec 77 8 15.84 46 4 7.92 2.2 0
23-Dec 54 8 15.84 28 8 15.84 2 0
24-Dec 30 8 15.84 20 4 7.92 16 0
25-Dec 22 6 11.88 16 0 0 20 4
26-Dec 17 1 1.98 14 0 0 7.5 2
27-Dec 16 0 0 13 0 0 3.2 0
28-Dec 36 0 0 165 8 15.84 2.3 0
29-Dec 128 8 15.84 297 8 15.84 284 8
30-Dec 123 8 15.84 57 8 15.84 199 8
31-Dec 113 8 15.84 229 8 15.84 31 8

1-Jan 59 8 15.84 55 8 15.84 605 8
2-Jan 288 8 15.84 34 0 0 146 8
3-Jan 150 8 15.84 24 8 15.84 52 8
4-Jan 65 8 15.84 21 5 9.9 26 8
5-Jan 44 4 7.92 19 3 5.94 16 0
6-Jan 35 0 0 17 1 1.98 13 0
7-Jan 27 8 15.84 15 0 0 11 0
8-Jan 22 6 11.88 13 0 0 8 3
9-Jan 20 4 7.92 14 0 0 6 1

10-Jan 17 1 1.98 36 0 0 7.2 2
11-Jan 15 0 0 23 7 13.86 6.1 1
12-Jan 13 0 0 18 2 3.96 4.6 0
13-Jan 12 0 0 16 0 0 4.2 0
14-Jan 11 6 11.88 14 0 0 4.2 0

Appendix F. NMFS report entitled “An Assessment of bypass flows to protect steelhead below Stanford  
University’s water diversion facilities on Los Trancos Creek and San Francisquito Creek” February 15, 2006. 32 pages. Page F-31



WY 2002 WY 2003 WY 2004
DATE USGS Q Yield (cfs) Yield (af) USGS Q Yield (cfs) Yield (af) USGS Q Yield (cfs) Yiel

15-Jan 11 6 11.88 12 0 0 4.4 0
16-Jan 9.7 4 7.92 11 6 11.88 3.1 0
17-Jan 8.6 3 5.94 11 6 11.88 2.3 0
18-Jan 8 3 5.94 10 5 9.9 2.3 0
19-Jan 7.7 2 3.96 11 6 11.88 2.3 0
20-Jan 7.5 2 3.96 11 6 11.88 3.5 0
21-Jan 7.2 2 3.96 12 0 0 3.4 0
22-Jan 7.9 2 3.96 12 0 0 3.2 0
23-Jan 6.8 1 1.98 11 6 11.88 1.9 0
24-Jan 6.6 1 1.98 11 6 11.88 6 1
25-Jan 6.9 1 1.98 10 5 9.9 4.9 0
26-Jan 12 0 0 10 5 9.9 2.7 0
27-Jan 16 0 0 9.3 4 7.92 2.6 0
28-Jan 15 0 0 9.2 4 7.92 4.7 0
29-Jan 13 0 0 8.3 3 5.94 3.9 0
30-Jan 11 6 11.88 8 3 5.94 3.5 0
31-Jan 9.3 4 7.92 8 3 5.94 3.6 0
1-Feb 8.7 3 5.94 7.9 2 3.96 3.4 0
2-Feb 8.2 3 5.94 7.4 2 3.96 92 8
3-Feb 7.8 2 3.96 6 1 1.98 90 8
4-Feb 7.5 2 3.96 6.8 1 1.98 49 8
5-Feb 7.2 2 3.96 6.6 1 1.98 30 8
6-Feb 7 2 3.96 6.6 1 1.98 21 5
7-Feb 19 3 5.94 6.6 1 1.98 16 0
8-Feb 69 8 15.84 6.4 1 1.98 12 0
9-Feb 26 8 15.84 6.3 1 1.98 9.2 4

10-Feb 16 0 0 5.9 0 0 7.9 2
11-Feb 13 0 0 6.1 1 1.98 6.1 1
12-Feb 11 6 11.88 8.9 3 5.94 6.4 1
13-Feb 11 6 11.88 9.6 4 7.92 6.5 1
14-Feb 10 5 9.9 8.1 3 5.94 5.8 0
15-Feb 9.5 4 7.92 8.7 3 5.94 5.7 0
16-Feb 17 1 1.98 86 8 15.84 18 2
17-Feb 72 8 15.84 22 6 11.88 126 8
18-Feb 30 8 15.84 15 0 0 552 8
19-Feb 28 8 15.84 13 0 0 90 8
20-Feb 56 8 15.84 11 6 11.88 54 8
21-Feb 34 0 0 9.6 4 7.92 40 0
22-Feb 28 8 15.84 8.8 3 5.94 39 0
23-Feb 22 6 11.88 8.2 3 5.94 28 8
24-Feb 20 4 7.92 13 0 0 29 9
25-Feb 17 1 1.98 40 8 15.84 608 8
26-Feb 15 0 0 17 1 1.98 401 8
27-Feb 15 0 0 16 0 0 169 8
28-Feb 14 0 0 12 0 0 97 8
29-Feb -- 0 0 -- 0 0 70 8
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WY 2002 WY 2003 WY 2004
DATE USGS Q Yield (cfs) Yield (af) USGS Q Yield (cfs) Yield (af) USGS Q Yield (cfs) Yiel

1-Mar 13 0 0 11 6 11.88 61 8
2-Mar 12 0 0 9.6 4 7.92 51 8
3-Mar 11 6 11.88 10 5 9.9 39 0
4-Mar 11 6 11.88 11 6 11.88 34 0
5-Mar 10 5 9.9 9.8 4 7.92 28 8
6-Mar 14 0 0 8.2 3 5.94 25 8
7-Mar 36 0 0 7.4 2 3.96 23 7
8-Mar 24 8 15.84 7 2 3.96 22 6
9-Mar 15 0 0 6.9 1 1.98 18 2

10-Mar 45 4 7.92 6.8 1 1.98 16 0
11-Mar 26 8 15.84 7.4 2 3.96 16 0
12-Mar 18 2 3.96 7.5 2 3.96 16 0
13-Mar 15 0 0 8 3 5.94 15 0
14-Mar 13 0 0 9.2 4 7.92 12 0
15-Mar 13 0 0 58 8 15.84 10 5
16-Mar 12 0 0 23 7 13.86 10 5
17-Mar 38 8 15.84 16 0 0 9.7 4
18-Mar 25 8 15.84 12 0 0 9.6 4
19-Mar 16 0 0 9 4 7.92 9.6 4
20-Mar 13 0 0 8.4 3 5.94 9.4 4
21-Mar 12 0 0 7.6 2 3.96 8.9 3
22-Mar 12 0 0 6.9 1 1.98 8.8 3
23-Mar 109 8 15.84 7 2 3.96 7.6 2
24-Mar 46 4 7.92 7.2 2 3.96 5.9 0
25-Mar 30 8 15.84 5.7 0 0 16 0
26-Mar 23 7 13.86 5.3 0 0 19 3
27-Mar 18 2 3.96 5.1 0 0 7.5 2
28-Mar 16 0 0 5.5 0 0 6.1 1
29-Mar 14 0 0 4.5 0 0 5.4 0
30-Mar 13 0 0 -- 0 0 5 0
31-Mar 11 6 11.88 -- 0 0 3.5 0

1-Apr 11 6 11.88 4.1 0 0 3 0
2-Apr 11 6 11.88 5.4 0 0 2.9 0
3-Apr 9.6 4 7.92 7.3 2 3.96 2.9 0
4-Apr 9 4 7.92 18 2 3.96 2.9 0
5-Apr 8.9 3 5.94 9.3 4 7.92 2.9 0
6-Apr 8.7 3 5.94 5.9 0 0 3 0
7-Apr 8.1 3 5.94 5.9 0 0 3 0
8-Apr 7.7 2 3.96 6 1 1.98 2.9 0
9-Apr 7.3 2 3.96 5.4 0 0 3 0

10-Apr 7 2 3.96 5 0 0 3 0
11-Apr 6.9 1 1.98 4.9 0 0 3 0
12-Apr 6.8 1 1.98 72 8 15.84 3 0
13-Apr 6.6 1 1.98 249 8 15.84 2.9 0
14-Apr 6.4 1 1.98 56 8 15.84 2.9 0
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WY 2002 WY 2003 WY 2004
DATE USGS Q Yield (cfs) Yield (af) USGS Q Yield (cfs) Yield (af) USGS Q Yield (cfs) Yiel

15-Apr 6.5 1 1.98 32 8 15.84 2.9 0
16-Apr 6 1 1.98 24 8 15.84 2.8 0
17-Apr 9 4 7.92 22 6 11.88 3.3 0
18-Apr 7.2 2 3.96 19 3 5.94 2.9 0
19-Apr 5.1 0 0 16 0 0 3 0
20-Apr 4.8 0 0 14 0 0 3.6 0
21-Apr 5.6 0 0 14 0 0 4.3 0
22-Apr 5.7 0 0 13 0 0 2.8 0
23-Apr 5.2 0 0 13 0 0 2.6 0
24-Apr 5 0 0 22 6 11.88 2.6 0
25-Apr 3.9 0 0 24 8 15.84 2.5 0
26-Apr 3.9 0 0 25 8 15.84 2.4 0
27-Apr 4.1 0 0 20 4 7.92 2.5 0
28-Apr 4 0 0 56 8 15.84 2.2 0
29-Apr 5.3 0 0 43 4 7.92 2.3 0
30-Apr 4.8 0 0 29 8 15.84 2.2 0

2002Total: 942 af 2003Total: 919 af 2004Total:
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