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Executive Summary

Searsville Lake is a significant resource for Stanford University and its Jasper Ridge
Biological Preserve.  The Lake provides habitat for migratory and breeding
waterfowl, fish, and a benthic community, important foraging resources for bats, and
helps maintain shallow water tables that support wetland habitat on the Corte
Madera and Sausal Creek alluvial floodplains.  In addition to these habitat features,
the reservoir is a unique educational and research resource utilized by the Jasper
Ridge Biological Preserve community.  However, this century-old reservoir is
nearing the end of its useful life as a result of continuing sedimentation.  This loss in
reservoir capacity is driving concern over maintaining open water at the lake.  As
Searsville Lake disappears, its importance to the Preserve underscores the need to
assess options for maintaining the benefits it provides.

With the prospect of the lake disappearing as result of sedimentation in less than 50
years, it is prudent to assess the feasibility of maintaining some lacustrine habitat, so
that alternate futures can be properly evaluated for their impact on the Preserve’s
goals and activities and so that opportunities to maintain some or all of the positive
values of Searsville Lake are not overlooked.  At the same time, the nature and extent
of environmental disturbances are of major concern in managing the Preserve.  The
Preserve’s vulnerability to invasive non-native species is particularly important.
Along with its surrounding alluvial habitats, Searsville Lake hosts a number of non-
native species, including non-native fishes, crustaceans, and amphibians.  So any
construction activity, maintenance operations, or other physical or biological
disruptions required to maintain open water must be evaluated in the context of the
Preserve’s conservation, education, and research goals.

The goal of this study to help provide an assessment of the feasibility of maintaining
open water in a sustainable and benign fashion.  In conducting this assessment, we
restricted our attention to:

—Data and other information (study reports) available through the end of 2000.

—Impacts within the immediate vicinity of Searsville Dam and Lake and Jasper
Ridge Biological Preserve.

—The conceptual feasibility of maintaining open water.  Our focus has been on
hydrologic feasibility.

—Alternatives in which Searsville Dam is neither removed in its entirety nor lowered
below the level of the existing sediment surface.

In addition to it importance to the Preserve, Searsville Dam and Lake provides a
fascinating case study of the complexities of managing an aging dam and reservoir,
which over their life have become fully integrated into the hydrologic, ecological,
political, and social structure of their watershed.  It is this rich and complex context
that presents significant obstacles and important opportunities to the feasibility of
maintaining open water as a management option.
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The feasibility of maintaining open water is in large measure dictated by the
hydrology of the reservoir and how it impacts other parts of the watershed.  The
reservoir currently holds approximately 14% of its original capacity due to the
accumulation of sediment, primarily from Corte Madera Creek.  This substantial
sediment accumulation is the result of: 1) a relatively high rate of sediment delivery,
and 2) the relatively high trap efficiency of Searsville Dam, currently estimated at
93%.  Flood events are responsible for a major portion of the sediment inflow into the
reservoir.

The sediment mass discharge has been higher for a given streamflow rate in Corte
Madera Creek than in many other streams and gaging periods in the area.  This is in
part because of the particular geologic characteristics of the watershed, especially the
presence of the Purisima and Santa Clara formations.  Sediment delivery to Searsville
Lake is highly episodic, both within a given year and from year to year.  For instance,
the estimated specific sediment yield from Corte Madera Creek watershed into the
reservoir and adjacent wetlands was 11,140 metric tons/km2 (31,800 short tons/mi2)
for water year 1998 and 880 metric tons/km2 (2500 short tons/mi2) in water year 1999
(Balance Hydrologics, 2000a, 2000b).

The high variability and episodic nature of annual streamflow and of large, intense
storm occurrence, make a zero annual sediment balance unrealistic and introduce a
significant complexity to maintaining open water over the long term.  Any strategy
for maintaining open water must depend on no net accumulation or loss of sediment
over some longer time frame.  There may be periods of net sediment accumulation
and periods of net sediment loss, but on average over a longer time frame, the net
accumulation must be zero if the goal of maintaining open water is to be successful.

Another complicating factor is that most, if not all, reservoir sediment management
alternatives have impacts well beyond the immediate vicinity of Searsville Dam and
Lake.  Because of its ungated overflow spillway and lack of lower-level outlets into
Corte Madera Creek, Searsville Dam provides almost no flood water storage or peak
flow reduction downstream.  In addition, since the Searsville watershed is only 32%
of the San Francisquito watershed at its mouth, downsizing modifications to
Searsville Dam or changes in its operation are likely to have relatively little direct
effect on flood flowrates or stages in downstream reaches vulnerable to significant
flood damages.  However, modifications to the sediment transport regime at the dam
may not be as benign.

Over the past 110 years, the most likely tangible impacts on downstream flooding
regimes are those resulting from the reduction in sediment load since the
construction of Searsville Dam.  The dramatically reduced sediment flux may have
contributed to the geomorphic changes in the San Francisquito Creek channel that
have been observed in a number of reaches.  To the extent that these changes have
resulted in increased channel capacity, Searsville’s sediment trapping has provided
some ancillary flood benefits to downstream floodplain occupants.  Sediment
management alternatives that result in an increased downstream sediment flux in the
future could instigate geomorphic changes with impacts on both frequency of
flooding and riparian ecosystem structure and function.
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Upstream of the lake, the story is quite different, with the aggradation of sediment
along the delta created by Corte Madera Creek and, to a lesser extent, Sausal Creek
exacerbating flooding for about 20 residences along Family Farm Road.  Long-term
mitigation of this problem could require some combination of excavation of
accumulated sediments, lowering the elevation of the lake water surface, including
removing Searsville Dam, or relocating the residents.

There are two fundamental approaches to achieving no net sediment accumulation in
a reservoir.  The sediment inflow can be reduced by reducing the sediment yield of
the reservoir’s watershed, or the sediment outflow can be increased by reducing
deposition during inflow, by flushing accumulated sediments, or by excavating
accumulated sediments.  Managing Searsville’s sediment balance by altering
sediment inflow requires activities in the upstream watershed, almost none of which
is owned by the University.  Managing the sediment balance by altering sediment
outflow requires “disposal” of sediment, either in the downstream channel, in San
Francisco Bay, or in an off-shore or land-based tailings disposal area.  The scope of
the impacts of sediment management under these conditions can be very wide.

Since there is relatively little practical opportunity to alter the Searsville Lake
watershed’s sediment yield, we have focused on opportunities to increase sediment
outflow such that the net trapping efficiency of the reservoir is reduced from its
current value of 90% to 0% while maintaining an appropriate depth distribution,
water surface area, and shoreline length.

After studying data from various sources, we assumed that the average annual
amount of sediment entering the reservoir to be roughly 30,000 m3/yr (24 ac-ft/yr),
or approximately 3,270 12-yd3 truckloads/yr.  This, then, is the amount of sediment
that must be discharged from Searsville Lake on an average annual basis if there is to
be no net accumulation.  We also estimated that the minimum area required to
maintain a diverse population of wintering waterfowl, a small amount of spring and
summer nesting habitat, and adequate space for bat and songbird foraging is
between 2 and 4 ha (5 and 10 ac) with a shoreline length of 1000-2000 m (3280-6560
ft).  This is approximately one- to two-thirds of the existing surface area of the Lower
Lake (6 ha, 15 ac).

We considered several general techniques for sediment pass-through, ranging from
by-pass of the dam through flushing to dry or wet excavation.  Analysis quickly
reveals that sediment bypass and flushing techniques are severely limited by the
existing outlet and spillway configuration at Searsville Dam.  Further, there are
severe difficulties in keeping sediments entrained from the creek deltas to the dam,
while reservoir drawdown schemes negate the goal of maintaining open water.
These techniques are operationally complex , very expensive, and unlikely to achieve
the goals originally outlined for this assessment.

The feasibility of dry excavation strategies is also problematic due to challenges
facing the ability to dewater, the time required for adequate desiccation, downstream
sediment impacts during dewatering, the availability and quality of infrastructure to
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transport and dispose of the excavated sediments (at least 3,270 truckloads/year),
and the impacts of dewatering on reservoir use.

Hydraulic dredging, and more specifically, siphon dredging, on the other hand, has
potential as a management option for maintaining open water at Searsville Lake.
Analysis of pipe sizes, slurry flow rates, concentration, and duration suggests this is
a feasible option.  Downstream discharge of dredged sediments may be feasible, if
the load does not represent too much of a surcharge above natural conditions.
Assessing the feasibility of an increased sediment load, however, is beyond the scope
of this study.  There are ongoing studies by others examining future sediment
scenarios for San Francisquito Creek.  If increased sediment load to the creek proves
to be unacceptable, then off-site disposal of sediment is probably the only option
available, since on-site disposal of sediments is inconsistent with the goals and
functions of Jasper Ridge Biological Preserve.  Because of the preliminary nature of
our investigation and the limited data now available on the sediments, it is not
possible to explore off-site disposal in any detail, except to note that the impacts of
transportation, whether by slurry or truck, are likely to be severe.

If one assumes, as noted above, an annual sediment budget of 30,000 m3/yr (24 ac-
ft/yr), and that sediment can be discharged downstream, then siphon dredging is
feasible, even though it is confined only to high water in-flow periods (see Figures 29
and 30).  In fact, it appears likely that a siphon dredging system could be designed to
discharge more than the annual sediment load over an elapsed period of time,
allowing excavation of some of the already-deposited sediments.  The feasibility of
such a system with downstream discharge would depend heavily on the capacity of
the downstream channel to absorb a sediment surcharge.

If maintaining the positive values associated with open water in Searsville Lake is
deemed an important priority, then siphon dredging may provide a reasonable
strategy for preserving those values.  However,  there are additional complicating
factors  that we identify in this assessment, but the resolution of which is outside the
scope of this effort.  For instance, any scheme for maintaining some open water
surface at Searsville Lake will require attention to its impacts on species of special
concern, most especially the federally-listed steelhead rainbow trout and California
red-legged frogs.  In addition, a significant portion of the alluvial floodplain between
Family Farm Road and the current upstream lake edge has already been mapped as
jurisdictional wetlands.  Therefore, any actions at Searsville Lake altering the
delineated habitat are regulated under the Clean Water Act, Section 404(a), and any
loss of habitat would require mitigation.  The spatial and temporal patterns of
inundation for any maintained open water may be constrained by impacts on
wetland habitat.  Water level elevation and fluctuations in any remaining open water
at Searsville must be evaluated carefully in order to address these habitat
considerations.

No matter whether open water is maintained at Searsville and/or Searsville Dam is
altered or removed, in the absence of dry excavation or dredging with off-site
disposal the sediment flux into San Francisquito Creek below the dam will increase
in the future.  As the capacity of Searsville Lake declines to that of an undammed
valley, either by the reservoir filling with sediment, by the dam being lowered so that
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it is filled more quickly, or by dam removal, the sediment flux in lower San
Francisquito Creek will return for the first time since 1892 to “natural” amounts.  The
implications of a restored sediment flux are difficult to forecast, but are potentially
far-reaching.  For example, channel aggradation in downstream reaches could result
in an increased frequency of flooding on the highly and expensively developed
floodplain.  Increased sediment flux, particularly base load, could result in alteration
of the streambed habitat.  As a result, it is clear that any scheme for the sustainable
maintenance of open water at Searsville must be integrated into the overall
management plan for flood-damage mitigation and habitat maintenance and
restoration in San Francisquito Creek.



Open Water at Searsville                            Final Report to the Packard Foundation, p. ix

Table of Contents

Executive Summary .......................................................................................................... iii

Table of Contents................................................................................................................ix

List of Figures ......................................................................................................................x

List of Tables.....................................................................................................................xiii

Introduction and Background............................................................................................1
Searsville Dam and Lake ................................................................................................1
Hydrologic Conditions ...................................................................................................5
Reservoir Sedimentation............................................................................................... 11
Management Context.................................................................................................... 23

Family Farm Road flood damage mitigation .................................................................23
Downstream development and flood hazards ................................................................24
Special status plant and animal species ........................................................................26
Non-native species........................................................................................................27
Jurisdictional wetlands.................................................................................................28
Jasper Ridge Biological Preserve ...................................................................................28

Goals and Criteria ............................................................................................................. 29
Why Consider Maintaining Open Water?................................................................... 29
Criteria............................................................................................................................ 30

Water surface area........................................................................................................30
Shoreline ......................................................................................................................30
Water depth..................................................................................................................31
Temporal variability .....................................................................................................31

Constraints ..................................................................................................................... 32
Options for Maintaining Open Water ............................................................................. 33

Approaches to Sediment Management ....................................................................... 34
Sediment pass-through and bypass ...............................................................................36
Flushing.......................................................................................................................40
Dry excavation and dredging .......................................................................................42

Concluding Comments..................................................................................................... 50

References .......................................................................................................................... 52



Open Water at Searsville                            Final Report to the Packard Foundation, p. x

List of Figures

Fig. 1. Searsville Dam.  Looking upstream, spillway section and crest walkway.
Photograph by D. Freyberg. ................................................................................2

Fig. 2. Sketch of Searsville Dam cross-section through outlet works, looking west.
Date of sketch unknown.  Source:  Stanford Archives......................................3

Fig. 3. Searsville Lake and its components.  Areal photographs of Searsville Lake,
December 15,  2000.  Scale:  1:4800.  Red outline shows approximate extent of
open water at the current dam crest elevation prior to any reservoir
sedimentation.  Source:  Jasper Ridge Biological Preserve. ..............................4

Fig. 4. Watershed of Searsville Dam.  From Balance Hydrologics (1996), Fig. 1........5

Fig. 5. Monthly precipitation at the Woodside Fire Station 1, CA National Weather
Service station (No. 049792).  Shown are the maximum, minimum, and
average monthly precipitation (mm) for the calendar years 1973-2000.  Data
from the National Weather Service. ...................................................................6

Fig. 6. Daily flowrate (m3/s) for water year 1998 for Corte Madera Creek at the
Westridge Drive bridge.  Data from Balance Hydrologics (2000a)..................7

Fig. 7. Fractional volume of inflow from tributary streams to Searsville Lake in
water year 1998.  Data from Balance Hydrologics (2000a). ..............................8

Fig. 8. Correlation between daily flowrates recorded at the gaging stations on Corte
Madera Creek at Westridge Drive and San Francisquito Creek at Stanford
University, CA (USGS 11164500) for water year 1998. .....................................9

Fig. 9. Daily flowrate (m3/s) for water year 1998 at the USGS gaging station on San
Francisquito Creek at Stanford University, CA (11164500).  Corte Madera
Creek record (Fig. 6) is also shown.....................................................................9

Fig. 10. Daily volumetric flowrate (m3/s) for the USGS gaging station on San
Francisquito Creek at Stanford University, CA (11164500), for water years
1932-41, 1951-99. ................................................................................................. 10

Fig. 11. Average annual flowrate (m3/s) for the USGS gaging station on San
Francisquito Creek at Stanford University, CA (11164500), for water years
1932-41, 1951-99. ................................................................................................. 11

Fig. 12. Distribution of annual peak streamflow rates (m3/s) for the USGS gaging
station on San Francisquito Creek at Stanford University, CA (11164500), for
water years 1932-41, 1951-98.  Horizontal axis is the quantile of the normal
distribution, a surrogate for the exceedance frequency (probability that the
associated peak streamflow will be exceeded in any given water year).
Points are plotted using the Weibull plotting position. .................................. 13



Open Water at Searsville                            Final Report to the Packard Foundation, p. xi

Fig. 13. Elevation-volume relationships for Searsville Lake.  Data for the years 1892,
1913, 1929, 1946, and 1995 are from Balance Hydrologics (1996).  Data for the
years 1996 and 2000 provided by Jasper Ridge Biological Preserve (Rebecca
Young, pers. comm., 2000).  Data from 1996 and 2000 bathymetric surveys
do not include Upper Marsh, while the data for the earlier surveys do. ...... 13

Fig. 14. Sediment rating curves for Corte Madera Creek at the Westridge Drive
bridge.  Taken directly from Balance Hydrologics (2000b). ........................... 15

Fig. 15. Fractional sediment mass flux in the five principal tributary streams to
Searsville Lake in water year 1998. Data from Balance Hydrologics (2000a).16

Fig. 16. Brune curve for estimating sediment trap efficiency in conventional
reservoirs.  Taken directly from Morris and Fan (1998), Fig. 10.15................ 19

Fig. 17. Churchill curve for estimating sediment trap efficiency of reservoirs.  Taken
directly from Morris and Fan (1998), Fig. 10.16............................................... 20

Fig. 18. Longitudinal profiles of the top of sediment along  Searsville Lake and the
Corte Madera Creek delta, 1891-1996.  Figure taken directly from Balance
Hydrologics (1996), Figure 14. .......................................................................... 21

Fig. 19. Estimated average annual sediment volume accumulation over the time
intervals between bathymetric surveys.  The 1995-96 interval is not shown
because the 1996 data exclude Middle Lake and Upper Marsh..................... 22

Fig. 20. Time required to drain water volume above the 2000 sediment surface in
Searsville Lake using the existing outlet works with different combinations
of pipes in operation and gate valve openings.  1 @ 100 = one pipe in
operation with valve opened 100%................................................................... 37

Fig. 21. Effect of existing outlet pipes on hypothetical flood hydrographs at
Searsville Dam.  Both outlet pipes assumed fully open and discharging to
the atmosphere immediately downstream from the dam.  (a) Severe flood
with peak inflow of 100 m3/s (3530 cfs).  (b) Moderate flood with peak
inflow of 25 m3/s (880 cfs). ................................................................................ 38

Fig. 22. Water surface elevation at Searsville Dam during passage of the
hypothetical flood hydrograph of Fig. 21(b), assuming an initially empty
reservoir and both outlet pipes fully open....................................................... 39

Fig. 23. Water surface elevation at Searsville Dam, modified with a notched spillway
of width 5 ft (1.52 m) and depth 20 ft (6.10 m), for the hypothetical triangular
flood hydrographs of Fig. 21.  (a) Severe flood with peak inflow of 100 m3/s.
(b) Moderate flood with peak inflow of 25 m3/s............................................. 41

Fig. 24. Schematic diagram of mechanical dredging using a clamshell.  Taken
directly from Morris and Fan (1998), Figure 16.7(b). ...................................... 43



Open Water at Searsville                            Final Report to the Packard Foundation, p. xii

Fig. 25. Schematic diagrams of suction dredging using (a) a cutterhead and ladder
pump, and (b) a cable-suspended pump.  Taken directly from Morris and
Fan (1998), Figures 16.3 and 16.7(a). ................................................................. 45

Fig. 26. Schematic diagram of a typical mobile siphon dredge.  Taken directly from
Morris and Fan (1998), Figure 16.6(a)............................................................... 46

Fig. 27. Estimated velocity of sediment-water slurry in a siphon dredge pipeline of
length 100 m with 16 m available head as a function of pipe diameter.
Slurry (20% solids concentration) viscosity estimated using Einstein’s
equation.  Minimum velocity required to maintain a pseudo-homogeneous
transport regime is also shown, assuming a maximum particle size of 0.09
mm....................................................................................................................... 47

Fig. 28. Estimated volumetric flowrate of sediment-water slurry in a siphon dredge
pipeline of length 100 m with 16 m available head as a function of pipe
diameter. ............................................................................................................. 47

Fig. 29. Estimated duration of dredging required to remove 30,000 m3 of deposited
sediment from Searsville Lake using a siphon dredge. .................................. 48

Fig. 30. Estimated duration of dredging required to remove 30,000 m3 of deposited
sediment from Searsville Lake using a siphon dredge with pipeline diameter
of 0.2 m (8 in) as a function of solids concentration. ....................................... 49



Open Water at Searsville                            Final Report to the Packard Foundation, p. xiii

List of Tables

Table 1. Annual peak streamflow rate (m3/s and cfs) for the USGS gaging station on
San Francisquito Creek at Stanford University, CA (11164500), for water
years 1932-41, 1951-98. ....................................................................................... 12

Table 2. Loss of reservoir volume (sediment accumulation) below the crest elevation
of Searsville Dam over the period 1892-2000.  Data from 1996 and 2000 are
not directly comparable to earlier data because they do not include Middle
Lake and Upper Marsh. ..................................................................................... 18



Introduction and Background

Stanford University’s Searsville Dam and Lake provide a fascinating case study of
the complexities of managing an aging dam and reservoir, which over their life have
become fully integrated into the hydrologic, ecological, political, and social structure
of their watershed.  This report focuses on one aspect of this management challenge.
Searsville Lake is reaching the end of its useful life as a reservoir because of the
accumulation of sediment.  The current capacity of the reservoir is approximately
14% of its original capacity, and under the existing structural, operating, and climatic
conditions the reservoir will completely fill over the next few decades.  Because the
open water of the lake provides valued habitat, and because the lacustrine
environment of the lake is a unique educational and research resource to the Jasper
Ridge Biological Preserve, the David and Lucile Packard Foundation has supported
an initial investigation of the possibility of sustainably maintaining open water at
Searsville Lake.  This report is summary of that investigation.

Searsville Dam and Lake

Constructed in 1888-1892 by the Spring Valley Water Company (SVWC), Searsville
Dam was originally conceived as a component in SVWC’s water supply for the City
of San Francisco.  However, with the founding of Leland Stanford Junior University,
SVWC contracted to deliver water to the Stanford campus from Searsville Lake, and
as a result, Searsville was never connected to the SVWC San Francisco system.  In
1919 ownership of the dam and some surrounding watershed lands were transferred
to the University.  Stanford has owned and operated the dam and reservoir ever
since.

The dam is a concrete gravity structure constructed of imbricated concrete blocks.  It
has a small upstream arch of approximate radius 137 m (450 ft) (see Fig. 1 and Fig. 2).
The current height of the dam above its upstream base is 20.6 m (67.5 ft), its crest
length is 83.8 m (275 ft), and the crest thickness is 0.91 m (3 ft).  The dam crest was
raised 1.789 m (5.87 ft) and the spillway redesigned by the University shortly after it
took ownership in 1919.  The slope of the upstream face is 1.5H:10V, while the
average slope of the downstream face is 1H:2V, so that the thickness at the base is
approximately 15.5 m (51 ft).  The downstream face is stepped, providing energy
dissipation for flow over the weir spillway, which occupies 20.4 m (67 ft) of the crest
length.  The spillway, at an elevation of 337.31 ft (102.81 m) NGVD (National
Geodetic Vertical Datum), is equipped for use of flashboards (stoplogs) in its 5 bays,
allowing the crest to be temporarily raised as much as 1.35 m (4.4 ft).  When the
spillway surcharges, the dam crest, at elevation 341.76 ft (104.17 m) NGVD, functions
as an overflow spillway along its entire length.  The only other outlets from the
reservoir are two 0.41-m (16-in) cast iron pipes extending through the dam near its
base from an inlet structure on the upstream face of the dam.  The exact
configuration of the inlet structure is uncertain.  Each outlet pipe is equipped with a
slide gate at the dam’s upstream face.  There are apparently three inlet valves to the
outlet pipes at elevations of approximately 336, 328.5, and 321 ft (102.4, 100.1, and



Open Water at Searsville                            Final Report to the Packard Foundation, p. 2

97.8 m) NGVD, i.e., about 0.30, 2.4, and 4.9 m (1, 8, and 16 ft) below the spillway
crest.  One of the pipes ends approximately 15.2 m (50 ft) downstream of the dam at a
gate valve about 1 m (3.3 ft) above the streambed.  The other pipe extends
downstream to the main Stanford campus where it is connected to the “lake system”
of non-potable irrigation and fire protection water distribution.

Fig. 1. Searsville Dam.  Looking upstream, spillway section and crest walkway.
Photograph by D. Freyberg.

Searsville Lake, the reservoir created by Searsville Dam, is made up of three
subbasins:  1) the Lower Lake, immediately upstream from the dam, filling the Corte
Madera Creek canyon downstream from the original confluence of Dennis Martin
Creek with Corte Madera Creek; 2) Middle Lake, upstream of the causeway, filling
the lower portion of the Dennis Martin Creek valley in the vicinity of the original
confluence of Dennis Martin and Alambique Creeks; and 3) the Upper Marsh, to the
west across Portola Road, upstream from Middle Lake, filling the lower reach of the
original Alambique Creek valley (see Fig. 3).  Middle Lake is connected to Lower
Lake via a channel through the western end of the causeway underneath the
causeway bridge.  The Upper Marsh is connected to Middle Lake via two 48-in (1.22-
m) circular concrete culverts under Portola Road.
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Fig. 2. Sketch of Searsville Dam cross-section through outlet works, looking west.

Date of sketch unknown.  Source:  Stanford Archives.

At the time of its construction, Searsville Lake had a reservoir capacity below the
elevation of the current dam crest of about 1.68 x 106 m3 (1360 ac-ft) (Balance
Hydrologics, 1996).  Maximum depth of water was 20.6 m (67.5 ft) immediately
upstream from the dam.  However, because of sediment accumulation, the reservoir
capacity and water depth have decreased dramatically over the last 110 years.  It is,
of course, this significant loss of capacity that is driving concern over maintaining
open water at the lake.

Searsville Lake water has never used as a potable supply because of high turbidity
and color, combined with an unpleasant smell and taste.  As noted above, one of the
two discharge pipes is connected to the (non-potable) campus irrigation and fire
protection distribution system, and for many years Stanford exercised its water right
to divert from Corte Madera Creek/San Francisquito Creek at this point.  The
diversion point was transferred downstream to an infiltration gallery on San
Francisquito Creek near the Stanford Golf Course in 1998 because of sedimentation
of the inlet valve and the opportunity to divert water of higher quality.  Thus,
Searsville Lake is now no longer being used as a water supply.
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Fig. 3. Searsville Lake and its components.  Areal photographs of Searsville Lake,
December 15,  2000.  Scale:  1:4800.  Red outline shows approximate extent of
open water at the current dam crest elevation prior to any reservoir
sedimentation.  Source:  Jasper Ridge Biological Preserve.

From 1922 until 1976, Searsville Lake and a portion of the surrounding land were
used for public and Stanford community recreation, including swimming, boating,
and fishing.  A beach was maintained along the western shore of the lake in the
vicinity of the current Searsville Lab (formerly the refreshment stand for the
recreation area) by regular replenishment with beach sand.  The total volume of
imported sand deposited in the lake is unknown.

Subsequent to the end of recreation use in 1976, public access was eliminated and the
lake and surrounding land became protected as part of Stanford’s Jasper Ridge
Biological Preserve (JRBP).  While operated as a water supply reservoir for irrigation
and fire protection until 1998, the reservoir was also managed as a resource of JRBP.

Searsville Dam

Middle Lake

Upper Marsh

Causeway

Family Farm Road area

N
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The lake and downstream reaches of Corte Madera and San Francisquito Creek have
been and continue to be used regularly in teaching and have hosted a number of
research projects.

Hydrologic Conditions

Searsville Dam is located on Corte Madera Creek, a short distance upstream from its
confluence with Bear Creek (Fig. 4).  Bear and Corte Madera Creeks combine at their
confluence to form San Francisquito Creek, which after traversing the Stanford
campus and an urbanized portion of the San Francisco Peninsula, discharges into
south San Francisco Bay.  In addition to Corte Madera Creek, Sausal, Alambique,
Dennis Martin, and Westridge Creeks flow into Searsville Lake.  The 37.8 km2 (14.6
mi2) watershed of the reservoir represents 32% of the total watershed of San
Francisquito Creek at San Francisco Bay.  It is wooded, steeply sloped, and partially
developed with large-lot, and often high-valued, suburban and mountain residences.

Fig. 4. Watershed of Searsville Dam.  From Balance Hydrologics (1996), Fig. 1.

Average annual precipitation recorded at Jasper Ridge Biological Preserve for the last
21 years is 605 mm (23.8 in) (Jasper Ridge Biological Preserve, 2000).  There are no
other known, high quality precipitation records in the watershed.  The nearest
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National Weather Service station is at the Woodside Fire Station, No. 049792.
Precipitation data for that station for 1973-2000 are summarized in Fig. 5.
Precipitation is strongly seasonal and highly variable, with major runoff- and
sediment-producing storms concentrated in the months between November and
March.

Woodside Fire Station 1, CA  (049792)
MONTHLY PRECIPITATION

(1973 - 2000)
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Fig. 5. Monthly precipitation at the Woodside Fire Station 1, CA National Weather
Service station (No. 049792).  Shown are the maximum, minimum, and
average monthly precipitation (mm) for the calendar years 1973-2000.  Data
from the National Weather Service.

Streamflow rates in the creeks flowing into Searsville Lake reflect this seasonal
pattern and variability.  Fig. 6 shows the hydrograph of daily flowrate for Corte
Madera Creek at the Westridge Drive bridge during water year 1998.  These data
were collected by Balance Hydrologics, Inc. for Stanford University (Balance
Hydrologics, 2000a) using a gage installed by Balance specifically for this purpose.
The gage location is shown on Fig. 4.  Streamflow in Corte Madera Creek in 1998 is
intermittent, with large, but short duration, daily flows occurring in response to
rainfall events during the late fall and winter, and with negligible flow in the late
summer and early fall.  The hydrograph responds very rapidly to rainfall, with
falling limbs spread out over several days to a week.  A measurable base flow is
sustained from January through early June.  This pattern is typical of that observed
in other years of gage operation (Balance Hydrologics, 1999, 2000b).
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Corte Madera Ck at Westridge Drive 
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Fig. 6. Daily flowrate (m3/s) for water year 1998 for Corte Madera Creek at the
Westridge Drive bridge.  Data from Balance Hydrologics (2000a).

The Searsville Lake watershed is small enough relative to the scales of rainfall events
that it is reasonable to anticipate that the patterns of temporal variability are nearly
identical in all of the tributary creeks.  In other words, daily streamflow in the
tributary streams should be highly correlated.  Occasional measurements of
streamflow in these creeks since 1996 appear to confirm this (Balance Hydrologics,
2000a).  Based on the continuous monitoring at Corte Madera Creek and the spot
measurements on the other creeks, along with information on watershed areas,
Balance (2000a) estimated the flow volumes for the five principal tributaries for water
year 1998.  These five streams account for 89% of the Searsville Lake watershed.  The
relative volumes are shown in Fig. 7.  Corte Madera Creek dominates the inflow into
Searsville Lake, accounting for an estimated 64% of the total volume flowing into the
lake from the principal tributaries.  Balance estimated this total volume for 1998 to be
approximately 21.9 x 106 m3 (17,800 ac-ft).  For perspective, this is about 13 times the
original reservoir volume in 1892.
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FRACTIONAL VOLUMES OF INFLOW INTO 
SEARSVILLE LAKE IN WATER YEAR 1998
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Fig. 7. Fractional volume of inflow from tributary streams to Searsville Lake in
water year 1998.  Data from Balance Hydrologics (2000a).

Unfortunately, the period of record for the Balance/Stanford Corte Madera Creek
gage is very short and recent.  However, the US Geological Survey operates a long-
term gaging station (Gage No. 11164500) on San Francisquito Creek at Stanford
University, approximately 8.05 km (5.05 mi) downstream of Searsville Dam.  The
watershed area for this location is 96.9 km2 (37.4 mi2).  The Searsville Dam watershed
is 39% of this area  This gaging station is the only long-term station in the basin, with
records for 1932-41 and 1951-present.  Fig. 8 shows the correlation between the daily
flowrates at the Corte Madera Creek gage at Westridge Drive and the USGS San
Francisquito Creek gage for the 1998 water year.  The linear correlation is quite
strong (R2 = 0.96), so that the long-term record at the USGS gage may be taken as a
useful surrogate for the patterns of inflow into the reservoir over the past 70 years.

Fig. 9 shows the daily flow hydrograph at the San Francisquito Creek gage for water
year 1998 used in constructing Fig. 8.  Also included is the Corte Madera Creek
hydrograph from Fig. 6.  The pattern of temporal variability is clearly the same at the
two gages, suggesting that even at the larger spatial scale of the downstream gage,
daily flows on all tributaries are reasonably well-synchronized.  The average annual
flowrate for the San Francisquito Creek gage in 1998 was 2.31 m3/s (81.5 cfs).  The
estimated total average annual flowrate for the five Searsville tributaries was 0.70
m3/s (24.6 cfs), 30% of this downstream value.
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MEAN DAILY FLOW CORRELATION
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Fig. 8. Correlation between daily flowrates recorded at the gaging stations on Corte
Madera Creek at Westridge Drive and San Francisquito Creek at Stanford
University, CA (USGS 11164500) for water year 1998.

San Francisquito Ck at Stanford Univ, CA
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Fig. 9. Daily flowrate (m3/s) for water year 1998 at the USGS gaging station on San
Francisquito Creek at Stanford University, CA (11164500).  Corte Madera
Creek record (Fig. 6) is also shown.
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Fig. 10 shows the daily flowrate over the available period of record (water years
1932-41, 1951-99) at the San Francisquito Creek gage.  While the scale of the plot
obscures daily detail, it is clear that the nature of the daily flow hydrograph observed
in Fig. 9 for water year 1998 is typical of the entire record.  Interestingly, the highest
daily flowrate of the historical record occurred in 1998, a particularly strong El Niño
year.

San Francisquito Ck at Stanford Univ, CA
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Fig. 10. Daily volumetric flowrate (m3/s) for the USGS gaging station on San
Francisquito Creek at Stanford University, CA (11164500), for water years
1932-41, 1951-99.

Fig. 11 shows the average annual flowrate for the available water years between 1932
and 1999 at the USGS gaging station.  The dramatic variability from year to year is
typical for streams draining the Central Coast Ranges of California.  Of particular
interest here is the series of relatively wet years from 1995 to the present, subsequent
to the Loma Prieta earthquake of 1989.  The mean flowrate over the historical record
is 0.615 m3/s (21.7 cfs) or 19.4 x 106 m3/yr (15 700 ac-ft/yr).

Because of the importance of large storm events in transporting sediment into
Searsville Lake, instantaneous peak flows are another hydrologic characteristic of
interest.  Table 1 summarizes the annual peaks for the historical record at the San
Francisquito Creek gage.  Flowrates are listed in rank order from largest to smallest.
The range is quite remarkable, with the large gap between the largest and second-
largest, and between the smallest and the second-smallest being notable.  Fig. 12
presents these data graphically, plotting the base-10 logarithm of annual peak
flowrate against exceedance probability (the probability that a flowrate will be
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exceeded in any given year), estimated using the Weibull plotting position.  The
normal quantile of the exceedance probability is used to scale the probability axis, so
that a lognormal distribution would plot as a straight line.  The strong downward
curvature and lack of smoothness make extrapolation to very rare events, e.g., the so-
called “100-year flood” difficult.

San Francisquito Ck at Stanford Univ, CA
AVERAGE ANNUAL FLOWRATE

(WY 1932-41, 51-99)
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Mean = 21.7 cfs
           = 15,700 ac-ft/yr
           = 0.62 m 3/s
           = 19.4 mcm/yr

Fig. 11. Average annual flowrate (m3/s) for the USGS gaging station on San
Francisquito Creek at Stanford University, CA (11164500), for water years
1932-41, 1951-99.

Reservoir Sedimentation

As noted earlier, at the time of its construction, Searsville Lake had a reservoir
capacity below the elevation of the current dam crest of about 1.68 x 106 m3 (1360 ac-
ft) (Balance Hydrologics, 1996).  However, because of sediment accumulation, the
reservoir capacity has decreased dramatically over the last 110 years.  It is this
significant loss of capacity which is driving concern over maintaining open water at
the lake.

The history of sediment accumulation in the reservoir through 1995, along with a
discussion of sediment sources in the watershed, may be found in Balance
Hydrologics (1996).  Annual data collection summaries (Balance Hydrologics, 1999,
2000a, 2000b) provide additional data on measured sediment fluxes.  This
background information will only be summarized here.  Fig. 13 characterizes the
sedimentation history of the reservoir by plotting the elevation-volume relationship
for 7 different times over the life of the reservoir for which bathymetric data are
available.  Each curve shows the reservoir volume if the water surface were at the
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Table 1. Annual peak streamflow rate (m3/s and cfs) for the USGS gaging
station on San Francisquito Creek at Stanford University, CA (11164500), for water
years 1932-41, 1951-98.

Date Q
 (m3/s)

Q
 (cfs)

Date Q
 (m3/s)

Q
 (cfs)

03-Feb-98 203.9 7200 13-Feb-87  43.6 1540
22-Dec-55 157.4 5560 04-Feb-96  43.0 1520
04-Jan-82 147.8 5220 13-Mar-38  37.7 1330
02-Apr-58 126.3 4460 22-Feb-79  37.7 1330
21-Jan-67 113.3 4000 27-Dec-31  32.8 1160

18-Nov-50 103.4 3650 30-Jan-68  32.0 1130
17-Feb-86  98.5 3480 23-Dec-64  31.7 1120
26-Jan-83  96.8 3420 08-Feb-60  28.9 1020
01-Apr-74  96.6 3410 20-Dec-70  28.3 1000
16-Jan-73  96.0 3390 05-Mar-62  28.2  996
09-Jan-95  94.0 3320 21-Jan-64  26.8  948
13-Jan-80  93.4 3300 28-Dec-65  24.9  880
31-Jan-63  92.6 3270 16-Feb-59  24.6  868
02-Jan-97  92.0 3250 19-Feb-94  23.3  824
21-Jan-70  88.1 3110 27-Feb-55  22.6  797
27-Feb-40  87.8 3100 27-Jan-33  20.7  730
13-Jan-93  85.2 3010 17-Jan-88  20.2  712
04-Feb-37  74.2 2620 25-Dec-71  19.8  700
12-Feb-92  73.1 2580 08-Feb-34  19.0  670
16-Jan-78  69.9 2470 29-Jan-81  17.7  626
11-Feb-41  68.2 2410 26-Mar-91  17.7  626
14-Mar-52  65.7 2320 16-Feb-90  13.0  460
26-Jan-69  65.1 2300 25-Mar-89  11.2  394
08-Feb-85  64.3 2270 19-Mar-54   9.4  332
21-Mar-75  62.0 2190 18-May-57   3.5  125
07-Dec-52  55.2 1950 08-Feb-39   3.4  120
24-Nov-83  48.1 1700 29-Feb-76   2.3   82
21-Feb-36  47.0 1660 15-Mar-77   2.3   82
08-Apr-35  44.2 1560 26-Nov-60   0.3   12

given elevation.  The difference between two curves then provides an estimate of the
sediment accumulation below a given elevation over the time period between the
two surveys.
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Annual Peak Streamflow Distribution
San Francisquito Ck at Stanford, CA  (11164500)
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Fig. 12. Distribution of annual peak streamflow rates (m3/s) for the USGS gaging station on San
Francisquito Creek at Stanford University, CA (11164500), for water years 1932-41, 1951-98.
Horizontal axis is the quantile of the normal distribution, a surrogate for the exceedance
frequency (probability that the associated peak streamflow will be exceeded in any given
water year).  Points are plotted using the Weibull plotting position.
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Fig. 13. Elevation-volume relationships for Searsville Lake.  Data for the years 1892, 1913, 1929,
1946, and 1995 are from Balance Hydrologics (1996).  Data for the years 1996 and 2000
provided by Jasper Ridge Biological Preserve (Rebecca Young, pers. comm., 2000).  Data
from 1996 and 2000 bathymetric surveys do not include Upper Marsh, while the data for the
earlier surveys do.
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The data prior to 1996 are from Balance Hydrologics (1996), while the data for the
last two dates are taken from bathymetric data compiled into the Jasper Ridge
Biological Preserve’s GIS database (Rebecca Young, per. comm., 2000).  The Balance
data include Middle Lake and Upper Marsh, while the more recent data do not
include the Upper Marsh.  The deviation of the 1996 curve from the 1995 curve at
around 102 m (335 ft) elevation is the result of this inconsistency.  The bottom
elevations of both Middle Lake and Upper Marsh were near or above 102 m (335 ft)
by 1995, so neither contributes significantly to reservoir volume when the water
surface is below this elevation.  However, above this elevation a portion of the
reservoir volume will be in Middle Lake and Upper Marsh.  Therefore, the
substantial reduction in reservoir volume when the water surface is above 102 m (335
ft) in 1996 relative to the reservoir volume for the same water surface elevation in
1995 is because the 1996 data do not include the volumes of water that would be in
Middle Lake and Upper Marsh.  Because of this inconsistency, the pre- and post-1995
data cannot be directly compared.  In addition, the pre-1996 surveys did not extend
to elevations above the dam crest, further complicating comparisons and making it
very difficult to assess total sediment accumulation upstream of Searsville Dam.

From Fig. 13 we see that the reservoir capacity below the dam crest at the time of the
most recent bathymetric survey in 2000 was 0.237 x 106 m3 (192 ac-ft), 14% of the
original capacity.  Therefore, 1.44 x 106 m3 (1167 ac-ft) of sediment volume has
accumulated below the dam crest over the life of the reservoir.  An unknown, but
significant amount of accumulation has occurred above the elevation of the dam crest
as well.  This substantial sediment accumulation is the result of:  1) a relatively high
rate of sediment delivery to the reservoir by its tributary creeks, and 2) the relatively
high trap efficiency of Searsville Dam.

Balance Hydrologics has constructed sediment transport rating curves (suspended
and bedload transport rates as a function of instantaneous streamflow rate) for Corte
Madera Creek and the other Searsville tributaries based on measurements made over
the 1997-99 water years.  Fig. 14 reproduces the curves for Corte Madera Creek from
Balance (2000b).  The sediment discharge in Corte Madera Creek is clearly a function
of streamflow rate, but there is considerable scatter in the relationship.  This is not
unexpected and reflects changes in conditions on the rising and falling limbs of
hydrographs, seasonal and annual changes in the sediment supply in the watershed,
as well as measurement uncertainty.  The approximately linear log-log relationship
suggested by Fig. 14 implies that large, i.e., flood, events are responsible for a major
portion of the sediment inflow into the reservoir.  For example, Balance (2000a)
estimates that flood flows on February 3, 1998 alone accounted for 34% of the total
suspended and bedload transport in Corte Madera Creek in water year 1998.

The Corte Madera Creek sediment rating curves constructed using data collected
during the last five years are generally higher than those for many other Santa Cruz
Mountain streams (including the other Searsville tributaries) and other time periods
(Balance Hydrologics, 1996).  That is, the sediment mass discharge has been higher
for a given streamflow rate in Corte Madera Creek than in many other streams and
gaging periods in the area.  This is in part because of the particular geologic
characteristics of the watershed, especially the presence of significant areas of the
Purisima and Santa Clara formations.  The Purisima is an especially erodible
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formation.  However, many other factors determine the sediment yield, including
earthquakes, fire, development, and periods of flood and drought.  The past five
years have been relatively wet (see Fig. 11) and have been the first period of
relatively high streamflows since the Loma Prieta earthquake of 1989.

Fig. 14. Sediment rating curves for Corte Madera Creek at the Westridge Drive
bridge.  Taken directly from Balance Hydrologics (2000b).
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The total specific sediment yield for the Corte Madera Creek watershed above the
Westridge Drive gage was estimated to be 11,140 metric tons/km2 (31,800 short
tons/mi2) for water year 1998 and 880 metric tons/km2 (2500 short tons/mi2) in water
year 1999 (Balance Hydrologics, 2000a, 2000b).  The dramatic difference in annual
yield is strongly correlated with the differences in streamflow in the two water years.
Average daily flow was 0.445 m3/s (15.7 cfs) in 1998 and 0.153 m3/s (5.4 cfs) in 1999,
while the annual peak flowrate was 56.9 m3/s (2008 cfs) in 1998 and 11.6 m3/s (410
cfs) in 1999.  Clearly, sediment delivery to Searsville Lake is highly episodic, both
within a given year and from year to year.  For perspective, long-term average yields
greater than 10,000 tons/km2 are considered extremely high on a global basis, and a
long-term average yield of 880 tons/km2 would fall around the middle of observed
yields in the continental U.S. (Morris and Fan, 1998, § 7.1).  While long-term data
from the Corte Madera Creek watershed are not available, the recent data suggest
that its sediment yields are indeed quite high.

Based on occasional measurements in the other tributary streams, estimated
sediment discharge rating curves, and correlations with Corte Madera Creek
observations, Balance estimated the total sediment influx to Searsville Lake and its
deltas for water year 1998 from the five principal tributary streams (89% of the
Searsville Dam watershed) as 201,000 metric tons (221,000 short tons) (Balance
Hydrologics, 2000a).  This represents an overall specific yield of 5900 metric
tons/km2 (17,000 short tons/mi2).  The distribution of the influx across the five
tributaries is shown in Fig. 15.  Corte Madera Creek dominated the sediment flux
even more so than it dominated the streamflow (see Fig. 7) because of its watershed’s
high sediment yield.

FRACTIONAL SEDIMENT MASS FLUX IN 
WATER YEAR 1998

Corte Madera
87%

Sausal
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Dennis Martin
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Westridge
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Fig. 15. Fractional sediment mass flux in the five principal tributary streams to
Searsville Lake in water year 1998.  Data from Balance Hydrologics (2000a).
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Unfortunately, relatively little information is available about the particle-size
distribution of the sediments transported in the Searsville tributary streams.  Bedload
sediments in Corte Madera Creek, which make up between 10-20% of the total mass
of sediment discharge, are primarily fine to medium sands, with some gravels
(Balance Hydrologics, 1996).  Suspended sediments are primarily fine sands, silts,
and clays, but the relative proportions are not known.  This characterization is
probably appropriate for the total sediment load to Searsville Lake, since Corte
Madera Creek dominates the sediment influx.  However, there are differences
between tributary sediment characteristics which are attributable to differences in
geologic substrate.  For example, Westridge Creek sediments are visually coarser
than those of the other tributaries (Balance Hydrologics, 1996).

As noted above, Searsville Lake has proven to be an effective sediment trap.  With
essentially all sediment discharge from the reservoir going over the dam’s spillway
(some sediment was undoubtedly transported in the irrigation pipeline during its
use, but no quantitative information is available), Searsville Dam acts as a skimmer,
passing only those sediments in the uppermost portion of the water column.
Sediment particles with adequate mass to settle below the uppermost water layer
during residence in the reservoir then become trapped and accumulate.  This may
occur in the reservoir itself or on the deltas formed at the confluence of the tributary
streams and the reservoir.

Table 2 summarizes the loss of reservoir capacity because of sediment accumulation
below the crest elevation of Searsville Dam, as inferred from the data of Fig. 13.
Because the sequential topographic surveys used to create the pre-1996 reservoir
capacity curves in Fig. 13 did not extend above the elevation of the dam crest, we are
only able to estimate the historical sequence of sediment accumulation below this
elevation.  Field observations, in addition to the bathymetric data for 1996 and 2000,
make it clear that substantial sediment has accumulated and is continuing to
accumulate above the crest elevation in the delta areas.  Unfortunately, however, we
are not able to construct a complete sediment budget for the reservoir from the
available data.

The data in Table 2 demonstrate the episodic nature of sediment inflow and
accumulation in Searsville Lake.  Average annual sediment accumulation below the
dam crest was apparently substantially greater during the first years of reservoir
operation, 1892-1913, and during the most recent period, 1996-2000.  Balance (1996)
speculates that the high accumulation rate during 1892-1913 was because of large
winter storms, the 1906 earthquake, and residual effects from logging activities in the
watershed.  The very high accumulation rates during the most recent four years
similarly might be attributable to hillslope destabilization during the 1989 Loma
Prieta earthquake coupled with the relatively wet winters since 1995, including the
major storm of February 1998.
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Table 2. Loss of reservoir volume (sediment accumulation) below the crest
elevation of Searsville Dam over the period 1892-2000.  Data from 1996 and
2000 are not directly comparable to earlier data because they do not
include Middle Lake and Upper Marsh.

Year Reservoir Volume
Below Dam Crest

Change in Reservoir
Volume Below Dam

Crest

Average Annual
Change in Reservoir
Volume Below Dam

Crest
(106 m3) (ac-ft) (106 m3) (ac-ft) (m3/yr) (ac-ft/yr)

1892 1.677 1360
1913 1.227 994 0.450 365 21,500 17
1929 1.155 936 0.072 58 4,500 4
1946 1.003 813 0.151 123 8,900 7
1995 0.572 463 0.432 350 8,800 7

1996 0.369 299
2000 0.237 192 0.132 107 33,000 27

The high variability and substantial uncertainty in measured sediment inflows,
outflows, and accumulation make it difficult to estimate the sediment trapping
efficiency (fraction of inflowing sediment trapped upstream of the dam) or its
complement, the sediment release efficiency (1 – trap efficiency) of Searsville Dam
and Lake.  Balance (2000a) constructed a sediment budget for water year 1998 using
measured and estimated sediment inflows and outflows, and from that budget were
able to estimate a trap efficiency of 93% for the year.  That is, of the 201,000 metric
tons (221,000 short tons) of suspended and bedload which entered Searsville Lake,
only 13,300 metric tons (14,600 short tons) passed over the dam and downstream in
Corte Madera and San Francisquito Creeks.

Long-term trap efficiency for reservoirs is often assumed to be a function of the ratio
of reservoir capacity to average annual streamflow volume entering the reservoir
(Morris and Fan, 1998, § 10.8).  If we assume that the ratio of reservoir inflow from
the five principal tributaries to the flow volume measured at the USGS gage on San
Francisquito Creek at Stanford in 1998 is representative for the entire period of
record, then the long-term average annual inflow into Searsville Lake from the
principal tributaries is approximately 0.30 x 19.4 x 106 m3 = 5.8 x 106 m3 (4700 ac-ft).
Ignoring the 11% of the Searsville watershed not accounted for by the five tributaries,
and using the volume below the spillway crest (337.31 ft NGVD) as the reservoir
volume, this average annual inflow yields capacity : inflow ratios for Searsville Lake
ranging from 0.24 in 1892 to 0.041 in 2000.

The Brune curve is the most common empirical relationship used to relate trap
efficiency to the capacity : inflow ratio (Morris and Fan, 1998, § 10.8.1) (Fig. 16).  It is
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based on data from the reservoirs of the Tennessee Valley Authority under normal
operating conditions.  The Brune curve predicts that long-term trap efficiency
declines with decreasing capacity : inflow ratio.  Thus, as a reservoir accumulates
sediment and loses capacity, we expect its average trap efficiency to decrease,
presumably because suspended sediment particle residence time decreases.  It is well
known that there is substantial uncertainty in the Brune relationship and that it is
only applicable to long-term average conditions.

Fig. 16. Brune curve for estimating sediment trap efficiency in conventional
reservoirs.  Taken directly from Morris and Fan (1998), Fig. 10.15.

Using the range of capacity : inflow ratios estimated above, the Brune relationship
predicts trap efficiencies in the range of 60-98% for Searsville, with higher efficiencies
during the initial years of the reservoir (with higher capacity : inflow ratios) and
lower efficiencies for more recent conditions (with lower capacity : inflow ratios).
The trap efficiency estimated by Balance for 1998 is therefore relatively high, but
there is no way to relate such a single year observation to average conditions.
Average trap efficiency may be declining as predicted by the Brune curve, but the
1998 year data cannot be used to confirm this.

A similarly rough analysis using Churchill’s sedimentation index curve, another
empirical relationship designed for relatively small reservoirs and sediment settling
basins (Morris and Fan, 1998, § 10.8.2) (see Fig. 17), predicts trap efficiencies
exceeding 93% for Searsville Lake conditions over its history, with lowest efficiencies
for the most recent conditions.  This relationship also predicts declining trap
efficiency over time.
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Fig. 17. Churchill curve for estimating sediment trap efficiency of reservoirs.  Taken
directly from Morris and Fan (1998), Fig. 10.16.

While both empirical predictive relationships for trap efficiency are characterized by
high uncertainty and are designed for long-term average conditions, and the
estimated value of 93% for water year 1998 is for a single, high flowrate year, the
available evidence does suggest that Searsville Lake is indeed trapping a substantial
fraction of inflowing sediment.  Trap efficiency may be expected to decline over time,
but it apparently remains quite high at this point.

Linking the measurements and estimates of sediment mass flux into and out of the
reservoir and the volume of reservoir space required to accommodate the trapped
sediment is the density of the deposited sediments.  Unfortunately, little information
is available allowing quantification of this important parameter for Searsville Lake.
The density of the sediment solids has not yet been measured, but a typical value is
2.65 metric tons/m3 (165 lb/ft3), the approximate density of quartz.  Typical values
for the dry bulk densities of reservoir deposits range from 0.64 to 2.1 t/m3 (40 to 130
lb/ft3), with the range caused by the effects of particle size distribution and the
amount of consolidation (Morris and Fan, 1998, § 10.9.2).  For water year 1998,
Balance (2000a) estimates that 187,400 metric tons (206,600 short tons) of sediment
were trapped in Searsville Lake and its deltas.  For the range of typical dry bulk
densities suggested above, this yields a trapped volume of 0.293 x 106 to 0.089 x 106

m3 (237 to 72 ac-ft).  These values are not unreasonable when compared to the
deposition volume data inferred from bathymetry in Table 2.

Finally, the spatial patterns of sediment deposition in Searsville Lake are also of
importance in considering the feasibility of sustainably maintaining an open water
surface.  Typical deposition patterns in reservoirs include the formation of delta
deposits (topset beds) at the confluence of tributary streams and the reservoir,
bottomset beds downstream from the deltas often extending to the dam, and foreset
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beds at the transition between the delta deposits and the bottomset beds (Morris and
Fan, 1998, § 10.2).  Delta deposits are relatively coarse, containing the bedload of the
stream, along with the most rapidly settling fraction of the suspended load.
Bottomset beds are typically relatively fine, containing particles settled from the finer
fractions of the suspended load or delivered by turbid density currents.  The result is
a longitudinal sorting of sediment particle sizes, from coarsest at the upstream extent
of the reservoir to finest at the dam.

The available bathymetric data allow a schematic assessment of sediment deposition
patterns in Searsville Lake.  For example, Fig. 18, taken directly from the Balance
report (1996), presents estimated longitudinal profiles of the top of the sediment from
the dam face upstream across the Corte Madera Creek delta.  The 1929 profile reflects
the construction in that year of the “causeway”, which was essentially a small, non-
engineered dam constructed across the upstream portion of the reservoir in an
attempt to localize sedimentation upstream of it.  The 1995-96 profile suggests that
deltaic deposits extended about 500 ft (150 m) downstream of the causeway, where
the break in slope is reminiscent of typical foreset deposits.  There are substantial
bottomset deposits extending to the dam.

Fig. 18. Longitudinal profiles of the top of sediment along  Searsville Lake and the
Corte Madera Creek delta, 1891-1996.  Figure taken directly from Balance
Hydrologics (1996), Figure 14.

The most recent bathymetric data indicate that the delta has continued to extend
downstream into the reservoir and that the bottomset deposits at the dam have now
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reached an elevation of about 323.3 ft (98.54 m) NGVD, 14 ft (4.3 m) below the
spillway crest.  The delta front is now about 200 m (660 ft) downstream from the
causeway location.  Aggradation along Corte Madera Creek upstream from the
Lake’s edge is now alluvial, occurring on top of earlier deltaic deposits.  A substantial
fraction of the sediment trapped in recent years is located in these alluvial fan and
alluvial plain deposits.

Fig. 19 shows another way of interpreting the bathymetric data for the reservoir.
Plotted there is the inferred average annual volumetric accumulation of sediment in
horizontal layers centered on different elevations.  These values are calculated by
differencing pairs of elevation-volume curves from Fig. 13, determining the
incremental accumulation between successive elevations, dividing the accumulated
volume by the time interval between curves, and assigning the resulting average
annual volume accumulation to the midpoint elevation.  Positive values reflect
accumulation, while negative values imply erosion.  The uncertainty in these
estimates is probably quite large, reflecting 1) the difficulty, and hence possible
inconsistency, in defining the subaqueous sediment surface elevation, 2)
inconsistency in mapping scales, precision, and elevation datums, and 3) the inherent
uncertainty in relatively small differences between two uncertain estimates.
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Fig. 19. Estimated average annual sediment volume accumulation over the time
intervals between bathymetric surveys.  The 1995-96 interval is not shown
because the 1996 data exclude Middle Lake and Upper Marsh.
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The curves in Fig. 19 confirm the information presented in Table 2.  Sediment
accumulation rates were quite large in the early period of reservoir operation, 1892-
1912, especially between 99 and 102 m (325 and 335 ft) NGVD.  Annual accumulation
rates declined significantly during 1912-1929, although they remained significant at
the lowest elevations and near the spillway crest (102.8 m, 337.21 ft NGVD).  The
period 1929-1995 saw relatively consistent deposition rates, increased in the upper
elevations and decreased at the lowest elevations, as the “bottom” of the reservoir
filled with sediment.  The most recent period, 1996-2000, saw very high accumulation
rates, particularly at elevations near the dam crest elevation.  The high annual
deposition rates near the dam spillway elevation reflect the importance of the Corte
Madera Creek delta and alluvial fan in the pattern of sediment deposition and the
role of the spillway in controlling lake water surface elevation.

It is difficult to find a physical explanation for erosion below the dam crest during
the first years of the reservoir’s existence.  If the indicated erosion (negative
accumulation) between the spillway elevation and the dam crest is not solely a result
of data errors, then the most likely explanation would be shoreline landslides, which
can occur, especially during initial filling and drawdown of a reservoir.  There is no
known evidence of such landslides occurring at Searsville, but they cannot be ruled
out.  This would also provide a convenient explanation for the high sediment
accumulation rate in the vicinity of elevation of 100 m during 1892-1912.  This
discussion is unfortunately highly speculative given the large uncertainties and lack
of data.  However, it does reveal the complexities in understanding reservoir
sediment deposition patterns.

The recent aerial photograph of Searsville Dam and Lake and their immediate
vicinity shown in Fig. 3, presents a final visual summary of sediment accumulation
in the reservoir.  The approximate shoreline of the original reservoir is outlined in
red, revealing the extent and pattern of sediment deposition over the life of the dam
and reservoir.

Management Context

The challenge of sustainably maintaining an open water surface at Searsville Lake
must be considered within the larger context of management issues confronting
Stanford University and the communities of the San Francisquito Creek watershed.
These will be briefly summarized in the following paragraphs.

Family Farm Road flood damage mitigation

Since at least 1970 the aggradation of Corte Madera Creek (and to a lesser degree,
Sausal Creek) delta and alluvial deposits has exacerbated flooding problems in the
Family Farm Road area.  Family Farm Road is a small, private, rural lane extending
eastward from Portola Road, just upstream from Jasper Ridge Biological Preserve
and Searsville Lake.  About 20 residences on large lots are located along the road.
While there has been no known structural damage because of flooding, Family Farm
Road itself and several driveways have been flooded, causing significant access
problems, and standing water has persisted in a number of lower-lying areas
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adjacent to some of the homes.  These conditions will be exacerbated by continuing
aggradation on the alluvial fans and floodplains of Corte Madera and Sausal Creek.

The University, through consultants, has studied alternatives for flood damage
mitigation in the Family Farm Road area and implemented several of them (cf.,
Northwest Hydraulic Consultants, et al., 1999).  The Corte Madera Creek channel at
and downstream from Cooper’s property has been cleaned, shaped with a
guidebank, and riprapped.  A previous avulsion was blocked with a dike.  A
drainage ditch on the west side of the Corte Madera Creek alluvial fan was excavated
from Family Farm Road at Cooper’s Corner to the causeway bridge and a K-rail
“levee” installed to train Corte Madera Creek overflow away from Cooper’s Corner.
The Sausal Creek culvert under Family Farm Road has been replaced with a bridge.

All of these measures provide relatively short-term flood damage mitigation in the
face of continuing aggradation on the Corte Madera Creek alluvial fan and
floodplain.  Geomorphological conditions indicate that any long-term damage
mitigation will require either:  1) massive excavation of accumulated alluvial and
deltaic sediments and their ecosystems;  2) lowering the elevation of the reservoir
water surface such that alluvial deposition in the Family Farm Road area occurs only,
if at all, during very large flood events;  3) removing the reservoir by removing the
dam; or 4) removing the sources of flood damages by relocating human usage of the
affected areas.  Lowering the lake water surface elevation would require lowering the
dam and/or modifications to the dam to allow much more active management of the
water surface elevation during periods of significant sediment inflow into the lake.
Removing the sources of damages would require property and lease purchases.

It is clear that any long-term mitigation program implemented by the University
short of eliminating damage potential will have significant impacts on the
maintenance of open water in Searsville Lake.  It was not feasible in this study to
examine the implications of all possible scenarios for Family Farm Road area flood
damage mitigation on all possible options for maintaining open water.  For purposes
of this report, we have assumed that massive excavation will be prohibitively
expensive in terms of the economic, environmental, and social costs, that the dam
will not be removed, and that the sources of damages will not be eliminated.

Downstream development and flood hazards

The meandering channel of San Francisquito Creek downstream from Junipero Serra
Boulevard is deeply incised (as much as 8 m) between natural levees typical of its
alluvial fan environment.  Its floodplain, particularly in the lower reaches, is
extensive because of the natural levees and because of the influence of tidal
fluctuations on the downstream water surface elevation.  Flooding is typically
shallow, but damage to homes, commercial facilities, and transportation
infrastructure can be significant, as it was most recently in February 1998.
Downstream from the Alpine Road bridge, San Francisquito Creek forms the
boundary between San Mateo and Santa Clara Counties, as well as between the
Cities of Menlo Park, Palo Alto, and East Palo Alto.  All of these communities have
experienced substantial commercial and residential development in the floodplain of
the creek in the years since the construction of Searsville Dam.  All of the
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communities are highly sensitized to the flood hazard and a number of activities are
under way addressing the mitigation of this hazard.

The locus for these activities is the recently-formed San Francisquito Creek Joint
Powers Authority (JPA).  The JPA, whose members include the Santa Clara Valley
Water District, the San Mateo County Flood Control District, and the cities of Palo
Alto, Menlo Park, and East Palo Alto, is empowered to protect and maintain the
creek and its watershed.  Its specific purposes include bank stabilization, bank
clearing, and other channel maintenance, planning flood control measures,
preserving and enhancing environmental values and instream uses, coordinating
emergency mitigation and response activities, and recommending funding and
alternatives for long-term flood control (cf., San Francisquito Creek Joint Powers
Authority website, http://www.city.palo-alto.ca.us/jpa/index.html).  Current
projects include levee restoration in the downstream-most reach of the Creek where
it discharges into San Francisco Bay, a Bank Stabilization and Revegetation Master
Plan covering the reach from Junipero Serra Blvd downstream to the US 101 bridge
(Royston Hanamoto Alley & Abbey, et al., 1999), and development of a long-term
flood management project.  As part of the flood management project, the JPA has
sponsored an updated topographic survey of the downstream reaches of the Creek
and a revised HEC-RAS steady-state hydraulic model of those same reaches.  They
are now seeking federal funding for an Army Corps of Engineers reconnaissance
study for a federally-funded flood control project.

Because of its ungated overflow spillway and lack of lower-level outlets into Corte
Madera Creek, Searsville Dam provides almost no flood water storage or peak flow
reduction downstream.  In addition, the Searsville watershed is only 32% of the San
Francisquito watershed at its mouth.  Therefore, downsizing modifications to
Searsville Dam or changes in its operation are likely to have relatively little direct
effect on flood flowrates or stages in downstream reaches vulnerable to significant
flood damages.  However, modifications to the sediment transport regime at the
Dam may not be as benign.

Searsville Dam’s high trap efficiency has eliminated a significant fraction of the bed
and suspended sediment load in Corte Madera and San Francisquito Creeks for the
last 100+ years.  This reduction in load may have contributed to the geomorphic
changes in the downstream channel which have occurred during this period.  From
1888 until 1969 much of the Creek experienced bed erosion leading to approximately
3 m (10 ft) of additional channel incision (Royston Hanamoto Alley & Abbey, et al.,
1999).  Significant bank sloughing and channel widening also occurred.  Subsequent
to 1969 some downstream reaches have experienced 0.6 to 0.9 m (2 to 3 ft) of
aggradation while other reaches have continued to incise somewhat.  Unarmored
banks have continued to erode, continuing the channel widening.  While it is difficult
to establish a direct cause-effect relationship between these changes and the sediment
trapping of Searsville Dam, such changes are not unexpected after dam construction.
To the extent these changes have increased channel capacity, Searsville’s sediment
trapping has been providing some ancillary flood benefits to downstream floodplain
occupants.
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Whether or not Searsville Dam has led to alteration of the downstream channel
geometry or flood frequency in San Francisquito Creek, of immediate concern are the
potential effects of a declining trap efficiency at Searsville Dam in the future.  No
matter whether open water is maintained at Searsville and/or Searsville Dam is
altered or removed, the sediment flux into San Francisquito Creek below the dam
will increase in the future.  As noted earlier, the trap efficiency of a reservoir declines
as its capacity declines.  As the capacity of Searsville Lake declines to that of an
undammed valley, either by the reservoir filling with sediment, by the dam being
lowered so that it is filled more quickly, or by dam removal, the sediment flux in
upper San Francisquito Creek will return for the first time since 1892 to “natural”
amounts.  The implications of a restored sediment flux are difficult to forecast, but
are potentially far-reaching.  For example, channel aggradation in downstream
reaches could result in an increased frequency of flooding on the highly and
expensively developed floodplain.  Increased sediment flux, particularly base load,
could result in alteration of the streambed habitat.  As discussed below, two state-
and federally-listed endangered species are dependent to some degree on that
habitat.  Predicting the likely physical and biological impacts of increased sediment
flux downstream, as well as the legal, liability, social, and economic consequences of
those impacts, is beyond the scope of this project.  It is clear, however, that any
scheme for the sustainable maintenance of open water at Searsville must be
integrated into the overall management plan for flood-damage mitigation and
habitat maintenance and restoration in San Francisquito Creek.

Special status plant and animal species

The San Francisquito Creek watershed supports a number of native plant and animal
species of particular conservation concern, including steelhead rainbow trout
(Oncorhynchus mykiss), California red-legged frogs (Rana aurora draytonii), western
pond turtles (Clemmys marmorata), garter snakes (Thamnophis sirtalis), California tiger
salamanders (Ambystoma californiense), a number of bird species, at least eleven
species of bats, including Townsend’s big-eared bats (Plecotus townsendi), and Bay
checkerspot butterflies (Euphydryas editah bayensis) (Fee, Launer, and Rottenborn,
1996; Launer and Spain, 1998).  Steelhead rainbow trout and the California red-
legged frog are listed as threatened by the U.S. Fish and Wildlife Service under the
Endangered Species Act.  Steelhead rainbow trout are present throughout the
watershed, with Bear Creek and Los Trancos Creek (tributaries entering downstream
of Searsville Dam) providing especially good habitat.  The red-legged frog is also a
California protected species, and, along with the western pond turtle, is a California
Department of Fish and Game species of special concern.  While red-legged frogs
have not been found in Searsville Lake or the alluvial areas of Corte Madera Creek
upstream from the lake, they are present in downstream reaches of San Francisquito
Creek, particularly those with deeper pools and with steep banks.  The western pond
turtle, formerly common in Searsville Lake, has not been seen in the vicinity of the
lake recently, and its population in San Francisquito Creek appears to be small.  The
San Francisco garter snake (T. s. tetrataenia) is federally-listed as endangered (the
garter snakes in the watershed are considered intergrades between the San Francisco
subspecies and the unlisted subspecies found to the south).  California tiger
salamanders are a candidate species for federal listing, as well as a California species
of special concern.  The Townsend’s big-eared bat is also proposed for listing.  There
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is evidence that Searsville Lake is a significant food source for this, and several other,
species of bat in the watershed (Evelyn, Stiles, and Cohen, 2000).

At least 20 bird species observed at Jasper Ridge Biological Preserve are of potential
conservation concern.  Five species that are considered California species of special
concern might be expected to breed in Corte Madera Creek alluvial fan and
floodplain habitat:  sharp-shinned hawk (Accipiter striatus), Cooper’s hawk (Accipiter
cooperii), yellow warbler (Dendroica petechia), saltmarsh common yellowthroat
(Geothlypic trichas sinuosa), and tricolored blackbird (Agelaius tricolor) (Fee, Launer,
and Rottenborn, 1996).  Both the tricolored blackbird and the saltmarsh common
yellowthroat are former category 2 candidates for federal protection.  Other species
of special concern observed (but not thought to breed) in the vicinity of Searsville
Lake include double-crested cormorant (Phalacrocorax auritus), osprey (Pandion
haliaetus), northern harrier (Circus cyaneus), golden eagle (Aquila chrysaetos), merlin
(Falco columbarius), Vaux’s swift (Chaetura vauxi), purple martin (Progne subis), bank
swallow (Riparia riparia), and yellow-breasted chat (Icteria virens).

Any scheme for maintaining some open water surface at Searsville Lake will require
attention to its impacts on species of special concern, most especially steelhead
rainbow trout and California red-legged frogs.  Searsville Dam, of course, is a barrier
to steelhead migration.  While it is unclear how large a population of steelhead might
have used upstream reaches of Corte Madera Creek prior to the construction of the
dam, there is resident rainbow trout habitat and a small population of trout
upstream, and it is likely that some steelhead did use upstream reaches as well.
Thus, there is interest in removing Searsville Dam in order to restore steelhead
habitat.

Aside from the possibility of dam removal, downstream sediment flux (as a result of
any management decision) is likely to be the most important issue for both steelhead
and red-legged frogs.  Water level elevation and fluctuations in any remaining open
water at Searsville must consider impacts on open water species (primarily birds),
and habitat changes immediately upstream from and along the edge of Searsville
Lake must also be evaluated carefully, again primarily with respect to bird species.

Non-native species

Searsville Lake and its surrounding lake-edge and alluvial habitats, along with
downstream reaches of Corte Madera and San Francisquito Creeks, host a number of
non-native species, including non-native fishes, crustaceans, and amphibians (Launer
and Spain, 1998).  Non-native fishes include largemouth bass (Micropterus salmoides),
sunfish species (Lepomis cyanellus, L. gibbosus, L. macrochirus, L. microlophus), black
crappie (Pomoxis nigromaculatus), bullhead (Ictalurus nebulosus, I. melas), mosquitofish
(Gambusia affinis), rainwater killifish (Lucania parva), golden shiner (Notemigonus
crysoleucas), and goldfish (Carassius auratus).  With the exception of goldfish, the non-
native fish species are confined to areas in and immediately below Searsville Lake,
implying that they are not reproducing successfully in San Francisquito Creek, and
that the Lake is their primary source (Launer and Spain, 1998).  Launer and Spain
suggest that negative impacts of the non-native fishes are currently confined to a
short distance (~500 m) below the dam.
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Two species of non-native crayfish are common in the San Francisquito Creek
system, signal crayfish (Pacifasticus leniusculus) and Louisiana red swamp crayfish
(Procambarus clarkii).  Searsville Lake provides apparently ideal habitat for the swamp
crayfish and appears to be the source for these crayfish in the system.  Signal crayfish
are not found in Searsville Lake; they are only found in downstream reaches and
their source is evidently not the reservoir.  Recently, mitten crab (Eriocheir sinensis)
have been found in San Francisquito Creek as far upstream as Jasper Ridge Biological
Preserve.

Bullfrogs (Rana catesbeiana) are abundant in Searsville Lake, particularly Upper Lake
and Middle Marsh (Launer and Spain, 1998).  Most, but not all, of the bullfrogs found
downstream in San Francisquito Creek are probably from the lake.  Launer and Spain
(1998) speculate that the non-native fishes in Searsville Lake are significant predators
of larval and juvenile bullfrogs, helping to keep bullfrog numbers relatively low.  If
so, management of non-native fishes and bullfrogs must be carefully coordinated.

The interaction between non-native species and species of special concern is of
particular importance in the context of the changing environment at Searsville Lake.
Several fish species, both crayfish species, and bullfrogs are known to be detrimental
to steelhead and red legged frogs.  Any modification to the Searsville regime must
include among its goals the reduction in influence of these non-natives on protected
species.

Jurisdictional wetlands

The deltaic and alluvial sediment deposits in the upstream portions of Searsville
Lake are rapidly colonized by vegetation after the sediment surface is exposed.
Because the lake water surface elevation is relatively stable near the elevation of the
dam spillway crest, the water table remains at a shallow depth below the sediment
surface and wetland habitat develops.  In fact, a significant portion of the alluvial
floodplain between Family Farm Road and the current upstream lake edge has
already been mapped as jurisdictional wetlands.  Therefore, any actions at Searsville
Lake altering the delineated habitat are regulated under the Clean Water Act, Section
404(a), and any loss of habitat would require mitigation.  For example, a
management decision to lower the lake elevation, and hence lower the water table
elevation, must be evaluated for wetland habitat loss in alluvial areas, as well as
habitat gain in newly exposed deltaic sediment surfaces.  The spatial and temporal
patterns of inundation for any maintained open water may be constrained by
impacts on wetland habitat.

Jasper Ridge Biological Preserve

As noted earlier, Searsville Dam and Lake are wholly located within Stanford’s
Jasper Ridge Biological Preserve, a biological field station whose goals include
providing refuge to native plants and animals, providing educational experiences for
Stanford students, area K-12 students, and the local community, and providing a
research environment for long- and short-term studies in ecology, population
biology, and climate change, among others.  Because of the Preserve’s emphasis on
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maintaining populations of native flora and fauna, as well as its support of long-term
field research projects, the nature and extent of environmental disturbances are of
major concern in managing the Preserve.  The Preserve’s vulnerability to invasive
non-native species is particularly important, as is potential disruption of long-term
instrumentation, microclimatic conditions, and air and water quality.  Any
construction activity, maintenance operations, or other physical or biological
disruptions required in order to maintain open water must be evaluated in the
context of the Preserve’s conservation, education, and research goals.

Goals and Criteria

Why Consider Maintaining Open Water?

Searsville Lake is a significant resource for Stanford University and its Jasper Ridge
Biological Preserve.  The reservoir itself provides habitat for migratory and breeding
waterfowl, fish, and a benthic community.  The lake surface is also an important
foraging habitat for Townsend’s big-eared, pallid, and possibly several other species
of bats.  Shallow water tables maintained by the lake support wetland habitat on the
alluvial floodplains of the tributary creeks (especially Corte Madera Creek) and
around the lake edge.  These wetlands support a rich community of flora and fauna,
including several species of conservation concern in California (see earlier section
Special status plant and animal species on p. 26).  Given the overall decline in
wetland area and quality in the Bay Area and California, and the protected status of
the habitat on the Preserve, this wetland habitat may be a particularly important
resource.

Searsville Lake is also an important educational resource.  Students from classes in
Biology, Geological and Environmental Sciences, and Civil and Environmental
Engineering at Stanford regularly visit the reservoir and carry out data collection and
interpretation exercises there.  Undergraduate students at Stanford and other
universities have completed a number of Honors theses and class projects based on
Searsville Lake, e.g., Kramer, Price, and Yoskowitz, 1997; Nelson, Garcia, and Hsu,
1997; Page, 1997; Wilcox, 1995; Howarth, 1981.  The Preserve is also visited regularly
by many students from K-12 schools in the region and by community groups.  The
Lake is an important component of these educational outreach activities.

Finally, Searsville Lake has hosted a number of research investigations in disciplines
as diverse as aquatic ecology, low temperature aqueous geochemistry, geophysics,
environmental engineering, and limnology, involving investigators from Stanford,
the U.S. Geological Survey, and a number of other universities and research labs.

The loss of the lacustrine environment at Jasper Ridge Biological Preserve, either
gradually through the “natural” filling of the reservoir by sediment, or more rapidly
through dam lowering or removal, will clearly impact the existing flora and fauna of
the Preserve, as well as a number of the Preserve’s teaching and research activities.
Depending on the exact scenario (e.g., natural filling with no drainage of reservoir
sediments, dam removal with modest sediment removal, dam removal with
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significant sediment removal), existing riparian and floodplain wetland habitat will
transform to dryer upland habitat and existing lake habitat will be replaced with
lentic, riparian, wetland and/or upland habitat.  Therefore, not all wetland habitat
values will necessarily be lost.  However, habitat and research and teaching activities
associated with the open, flat water habitat of the lake will be lost.

It is quite possible that the “new” habitat and research and teaching opportunities
created by the future Searsville reach of Corte Madera Creek will be as rich, varied,
and valued as the existing habitat and research and teaching opportunities of
Searsville Lake.  Certainly, there are real benefits to removing habitat supporting
non-native species and restoring habitat for native and threatened species.  However,
it is prudent to assess the feasibility of maintaining some lacustrine habitat so that
alternate futures for Corte Madera Creek can be evaluated fully for their impact on
the Preserve’s goals and activities and so that opportunities to maintain some or all
of the positive values of Searsville Lake are not overlooked.  It is the goal of this
study to provide such an assessment.

Criteria

Since Searsville Lake habitat and educational and research functionality are only a
small subset of the suite of issues framing the management decisions about the fate
of Searsville Dam, and because the range of possible alternate futures is quite large, it
is difficult to specify crisp quantitative criteria for the successful maintenance of open
water at Searsville Lake.  However, in general, the success of any design will depend
on:  1) the water surface area; 2) the length of shoreline; 3) the distribution of water
depths; and 4) the temporal variability of surface area, shoreline, and depths.

Water surface area

While there is clearly a relationship between surface area, waterfowl foraging and
nesting density, bat and songbird foraging requirements, etc., existing knowledge
does not allow us to predict a priori an optimal surface area for a future Searsville
Lake.  We estimate that the minimum area required to maintain a diverse population
of wintering waterfowl, a small amount of spring and summer nesting habitat, and
adequate space for bat and songbird foraging is between 2 and 4 ha (5 and 10 ac).
This is approximately one- to two-thirds of the existing surface area of the Lower
Lake (6 ha, 15 ac).

Shoreline

Lake shoreline, with its emergent vegetation and adjacent strip of riparian wetlands,
provides nesting habitat for some waterfowl and songbirds, and protection from
predators for birds and fish.  These habitat values are enhanced by a greater
shoreline : area ratio.  The minimum shoreline for a 4-ha (10-ac) reservoir is 709 m
(2330 ft) (a smooth, circular reservoir).  The length of shoreline is notoriously a
function of the scale at which it is measured.  However, ignoring those
complications, we estimate that a reasonable goal for Searsville would be a shoreline
length of 1000-2000 m (3280-6560 ft).
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Water depth

A key factor in the habitat (and teaching and research) value of a lake is its
distribution of water depths.  Water depth has a significant influence on vertical and
horizontal temperature distribution, velocity distribution, the extent of emergent
vegetation, benthic community structure, foraging habitat for dabbling and diving
ducks, and fish and amphibian habitat.  The value of emergent vegetation for avian
shelter and nesting, and of relatively shallow foraging habitat for important
waterfowl species, indicates that it is important that the depth distribution include a
significant amount of shallow depths (less than 2 m (6 ft)).  On the other hand, too
much shallow habitat could lead to detrimental temperature elevation and
fluctuation, excess emergent and floating vegetation, and excess algal growth.  The
primary influences of large depths (greater than, say, 10 m (33 ft)) are on sediment
transport and deposition, temperature distribution, and non-native fish habitat.
Therefore, the extent of large water depths may be a less sensitive parameter in the
success of an open water maintenance scheme.

Temporal variability

The water surface area, depth distribution, and shoreline extent of a reservoir may all
vary with time, depending on the temporal patterns of inflow (precipitation,
streamflow, groundwater) and outflow (releases, evaporation, groundwater).  In the
California climate of strong seasonal variability in precipitation and evaporation, and
significant year-to-year variability in annual precipitation and in storm number,
intensity, and duration (see section Hydrologic Conditions on p.5), reservoir levels
typically fluctuate significantly unless releases can be controlled over time scales of
days, seasons, and years.  Because the only outflows from Searsville Lake are
through flow over the spillway, leakage through and under the dam, evaporation,
and perhaps groundwater seepage, the water surface elevation under current
operating conditions (no stoplogs, no diversions) is relatively stable, varying on the
order of 1-2 m (3-7 ft) between flood peak stages and low water at the end of the dry
season.  However, because the Corte Madera Creek delta topset and floodplain
deposits have surface slopes in the range of 0.005-0.01, modest water surface
fluctuations of this order can lead to exposures of many hundreds of square meters
of sediment surface in the vicinity of the delta in the dry season.

In general, the habitat, educational, and research values of Searsville Lake would be
best maintained by a relatively stable lake water surface elevation and surface area,
particularly during the period from mid-autumn to mid-June.  For example,
seasonally exposed deltaic sediments are rapidly colonized by vegetation, including
several noxious, non-native species.  Because the lake is used year-around as habitat
(e.g., waterfowl wintering, migration, and breeding), substantial dry-season and/or
dry-year dewatering would significantly impact populations of species dependent on
inundated habitat.  Finally, educational use of the lake throughout the academic year,
for benthic community surveys for example, would be hampered if the inundated
area decreased substantially prior to mid-June.  In the absence of any theoretically-
based rationale for specifying an appropriate stability, we have chosen a target of no
more than 20% surface area fluctuation from the end of the precipitation season in



Open Water at Searsville                            Final Report to the Packard Foundation, p. 32

May until the start of the new precipitation season the following November in 90% of
years.  For a 4-ha (10-ac) lake, this means that the area should fluctuate between 3.2
and 4.8 ha (8-12 ac) during 90% of dry seasons.

A relatively stable water depth distribution is also desirable, primarily to ensure
consistent habitat diversity both within and between successive breeding and
foraging seasons.  It is difficult to establish a quantitative measure of the necessary
stability.  We speculate that a target of no more than 20% fluctuation in the weekly
(7-day) moving average of the surface areas of three depth ranges:  0-1.5m, 1.5-3.0 m,
and >3.0 m (0-5 ft, 5-10 ft, and > 10 ft) during 90% of the precipitation seasons is
appropriate.

The stability of the lake’s water surface elevation will depend primarily upon the
operating rules and outlet configuration at the dam.  The stability of surface area and
depth distribution will depend both on the stability of lake water surface elevation
and on the topography of the lake bottom.  To the extent that maintenance of open
water requires manipulation of bottom topography (through dredging or flushing,
for example), those maintenance activities will need to be coordinated with the
design of outlet controls to maintain an appropriate bathymetry to achieve surface
area and water depth distribution goals.

Constraints

Given the limited financial and time resources of this project, the complex
management context described above, and the broad range of other ongoing studies
of San Francisquito Creek, Corte Madera Creek, and Searsville Dam and Lake, the
scope of this study is necessarily limited.  We have restricted our attention to:

1) Data and other information (study reports) available through the end of 2000;

2) Impacts within the immediate vicinity of Searsville Dam and Lake and Jasper
Ridge Biological Preserve.  In particular, we have not been able to address,
other than qualitatively, the short- and long-term impacts of any new
sediment discharge regimes on the San Francisquito Creek channel below
Searsville Dam or San Francisco Bay.  This is, of course, a significant
constraint given the potential importance of downstream impacts.  On the
other hand, we have considered impacts in the vicinity of Family Farm Road,
given its proximity to Searsville Lake.

3) The conceptual feasibility of maintaining open water.  Our focus has been on
hydrologic feasibility.  We have not addressed quantitatively the structural
engineering feasibility of modifying Searsville Dam, or the financial
feasibility of altering the dam or its operating rules.  Nor have we proceeded
beyond preliminary conceptual design of any modification to the dam or its
operations.  Finally, we have not addressed legal and regulatory issues in
other than a broad, preliminary way.
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4) Alternatives which do not require active intervention in the watershed
upstream from Searsville Lake.  As noted in earlier investigations (Balance
Hydrologics, 1996), the majority of sediment sources in the watershed are
natural and are not amenable to remediation because of steep slopes and
geologic conditions.  In addition, the watershed extends across several
different political jurisdictions and Stanford University owns very little of the
watershed.  Thus, upstream management interventions are likely to be
politically complex and expensive, while at the same time ineffective in
controlling a significant portion of the sediment influx.

5) Alternatives in which Searsville Dam is neither removed in its entirety nor
lowered below the level of the existing sediment surface.  While dam removal
is a management alternative under consideration, we have judged that
maintaining open water (via a new structure equipped with fish passage
facilities, for example) is not a realistic option if the dam is removed.
Similarly, it is certainly feasible to consider modifications to Searsville Dam
that would lower its crest below the existing sediment surface.  However, the
nature of such modifications to the dam and the impacts of the resulting
sediment management are so qualitatively different from (and more costly
than) alternatives involving a smaller lowering, that we have chosen to focus
on relatively modest alterations to the dam.

Options for Maintaining Open Water

Any imbalance in the sediment fluxes in and out of a reservoir lead to sediment
accumulation (flux in exceeds flux out) or sediment removal (flux out exceeds flux
in).  At its simplest, then, sustainably maintaining 2-4 ha (5-10 ac) of open water at
Searsville Lake requires that the sediment flux out of the reservoir must equal the
sediment flux into the reservoir.  In other words, the trap efficiency of Searsville Lake
must be reduced from its current value of perhaps 90% to 0%.

This challenge is a complex one for several reasons:

1) As the discussion in the earlier section Reservoir Sedimentation (p. 11)
reveals, sediment inflow into Searsville Lake is not uniform in time.
Sediment is delivered episodically, both within a given water year, and from
one year to the next.  For example, the estimated specific sediment yield for
the Corte Madera Creek watershed above the Westridge Drive gage was
11,140 metric tons/km2 (31,800 short tons/mi2) for water year 1998 and 880
metric tons/km2 (2500 short tons/mi2) in water year 1999 (Balance
Hydrologics, 2000a, 2000b).

Therefore, the time scale over which the sediment inflow and outflow is
balanced is a crucial design parameter.  Instantaneously matching inflow and
outflow is unlikely to be feasible, nor is it geomorphologically realistic.
Because of the high variability both in annual streamflow and in large,
intense storms, a zero annual sediment balance is also unrealistic.  Rather, no
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net accumulation or loss of sediment must occur over some longer time
frame.  There may be periods of net sediment accumulation and periods of
net sediment loss, but on average over this longer time frame, the net
accumulation must be zero.  The lengths of the periods of net accumulation
and net loss will be the design variables of interest, and their values will be a
function of hydrologic variability and the economic and environmental
impacts of the sediment management methods.

2) Also as noted earlier, sediment accumulation in reservoirs is spatially
nonuniform, with a substantial portion of sediment deposition occurring in
delta topset and foreset beds extending out from the mouths of tributary
streams.  These sediment deposits are relatively inaccessible for many
sediment management methods which are focused on operations at the dam.
Therefore, it is conceptually possible to achieve zero net sediment
accumulation while “fresh” sediment is accumulating in upstream portions
of the reservoir and “older” sediment is being removed from portions of the
reservoir closer to the dam.  Such a pattern is not sustainable over the long
term, however, and the depth distribution in particular is unlikely to
continue to meet performance criteria.

3) The final complexity arises from the fact that most, if not all, reservoir
sediment management alternatives have impacts well beyond the immediate
vicinity of the Searsville Dam and Lake.  Managing Searsville’s sediment
balance by altering sediment inflow requires activities in the upstream
watershed, almost none of which is owned by the University.  Managing the
sediment balance by altering sediment outflow requires “disposal” of
sediment, either in the downstream channel, in San Francisco Bay, or in an
off-shore or land-based tailings disposal area.  The scope of the impacts of
sediment management under these conditions can be very wide.

Approaches to Sediment Management

There are two fundamental conceptual approaches to achieving no net sediment
accumulation in a reservoir.  The sediment inflow can be reduced by reducing the
sediment yield of the reservoir’s watershed, or the sediment outflow can be increased
by reducing deposition during inflow, by flushing accumulated sediments, or by
excavating accumulated sediments.  In practice, management methods typically
involve some combination of these approaches to yield no net accumulation over a
particular time frame.

As noted earlier, at Searsville there is relatively little practical opportunity to alter the
watershed’s sediment yield.  Therefore, we are focusing here on opportunities to
increase sediment outflow such that the net trapping efficiency of the reservoir is
reduced to 0% while maintaining an appropriate depth distribution, water surface
area, and shoreline length.

Sediment inflow to Searsville Lake is highly variable and highly episodic, as
discussed in Reservoir Sedimentation beginning on p. 11.  Unfortunately, we do not
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have enough information and data to estimate the average annual sediment inflow
with much certainty.  The inflow in 1998 was estimated by Balance Hydrologics
(2000a) to be 201,000 metric tons (221,000 short tons).  For the range of sediment
deposit densities noted earlier, this yields an estimated volume of 96,000 to 314,000
m3 (78–255 ac-ft) in this very wet year.  Average annual sediment accumulation
below the dam crest has ranged from 4500 m3/yr (4 ac-ft/yr) over one 16-yr period to
33,000 m3/yr (27 ac-ft/yr) over the most recent 4-yr period.  Accumulation below the
crest elevation represents only a portion of the inflow, since additional sediment is
deposited above the crest elevation and only approximately 90% of inflowing
sediment is trapped by the reservoir.  Therefore, for purposes of investigating
sediment management alternatives, we will assume an average annual sediment
inflow equivalent to roughly 30,000 m3/yr (24 ac-ft/yr, or approximately 3270 12-yd3

truckloads/yr) of deposited sediment.  This is the amount of sediment which must
be discharged from Searsville Lake if there is to be no net accumulation.

If the pulses of sediment arriving during flood events can be routed through or
around the reservoir, deposition can be reduced or eliminated.  Techniques to
accomplish this include sediment pass-through and sediment by-pass methods
(Morris and Fan, 1998).  Sediment pass-through techniques reduce deposition by:  1)
drawing down the reservoir water surface to maintain relatively high velocities and
short detention times during the periods of maximum sediment influx, thereby
maintaining sediment suspension and bed load transport through the reservoir area,
or 2) venting turbid density currents through low-level outlets in the dam.  Sediment
by-pass techniques use a channel or tunnel to divert heavily sediment-laden inflows
around the main reservoir body to a point downstream of the dam.

The principle of using reservoir drawdown to create high velocities through the
reservoir area can also be applied to erode and transport previously deposited
sediments.  Techniques based on this principle are called flushing.  Flushing typically
entails drawing down the reservoir prior to flood events or the flood season so that
in addition to passing through fresh incoming sediment, sediment previously
deposited in the reservoir is removed downstream.  Erosion and transport may be
enhanced by inducing slumping and slope failure in the reservoir sediment deposits,
or by mechanically moving deposited sediments to maximize erosion and transport,
including creating multiple channels along, or even across, the reservoir.

Finally, accumulated sediments can be removed via dry excavation or (wet)
dredging.  Excavated sediments may be delivered to the channel downstream of the
dam or they may be removed to an off-site disposal area.

The following sections explore aspects of each of these sediment management
techniques in the context of Searsville Dam and Lake.  In some cases, this exploration
is cursory and general, typically because the technique is infeasible for the particular
conditions at Searsville.  In other cases, we have been able to explore alternatives in
more quantitative detail.
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Sediment pass-through and bypass

Sediment routing techniques, while conceptually very attractive because they avoid
substantial sediment accumulation, are unlikely to be appropriate management
options at Searsville Lake.  The use of a channel or tunnel diversion to by-pass the
most heavily sediment-laden streamflows around the lake and dam is severely
constrained by several factors.  Most importantly, topography and valley shape
eliminate the opportunity to use a channel, and tunneling would be technically
challenging and extraordinarily expensive.  Design, construction, and operation of a
diversion facility in the vicinity of the Family Farm Road development which avoids
exacerbating the current flood and sediment damage potential would also be
extremely difficult and expensive.  Northwest Hydraulic Consultants (1999) briefly
consider the possibility of using a pipeline through the lake with a barge-mounted
intake to divert inflowing sediment-laden water to a point below the dam.  They note
that such a scheme would be operationally complex, would require modifying the
dam, and would not mitigate flood and sediment damage potential at Family Farm
Road.

Sediment pass-through techniques typically rely on the ability to draw down the
reservoir, either annually, seasonally, or prior to flood events, in order to maintain an
hydraulic gradient steep enough to sustain high velocities, and therefore suspended
and bedload transport, through the reservoir area during periods of high sediment
inflow.  The three inlet valves to the outlet works at Searsville Dam are at elevations
of approximately 336, 328.5, and 321 ft (102.4, 100.1, and 97.8 m) NGVD, i.e., about
0.30, 2.4, and 4.9 m (1, 8, and 16 ft) below the spillway crest.  The current sediment
elevation at the dam is approximately 323.3 ft (98.54 m) NGVD, 14 ft (4.3 m) below
the spillway crest.  Assuming that the lower inlet could be cleared and made
operational, the maximum water surface drawdown in the absence of modifications
to the dam and outlet works would therefore be to 321 ft (97.8 m) NGVD,
approximately the elevation of the current sediment surface, well above the base of
the dam.  Further drawdown could be achieved (after sediment excavation in the
vicinity of the dam, for example) using pumps or a siphon.

We have estimated the time required to drain Searsville Lake from the spillway crest
to the elevation of the sediment surface using the 2000 bathymetry and the existing
outlet pipes.  We assume a horizontal lake surface (no upstream inflow), no seepage
to or from the deposited sediment, and standard pipe friction, entrance, exit, and
gate valve energy losses for clear water.  We do not include the effects of an energy
dissipation valve, and we assume that the outlet pipe which currently extends to the
Stanford campus would be terminated at the same point as the second pipe.  The
results are summarized in Fig. 20.  The range of drawdown times is 1 to 5 days,
depending on the number of outlet pipes in operation and the extent of gate valve
throttling.  The maximum discharge is about 1.1 m3/s for each of the pipes fully
open.  Clearly, it is possible to draw Searsville Lake down to the level of the existing
sediment surface relatively quickly, either prior to the wet season or between inflow
events.
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Fig. 20. Time required to drain water volume above the 2000 sediment surface in
Searsville Lake using the existing outlet works with different combinations
of pipes in operation and gate valve openings.  1 @ 100 = one pipe in
operation with valve opened 100%.

Drawing Searsville Lake down with the outlet works would require design and
construction of an energy dissipation structure and/or valve on the existing short
outlet pipe (which currently ends with a gate valve discharging to the atmosphere a
short distance downstream from the dam).  To take advantage of the second outlet
pipe, it would need to be disconnected from the downstream delivery pipeline and
fitted with appropriate valving and energy dissipation.  In addition, because of the
proximity of the sediment surface in the vicinity of the dam to the inlets, substantial
sediment would be entrained during drawdown.  Managing a significant sediment
discharge into the Corte Madera Creek channel during the end of the wet season
and/or the beginning of the dry season in such a way as to avoid negative impacts is
likely to present a significant challenge.

Because of the flashy nature of inflow into Searsville Lake, maintaining a steep
hydraulic gradient during periods of maximum sediment input would require
substantial modification to the dam and its outlet works.  For example, Fig. 21
illustrates the effects of the existing outlet pipes on two different hypothetical flood
hydrographs at Searsville Dam.  For illustrative purposes we have assumed
triangular inflow hydrographs of two-day (2880-min) duration.  These hydrographs
are routed through the reservoir using level-pool routing (cf., Linsley, et al., 1992, §
3.15), with the 2000 bathymetry, no stoplogs installed in the spillway, the initial
water surface at the spillway crest, the outlet pipes discharging to the atmosphere
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15 m downstream from the dam, and discharge through the outlet works determined
using the Bernoulli Equation with pipe friction and entrance, exit, and valve losses.
The inflow hydrograph in Fig. 21(a) represents a severe flood, with a peak roughly
equivalent to the historic peak inflow estimated for February 3, 1998 (Balance
Hydrologics, 2000a), while the hydrograph of Fig. 21(b) represents a more moderate
flood.
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Fig. 21. Effect of existing outlet pipes on hypothetical flood hydrographs at
Searsville Dam.  Both outlet pipes assumed fully open and discharging to
the atmosphere immediately downstream from the dam.  (a) Severe flood
with peak inflow of 100 m3/s (3530 cfs).  (b) Moderate flood with peak
inflow of 25 m3/s (880 cfs).
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First, we note that, as currently configured, Searsville Dam has very little impact on
the flood hydrographs.  In other words, the inflow and outflow hydrographs are
nearly identical.  In addition, Fig. 21 shows that the outlet pipes have a negligible
impact on dam discharge and therefore, on reservoir water surface elevation.  Fig. 22
confirms this, showing the reservoir stage hydrograph (water surface elevation at the
upstream dam face as a function of time) during the moderate flood hydrograph of
Fig. 21(b), for an initially empty reservoir.  The estimated maximum discharge from
both outlets is 2.2 m3/s (8 cfs), a small fraction of the total discharge.  The existing
outlet works do not provide an opportunity to maintain a significant hydraulic
gradient across the reservoir for more than a short period of time (~500 min) at the
beginning of an inflow event.  The volume of reservoir storage below the spillway
crest determined from the 2000 bathymetry is approximately 161,000 m3 (131 ac-ft).
This volume is 1.9% of the volume of the larger event hydrograph in Fig. 21 and 7.5%
of the volume of the smaller event.
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Fig. 22. Water surface elevation at Searsville Dam during passage of the hypothetical
flood hydrograph of Fig. 21(b), assuming an initially empty reservoir and
both outlet pipes fully open.

It is very difficult to estimate sediment entrainment and transport through the outlet
works in response to pre-storm drawdown in the absence of a physical or
mathematical model of sediment transport, erosion, and deposition in the vicinity of
the dam.  Our preliminary modeling of sediment transport through the reservoir
using a simple, one-dimensional model (U.S. Army Corps of Engineers, 1993) of
water and sediment flow revealed that the topography and bathymetry of the lake
and Corte Madera Creek delta, combined with the flashy nature of inflow
hydrographs, require much more sophisticated modeling techniques to represent
adequately important transport processes.  Developing such modeling techniques,
however, was beyond the scope of this project.  However, a straightforward analysis
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of energy losses during slurry flow through the pipes (see the section on siphon
dredging in Dry excavation and dredging below for more details on the analysis)
does suggest that the principal limitation to passing substantial sediment loads
through the outlet pipes is the ability to entrain sediment (or intercept density
currents) from the reservoir.  Shear forces in the vicinity of the inlets are likely to be
large enough to maintain an eroded cone at the inlets, but those forces will drop off
quickly with distance and time, so that a suction dredge head and pipe extension
would be required to prevent deposition farther upstream.

To illustrate the potential impacts of possible dam and outlet works modifications,
we have used our level-pool routing model to explore the notion of “notching” the
Searsville Dam spillway.  Fig. 23 shows the simulated reservoir stage hydrographs
during the two hypothetical triangular flood hydrographs shown in Fig. 21,
assuming that the dam has been modified by replacing the existing spillway with a
spillway of width 5 ft (1.52 m) and depth 20 ft (6.10 m).  This places the spillway crest
at about the elevation of the existing sediment surface.  The total open area of this
modified spillway is a bit less than a third of the existing spillway.

By allowing the spillway to begin discharging as soon as the water surface rises
above the sediment surface at the dam, the water surface elevation at the dam rises
much less than in the case of the existing spillway (cf., Fig. 22).  This maintains a
greater hydraulic gradient across the reservoir, which should enhance sediment
throughput.  As in the case of the existing spillway, this spillway configuration
results in almost no modification to the flood discharge hydrograph.  However, this
particular modification would also eliminate open water unless the spillway were
equipped with flow controls (stoplogs or gates).  A more thorough assessment of the
impacts of such a spillway modification is beyond our scope here, but clearly it is
possible to modify the dam to facilitate sediment pass-through without dramatically
altering hydrographs.

In summary, sediment pass-through techniques are severely limited by the existing
outlet and spillway configuration at Searsville Dam.  While the lake water surface
can be drawn down quickly, and the outlet pipes have the capacity to transport
sediments without sedimentation in the pipes, the lake can only be drawn down
roughly to the level of the existing sediment surface without the use of pumps or a
siphon, and that drawdown cannot be maintained during typical winter inflow
events.  Substantial modifications to the outlet works and/or spillway would be
required to allow seasonal drawdown to be an effective management tool on its own.
Finally, it is worth recalling that drawdown schemes will in general negate several of
the goals of maintaining open water.

Flushing

In contrast to sediment routing, whose goal is to prevent deposition, sediment
flushing is intended to scour and transport deposited sediment to the channel below
the dam.  Flushing relies on water surface drawdown to create conditions which not
only pass through incoming sediment, but also scour and transport previously
deposited sediments.  These conditions include high shear stresses leading to
progressive erosion, induced slumping and slope failure.  Erosion and transport can
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be enhanced by construction of temporary longitudinal and lateral channels, or by
mechanically moving sediments into high shear areas (Morris and Fan, 1998, Ch. 15).
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Fig. 23. Water surface elevation at Searsville Dam, modified with a notched spillway
of width 5 ft (1.52 m) and depth 20 ft (6.10 m), for the hypothetical triangular
flood hydrographs of Fig. 21.  (a) Severe flood with peak inflow of 100 m3/s.
(b) Moderate flood with peak inflow of 25 m3/s.
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The design and assessment of flushing techniques rely on the same principles
governing sediment pass-through by drawdown.  From the discussion in the
previous section, it is clear that the feasibility of flushing at Searsville is nearly
precluded by the current spillway and outlet works configuration.  Reconfiguring the
spillway and/or outlet works to allow greater drawdown and/or to maintain lower
water surface elevations and higher velocities is conceptually feasible, but requires
sophisticated analysis to assess.  The capacity of the downstream channel to
transport sediment loads in excess of the natural load and at unseasonal times must
also be carefully assessed.  Unless it becomes possible to draw the reservoir down
below the elevation of the existing sediment surface, most flushing will occur in the
upper reaches of the reservoir, potentially benefiting conditions at Family Farm
Road, but not necessarily facilitating the maintenance of open water outside of the
dry season, when water could be ponded without inducing substantial sediment
deposition.

Dry excavation and dredging

Dry excavation of accumulated sediments is used especially to maintain debris
basins designed to trap relatively coarse sediments in ephemeral channels.  The
sediments are dewatered in situ by lowering the water surface elevation.  After the
sediments are suitably desiccated, earth-moving equipment is used to excavate the
sediments and remove them via truck to a disposal site.  The key issues determining
feasibility are the ability to dewater, the time required for adequate desiccation,
downstream sediment impacts during dewatering, the availability and quality of
infrastructure to transport and dispose of the excavated sediments, and the impacts
of dewatering on reservoir use.

At Searsville, all of these issues prove to be significant challenges.  Earlier we have
shown that the lake can be drawn down relatively quickly to the level of the existing
sediment surface at the dam.  Clearly, the time required to dewater reservoir
sediments such that dry excavation is possible will be dominated by the time
required for the sediments to drain as the water table drops.  Estimating that time is
beyond the scope of this initial study.  While we do not have adequate data on the
sediment characteristics to estimate the rate of drying, the height of the capillary
fringe, or the strength of the dewatered sediments above the water table, their
generally fine (silty) texture suggests that dewatering would be slow, that there
would be a significant capillary fringe, and that the sediments would not quickly
develop either shear or compressive strength.  Therefore, without modification to the
outlet works or use of horizontal or vertical dewatering wells, dry excavation is
likely to be possible only in the upper reaches of the reservoir after a substantial
period of drawdown.

Anecdotal evidence from Jasper Ridge staff suggests that sediment surfaces exposed
during seasonal drying do not develop significant strength to support earth-moving
equipment.  The floodplain deposits upstream of the causeway and above the
spillway crest elevation, on the other hand, can support moderately heavy
equipment in the dry season, such as that used in the channel improvement projects
which have been completed in the Family Farm Road area (Northwest Hydraulic
Consultants, et al., 1999).  It is likely, therefore, that the lake would need to be



Open Water at Searsville                            Final Report to the Packard Foundation, p. 43

dewatered for a significant period of time to accommodate dry excavation.
Therefore, interference with the habitat, educational, and research values of
Searsville Lake are likely to be significant.

Final considerations are the impact of the earth-moving equipment and trucking on
the Preserve and local and regional roads, and the need for an adequate disposal area
(see below).

Dredging, or the excavation of sediments from below the water surface for
deposition at another location, is used primarily to maintain navigable waterways, or
to clean specific reservoir areas around dam appurtenances, such as intakes and
spillways.  However, dredging has been used as a significant sediment management
technique in some small reservoirs (Morris and Fan, 1998, § 16.1), and it is a possible
alternative for maintaining open water at Searsville.

There is a long history of dredging and many different dredging technologies have
been developed (cf., Herbich, 1992).  It is convenient to distinguish between
mechanical dredging and hydraulic dredging.  Mechanical dredging uses grab dredges
or clamshell buckets working from shore or from a barge to excavate sediments and
lift them clear of the water surface with relatively little entrained water (Fig. 24).
They discharge the sediments close to shore or into a truck.  Their typical reach is 30
to 40 m (100 to 130 ft).  The cycle of dropping the bucket, picking up sediment,
bringing it up, moving to the drop area, and dropping the sediment makes the
process a slow one.  It also creates turbid water conditions in the vicinity of the
dredging.  Ideal sediments for mechanical dredging are dense, consolidated
materials, at sizes of gravel or larger (Fan and Morris, 1992).

Fig. 24. Schematic diagram of mechanical dredging using a clamshell.  Taken
directly from Morris and Fan (1998), Figure 16.7(b).
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Hydraulic dredging excavates sediment and delivers it for dewatering and disposal
as a slurry.  The energy for dislodging and transporting the sediment is provided by
pumps (suction dredging) or by the head difference between the sediment elevation
and a downstream discharge point below the dam (siphon dredging).  Suction
dredges used in reservoirs typically have either a cutterhead (rotating set of blades to
dislodge sediment) or dustpan head (unpowered opening analogous to a vacuum
cleaner head).  Pumps are mounted either within the dredge hull or on the dredge
ladder, or are suspended from a cable (See Fig. 25).  The most common type of
dredge in use in reservoirs is the cutterhead suction dredge (Morris and Fan, 1998, §
16.3.1).

Cooke (1993) and U.S. Army Corps of Engineers (1983) provide extensive discussions
of small, portable suction dredges used specifically in reservoirs.  They are designed
to entrain efficiently the fine, flocculent, organic-rich sediment often found in lakes.
Specific examples given by Cooke (1993) include the Mud Cat®, Oozer®, Pneuma®,
and the Cleanup®.  Cooke (1993) gives details about the Mud Cat®, which has an
auger cutterhead that dislodges sediment, moves it to the center of the auger where it
is entrained into the discharge line by a pump.  It is estimated that this particular
dredge can pump slurry that is 30% to 40% solids (about double that for a normal
cutter-head dredge).  This increase in slurry percentage helps reduce containment
volume and thus the area of the disposal site (see below).

Siphon dredging has been developed specifically as a dredging technique for
reservoirs.  The water elevation difference between the reservoir sediment level and a
downstream discharge point is used as the source of energy to erode sediment and
transport a slurry of water and sediment to the discharge point.  Fig. 26 shows a
schematic diagram of a typical mobile siphon dredge configuration.  Excavated
sediments are typically delivered to the downstream channel, rather than to an off-
site disposal area.  In the absence of low-level outlets, as at Searsville, the discharge
line is often draped over the dam crest.

Because siphon dredging has low energy requirements and discharges to the
downstream channel, we have explored further the feasibility of siphon dredging at
Searsville.  The capacity of a siphon dredge is determined by the capacity of the
dredge pipeline to transport the sediment-water slurry with the available energy
head (elevation difference between the sediment surface and the discharge point).
(We assume that a suction head can be designed to create enough shear velocity to
erode relatively freshly deposited sediments and entrain them into the pipe.)  The
pipe capacity is determined by its cross-sectional area (diameter) and the slurry
velocity.  The slurry velocity must be large enough to avoid particle sedimentation in
the pipe.
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(a)

(b)

Fig. 25. Schematic diagrams of suction dredging using (a) a cutterhead and ladder
pump, and (b) a cable-suspended pump.  Taken directly from Morris and
Fan (1998), Figures 16.3 and 16.7(a).
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Fig. 26. Schematic diagram of a typical mobile siphon dredge.  Taken directly from
Morris and Fan (1998), Figure 16.6(a).

We have estimated the slurry velocity and resulting flowrate using the principle of
conservation of energy, commonly expressed with the Bernoulli Equation.  We
assume that the reservoir sediments to be excavated are primarily non-cohesive silts,
with some clay and fine sand (maximum particle size is taken as 0.09 mm).  Thus, we
are ignoring the gravel and coarser sand size fractions of the sediment inflow (see
Reservoir Sedimentation, p. 11, for discussion of sediment size distribution).  We
also assume that these sediments will be entrained at a concentration of 20% solids
by volume, a typical value for siphon dredges.  The pipeline is assumed to be PVC
with a length of 100 m (328 ft), extending from the suction head over the spillway
crest and down to a discharge point a short distance down the channel.  Using
Einstein’s expression for the viscosity of a sediment-water slurry, and including
entrance, exit, valve, and bend losses, we estimate the pipeline slurry velocities
shown in Fig. 27.

Fig. 27 also includes an estimate of the minimum slurry velocity required to maintain
transport in the pseudo-homogeneous regime, i.e., a homogeneous distribution of
sediment across the pipe cross-section with no settling (cf., Morris and Fan, 1998,
§16.8).  The assumption of pseudo-homogeneous transport provides a conservative
estimate of the minimum velocity necessary for effective transport.  There is clearly
enough head at Searsville to support siphon dredging under these assumed
conditions.  This implies that the dredge pipeline could be longer than 100 m, the
dredge could operate with a lowered reservoir water surface, and/or larger sediment
particles could be transported.

Fig. 28 shows the estimated slurry volumetric flowrate as a function of pipe
diameter, using the velocities presented in Fig. 27.  For perspective, recall that the
long-term average flowrate into Searsville Lake from its principal tributaries is
approximately 0.185 m3/s (see Hydrologic Conditions, p. 5).
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Siphon Dredge Pipeline Slurry Velocity
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Fig. 27. Estimated velocity of sediment-water slurry in a siphon dredge pipeline of length 100 m
with 16 m available head as a function of pipe diameter.  Slurry (20% solids concentration)
viscosity estimated using Einstein’s equation.  Minimum velocity required to maintain a
pseudo-homogeneous transport regime is also shown, assuming a maximum particle size of
0.09 mm.
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Fig. 28. Estimated volumetric flowrate of sediment-water slurry in a siphon dredge pipeline of
length 100 m with 16 m available head as a function of pipe diameter.
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Assuming a design annual sediment inflow of 30,000 m3, Fig. 29 shows the estimated
time required to remove the annual sediment load to Searsville Lake using a siphon
dredge of different pipeline diameters.  It is unlikely to be feasible to discharge
dredged sediment into the downstream channel outside the natural runoff season.  If
we assume that it would be feasible to discharge sediment during 60 days of the year,
presumably during high (water) inflow periods, then the minimum acceptable
pipeline diameter for annual dredging is about 0.1 m (4 in).  If dredging were to be
implemented every 5 years under this discharge constraint, then the minimum pipe
diameter is about 0.19 m (7.5 in).
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Fig. 29. Estimated duration of dredging required to remove 30,000 m3 of deposited
sediment from Searsville Lake using a siphon dredge.

Fig. 30 shows the sensitivity of dredging duration to the assumed slurry solids
concentration for a dredging pipe diameter of 0.2 m (8 in).  Dredging duration is
relatively insensitive to the assumed concentration above a value of about 10%.

These preliminary estimates carry considerable uncertainty.  However, they do
indicate that siphon dredging is a potential management option for maintaining
open water at Searsville Lake.  Pipe sizes, lengths, and required dredging duration
are feasible to allow downstream discharge of the annual sediment load during the
natural runoff season while maintaining a dredged volume, i.e., open water,
immediately upstream from the dam.  In fact, it appears likely that a siphon dredging
system could be designed to discharge more than the annual sediment load over an



Open Water at Searsville                            Final Report to the Packard Foundation, p. 49

elapsed period of time, allowing excavation of some of the already-deposited
sediments.  The feasibility of such a system with downstream discharge would
depend heavily on the capacity of the downstream channel to absorb a sediment
surcharge.

Annual Dredging Duration as a Function of 
Slurry Solids Concentration
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Fig. 30. Estimated duration of dredging required to remove 30,000 m3 of deposited
sediment from Searsville Lake using a siphon dredge with pipeline diameter
of 0.2 m (8 in) as a function of solids concentration.

The availability of an appropriate disposal area for the dredged sediments is one of
the most difficult tasks in dredge planning.  As noted earlier, downstream discharge
may be feasible, if the load does not represent too much of a surcharge above natural
conditions.  Assessing the feasibility of an increased sediment load in San
Francisquito Creek awaits the outcome of ongoing studies by others (see
Downstream development and flood hazards, p. 24).

On-site disposal of Searsville sediments is inconsistent with the goals and functions
of Jasper Ridge Biological Preserve.  Disposal areas are most commonly built with
dikes.  The slurry is piped, or trucked, in and the water is allowed to seep out as the
sediments dry, creating a solid structure.  Disposal areas are often underdesigned
because of the difficulty in estimating the time the sediment will need to dewater.
Laboratory column settling tests can be performed to estimate the consolidation time
of the dredged sediments.  This number can be used to determine the bulking factor
of the sediment.  The bulking factor can also be estimated by knowing the type of
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sediment that will be dredged (an approximate bulking factor is 1.5 for silty-clay).
Since the bulking factor is the ratio of containment sediment volume (the volume the
sediment will take up in the disposal area) to the in-situ sediment volume (the
volume the sediment takes up in the lake), a rough estimate can be made for the
necessary size of the containment area.  Using a bulking factor of 1.5 and assuming
removal of our rough estimate of the long-term annual total sediment load of 30,000
m3, the required annual containment volume would be 45,000 m3.  Common heights
of disposal areas range from 1 to 2 meters depending on the efficiency of dewatering.
If the height were, on average 1.5 m, then the required disposal area would be 3
ha/yr (7.4 ac/yr).  Dedication of this much area on the Preserve would fatally
interfere with much of the Preserve’s activities.  While preliminary testing of
experimental cores from Searsville Lake sediments suggest that the sediments are not
contaminated with any hazardous materials, drying sediments are vulnerable to
infestation by invasive, non-native species, further complicating on-site disposal.

Off-site disposal is probably the only option available.  Because of the preliminary
nature of our investigation and the limited data now available on the sediments, it is
not possible to explore off-site disposal, except to note that the impacts of
transportation, whether by slurry or truck, are likely to be severe.  For example, as
noted earlier, the estimated average annual sediment load to the reservoir is
equivalent to 3270 12-yd3 truckloads of deposited sediment.  Given some bulking
during loading, this number is best taken as a minimum estimate of the truck
transportation impact on the Preserve and its neighbors.  Slurry delivery is probably
the only feasible option, assuming a feasible disposal site could be identified.

Estimates of excavation and dredging costs (including disposal) are highly sediment-
and site-specific.  A reasonable range of cited values (cf., Morris and Fan, 1998;
Herbich, 1992) is $6.00/m3 - $20.00/m3, although this does not consider the particular
challenges of removal from Jasper Ridge Biological Preserve.  For an average annual
dredging of 30,000 m3, this yields a rough cost estimate of $180,000/yr - $600,000/yr.

Concluding Comments

If maintaining open water in Searsville Lake proves to be an important objective,
then given the strategies assessed in this report, it is clear that the installation of a
siphon dredge should be seriously considered.  A siphon dredge discharging over
the dam appears capable of entraining sufficient amounts of sediment during rainy
seasons to manage adequately the sediment balance of the reservoir over a multi-
year period.  Even so, there are still important issues both downstream and upstream
that need to be resolved if this is to be pursued further.  Among them is how
downstream hydrology and associated flooding behavior might be altered by the
increased sediment loads.  How these increased sediment loads might impact listed
species (especially steelhead rainbow trout and red-legged frogs) and how exotic
species currently supported by the reservoir impact downstream resources also need
to be carefully evaluated and monitored.  Upstream of the reservoir, there needs to
be a careful analysis of how flooding along Family Farm Road will be affected with
or without dam lowering.
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By assessing the feasibility of maintaining open water, we hope to have brought a
clearer picture to the hydrologic characteristics of the watershed, along with the
interests and values that may be lost with the filling in of the reservoir.   While the
decision about whether open water should be maintained needs to be made within
the larger watershed context, there needs to be an explicit understanding of the
values provided by the reservoir and how potential losses might be mitigated.  Given
the growing public interest in dam removal or modification (both within the San
Francisquito Creek watershed and in watersheds across the nation), evaluating
whether such options are desirable requires careful consideration of the current
benefits provided by the reservoir and how they might be maintained.  In this
assessment, important natural resources and Preserve program activities make the
feasibility of maintaining open water in the reservoir desirable.  At the same time,
whatever options are considered, common questions persist:  Which habitats and
species are to be protected?  How should flooding risks be distributed in the
watershed?  And of course, who are the responsible agents, and how are the costs
and benefits to be distributed?  Whatever the options considered, the questions
persist, though the scale of the particulars may change.

As was originally noted, the future of Searsville Dam and Lake touch upon a broad
array of hydrologic, natural resource, management, political, and legal issues.  In
many respects, the issue of how and whether to maintain open water in this reservoir
system brings to light the ways in which dams and reservoirs become integrated into
their respective watersheds.  The role of the Searsville reservoir system and any
decisions about the future management of this system is inextricably woven with
what we think the future of the San Francisquito Creek watershed should be.
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