
Appendix A 
Figures 

List of Figures 

Figure 1 – Project Location - REVISED 

Figure 2 – Project Site Plan - REVISED 

Figure 3 – Wetland Delineation  

Figure 4 – Impacts to Wetlands and Other Waters - REVISED 

Figure 5 – Marshplain Creation - REVISED 

Figure 6 – Engineered Drawings (Project Design Plans) - REVISED 





£¤101

¬«84

San Francisco 
Bay

¬«109

K:\
Pr

oje
cts

_1
\Jo

int
Po

we
rsA

uth
ori

ty\
00

88
2_

09
\m

ap
do

c\0
2_

Re
v4

01
\Fi

g1
_V

ici
nit

y.m
xd

  d
bs

  7
/31

/20
14

Study Area
ALAMEDA CO

SANTA CLARA CO

SAN
MATEO

CO

SANTA
CRUZ

CO

CONTRA COSTA CO
SAN FRANCISCO CO

Figure 1. Vicinity Map
San Francisquito Creek Flood Reduction, Ecosystem Restoration & Recreation Project - S.F. Bay-Highway 101

July 31, 2014

Project Site

$ 0 1,000 2,000

Feet
USGS Topo Base: Mountain View
Quad 1991, Palo Alto Quad 1991.



Figure 2.0 Overall Project Site Plan
San Francisquito Creek Flood Reduction, Ecosystem Restoration & Recreation Project - S.F. Bay-Highway 101

July 31, 2014

Pa
th:

 K:
\Pr

oje
cts

_1
\Jo

int
Po

we
rsA

uth
ori

ty\
00

88
2_

09
\m

ap
do

c\0
2_

Re
v4

01
\Fi

g2
_O

ve
ral

lSi
teP

lan
.m

xd
; U

se
r: 1

94
35

City of East Palo Alto
San Mateo County

City of Palo Alto
Santa Clara County

Faber Tract
Marsh

Edgewood

Ru
nn

ym
ed

e

Mandela

Veronica

Embarcadero

EMBARCADERO ROAD

WISTERIA DRIVE

JASMINE WAY

AZALIA DRIVE

ABELIA WAY

DAPHNE WAY

ASTER WAY

EMBARCADERO WAY

LARKSPUR DRIVE

CAMELLIA DRIVE

VERBENA DRIVE

GENG ROAD

DAISY LANE

BE
EC

H 
ST

RE
ETGARDENIA WAY

LAURA LANE

VANCE LANE

CYPRESS STREET

EDGEWOOD DRIVE
CAMELLIA COURT

SA
GE

 ST
RE

ET

O'
CO

NN
OR

 ST
RE

ET

DAPHNE COURT

SHOREBREEZE COURT

O'
CO

NN
OR

 ST
RE

ET

WISTERIA DRIVE

CA
ME

LL
IA 

DR
IVE

DAPHNE WAY

WEST B
AY

SHORE ROAD

WISTERIA DRIVE

AZALIA DRIVE

VERBENA D
RIVE

GARDENIA WAY

CAMELLIA DRIVE

AZ
AL

IA 
DR

IVEEAST B
AY

SHORE ROAD

Project Components
Levee
Staging Area
Levee Degrade
Floodwall
Limit of Earthwork

0 700350

Feet

$ NORTH

Prepared on:
31 Jul 2014



S A N

F R A N C I S Q U I T O C R E E K

CITY OF PALO ALTO
PUMP STATION S A N F R A N C I S Q U

I T
O

C
R

E E
K

PROPOSED
FLOODWALL

PROPOSED
FLOODWALL

PROPOSED
FLOODWALL

PROPOSED
LEVEE

STAGING
AREA

STAGING
AREA

East Palo Alto

AS
TE

R 
WA

Y

WI
ST

ER
IA 

DR
IV

E

LAURA LANE

WEST BAYSHORE ROAD

EAST BAYSHORE ROAD

VERBENA DRIVE ABELIA WAY

EDGEWOOD DRIVE

DAPHNE WAY

DAPHNE WAY

EAST BAYSHORE ROAD

JA
SM

IN
E W

AY

DAPHNE WAY

Figure 2. 1 Project Site Plan
San Francisquito Creek Flood Reduction, Ecosystem Restoration & Recreation Project - S.F. Bay-Highway 101

July 31, 2014

Pa
th:

 K:
\Pr

oje
cts

_1
\Jo

int
Po

we
rsA

uth
ori

ty\
00

88
2_

09
\m

ap
do

c\0
2_

Re
v4

01
\Fi

g2
_P

roj
Sit

eP
lan

.m
xd

; U
se

r: 1
94

35

EMBARCADERO ROAD

WI
ST

ER
IA 

DR

BEECH STREET

4

5

3

1 2

Existing Features
Major contours (5 ft)
Minor contours (1 ft)
Wetland Delineation Area

Project Components
Levee
Levee Degrade
Staging Area

Floodwall

( ( ( ( ( ( ( (

( ( ( ( ( ( ( (

( ( ( ( ( ( ( (

( ( ( ( ( ( ( (

( ( ( ( ( ( ( (

Proposed Rock, Gravel, or Paving
Operations & Maintenance Corridor
Temporary Construction Easement
Limit of Earthwork

0 100 20050

Feet

$

Prepared for:
San Francisquito
Joint Powers
Authority
615-B Menlo Avenue
Menlo Park, CA 94025
(650) 324-1972

Prepared by:
ICF International
75 East Santa Clara Street
Suite 300
San Jose, CA 95113 
(408) 216-2815
Prepared on:
31 Jul 2014

NOTE: No changes are proposed
for the area in between Figures  2.4 and 2.5.



S A N

F R A N C I S Q U I T O C R E E K

Palo Alto
Golf Course

S A N F R A N C I S Q U
I T

O
C

R
E

E
K

PROPOSED
FLOODWALL

PROPOSED
FLOODWALL

PROPOSED
LEVEE

PROPOSED
LEVEE

STAGING
AREA

PROPOSED
LEVEE

STAGING
AREA

WI
ST

ER
IA 

DR
IV

E

DAPHNE WAY

JA
SM

IN
E W

AY

GENG ROAD

DAPHNE WAY

JA
SM

IN
E W

AY

Figure 2. 2 Project Site Plan
San Francisquito Creek Flood Reduction, Ecosystem Restoration & Recreation Project - S.F. Bay-Highway 101

July 31, 2014

Pa
th:

 K:
\Pr

oje
cts

_1
\Jo

int
Po

we
rsA

uth
ori

ty\
00

88
2_

09
\m

ap
do

c\0
2_

Re
v4

01
\Fi

g2
_P

roj
Sit

eP
lan

.m
xd

; U
se

r: 1
94

35

EMBARCADERO ROAD

WI
ST

ER
IA 

DR

BEECH STREET

4

5

3

1 2

Existing Features
Major contours (5 ft)
Minor contours (1 ft)
Wetland Delineation Area

Project Components
Levee
Levee Degrade
Staging Area

Floodwall

( ( ( ( ( ( ( (

( ( ( ( ( ( ( (

( ( ( ( ( ( ( (

( ( ( ( ( ( ( (

( ( ( ( ( ( ( (

Proposed Rock, Gravel, or Paving
Operations & Maintenance Corridor
Temporary Construction Easement
Limit of Earthwork

0 100 20050

Feet

$

Prepared for:
San Francisquito
Joint Powers
Authority
615-B Menlo Avenue
Menlo Park, CA 94025
(650) 324-1972

Prepared by:
ICF International
75 East Santa Clara Street
Suite 300
San Jose, CA 95113 
(408) 216-2815
Prepared on:
31 Jul 2014

NOTE: No changes are proposed
for the area in between Figures  2.4 and 2.5.



SA
N

F
R

A
N

C I S Q U I T O
C R E E K

S A N
F R A

N
C

I S
Q

U
I T

O
C

R
EE

K

Palo Alto
Golf Course

PROPOSED
LEVEE

PROPOSED
LEVEE

PROPOSED
LEVEE

PROPOSED
LEVEE

PROPOSED
LEVEE PROPOSED

BOARDWALK

JA
SM

IN
E W

AY

CAMELLIA DRIVE

CAMELLIA DRIVE

Figure 2. 3 Project Site Plan
San Francisquito Creek Flood Reduction, Ecosystem Restoration & Recreation Project - S.F. Bay-Highway 101

July 31, 2014

Pa
th:

 K:
\Pr

oje
cts

_1
\Jo

int
Po

we
rsA

uth
ori

ty\
00

88
2_

09
\m

ap
do

c\0
2_

Re
v4

01
\Fi

g2
_P

roj
Sit

eP
lan

.m
xd

; U
se

r: 1
94

35

EMBARCADERO ROAD

WI
ST

ER
IA 

DR

BEECH STREET

4

5

3

1 2

Existing Features
Major contours (5 ft)
Minor contours (1 ft)
Wetland Delineation Area

Project Components
Levee
Levee Degrade
Staging Area

Floodwall

( ( ( ( ( ( ( (

( ( ( ( ( ( ( (

( ( ( ( ( ( ( (

( ( ( ( ( ( ( (

( ( ( ( ( ( ( (

Proposed Rock, Gravel, or Paving
Operations & Maintenance Corridor
Temporary Construction Easement
Limit of Earthwork

0 100 20050

Feet

$

Prepared for:
San Francisquito
Joint Powers
Authority
615-B Menlo Avenue
Menlo Park, CA 94025
(650) 324-1972

Prepared by:
ICF International
75 East Santa Clara Street
Suite 300
San Jose, CA 95113 
(408) 216-2815
Prepared on:
31 Jul 2014

NOTE: No changes are proposed
for the area in between Figures  2.4 and 2.5.



Palo Alto
Golf Course

SA
N

F
R

A N
C I S Q U I T O

C R E E K
CITY OF

EAST PALO ALTO
PUMP STATION

FRIENDSHIP BRIDGE

STAGING
AREA

PROPOSED
LEVEE

PROPOSED
LEVEE

PROPOSED
LEVEE

PROPOSED
BOARDWALK

Faber Tract
Marsh

CAMELLIA DRIVE

O'C
O N

NE
R

STR

Figure 2. 4 Project Site Plan
San Francisquito Creek Flood Reduction, Ecosystem Restoration & Recreation Project - S.F. Bay-Highway 101

July 31, 2014

Pa
th:

 K:
\Pr

oje
cts

_1
\Jo

int
Po

we
rsA

uth
ori

ty\
00

88
2_

09
\m

ap
do

c\0
2_

Re
v4

01
\Fi

g2
_P

roj
Sit

eP
lan

.m
xd

; U
se

r: 1
94

35

EMBARCADERO ROAD

WI
ST

ER
IA 

DR

BEECH STREET

4

5

3

1 2

Existing Features
Major contours (5 ft)
Minor contours (1 ft)
Wetland Delineation Area

Project Components
Levee
Levee Degrade
Staging Area

Floodwall

( ( ( ( ( ( ( (

( ( ( ( ( ( ( (

( ( ( ( ( ( ( (

( ( ( ( ( ( ( (

( ( ( ( ( ( ( (

Proposed Rock, Gravel, or Paving
Operations & Maintenance Corridor
Temporary Construction Easement
Limit of Earthwork

0 100 20050

Feet

$

Prepared for:
San Francisquito
Joint Powers
Authority
615-B Menlo Avenue
Menlo Park, CA 94025
(650) 324-1972

Prepared by:
ICF International
75 East Santa Clara Street
Suite 300
San Jose, CA 95113 
(408) 216-2815
Prepared on:
31 Jul 2014

NOTE: No changes are proposed
for the area in between Figures  2.4 and 2.5.



Palo
Alto

AirportPalo Alto
Golf Course

S A N F R A N C I S Q U I T O C R E E K

San Francisco Bay
Marsh Area

Faber Tract
Marsh

DEGRADE
BAY LEVEE

Figure 2. 5 Project Site Plan
San Francisquito Creek Flood Reduction, Ecosystem Restoration & Recreation Project - S.F. Bay-Highway 101

July 31, 2014

Pa
th:

 K:
\Pr

oje
cts

_1
\Jo

int
Po

we
rsA

uth
ori

ty\
00

88
2_

09
\m

ap
do

c\0
2_

Re
v4

01
\Fi

g2
_P

roj
Sit

eP
lan

.m
xd

; U
se

r: 1
94

35

EMBARCADERO ROAD

WI
ST

ER
IA 

DR
BEECH STREET

4

5

3

1 2

Existing Features
Major contours (5 ft)
Minor contours (1 ft)
Wetland Delineation Area

Project Components
Levee
Levee Degrade
Staging Area

Floodwall

( ( ( ( ( ( ( (

( ( ( ( ( ( ( (

( ( ( ( ( ( ( (

( ( ( ( ( ( ( (

( ( ( ( ( ( ( (

Proposed Rock, Gravel, or Paving
Operations & Maintenance Corridor
Temporary Construction Easement
Limit of Earthwork

0 100 20050

Feet

$

Prepared for:
San Francisquito
Joint Powers
Authority
615-B Menlo Avenue
Menlo Park, CA 94025
(650) 324-1972

Prepared by:
ICF International
75 East Santa Clara Street
Suite 300
San Jose, CA 95113 
(408) 216-2815
Prepared on:
31 Jul 2014

NOTE: No changes are proposed
for the area in between Figures  2.4 and 2.5.



!(!(

!(
!(

!(!(

!( !(

!(!(

£¤101

CITY OF PALO ALTO
PUMP STATION

Palo Alto
Golf Course

S A N
F R A

N
C

I S
Q

U
IT

O
CREEK

AS
TE

R 
WA

Y

WI
ST

ER
IA 

DR
IV

E

L AU RA L ANE

WEST BAYSHORE ROAD

EAST BAYSHORE ROAD

V ERBENA DRIV E

ABEL IA
 W

AY

EDGEWOOD DRIV E

DAPHNE WAY

DAPHNE WAY

EAST BAYSHORE ROAD

JA
SM

IN
E W

AY

GENG ROAD

DAPHNE WAY

JA
SM

IN
E W

AY
TC 2

TSM 12

TSM 1

TSM 3

TSM 10

TSM 11

TSM 11

FP 1

FM 2

TC 2

TSM 1

FM 1

DM 10

TSM 9

DM 2

DM 3

DP9

DP6

DP5

DP4 DP3

DP42

DP12DP11

DP10

DP41

Figure 3.1 Mapped Wetlands and Waters of the United States
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Figure 4.1 Impacts to Wetlands and Other Waters
San Francisquito Creek Flood Reduction, Ecosystem Restoration & Recreation Project - S.F. Bay-Highway 101
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Figure 5.2. Marshplain Creation
San Francisquito Creek Flood Reduction, Ecosystem Restoration & Recreation Project - S.F. Bay-Highway 101

July 31, 2014

Pa
th:

 K:
\Pr

oje
cts

_1
\Jo

int
Po

we
rsA

uth
ori

ty\
00

88
2_

09
\m

ap
do

c\0
2_

Re
v4

01
\Fi

g5
_M

ars
hp

lai
n.m

xd
; U

se
r: 1

94
35

; D
ate

: 7
/31

/20
14

Existing Features
Major contours (5 ft)
Minor contours (1 ft)
Delineation Study Area Boundary

Proposed Project
Proposed Features

Marshplain Restoration
High Marsh Planting
High Marsh Transition Planting

( ( ( ( ( ( (

( ( ( ( ( ( (

( ( ( ( ( ( (

( ( ( ( ( ( ( Proposed Rock, Gravel, or Paving

0 100 20050

Feet

$

Prepared for:
San Francisquito
Joint Powers
Authority
1231 Hoover Street
Menlo Park, CA 94025
(650) 561-4580

Prepared by:
ICF International
75 East Santa Clara Street
Suite 300
San Jose, CA 95113 
(408) 216-2815
Prepared on:
31 Jul 2014

EMBARCADERO ROAD

WI
ST

ER
IA 

DR
BEECH STREET

1

5

4

3

2



( ( ( ( (

( ( ( ( (

( ( ( ( (

( ( ( ( (

( (
( ( (

( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
(

(
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
(

(
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
(

(
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
( ( ( ( ( (

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (
(

( ( ( (

( ( ( (

( ( ( (

( ( ( (

( ( ( (

18

17

16

4

11

12
15

SA
N

F
R

A
N

C I S Q U I T O
C R E E K

S A N
F R A

N
C

I S
Q

U
I T

O
C

R
EE

K

Palo Alto
Golf Course

PROPOSED
LEVEE

PROPOSED
LEVEE

PROPOSED
LEVEE

PROPOSED
LEVEE

PROPOSED
LEVEE

JA
SM

IN
E W

AY

CAMELLIA DRIVE

CAMELLIA DRIVE

Figure 5.3. Marshplain Creation
San Francisquito Creek Flood Reduction, Ecosystem Restoration & Recreation Project - S.F. Bay-Highway 101

July 31, 2014
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Figure 5.4. Marshplain Creation
San Francisquito Creek Flood Reduction, Ecosystem Restoration & Recreation Project - S.F. Bay-Highway 101

July 31, 2014
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WATER SEWER
West Bay Sanitary District
Bob Scheidt - (650) 321-0384 - bscheidt@westbaysanitary.org
500 Laurel Street, Menlo Park, CA 94025

East Palo Alto Sanitary District
LOCAL AGENCY CONTACTS

Stephanie Griffin - (650) 325-9021 X 105 - sgriffin@epasd.comCity of Palo Alto
901 Weeks Street, East Palo Alto, CA 94303Baylands Athletic Center - Rob De Geus - (650) 463-4908 - robert.degeus@cityofpaloalto.org

Palo Alto Airport Terminal - (408) 918-7702

GAS
Pacific Gas and Electric (PG&E)
Al Norrenberg - (408) 365-3102
6402 Santa Teresa Blvd, San Jose, CA 95119-1203

City of East Palo Alto
Public Works Department

ELECTRIC

Kamal Fallaha - (650) 853-3189 - kfallaha@cityofepa.org

Pacific Gas and Electric (PG&E)

1960 Tate Street, East Palo Alto, CA 94303

Deborah Vaccaro - (408) 365-2045
6403 Santa Teresa Blvd, San Jose, CA 95119-1203TELECOMMUNICATION

Comcast Pacific Gas and Electric (PG&E)
Derek - (650) 551-7366 Nick Mandoza - (650) 592-9268
901 Weeks Street, East Palo Alto, CA 94303 275 Industrial Way, San Carlos, CA 94070

Public Works Department - Joe Teresi - (650) 329-2129 - joe.teresi@cityofpaloalto.org
Palo Alto Municipal Golf Course - Joe Vallaire - (650) 496-6997 - joseph.vallaire@cityofpaloalto.org

Palo Alto Open Space - Richard Bicknell - (650) 617-3156 - richard.bicknell@cityofpaloalto.org
Palo Alto Municipal Golf Course Maintenance - Brian Daum - (310) 346-0417

UNDERGROUND SERVICE ALERT

          USA  (800) 227-2600

Bryan Hagins - (650) 496-6907 - bryan.hagins@cityofpaloalto.org

Frank Alvarado - (650) 496-6917 - frank.alvarado@cityofpaloalto.org

City of Palo Alto Water

City of Palo Alto Sewer

City of Palo Alto
Greg Schulz - (650) 496-6933 - greg.schulz@cityofpaloalto.org

Todd Carlsen - (650) 496-6960 - todd.carlsen@cityofpaloalto.org
City of Palo Alto Gas
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San Mateo County
Public Works Department
Ann Stillman - (650) 599-1497 - astillman@smcgov.org
555 County Center, Redwood City, CA 94063
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TREE

SURVEY

ID

COMMON NAME

DBH

CLASS

SIZE

EASTING NORTHING ALIGNMENT STATION

OFFSET

(FEET)

TREE

MANAGEMENT

RECOMMENDATION

345L Italian Stone Pine 6 6090707.81 1994585.81 Left Levee 26+05.61 58.48 REMOVE
346L

Bailey's Acacia

4 6090691.00 1994574.28 Left Levee 26+22.15 68.26 REMOVE
347L River Sheoak 3 6090667.09 1994545.30 Left Levee 26+55.39 77.63 REMOVE
348L

Monterey Pine

4 6090574.39 1994487.47 Left Levee 27+31.73 143.53 REMOVE
349L River Sheoak 4 6090549.61 1994454.02 Left Levee 27+64.56 157.47 REMOVE
350L Pear 2 6090505.20 1994411.20 Left Levee 28+10.53 189.93 INSPECT

351L Pear 2 6090506.96 1994407.23 Left Levee 28+13.98 187.29 INSPECT

352L Pear 1 6090501.62 1994400.51 Left Levee 28+21.76 190.91 PROTECT
353L Pear 2 6090501.76 1994395.97 Left Levee 28+26.15 189.71 PROTECT
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SURVEY

ID

COMMON NAME

DBH

CLASS

SIZE

EASTING NORTHING ALIGNMENT STATION

OFFSET

(FEET)

TREE

MANAGEMENT

RECOMMENDATION

323L Italian Stone Pine 5 6090670.24 1994287.15 Left Levee 28+92.50 0.47 REMOVE
324L Italian Stone Pine 3 6090624.92 1994254.17 Left Levee 29+33.29 38.05 REMOVE
325L Acacia 4 6090628.11 1994207.63 Left Levee 29+77.23 27.31 REMOVE
326L

Monterey Cypress

8 6090642.05 1994164.14 Left Levee 30+17.98 8.24 REMOVE
327L River Sheoak 4 6090695.54 1994122.57 Left Levee 30+55.91 -48.43 INSPECT

354L

Arroyo Willow

5 6090523.93 1994167.51 Left Levee 30+25.43 126.13 REMOVE
355L

Eucalyptus

7 6090543.64 1994098.21 Left Levee 30+86.31 102.22 REMOVE
356L Italian Stone Pine 2 6090549.62 1994069.15 Left Levee 31+12.60 95.77 REMOVE
357L

Glossy Privet

0 6090673.87 1993486.42 Left Levee 36+73.97 88.51 REMOVE
358L

Glossy Privet

1 6090678.09 1993471.46 Left Levee 36+86.65 90.62 REMOVE
359L

Common Bluegum

7 6090689.88 1993379.63 Left Levee 37+81.30 117.33 REMOVE
805R Coast Live Oak 2 6090287.10 1994187.35

Right Levee

32+60.22 29.57 INSPECT

806R Coast Live Oak 2 6090286.52 1994192.55

Right Levee

32+55.03 28.98 INSPECT
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328L Italian Stone Pine 5 6090711.57 1993414.71 Left Levee 37+54.27 83.98 REMOVE
329L Italian Stone Pine 8 6090769.17 1993234.98 Left Levee 39+60.57 81.52 REMOVE
330L

Eucalyptus

1 6090755.29 1993189.83 Left Levee 40+02.29 103.77 REMOVE
331L

Eucalyptus

2 6090766.34 1993190.49 Left Levee 40+03.76 92.80 REMOVE
332L

Eucalyptus

6 6090812.11 1993130.45 Left Levee 40+75.60 57.29 REMOVE
333L

Peppertree

4 6090797.48 1993094.26 Left Levee 41+13.08 75.42 REMOVE
334L Acacia 3 6090819.80 1992996.70 Left Levee 42+19.05 54.53 REMOVE
335L

Myoporum

5 6090847.51 1992912.15 Left Levee 43+04.22 18.76 REMOVE
336L

Eucalyptus

4 6090860.67 1992815.02 Left Levee 43+99.32 -5.40 REMOVE
337L River Sheoak 4 6090886.67 1992736.89 Left Levee 44+82.93 -23.59 REMOVE
338L

Myoporum

5 6090886.35 1992693.71 Left Levee 45+25.99 -13.38 REMOVE
339L

Common Bluegum

4 6090880.56 1992629.64 Left Levee 45+85.32 12.45 REMOVE
825R Hind's Black Walnut 5 6090826.76 1991866.54

Right Levee

56+57.15 -45.34 INSPECT

360L River Sheoak 4 6090712.48 1993366.07 Left Levee 38+04.54 101.00 REMOVE
361L

Eucalyptus

7 6090708.34 1993321.37 Left Levee 38+50.69 119.29 REMOVE
362L

Eucalyptus

3 6090681.95 1993333.65 Left Levee 38+27.82 140.56 REMOVE
363L Italian Stone Pine 2 6090732.40 1993257.07 Left Levee 39+28.14 112.90 REMOVE
364L Italian Stone Pine 2 6090726.99 1993211.63 Left Levee 39+75.48 127.39 REMOVE
365L Italian Stone Pine 2 6090738.93 1993189.44 Left Levee 39+99.55 119.91 REMOVE
367L Italian Stone Pine 3 6090735.03 1993176.44 Left Levee 40+11.56 126.23 REMOVE
368L

Eucalyptus

1 6090755.20 1993149.91 Left Levee 40+45.53 111.00 REMOVE
369L Italian Stone Pine 3 6090739.79 1993101.68 Left Levee 40+99.09 132.28 REMOVE
370L Italian Stone Pine 5 6090717.89 1993076.26 Left Levee 41+27.54 156.07 REMOVE
371L Italian Stone Pine 2 6090724.81 1993077.51 Left Levee 41+26.53 149.09 REMOVE
372L Italian Stone Pine 5 6090716.74 1993022.55 Left Levee 41+93.29 158.37 REMOVE
373L Italian Stone Pine 2 6090754.67 1993032.27 Left Levee 41+81.25 120.54 REMOVE
374L Italian Stone Pine 2 6090754.52 1993023.62 Left Levee 41+91.31 120.62 REMOVE

TREE

SURVEY

ID

COMMON NAME

DBH

CLASS

SIZE

EASTING NORTHING ALIGNMENT STATION

OFFSET

(FEET)

TREE

MANAGEMENT
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375L

Eucalyptus

4 6090773.30 1993017.55 Left Levee 41+97.89 101.74 REMOVE
376L Italian Stone Pine 5 6090747.56 1992923.07 Left Levee 43+08.58 119.24 REMOVE
377L Italian Stone Pine 4 6090758.76 1992935.76 Left Levee 42+92.25 109.93 REMOVE

378L Coast Live Oak 6 6090742.32 1992848.16 Left Levee 43+74.39 114.23 REMOVE

379L

Canary Island Pine

1 6090746.49 1992812.88 Left Levee 44+01.67 108.76 REMOVE

380L Coast Live Oak 6 6090738.54 1992669.89 Left Levee 45+12.96 135.64 REMOVE

381L Italian Stone Pine 2 6090731.43 1992658.09 Left Levee 45+20.50 145.47 REMOVE

382L

Peppertree

3 6090743.62 1992644.47 Left Levee 45+33.27 137.39 REMOVE

383L Italian Stone Pine 2 6090747.84 1992631.54 Left Levee 45+43.95 137.12 REMOVE

385L Coast Live Oak 2 6090747.75 1992610.78 Left Levee 45+59.30 143.78 REMOVE

386L Italian Stone Pine 2 6090750.61 1992605.50 Left Levee 45+63.91 142.84 REMOVE

387L Italian Stone Pine 2 6090750.61 1992603.50 Left Levee 45+65.61 143.53 REMOVE

388L

Canary Island Date Palm

0 6090767.43 1992572.73 Left Levee 46+00.28 138.20 REMOVE

807R

Apple

1 6090554.03 1993261.35

Right Levee

42+24.65 7.10 REMOVE

808R Plum 1 6090558.89 1993255.41

Right Levee

42+31.81 4.14 REMOVE

809R Olive 0 6090545.96 1993187.34

Right Levee

42+97.12 31.83 REMOVE

810R Plum 1 6090515.50 1992726.12

Right Levee

47+59.81 59.86 PROTECT

811R Yucca 4 6090528.36 1992719.70

Right Levee

47+67.17 47.90 PROTECT

812R

Apple

3 6090532.86 1992704.49

Right Levee

47+81.80 45.60 PROTECT

813R

Apple

2 6090539.34 1992687.17

Right Levee

47+98.81 42.09 PROTECT

814R

Canary Island Date Palm

0 6090531.06 1992667.93

Right Levee

48+14.91 53.89 REMOVE

815R Hind's Black Walnut 1 6090566.13 1992606.20

Right Levee

48+82.29 32.48 REMOVE

816R

Canary Island Date Palm

0 6090581.42 1992595.03

Right Levee

48+96.41 19.86 REMOVE

817R Hind's Black Walnut 4 6090544.35 1992559.90

Right Levee

49+20.45 63.91 PROTECT

818R Hind's Black Walnut 3 6090550.12 1992541.52

Right Levee

49+37.53 63.21 PROTECT

822R Tree Tobacco 1 6090573.94 1992817.60

Right Levee

46+75.23 -3.55 REMOVE

823R Plum 2 6090618.25 1992510.83

Right Levee

49+85.67 8.50 REMOVE
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340L River Sheoak 4 6090916.96 1992595.89 Left Levee 46+29.46 -10.28 REMOVE
341L River Sheoak 5 6090915.17 1992520.06 Left Levee 47+00.13 17.25 REMOVE
343L Italian Stone Pine 5 6091080.96 1992020.50 Left Levee 52+20.72 -33.71 INSPECT

389L Italian Stone Pine 2 6090793.27 1992506.39 Left Levee 46+71.45 136.51 REMOVE

390L Italian Stone Pine 4 6090794.45 1992502.89 Left Levee 46+75.14 136.59 REMOVE

391L

Canary Island Date Palm

8 6090784.69 1992469.66 Left Levee 47+03.06 157.09 REMOVE

392L Italian Stone Pine 2 6090815.12 1992463.13 Left Levee 47+19.57 130.71 REMOVE

393L Italian Stone Pine 2 6090834.17 1992435.44 Left Levee 47+52.09 122.23 REMOVE

394L

Canary Island Date Palm

8 6090840.76 1992359.50 Left Levee 48+25.73 141.91 REMOVE

395L Italian Stone Pine 3 6090864.33 1992379.28 Left Levee 48+15.17 113.02 REMOVE

396L Unknown 1 6091083.89 1991885.42 Left Levee 53+44.67 -57.62 PROTECT

397L

Peppertree

1 6091087.87 1991881.45 Left Levee 53+47.24 -62.49 REMOVE

398L

Glossy Privet

1 6091086.89 1991865.37 Left Levee 53+61.48 -65.88 REMOVE

399L

Peppertree

6 6091087.14 1991871.15 Left Levee 53+56.41 -64.52 REMOVE

400L Italian Stone Pine 3 6091082.50 1991880.55 Left Levee 53+49.29 -57.53 REMOVE

821R

Canary Island Date Palm

0 6090633.63 1992408.92

Right Levee

50+85.51 29.91 REMOVE

824R

Peppertree

7 6090708.60 1992320.23

Right Levee

51+96.24 1.52 REMOVE

825R Hind's Black Walnut 5 6090826.76 1991866.54

Right Levee

56+57.16 -45.34 REMOVE
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605L

Eucalyptus

6 6091049.95 1991774.79 Left Levee 54+50.01 -62.91 REMOVE

606L

Eucalyptus

6 6091021.75 1991721.95 Left Levee 55+04.35 -61.96 REMOVE

607L

Eucalyptus

8 6091009.43 1991717.26 Left Levee 55+13.71 -53.66 REMOVE

608L

Eucalyptus

5 6090997.10 1991762.99 Left Levee 54+81.70 -20.63 REMOVE

609L

Eucalyptus

4 6090987.73 1991729.88 Left Levee 55+13.88 -28.55 REMOVE

610L

Eucalyptus

4 6090986.94 1991722.67 Left Levee 55+20.16 -31.58 REMOVE

611L

Eucalyptus

5 6090995.36 1991683.04 Left Levee 55+47.06 -59.97 REMOVE

612L

Eucalyptus

8 6090967.59 1991679.63 Left Levee 55+64.23 -39.02 REMOVE

614L

Eucalyptus

8 6090945.41 1991635.14 Left Levee 56+09.77 -48.50 REMOVE

615L

Eucalyptus

7 6090938.62 1991622.87 Left Levee 56+22.49 -51.24 REMOVE

616L

Eucalyptus

5 6090931.86 1991607.81 Left Levee 56+36.97 -56.15 REMOVE

617L

Eucalyptus

5 6090900.47 1991581.61 Left Levee 56+74.32 -51.72 REMOVE

618L

Eucalyptus

6 6090850.04 1991540.84 Left Levee 57+34.19 -48.83 REMOVE

619L

Eucalyptus

8 6090829.64 1991521.89 Left Levee 57+59.81 -51.45 REMOVE

620L

Eucalyptus

8 6090689.88 1991455.05 Left Levee 59+06.47 -39.28 REMOVE

621L

Eucalyptus

5 6090673.79 1991478.57 Left Levee 59+10.38 -11.06 REMOVE

622L

Eucalyptus

6 6090665.95 1991456.07 Left Levee 59+27.43 -27.70 REMOVE

623L

Eucalyptus

4 6090648.45 1991451.20 Left Levee 59+45.27 -24.25 REMOVE

624L

Eucalyptus

7 6090550.42 1991414.78 Left Levee 60+49.25 -13.13 REMOVE

625L

Eucalyptus

4 6090324.42 1991349.05 Left Levee 62+84.11 1.06 REMOVE

626L

Eucalyptus

4 6090271.97 1991379.85 Left Levee 63+34.96 36.99 REMOVE

627L

Eucalyptus

1 6090282.69 1991366.38 Left Levee 63+24.58 22.87 REMOVE

628L

Eucalyptus

1 6090293.01 1991365.09 Left Levee 63+13.99 20.72 REMOVE

629L

Glossy Privet

2 6090303.75 1991393.82 Left Levee 62+99.39 48.17 REMOVE

630L Hind's Black Walnut 1 6090326.75 1991398.63 Left Levee 62+73.69 49.69 REMOVE

631L

Glossy Privet

1 6090352.44 1991414.38 Left Levee 62+42.39 60.24 REMOVE
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632L

Glossy Privet

1 6090359.99 1991415.70 Left Levee 62+33.81 59.82 REMOVE

633L

Glossy Privet

1 6090355.97 1991412.08 Left Levee 62+39.11 57.23 REMOVE

634L Oak 1 6090364.09 1991415.91 Left Levee 62+29.31 59.06 REMOVE

635L Silver Wattle Mimosa 2 6090488.91 1991464.69 Left Levee 60+82.03 58.99 REMOVE

636L

Eucalyptus

5 6090534.33 1991482.26 Left Levee 60+33.55 54.46 REMOVE

637L

Glossy Privet

1 6090534.82 1991478.15 Left Levee 60+34.94 50.55 REMOVE

638L

Glossy Privet

1 6090534.30 1991477.57 Left Levee 60+35.66 50.27 REMOVE

639L

Eucalyptus

8 6090575.58 1991504.77 Left Levee 59+86.59 56.20 REMOVE

641L

Glossy Privet

1 6090585.29 1991498.10 Left Levee 59+80.88 45.90 REMOVE

642L

Eucalyptus

5 6090629.92 1991518.64 Left Levee 59+31.76 44.37 REMOVE

643L

Eucalyptus

5 6090672.13 1991521.58 Left Levee 58+92.68 28.18 REMOVE

644L

Eucalyptus

8 6090736.97 1991564.35 Left Levee 58+12.51 35.48 REMOVE

645L

Eucalyptus

4 6090796.51 1991597.24 Left Levee 57+41.05 28.62 REMOVE

646L

Eucalyptus

8 6090815.28 1991610.41 Left Levee 57+17.08 26.97 REMOVE

647L

Eucalyptus

5 6090854.89 1991642.09 Left Levee 56+64.29 23.32 REMOVE

648L

Eucalyptus

4 6090867.38 1991659.07 Left Levee 56+42.51 26.02 REMOVE

649L

Eucalyptus

5 6090879.39 1991674.48 Left Levee 56+22.12 27.32 REMOVE

650L

Glossy Privet

1 6090897.98 1991684.61 Left Levee 56+01.65 19.53 REMOVE

651L

Glossy Privet

1 6090896.83 1991689.93 Left Levee 55+98.09 23.75 REMOVE

652L

Eucalyptus

8 6090920.50 1991726.47 Left Levee 55+52.76 26.38 REMOVE

653L

Glossy Privet

1 6090939.77 1991757.42 Left Levee 55+14.64 26.75 REMOVE

654L

Glossy Privet

2 6090939.07 1991763.68 Left Levee 55+09.35 30.52 REMOVE

655L

Glossy Privet

1 6090949.16 1991771.80 Left Levee 54+96.73 25.76 REMOVE

826R Elm 1 6090393.54 1991603.11

Right Levee

61+55.12 7.43 REMOVE

827R Ash 2 6090224.59 1991473.95

Right Levee

63+47.97 -50.18 INSPECT
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175L Box Elder 2 6090060.10 1991360.02 Left Levee 65+48.19 -12.17 REMOVE
176L

Blue Elderberry

0 6090052.26 1991373.66 Left Levee 65+59.96 -1.88 REMOVE
177L Box Elder 3 6090038.04 1991403.48 Left Levee 65+84.38 20.81 REMOVE
178L

Blue Elderberry

3 6090007.65 1991419.62 Left Levee 66+20.12 23.08 REMOVE
179L

Valley Oak

1 6089991.14 1991413.69 Left Levee 66+32.59 10.36 REMOVE
180L

Blue Elderberry

2 6089978.22 1991442.04 Left Levee 66+57.92 29.14 REMOVE
181L Box Elder 1 6089985.32 1991428.89 Left Levee 66+45.20 21.07 REMOVE
182L Coast Live Oak 1 6089968.21 1991437.74 Left Levee 66+64.59 20.53 REMOVE
183L

Valley Oak

1 6089944.75 1991436.62 Left Levee 66+86.39 7.28 REMOVE
184L Hind's Black Walnut 5 6089992.32 1991465.23 Left Levee 66+56.82 56.26 REMOVE
185L

Blue Elderberry

0 6089933.44 1991497.27 Left Levee 67+28.03 45.34 REMOVE
186L

Arroyo Willow

2 6089916.81 1991502.43 Left Levee 67+41.74 40.97 REMOVE
187L

Blue Elderberry

0 6089914.55 1991511.87 Left Levee 67+48.20 48.21 REMOVE
282L Western White Alder 3 6089489.35 1991581.95 Left Levee 73+67.07 53.41 PROTECT
283L

Balsam Poplar

1 6089486.27 1991609.02 Left Levee 73+93.69 59.23 PROTECT
284L Western White Alder 2 6089465.27 1991640.60 Left Levee 74+30.36 49.54 INSPECT

285L

Lombardy Poplar

5 6089383.87 1991666.50 Left Levee 74+52.79 45.19 REMOVE
286L

Lombardy Poplar

6 6089365.44 1991659.85 Left Levee 74+69.20 46.77 REMOVE
287L Tree-of-Heaven 7 6089357.99 1991647.74 Left Levee 74+79.56 39.50 REMOVE
288L Tree-of-Heaven 6 6089340.80 1991629.49 Left Levee 75+00.59 32.85 REMOVE
289L

Paperbark

1 6089434.69 1991609.72 Left Levee 74+11.00 10.63 INSPECT

587L

Balsam Poplar

1 6089533.44 1991642.53 Left Levee 74+10.18 114.68 REMOVE
588L Western White Alder 1 6089522.10 1991617.33 Left Levee 73+89.99 95.82 REMOVE
589L Western White Alder 1 6089530.70 1991589.62 Left Levee 71+72.09 94.25 PROTECT
590L Western White Alder 2 6089532.57 1991572.18 Left Levee 71+75.90 77.12 INSPECT

591L

Balsam Poplar

1 6089540.36 1991565.52 Left Levee 71+70.64 68.32 PROTECT
592L

Balsam Poplar

1 6089556.94 1991548.10 Left Levee 71+57.36 46.43 PROTECT
593L

Paperbark

1 6089439.52 1991585.24 Left Levee 73+86.27 7.30 INSPECT

594L

Paperbark

1 6089443.67 1991576.53 Left Levee 73+76.68 8.42 INSPECT

595L River Sheoak 1 6089452.93 1991554.90 Left Levee 73+53.23 10.21 INSPECT
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596L River Sheoak 1 6089470.59 1991530.61 Left Levee 73+24.54 19.08 PROTECT
597L River Sheoak 1 6089478.75 1991515.29 Left Levee 73+07.40 21.87 PROTECT
598L River Sheoak 1 6089473.03 1991530.37 Left Levee 73+23.52 21.31 PROTECT
599L River Sheoak 1 6089465.70 1991551.80 Left Levee 73+46.17 21.29 PROTECT
656L River Sheoak 1 6089609.09 1991539.13 Left Levee 71+13.84 19.15 PROTECT
657L River Sheoak 1 6089604.10 1991553.95 Left Levee 71+13.79 34.79 PROTECT
658L River Sheoak 3 6089597.26 1991564.51 Left Levee 71+16.84 46.99 PROTECT
659L Hind's Black Walnut 5 6089627.40 1991640.83 Left Levee 73+78.25 203.07 REMOVE
660L Fremont's Cottonwood 2 6089664.29 1991604.24 Left Levee 69+32.05 171.50 PROTECT
661L Fremont's Cottonwood 3 6089642.31 1991585.42 Left Levee 69+58.92 160.78 PROTECT
662L Fremont's Cottonwood 1 6089674.32 1991569.77 Left Levee 69+33.68 135.64 PROTECT
663L

Valley Oak

1 6089664.31 1991598.33 Left Levee 69+33.94 165.91 PROTECT
664L Box Elder 1 6089666.90 1991526.08 Left Levee 70+88.72 37.23 PROTECT
665L Box Elder 2 6089677.28 1991532.96 Left Levee 70+91.88 49.28 PROTECT
666L Box Elder 1 6089695.02 1991519.84 Left Levee 70+73.73 61.84 PROTECT
667L Box Elder 1 6089700.32 1991524.44 Left Levee 70+76.38 68.34 PROTECT
668L

Sycamore

1 6089736.63 1991524.96 Left Levee 68+89.16 73.12 PROTECT
669L Box Elder 1 6089754.77 1991524.20 Left Levee 68+72.24 66.54 PROTECT
670L Box Elder 2 6089791.88 1991507.82 Left Levee 68+42.40 39.07 PROTECT
672L Box Elder 2 6089787.32 1991517.08 Left Levee 68+43.73 49.31 INSPECT

673L Box Elder 1 6089740.95 1991544.40 Left Levee 68+78.80 90.12 PROTECT
674L Box Elder 1 6089688.89 1991553.75 Left Levee 69+25.05 115.77 INSPECT

675L Coast Live Oak 5 6089832.52 1991516.33 Left Levee 68+01.19 34.01 REMOVE
676L

Common Bluegum

7 6089706.40 1991446.39 Left Levee 69+43.12 8.51 REMOVE
677L

Common Bluegum

3 6089726.71 1991442.07 Left Levee 69+25.30 -2.14 REMOVE
678L

Common Bluegum

5 6089727.09 1991441.41 Left Levee 69+25.15 -2.88 REMOVE
679L

Common Bluegum

8 6089763.65 1991453.56 Left Levee 68+86.63 -3.18 REMOVE
680L Fremont's Cottonwood 3 6089923.27 1991404.69 Left Levee 66+84.90 -31.02 INSPECT

681L Fremont's Cottonwood 1 6089929.85 1991426.15 Left Levee 66+90.36 -10.50 INSPECT

682L Fremont's Cottonwood 1 6089955.62 1991409.23 Left Levee 66+61.81 -10.51 INSPECT

TREE

SURVEY

ID

COMMON NAME

DBH

CLASS

SIZE

EASTING NORTHING ALIGNMENT STATION

OFFSET

(FEET)

TREE

MANAGEMENT

RECOMMENDATION

683L

Valley Oak

1 6089998.56 1991387.42 Left Levee 66+14.27 -9.88 PROTECT
684L Coast Live Oak 1 6090019.19 1991385.48 Left Levee 65+94.90 -3.11 REMOVE
685L Box Elder 2 6090079.13 1991351.82 Left Levee 65+28.06 -14.22 PROTECT
686L Box Elder 4 6090092.46 1991337.70 Left Levee 65+11.93 -24.18 PROTECT
687L

California buckeye

1 6090134.21 1991336.81 Left Levee 64+72.44 -15.69 INSPECT

688L

Blue Elderberry

0 6090058.81 1991352.89 Left Levee 65+47.17 -19.35 INSPECT

689L

Arroyo Willow

2 6090075.32 1991346.29 Left Levee 65+30.05 -20.61 PROTECT
690L

Arroyo Willow

1 6090094.29 1991339.86 Left Levee 65+10.77 -21.62 INSPECT

691L

Blue Elderberry

0 6090105.49 1991337.30 Left Levee 64+99.71 -21.34 INSPECT

692L

Blue Elderberry

2 6090148.60 1991360.17 Left Levee 64+62.57 9.89 REMOVE
693L

Eucalyptus

5 6090150.56 1991372.84 Left Levee 64+62.82 22.70 REMOVE

694L

Blue Elderberry

4 690129.60 1991361.87 Left Levee 64+81.85 7.97 REMOVE
695L

California buckeye

2 6090125.00 1991359.34 Left Levee 64+85.86 4.53 REMOVE
696L Box Elder 1 6090111.54 1991359.00 Left Levee 64+98.97 1.18 REMOVE
697L Coast Live Oak 1 6090081.99 1991366.58 Left Levee 65+29.53 0.74 REMOVE
846L

Arroyo Willow

5 6089693.52 1991644.24 Left Levee 68+91.47 199.93 REMOVE
847L

Arroyo Willow

3 6089689.89 1991648.77 Left Levee 68+93.45 205.39 REMOVE
848L

Arroyo Willow

2 6089698.65 1991668.51 Left Levee 68+78.78 221.25 REMOVE
849L

California Bay Laurel

2 6089664.97 1991660.18 Left Levee 69+13.35 224.23 REMOVE
850L

California Bay Laurel

2 6089655.56 1991663.91 Left Levee 69+21.06 230.79 REMOVE
851L

Arroyo Willow

1 6089696.18 1991660.87 Left Levee 68+83.59 214.81 REMOVE
358P Brisbane Boxtree 1 6089642.51 1991471.57 Left Levee 70+44.99 -3.45 REMOVE
359P Brisbane Boxtree 1 6089642.51 1991456.97 Left Levee 70+31.17 -8.15 REMOVE
360P Brisbane Boxtree 1 6089653.97 1991443.54 Left Levee 70+14.76 -1.64 PROTECT

361P

Paperbark

2 6089587.98 1991437.12 Left Levee 70+29.98 -66.17 PROTECT

362P

Paperbark

2 6089574.26 1991432.01 Left Levee 71+81.24 -69.02 INSPECT

363P

Paperbark

2 6089559.36 1991427.95 Left Levee 71+96.65 -68.10 INSPECT

828R

Eucalyptus

3 6089935.98 1991556.61

Right Levee

66+19.91 -69.18 REMOVE
829R

Eucalyptus

1 6089930.28 1991561.46

Right Levee

66+27.24 -67.69 REMOVE
830R

Eucalyptus

3 6089934.93 1991556.43

Right Levee

66+20.74 -69.84 REMOVE
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831R

Eucalyptus

8 6089919.62 1991585.37

Right Levee

66+48.16 -51.96 REMOVE
832R

Eucalyptus

7 6089875.61 1991619.30

Right Levee

67+03.11 -43.64 REMOVE
833R

Eucalyptus

4 6089861.71 1991628.90

Right Levee

67+19.92 -42.00 REMOVE
834R

Eucalyptus

1 6089849.68 1991630.42

Right Levee

67+31.18 -46.50 INSPECT
835R

Eucalyptus

6 6089884.98 1991679.47

Right Levee

67+24.11 13.52 REMOVE
836R

Eucalyptus

3 6089822.07 1991668.36

Right Levee

67+73.72 -26.71 REMOVE
837R

Eucalyptus

3 6089814.38 1991669.96

Right Levee

67+81.23 -29.06 REMOVE
838R Siberian Elm 4 6089659.64 1991799.13

Right Levee

69+79.20 8.84 REMOVE
839R Siberian Elm 2 6089637.54 1991796.87

Right Levee

69+97.66 -3.26 REMOVE
840R Coast Live Oak 2 6089626.06 1991800.96

Right Levee

70+09.97 -4.18 REMOVE
841R

Blue Elderberry

6 6089602.79 1991789.26

Right Levee

70+28.49 -23.40 REMOVE
842R

Lombardy Poplar

5 6089515.56 1991791.09

Right Levee

71+25.55 -35.41 REMOVE
843R Acacia 3 6089481.90 1991810.91

Right Levee

71+60.59 -12.95 REMOVE
844R Coast Live Oak 3 6089410.07 1991797.06

Right Levee

72+36.34 -6.59 REMOVE
845R Coast Live Oak 2 6089397.67 1991788.83

Right Levee

72+51.48 -8.76 REMOVE
846R Coast Live Oak 3 6089389.05 1991783.88

Right Levee

72+61.74 -9.13 REMOVE
847R Coast Live Oak 1 6089386.55 1991782.56

Right Levee

72+64.66 -9.07 REMOVE
848R Coast Live Oak 8 6089367.85 1991792.33

Right Levee

72+75.80 8.85 REMOVE
849R Hind's Black Walnut 0 6089311.14 1991752.20

Right Levee

73+44.52 9.47 REMOVE
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188L

White Poplar

3 6089876.53 1991538.18 Left Levee 70+32.53 239.56 REMOVE
189L

White Poplar

1 6089877.35 1991535.08 Left Levee 70+29.32 239.33 REMOVE
190L

White Poplar

2 6089874.98 1991530.61 Left Levee 70+25.86 235.65 REMOVE
191L

White Poplar

2 6089874.87 1991536.39 Left Levee 67+81.98 52.81 REMOVE
192L

White Poplar

1 6089866.33 1991535.00 Left Levee 67+89.91 49.37 REMOVE
193L

White Poplar

2 6089865.56 1991541.28 Left Levee 70+39.00 230.17 REMOVE
194L

White Poplar

2 6089867.69 1991541.35 Left Levee 67+90.16 55.86 REMOVE
195L

White Poplar

2 6089863.40 1991546.76 Left Levee 70+44.88 229.90 REMOVE
196L

White Poplar

2 6089864.09 1991536.23 Left Levee 70+34.69 227.15 REMOVE
197L

White Poplar

2 6089859.72 1991526.78 Left Levee 70+27.15 219.96 REMOVE
198L

White Poplar

2 6089858.98 1991541.64 Left Levee 70+41.45 224.06 REMOVE
199L

White Poplar

1 6089850.60 1991554.34 Left Levee 70+56.19 220.23 REMOVE
200L

White Poplar

1 6089851.90 1991551.99 Left Levee 70+53.54 220.70 REMOVE
812L

White Poplar

1 6089846.65 1991557.11 Left Levee 70+60.08 217.38 REMOVE
813L

White Poplar

2 6089849.76 1991555.24 Left Levee 70+57.31 219.72 REMOVE
814L

White Poplar

1 6089843.32 1991546.14 Left Levee 70+50.77 210.69 REMOVE
815L

White Poplar

1 6089842.44 1991548.29 Left Levee 70+53.09 210.55 REMOVE
816L

White Poplar

1 6089842.57 1991551.63 Left Levee 70+56.21 211.75 REMOVE
817L

White Poplar

1 6089840.97 1991550.34 Left Levee 70+55.50 209.82 REMOVE
818L

White Poplar

7 6089834.77 1991547.40 Left Levee 70+54.72 203.01 REMOVE
819L

White Poplar

1 6089819.33 1991556.18 Left Levee 68+00.81 75.98 REMOVE
820L

White Poplar

2 6089824.92 1991560.88 Left Levee 67+94.00 78.63 REMOVE
821L

White Poplar

2 6089812.39 1991572.58 Left Levee 68+02.09 93.74 REMOVE

TREE

SURVEY

ID

COMMON NAME

DBH

CLASS

SIZE

EASTING NORTHING ALIGNMENT STATION

OFFSET

(FEET)

TREE

MANAGEMENT

RECOMMENDATION

822L

White Poplar

6 6089816.03 1991564.31 Left Levee 68+01.31 84.75 REMOVE
823L

Arroyo Willow

2 6089810.83 1991565.45 Left Levee 68+05.87 87.50 REMOVE
824L

Arroyo Willow

2 6089813.69 1991580.93 Left Levee 67+98.17 101.23 REMOVE
825L

White Poplar

2 6089803.32 1991575.88 Left Levee 68+09.60 99.79 REMOVE
826L

White Poplar

4 6089800.41 1991581.22 Left Levee 68+10.64 105.79 REMOVE
827L

White Poplar

1 6089793.87 1991584.72 Left Levee 68+15.70 111.21 REMOVE
828L Unknown 1 6089809.74 1991594.50 Left Levee 67+97.52 115.35 REMOVE
829L

Arroyo Willow

2 6089806.11 1991569.83 Left Levee 68+08.92 93.17 REMOVE
830L

Eucalyptus

7 6089797.75 1991575.98 Left Levee 68+14.84 101.69 REMOVE
831L

Blue Elderberry

2 6089774.29 1991582.11 Left Levee 68+35.07 115.06 REMOVE
832L

Blue Elderberry

2 6089779.55 1991591.52 Left Levee 68+27.06 122.26 REMOVE
833L

River Redgum

3 6089762.57 1991588.77 Left Levee 68+44.02 125.14 REMOVE
835L

White Poplar
3 6089754.13 1991593.52 Left Levee 68+50.47 132.36 REMOVE

836L
White Poplar

2 6089745.74 1991596.88 Left Levee 68+57.33 138.25 REMOVE
837L

White Poplar
3 6089747.78 1991601.40 Left Levee 68+53.94 141.87 REMOVE

838L

White Poplar

2 6089753.00 1991603.52 Left Levee 68+48.32 142.20 REMOVE
839L

White Poplar

4 6089759.47 1991615.63 Left Levee 68+38.28 151.57 REMOVE
840L Hind's Black Walnut 2 6089755.32 1991609.27 Left Levee 68+44.26 146.88 REMOVE
841L Hind's Black Walnut 1 6089754.84 1991607.90 Left Levee 68+45.16 145.74 REMOVE
842L

White Poplar

4 6089727.21 1991617.98 Left Levee 68+68.06 164.20 REMOVE
843L

White Poplar

3 6089723.12 1991616.46 Left Levee 68+72.42 164.09 REMOVE
844L

White Poplar

5 6089723.93 1991619.05 Left Levee 68+70.82 166.28 REMOVE
845L

Arroyo Willow

1 6089756.18 1991582.73 Left Levee 68+52.02 121.49 REMOVE
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Appendix B 
Fee Calculator Spreadsheet 





RATE DISCHARGE SIZE FEE 

                                                                                                                      

Fill & Excavation2 Discharges.
Size of the discharge area as expressed in hundredths of acres (0.01 
acre; 436 square feet) rounded up.

Discharge Area Acres x 
$4,717

11.44 $53,962

                                                                                                                      
To Non-Federal Waters (per fee cat. iv)

Discharge Area Acres x 
$4,717 x 2

$0

Dredging Discharges (except Sand Mining-see (v) below)3

Dredge volume expressed in Cubic Yards. Dredge Volume CY x $0.174 $0

To Non-Federal Waters (per fee cat. iv)
Dredge Volume CY x $0.174 

x 2
$0

Discharge Length Feet x 
$10.97

$0

Discharge Area Acres x 
$4717

$0

Discharge Length Feet x 
$10.97 x 2

$0

Discharge Area Acres x 
$4,717 x 2

$0

(iv)

(v)

                                                                                                                      
Sand Mining Dredging Discharges.
Aggregate extraction in marine waters where the source material is free 
of pollutants and the dredging operation will not violate any Basin Plan 
Provisions.

$2,064 Flat fee Check if Applicable FALSE $0

(vi)

                                                                                                                      
Low Impact Discharges. 
Projects may be classified as low impact discharges if they meet the 
following criteria:
1. The discharge affects less than (a) 0.1 acre, (b) 200 linear feet, and 
(c) 25 cubic yards. 
2. Demonstrate that the discharger:
(a) has taken all practicable measures to avoid impacts, 
(b) for unavoidable temporary impacts the discharger will restore waters 
and vegetation to pre-project conditions as quickly as practicable, 
(c) for unavoidable permanent impacts the discharger will ensure that 
there is no net loss of wetland, riparian area, or headwater functions, 
including onsite habitat, habitat connectivity, floodwater retention, and 
pollutant removal.
3. The discharge will not:  
(a) directly or indirectly destabilize a bed of a receiving water, 
(b) contribute to significant cumulative effects, 
(c) cause pollution, contamination, or nuisance, 
(d) adversely affect candidate, threatened, or endangered species, 
(e) degrade water quality or beneficial uses, 
(f) be toxic, or 
(g) include "hazardous" or "designated" material.
4. Discharge is to waterbody regulated as “waters of the United States”.

$1,097 Flat fee Check if Applicable FALSE $0

(vii)

                                                                                                                      
Restoration Projects.
Projects undertaken for the sole purpose of restoring or enhancing the 
beneficial uses of water. This schedule does not apply to projects 
required under a regulatory mandate or to projects that include a non-
restorative component, e.g., land development, property protection, or 
flood management..

$1,097 Flat fee Check if Applicable FALSE $0

(viii)

                                                                                                                      
General Orders.
Projects which are required to submit notification of a proposed 
discharge to the State and/or Regional Board pursuant to a general 
water quality certification permitting discharges authorized by a federal 
general permit or license, (e.g., a U.S. Army Corps of Engineers 
nationwide permit). Applies ONLY if general water quality certification 
was previously granted.

$132 Flat Fee  Check if Applicable FALSE $0

Base Fee1(a): $1,097

Discharge Fee: $53,962

Flat Fee: $0

Fee Subtotal: $55,059

Ambient Surcharge: $5,231

$60,290

 Amended Orders.
Amendments of WDR's or water quality certifications previously issued 
for one-time discharges not subject to annual billings.    Fees charged as 
follows:

$0

  (a)  Minor project changes, not requiring technical analysis and 
involving only minimal processing time.

No fee required
$0

  (b)  Changes to projects eligible for flat fees (fee categories v. - viii. 
above) where technical analysis is needed to assure continuing eligibility 
for flat fee and that beneficial uses are still protected.

Appropriate flat fee

$0

  (c)   Project changes not involving an increased discharge amount, but 
requiring some technical analysis to assure that beneficial uses are still 
protected and that original conditions are still valid, or need to be 
modified

$1,097 flat fee $0

  (d)   Project changes involving an increased discharge amount and 
requiring some technical analysis to assure that beneficial uses are still 
protected and that original conditions are still valid, or need to be 
modified.

Additional fee assessed per 
increased amount of 
discharge(s) per this dredge 
and fill fee schedule [Section 
2200 (a)(3)] (plus $1,097 
base fee)

$0

  (e)   Major project changes requiring an essentially new analysis and re-
issuance of WDR’s or water quality certification.  New fee assessed per this 

dredge and fill fee schedule 
(Section 2200 (a)(3)). 

$0

9.5% of subtotal for all categories (i)-(viii)

  To Non-Federal Waters (per fee cat. iv)

(iii)

Discharge Fee for categories (i)-(iv)

Base Fee for categories (i)-(iv)

Flat Fee for categories (v)-(viii)

Subtotal for all categories (i)-(viii) - $68,558 maximum

$0

DREDGE AND FILL FEE CALCULATOR 1  v13b 12/20/2013

This fee schedule is based on California Code of Regulations, Title 23, section 2200(a)(3).  TO CALCULATE FEE:  Enter the "Discharge Size" in Section 
A or, if the project qualifies, check the check-box in Section B according to the applicable Flat Fee category.  If the project involves multiple discharges, then 
both Section A and Section B fee charges may apply (see footnote 1(a) below).  The project fee owed will appear in the "Total Fee For All Categories" box at 

the bottom of the Fee Calculator.  Discharges to waters of the state from both temporary and permanent project impacts are subject to fees.   In any case, 
dredge and fill operation fees shall not exceed $68,558, plus any applicable surcharge(s).

A.  FEES BASED ON DISCHARGE SIZE

FEE CATEGORY

(i)

Channel and Shoreline Discharges. Discharge length shall be 
reported in Linear Feet. Includes linear discharges to drainage features 
and shorelines, e.g., bank stabilization, revetment, and channelization 
projects.                                                                                                        
(Note): The fee for channel and shoreline linear discharges will be 
assessed under the “Fill and Excavation” or “Channel and Shoreline” 
schedules, whichever results in the higher fee.

(ii)

1(b)  Discharges requiring water quality certification and regulated under a federal permit or license other  than a US Army Corps of Engineers CWA section 404 permit or a 
Federal Energy Regulatory Commission License shall be assessed a fee determined from the table in CCR 23, Section 2200(a).

2  "Excavation" refers to moving sediment or soil in shallow waters or under no-flow conditions where impacts to beneficial uses are best described by the area of discharge.  
It typically is done for purposes other than navigation.  Example includes trenching for utility lines, other earthwork preliminary to construction, and removing sediment to 
increase channel capacity.

3  "Dredging" generally refers to removing sediment in deeper water to increase depth.  The impacts to beneficial uses are best described by the volume of the discharge and 
typically occur to facilitate navigation.   For fee purposes it also includes aggregate extraction within stream channels where the substrate is composed of course sediment 
(e.g., gravel) and is reshaped by normal winter flows (e.g., point bars), where natural flood disturbance precludes establishment of significant riparian vegetation, and where 
extraction timing, location and volume will not cause changes in channel structure (except as required by regulatory agencies for habitat improvement) or impair the ability of 
the channel to support beneficial uses.

TOTAL FEE FOR ALL CATEGORIES                                                    
Total fee due is limited to a maximum of $68,558, plus applicable surcharge(s)

1(a)  When a single project includes multiple discharges within a single dredge and fill category, the fee for that category shall be assessed based on the total area, volume, or 
length of discharge (as applicable) of the multiple discharges.  When a single project includes discharges that are assessed under multiple fee categories, the total fee shall be 
the sum of the fees assessed under each applicable fee category; however a $1,097 base fee, if required, shall be charged only once.  Fees shall be based on the largest 
discharge size specified in the original or revised report of waste discharge or Clean Water Act (CWA) section 401 water quality certification application, or as reduced by the 
applicant without any State or Regional Board intervention.  If water quality certification is issued in conjunction with waste discharge requirements (WDRs) or is issued for a 
discharge regulated under preexisting WDRs, the current annual WDR fee as derived from this dredge and fill fee schedule shall be paid in advance during the application for 
water quality certification, and shall comprise the fee for water quality certification.  

Discharges to Non-federal (e.g. “Isolated“) Waters.
Discharges to waters or portions of waterbodies not regulated as “waters of the United States”, including waters determined to be “isolated” pursuant to the findings of 

Solid Waste Agency of Northern Cook County v. U.S. Army Corps of Engineers  (2001) 121 S. Ct. 675.
Double the otherwise applicable fee except restoration projects, which shall be charged the normal fee.

B.  FEES BASED ON FLAT FEE CATEGORIES

$0
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1.0 Background 

The HDR Project team is under contract with the San Francisquito Creek Joint Powers 
Authority (JPA) to provide consulting services in support of plans, specifications and estimates 
(PS&E) preparation for flood protection improvements along San Francisquito Creek between 
the San Francisco Bay (SF Bay) and Highway 101. Scoped tasks include: project management; 
public outreach assistance; design concept, model, and base map/survey review; utility 
mapping; design criteria development; geotechnical investigations and associated reporting and 
recommendations; PS&E at the 30%, 90%, 95% Draft 100%, and 100% levels. Optional 
services include bid and construction support. 

This Technical Memorandum (TM) details the design analysis to this Draft 100% stage. This 
TM is a living document and will be continuously updated with new design calculations and 
criteria as the design progresses.  

The following sections describe the Draft 100% submittal design elements, the status of the 
current design, significant changes, and specific considerations that have shaped the progress of 
the design. Figure 1 depicts the project design features as they are currently planned. 

2.0 Alternatives Analysis 

In July 2009, Philip Williams & Associates (PWA) completed the San Francisquito Creek 
Flood Reduction Alternatives Analysis. PWA divided the project into three reaches; the upper 
reach extends from East Bayshore Road / Highway 101 Bridge to the Palo Alto Municipal Golf 
Course, the middle reach extends from the golf course to Friendship Bridge and the lower reach 
extends from Friendship Bridge to the San Francisco Bay. The JPA selected PWA’s Alternative 
2 model for the design of the downstream portion of San Francisquito Creek. Alternative 2 
consisted of setback floodwalls in the upper reach, levee setbacks in the middle reach, an 
overflow terrace near Friendship Bridge, and the removal of the levee between the Baylands 
Preserve (also known as the Faber Tract) and the north side of the creek. PWA’s Alternative 2 
diagram is shown in Figure 2. 

HDR has worked within the design constraints laid out by the JPA to minimize impacts to 
existing features and structures, minimize increases to the design water surface elevation at 
Highway 101 / East Bayshore Road, and preserve opportunities for habitat within the creek as 
much as possible. The levee and floodwall layout proposed in the PWA Model has been 
reconfigured to fit within existing structures, utilities, and recreational facilities in coordination 
with the JPA right of way acquisition efforts. 
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3.0 Flood Protection Design Elements 

3.1 Floodwalls 

A geotechnical evaluation was performed by GEI Consultants and are summarized in a 
memorandum tilted, “San Francisquito Creek Flood Protection Project, Geotechnical 
Evaluation Report” dated May 2012. 

Both interlocking steel sheet pile cantilever walls and T-type concrete walls were considered 
for flood wall design. During the subsurface exploration program, shallow, pervious soil units 
and soft Bay deposits were encountered below relatively thin blankets of low permeability soils 
along the proposed floodwall alignments. The results of seepage analyses indicate that flood 
walls should include a cut off to intercept the pervious foundation soils in order to meet the 
minimum acceptance criteria for underseepage gradients. In addition, flood wall cut offs should 
fully penetrate into the soft bay deposits and terminate in competent material.  

Shallow supported concrete T-type walls would likely have a wide foundation embedded 3 to 5 
feet below the ground surface, and include a cutoff at the heel. Construction of this type of 
floodwall would require significant excavation, and a large construction footprint.  

Sheet pile walls are constructed in a more limited construction zone with fewer disturbances to 
adjacent areas and can intercept the pervious foundation soils present within the project 
footprint. Based on these considerations, a floodwall consisting of interlocking sheet piles that 
fully penetrate soft bay deposits and terminate in competent material is recommend for flood 
control within the upper reach of this project.  

3.1.1 Floodwall Depth 

GEI’s evaluation of sheet pile depth required that the floodwall be embedded to the maximum 
tip elevations shown in Table 1 (i.e. no shallower than the elevations shown). 

Table 1. GEI Floodwall Depths 

FLOODWALL DEPTHS 

LEVEE – STATION ELEVATION 

R-LINE 54+00 TO 67+50 -15 

L-LINE – 67+00 TO 76+00 -10 

L-LINE – 49+00 TO 67+00 -15 

 

These maximum tip evaluations are based on providing cutoff for seepage and a minimum 
embedment of 8 feet below the estimated bottom of young Bay Mud.  
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The floodwall materials were identified and embedment depths were refined during the 
structural design of these walls. This design is in conformance with USACE EM 1110-2-2504. 
A summary of the structural calculations for this project are located in Appendix A. The final 
sheet pile floodwall depths are summarized in Table 2 and can be found within the construction 
documents on Sheet S-1. 

Table 2. Final Floodwall Depths and Types 

FLOODWALL DEPTHS AND TYPES 

LEVEE – STATION SHEET PILE TYPE ELEVATION 

R-LINE 29+53.75 TO 31+57.64 AZ 24-700 -15.0 

R-LINE 54+00 TO 61+00 AZ 19-700 -15.0 

R-LINE 61+00 TO 70+00 AZ 24-700 -15.0 

R-LINE 70+00 TO 75+00 AZ 36-700 -17.0 

R-LINE 75+00 TO 75+54.13 AZ 50 -22.0 

L-LINE 49+00 TO 62+00 AZ 19-700 -15.0 

L-LINE 62+00 TO 71+05 AZ 24-700 -15.0 

L-LINE 71+80 TO 75+00 AZ 24-700 -15.0 

L-LINE 75+00 TO 76+29.42 AZ 36-700 -17.0 

 

3.1.2 Floodwall – Levee Transition 

To mitigate for the potential for differential settlement at the transition between the floodwall 
and the new levee fill, the floodwall section should be extended into the new levee fill section 
with an overlap of at least 150 feet. This overlap will provide additional protection against 
levee through seepage if differential settlement and cracking of the levee fill should occur. 
There are four transitions that occur between floodwall and levee. The transitions occur at R-
Line 28+03.00 to 29+53.73, R-Line 31+57.64 to 33+07.00, R-Line 52+50.00 to 54+00.00, and 
L-Line 47+50.00 to 49+00.00.  

3.2 Levees 

Levees are the preferred flood protection element downstream of the project floodwalls. For 
conformance with USACE EM 1110-2-1913, the levee geometry includes: 

 A 16 foot crown width. 

 A 3 horizontal to 1 vertical (3H:1V) water side levee slope. 

 A 2H:1V landside levee slope. 
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 Top of Levee elevation includes three feet of freeboard above the 100 year design water 
surface elevation. 

  Top of Levee elevation includes four feet of freeboard above the 100 year design water 
surface elevation 100 feet upstream and downstream of bridge structures (Highway 101 
and Friendship Bridge). 

See Figure 3 for the typical levee section layout. 

Geotechnical stability analyses indicate that this geometry will provide factors of safety as 
required by USACE guidelines. Seepage analyses indicate that no seepage berms or cutoff 
walls are required for the levee portion of this project.  

3.3 Access Road 

To provide the appropriate level of flood protection, the proposed flood wall will be 
significantly higher than the existing ground, on the order of 10 feet in some sections. In order 
to maintain visibility of the creek for pedestrians and bicyclists, the access roadway located 
behind the flood wall will be raised when necessary (see Figure 4). The access roadway will 
typically be 16 ft. wide and will slope away from the flood wall at a 2% slope. 

In the area of the International School of the Peninsula (ISTP), the creek is particularly narrow, 
and maximizing the width of the floodway is hydraulically beneficial. However, it is also 
beneficial to mitigate for any encroachment that this floodway widening will impose on the 
school playground. In order to minimize encroachment within the playground area behind the 
ISTP, the access roadway will be reduced to a width of 12 ft. and a retaining wall will be 
constructed on the outboard side of the access road in order to eliminate the 2H:1V landside 
slope that typically occurs at the raised access way (see Figure 5).  

3.4 Appurtenant Structures and Tie-Ins 

Several details were produced with the Draft 100% plan set; these include but are not limited 
to: the sheet pile wall connection to concrete structures, sheet pile wall utility penetrations, 
concrete cap, and flood wall details.  

3.5 Friendship Bridge 

Per direction of the JPA, its member agencies and stakeholders, the existing friendship bridge 
will not be removed from its current location. Because of significant floodway widening that 
will occur at this bridge, the existing left bank levee will be transformed to an in-creek island at 
the Friendship Bridge north abutment. A new boardwalk will also be constructed from the new 
in-creek island to the new setback levee (see Figure 6).  
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4.0 Alignment and Layout Considerations 

4.1 Project Extent 

For the left levee, the downstream project extent will occur at the tie-in point between the new 
and existing levees downstream of Friendship Bridge. The extent of the project along the right 
levee alignment will occur at the eastern end of the bay levee degrade near the San Francisco 
Bay. These extents are shown on the attached Figure 1. HDR understands that subsequent local 
or Shoreline Study project(s) will address levee inadequacies in the creek upstream of Highway 
101. It is expected that such future projects will tie in to the flood protection elements of this 
project, to create a comprehensive flood protection system that protects from riverine and tidal 
flooding. 

4.2 Hydraulics 

Due to the complexity of the hydraulic design required for this project, a separate TM was 
prepared by HDR to address the hydraulic design features. This TM is titled Hydraulic Review 
Technical Memorandum, San Francisquito Creek Flood Protection Capital Project, Floodwater 
Conveyance Improvements from East Bayshore Road to San Francisco Bay, dated July 2014. 

4.3   Geotechnical Design 

A geotechnical report was completed by GEI Consultants and is titled, “San Francisquito Creek 
Flood Protection Project, Geotechnical Evaluations Report” and dated May 2012. Topics within 
this report include: 

 Field exploration and laboratory testing. 

 Subsurface conditions. 

 Engineering analyses for proposed levees and floodwalls including seepage, stability, 
and settlement evaluations. 

 Geotechnical recommendations and design criteria. 

Results of this report were used to develop the floodwall and levee design criteria listed 
previously in this report.  

4.4 Utilities 

There are several utility structures that cross the proposed levee/flood wall alignment. A 
summary of these encroachments is listed within Table 3 and are shown in Figure 7: 
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Table 3. Utility Encroachments 

UTILITY ENCROACHMENTS 

LEVEE – STATION TYPE OF UTILITY SIZE MATERIAL 

L-Line – 14+20 TO 26+50 SANITARY SEWER 24” Concrete 

L-Line – 27+00 STORM DRAIN 6” Plastic 

L-Line – 28+50 JOINT TRENCH Unknown Unknown 

L-Line – 30+50 WATER Unknown Unknown 

R-Line – 31+50 TO 32+50 SANITARY SEWER 24” Concrete 

R-Line – 30+20 PUMP STATION NA Concrete 

R-Line – 31+00 WATER 2” Copper 

R-Line – 31+00 TO 34+40 SANITARY SEWER 14” RCP 

R-Line 34+50 SANITARY SEWER 12” Wooden (Abandoned) 

R-Line - 44+50 TO 50+55 GAS 20" Steel 

R-Line – 68+90 STORM DRAIN 10” CMP 

R-Line – 73+50 STORM DRAIN 30” CMP 

L-Line - 68+00 TO 70+00 WATER 2.5" Unknown 

L-Line 67+00 TO 70+00 GAS 2” Unknown 

L-Line - 67+60 STORM DRAIN 12" NA 

R-Line - 72+50 TO 74+50 WATER 6" Unknown 

L-Line - 75+20 STORM DRAIN 96" 
 

R-Line - 42+80 ELECTRICAL TOWER Unknown Steel Lattice 

L-Line - 46+80 ELECTRICAL TOWER Unknown Steel Lattice 

L-Line - 52+50 ELECTRICAL POLE Unknown Unknown 
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4.4.1 USACE 

HDR conducted a meeting on January 20, 2012 with Paul Schimelfenyg and Brian Hubel of the 
USACE to discuss the existing utility encroachments and proposed utility relocations. The 
following is a list of proposed actions agreed upon for each utility: 

A. Sanitary Sewer – There is an existing Sanitary Sewer line that crosses under San 
Francisquito Creek. HDR recommended protecting the existing line in place during 
construction. Paul expressed interest in determining the condition of the existing pipe. 
HDR indicated that the interior of the existing pipe will be lined by the East Palo Alto 
Sanitary District to improve function.  

B. Brian expressed concern with settlement that would occur if a new levee were built 
over the existing sewer line. The existing soil consists of Bay Mud which can 
experience significant consolidation. 

C. After discussion it was agreed that HDR should consider re-routing the existing sewer 
line to cross the levee at a point where the existing levee is not being relocated. This 
will eliminate settling because the soil underneath the existing levee is already 
consolidated. The manhole at the Friendship Bridge abutment will be raised and fitted 
with a watertight cover. The design will address erosion protection around the 
manhole. 

D. Gas - There is an existing 20” gas line that crosses the levee twice. HDR should work 
with PG&E to insure that the gas line is relocated over the levee per EM 1110-2-1913. 
Settlement should be considered. If possible, the gas line should be installed after 
settlement of the levee is complete due to the bay mud which is prevalent within the 
project footprint. 

E. Storm Drain – There is an existing storm drain inlet behind the International School of 
the Peninsula (ISTP) that drains the water from the blacktop area behind the school. 
Another drain inlet that currently discharges to the creek is located behind the adjacent 
storage facility and drains runoff from the roofs and blacktop area. These storm drain 
inlets release to 12-inch diameter pipes that discharge to the creek. Paul did not see a 
concern with protecting these lines in place. However, the 12-inch diameter pipes will 
be replace with 30-inch diameter pipes a fitted with flap gate outlets and landside 
positive closure valves to prevent the backflow of water into the pipe.  

F. Private Water Line – There is an existing 6” private water line near US 101. The line 
does not cross the proposed flood wall but does lie beneath the proposed access way. 
Paul suggested relocating the line if possible; however the line occurs in a densely 
populated area. Paul was okay with leaving the line if relocation is not feasible.  

G. Abandoned Utilities – Abandoned utilities will be removed and backfilled where 
possible.  Abandoned pipes left in place under the creek will be grouted. 

H. Electrical Towers – The design needs to include 15 feet of easement around the towers 
to provide for inspection. PG&E will need to consider seepage and stability issues at 
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their towers, including settlement and lateral loads. The design will address the impact 
to the WSEL of leaving these towers in the floodway.  

I. Power Poles – There is an existing power pole that is located within the proposed 
floodway. HDR will work with PG&E to relocate this pole outside the proposed levees 
and O&M corridors. The new pole will be constructed at sufficient height to provide 
vertical clearance required by USACE guidelines. 

4.4.2 EPASD 

HDR conducted a meeting with East Palo Alto Sanitary District (EPASD) on February 21, 
2012. At this meeting, options for the existing 24 inch diameter sanitary sewer creek crossing 
were discussed. EPASD has not finalized a design for this crossing but are considering 
replacing the existing 24 inch diameter sanitary sewer siphon with a new 24 or 30 inch 
diameter siphon that would span the new, wider, creek width.  

Previously HDR had proposed to keep the existing siphon and raise the existing manhole that 
was located within the new floodway to an elevation above the 100-yr flood elevation. EPASD 
did not approve of this design approach because it limited access to the manhole within the 
floodway.  

HDR will coordinate with EPASD to ensure that the proposed crossing meets the required 
USACE guidelines for utilities crossing a levee.  

4.4.3 PG&E 

HDR met with PG&E on March 28, 2012 to discuss the electrical and gas crossings. PG&E 
said that they had plans to raise the height of the electrical towers located along the north levee 
by 15 feet.  

After some discussion and coordination with PG&E, HDR determined that it would be in the 
project’s best interest to require that the contractor cut the sheet piles that will occur beneath 
the electrical crossings and install them one half at a time to eliminate the need for an 
excessively tall electrical line at the levee. A weld will join the two halves of sheet pile wall to 
obstruct any seepage through the wall.  

Heights required for the electrical crossing were sent by HDR to PG&E in an email on March 
29, 2012. A copy of this email and its attachment can be found within Appendix B.  

During the March 28th meeting, PG&E also agreed to relocate the existing Gas line that is 
located beneath the existing levee. The new relocated line will be of sufficient depth to comply 
with USACE guidelines. 

4.5 Caltrans Design Coordination 

Caltrans has provided preliminary drawings for the proposed bridge/culvert replacement under 
Highway 101 that is planned to occur before this project goes to construction. The proposed 
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bridge will consist of a box culvert consisting of 3 cells that are 30.9 ft. wide and one cell that 
is 27.3 ft. wide for a total width of 120 ft. The current project floodwall alignment is aligned to 
match the outer cell wall of the proposed Caltrans bridge structure.  

At the July 21, 2010 Caltrans coordination meeting, Caltrans disclosed that they will design no 
permanent wing walls, only temporary sheet pile wing walls aligned to conform to existing 
contours. The wing walls on the south side of the creek will close off the 4th bridge cell until the 
upstream and downstream projects are complete in this area. 

There is currently a 96-inch diameter storm drain outfall that is located approximately 50 feet 
downstream of the Highway 101 Bridge. Caltrans will coordinate the relocation of the existing 
96-inch diameter storm drain outfall so that the future outfall will be located beneath Highway 
101. This will be of benefit because the exiting 96-inch diameter outfall conflicts with the 
location of the new floodwall.  

During review of the Caltrans drawings, HDR determined that the concrete barrier located at 
the downstream face of the bridge is lower than the proposed adjacent flood wall. As such, the 
Caltrans Barrier does not provide the 4 ft of freeboard required by FEMA guidelines. On May 
28, 2014 SCVWD met with Caltrans to discuss the Highway Bridge Replacement. HDR joined 
the conference via teleconference. The barrier was discussed and HDR requested that Caltrans 
consider raising the barrier to provide the typical 4 ft freeboard required by FEMA. Caltrans 
replied that the barrier was standard for the approach speed and that a substitution was not 
feasible.   

4.6 Right-of-Way 

The layout has been purposely set such that a minimal property take is required, specifically in 
the residential area of East Palo Alto. It is advisable to avoid property takes for public relations 
and cost impact purposes; in addition, the minimal backyard takes that are possible in East Palo 
Alto would provide little hydraulic benefit to offset the resulting impacts. The majority of the 
ROW infringements and changes in use will be considered on the Santa Clara County side of 
the creek.  

The current right-of-way limit provides a 15’ Operations and Maintenance (O&M) easement at 
the waterside and landside toe of each levee for inspection and flood fighting purposed. This 
easement is narrowed to 10 ft easements within areas that have limited access due to existing 
structures.  

The levee right-of-way line adjacent to the Right Bank Floodwall from station 57+00 to 69+00 
is located along the existing fence line of the subdivision within that area.  
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Figure 1. Project Design Features 
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Figure 2. PWA Alternative 2 Conceptual Layout 

 
 

Figure reproduced from PWA’s July 2009 San Francisquito Creek Flood Reduction 
Alternatives Analysis. 
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Figure 3. Typical Levee Cross Section 
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Figure 4. Typical Raised Access Way 

 
 
 
Figure 5. Raised Access way Behind ISTP  

 



 
Draft  100% Design Documentat ion Report 

San Francisquito Creek Joint Powers Authority 18 
San Francisco Creek Flood Protection Project – Project No. 130806 July 2014 

This page intentionally left blank. 



 
Draft  100% Design Documentat ion Report 

San Francisquito Creek Joint Powers Authority 19 
San Francisco Creek Flood Protection Project – Project No. 130806 July 2014 

Figure 6. New Boardwalk Structure  
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Figure 7. Existing Utilities 

 



 
Draft  100% Design Documentat ion Report 

San Francisquito Creek Joint Powers Authority 22 
San Francisco Creek Flood Protection Project – Project No. 130806 July 2014 

This page intentionally left blank.



 
Draft  100% Design Documentat ion Report 

San Francisquito Creek Joint Powers Authority  
San Francisco Creek Flood Protection Project – Project No. 130806 July 2014 

APPENDIX A – Flood Wall Calculations
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APPENDIX B – PG&E Coordination (Email and Figure) 
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1.0 Introduction 

1.1 Purpose and Scope 

The purpose of this Hydraulic Review Update Technical Memorandum (TM) is to summarize 
HDR Engineering, Inc. (HDR) recent hydraulic modeling and analysis efforts of San 
Francisquito Creek as part of discussions with permitting agencies in early 2014. As part of 
environmental consultation discussions, multiple design components were added and/or 
removed from the project to limit potential impacts to the Faber Tract marsh. Additional 
hydraulic model development information can be found in the Hydraulic Review TM, dated 
October 2010, which has been included as Appendix A.  

1.2 Project Reach and Design Constraints 

The project segment of San Francisquito Creek consists of an approximate 1.5 mile segment 
extending from the Highway 101 / East Bayshore Road Bridge to the San Francisco Bay. The 
purpose of this project is to provide the flood protection elements needed to protect homes, 
businesses, and other facilities in the cities of Palo Alto and East Palo Alto downstream of 
Highway 101 from the one-percent (1%) design riverine flood event as well as 1% tidal 
flooding and sea level rise.  

HDR worked within the design constraints laid out by the San Francisquito Creek Joint Powers 
Authority (JPA) to minimize impacts to existing features and structures, minimize increases to 
the design water surface elevation at Highway 101 / East Bayshore Road, and preserve 
opportunities for habitat within the creek as much as possible.  

2.0 Project Design Updates 

In early 2014, it was determined that the proposed degrade of the Faber Tract levee could cause 
negative impacts to the Faber Tract marsh, which provides habitat to the largest thriving 
population of the endangered clapper rail species. Degrading the Faber Tract levee was 
removed from the proposed project to limit overtopping flows of fresh water into the marsh 
during a 7,400 cfs event at Mean High Higher Water (MHHW) elevation 7.1’. Overtopping 
flows into the Faber Tract were also limited to equal or less than the existing condition 
overtopping flows, which was computed using the developed HEC-RAS model to be 155 cfs.  

Although the project levees and floodwalls were designed to handle 9,400 cfs (1% flood event) 
with a downstream boundary condition of 12.52 ft (1% tidal flood event plus 26” of sea level 
rise), a lower peak discharge of 7,400 cfs at MHHW was assumed for evaluation of impacts to 
the Faber Tract after it was determined that 9,400 cfs would not make it to this downstream 
project reach until after the completion of all proposed upstream projects. It is determined that 
the channel would more realistically experience only 7,400 cfs after all currently proposed 
projects are completed. Therefore, impacts to the Faber Tract have been determined based upon 
a more realistic riverine and channel event of 7,400 cfs with a downstream boundary condition 
at MHHW.  



Draf t  Hydraul ic  Review Update  Techn ica l  Memorandum 

San Francisquito Creek Joint Powers Authority 3 
San Francisquito Creek Flood Protection Capital Project – Hydraulic Review Technical Memorandum Update July 2014 

It was also determined that by degrading the San Francisco Bay levee segment from Station 
3+50 to 9+50, flows into Faber Tract were slightly decreased and the water surface elevation 
was overall slightly lowered. By degrading the San Francisco Bay levee, creek water is allowed 
to expand out over a marsh area quicker and further upstream than the existing condition thus 
helping lower the water surface elevation during MHHW tide. The San Francisco Bay levee 
degrade has been incorporated into the proposed project as shown in Figure 1.  

It was determined, however, that to reduce overtopping flows into the Faber Tract at or below 
the 155 cfs existing condition threshold, the Faber Tract levee would need to be slightly raised 
in a particularly low spot just downstream of Friendship Bridge. A low spot from Station 21+00 
to 25+00 was raised to approximate elevation 13.0, which decreased the overtopping flows to 
85 cfs, which is below the acceptable threshold. No additional raising or filling of the Faber 
Tract levee was required, however, a 6H:1V outboard side slope was recommended to reduce 
and/or slow down erosion caused by overtopping.  

Previously proposed rock slope protection was able to be reduced due to not degrading the 
Faber Tract levee. With the removal of riprap, Manning’s n values were updated to reflect a 
vegetated levee slope condition.  

3.0 Modeling Results 

Overall, many different alternatives were considered (further levee setbacks into the Palo Alto 
Municipal Golf Course, bypass channels, and higher Faber Tract raises). After multiple 
meetings discussing different alternatives, it was concluded that the selected changes to the 
hydraulic model and design would include: 

 Faber Tract levee would remain in place with a slight raise from Station 21+00 to 25+00  

 Faber Tract outboard levee slope would be slightly flattened to a 6H:1V from Station 
21+00 to 26+50 

 San Francisco Bay levee would be degraded from Station 3+50 to 9+50 

 Rock slope protection would be removed in areas that are protected by the Faber Tract 
levee 

A water surface elevation profile was developed to illustrate the proposed water surface 
profile for the 7,400 cfs at MHHW event. See Figure 2 for the water surface elevation 
profile.  

Tabular hydraulic results and hydraulic model cross sections are also provided in Appendix 
B. Results are provided for these multiple events: 

 9,400 cfs (statistical 1% riverine event) at 12.52’ (1% tidal event + sea level rise) 

 7,400 cfs (estimated actual 1% riverine event) at 7.1’ (MHHW) 

 3,600 cfs (20% riverine event) at 7.1’ (MHHW) 

 5,000 cfs (10% riverine event) at 7.1’ (MHHW) 
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Figure 1 – Project Design Features 
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Appendix A - Hydraulic Review Technical Memorandum,           
October 2010 
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1.0 Introduction 

1.1 Purpose and Scope 
The purpose of this Hydraulic Review Technical Memorandum (TM) is to summarize HDR 
Engineering, Inc. (HDR) review findings of the Philip Williams & Associates, Ltd. (PWA) 
hydraulic HEC-RAS model for the downstream portion of San Francisquito Creek.  The 
downstream portion of San Francisquito Creek consists of an approximate 1.5 mile segment 
extending from the Highway 101 / East Bayshore Road Bridge to the San Francisco Bay.  
PWA’s HEC-RAS model simulated proposed improvements to convey the 100-year flood as a 
flood management alternative. HDR’s review consisted of confirming the PWA Model’s 
compatibility with the selected conceptual level design, and recommending adjustments to the 
hydraulic model to be consistent with the proposed construction plans.   

 

1.2 Design Constraints 
The purpose of this project is to provide the flood protection elements needed to protect homes, 
businesses, and other facilities in the cities of Palo Alto and East Palo Alto downstream of 
Highway 101 from the one-percent (1%) design riverine flood event.   

HDR worked within the design constraints laid out by the San Francisquito Creek Joint Powers 
Authority (JPA) to minimize impacts to existing features and structures, minimize increases to 
the design water surface elevation at Highway 101 / East Bayshore Road, and preserve 
opportunities for habitat within the creek as much as possible.  The levee and floodwall layout 
proposed in the PWA Model has been reconfigured to fit within existing structures, utilities, 
and recreational facilities in coordination with the JPA right of way acquisition efforts.    

 

1.3 Previous Studies 
Multiple hydraulic studies of San Francisquito Creek have been completed.  In May of 2009, 
Noble Consultants, Inc. released a final report titled, Development and Calibration/Verification 
of Hydraulic Model.  Part of Noble’s evaluation included the development of an existing 
conditions hydraulic model, which evaluated the flow capacity of the existing channel and 
major bridges crossing San Francisquito Creek.   

In July of 2009, PWA built upon Noble’s hydraulic model to develop flood management 
alternatives along San Francisquito Creek.  PWA’s final report titled, San Francisquito Creek 
Flood Reduction Alternatives Analysis, contained three different conceptual alternatives.  The 
downstream portion of the creek was broken into three reaches; the upper reach extends from 
East Bayshore Road / Highway 101 Bridge to the Palo Alto Municipal Golf Course, the middle 
reach extends from the golf course to Friendship Bridge and the lower reach extends from 
Friendship Bridge to the San Francisco Bay.  The JPA selected PWA’s Alternative 2 model for 
the design of the downstream portion of San Francisquito Creek.  Alternative 2 consisted of 
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setback floodwalls in the upper reach, levee setbacks in the middle reach, an overflow terrace 
near Friendship Bridge, and the removal of the levee between the Baylands Preserve (also 
known as the Faber Tract) and the creek on the north side.   

2.0 Survey and Mapping 
In 2006, Bestor was hired by the United States Army Corps of Engineers (USACE) San 
Francisco District to provide mapping, for hydraulic modeling purposes, of San Francisquito 
Creek from the San Francisco Bay to approximately 10 miles upstream.  The survey included a 
detailed topographic survey of the creek channel using ground survey methods.  A bathymetric 
survey was also performed along the creek channel between the San Francisco Bay and the 
Highway 101 / East Bayshore Road Bridge.  The bathymetric survey and conventional survey 
were merged, and were supplemented by existing LiDAR data provided by the Santa Clara 
Valley Water District (SCVWD) in order to form a single continuous digital terrain model (DTM) 
of the entire San Francisquito Creek floodplain. 

In 2010, Towill performed aerial mapping of the project area and Baylands Preserve, which 
covered the entire project area downstream of the Highway 101 / East Bayshore Road Bridge.  
By compiling the previously mentioned surveys into one, the merged survey provided 
planimetric detail sufficient for engineering design.  Aerial LiDAR was flown to support a scale 
of 1”=40’, with 1 ft contours.   A color digital ortho-rectified aerial photo was taken with a 
pixel resolution of 0.2 ft.   

The horizontal datum for the surveys were based on the North American Datum of 1983 
(NAD83), California Zone 3.  The vertical datum was based on the North American Vertical 
Datum of 1988 (NAVD88).  All elevations provided within this report reflect the vertical datum 
of NAVD88.   

3.0 Hydraulic Model Development 
HDR completed the review of the JPA selected Alternative 2 hydraulic model.  All model 
results were produced using HEC- RAS Version 4.1.0, developed by USACE.  The hydraulic 
model was run under steady-state conditions with the downstream boundary representing a 
fixed water level in the San Francisco Bay and the upstream boundary representing flow 
equivalent to runoff from the upper watershed.  All analyses assumed that all upstream flow 
would be contained within the channel and conveyed through the Highway 101 / East Bayshore 
Road Bridge into the downstream portion of San Francisquito Creek.   

The hydraulic model does contain cross-sectional information for approximately 8.9 miles 
upstream of Highway 101 that was not reviewed by HDR.  The upstream portion of the model 
is being completed by SCVWD in partnership with HDR’s hydraulic model.    
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4.0 Downstream Boundary Conditions 

4.1 Starting Water Surface Elevation 
The downstream boundary condition used in the PWA Model was set to the starting water 
surface elevation of 7.1 feet (NAVD 88), equivalent to the Mean Higher High Water (MHHW) 
elevation, which represents the average of the higher high water height of each tidal day.  
Additional tidal information has become available since the release of the PWA Model, which 
has required a change in the modeled starting water surface elevation.   

The USACE is in the final stages of preparing for release of their Shoreline Study report.  It is 
anticipated that this report will include information for the 100-year tidal stage elevation and 
estimated sea level rise values.  Due to the delay of the release of this report and the JPA’s 
short design schedule, the JPA directed HDR to use the currently published 100-year tide value 
of 10.35 feet from the 2005 USACE 905b Reconnaissance Study, plus the expected sea level 
rise value of 26 inches, for a total of 12.52 feet (NAVD 88).   

In May 2010 it was decided that a lower combination 100-year tidal elevation including sea 
level rise totaling 11.3 feet should be modeled as the starting water surface elevations.  This 
was the anticipated value to be published in the Shoreline Study.  

After careful consideration and review of the 2010 HDR Design Criteria Technical 
Memorandum by the JPA and SCVWD, the decision was reversed in July 2010 to move 
forward with the 30% Design Plans, Specifications and Estimate (PS&E) using the more 
conservative starting water surface elevation of 12.52 feet.  This variation in the starting water 
surface elevation led to changes in the hydraulic model, and resulting changes to the top of 
levee (TOL) and floodwall elevations, as well as overall footprint and alignment modifications.  
Table 1 summarizes the starting water surface elevations that have previously been modeled.  
Note the bold elevation of 12.52 feet is the selected starting water surface elevation.  

Table 1 – Starting Water Surface Elevations Comparison 

Starting Water Surface Elevations (NAVD 88, feet) 

Downstream Boundary Description Elevation (feet) 

Mean Higher High Water (MHHW) 7.1 

100-Year Tidal Elevation (USACE 2005) 10.35 

100-Year Tidal Elevation  + 26” Sea Level Rise 12.52 

USACE Shoreline Study, 100-Year  Tidal Elevation + Sea Level Rise (Unpublished) 11.3 
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4.2 Proposed Peak Discharges 
The design flows developed for San Francisquito Creek are based on a rainfall runoff 
hydrologic model developed by Wang et al for USACE.  The methodologies and results of the 
model were documented in the report entitled Santa Clara Valley Water District San 
Francisquito Creek Hydrology Report (Wang et al 2007).  The recommended peak discharges 
summarized in Table 2 are equivalent to the 100-year flood event.  

Table 2 – Peak Discharges 

San Francisquito Creek 100-Year Event 

Location Description Model Station Peak Discharge (cfs) 

At Highway 101 80+28 9,300 

At O’Connor Pumping Plant 30+00 9,400 

 

4.3 Design Water Surface Elevation Profile 
The design water surface elevation profile created within HEC-RAS was used to determine the 
TOL elevations for design purposes.  The profile has been updated significantly from the PWA 
Model due to the change of the starting WSE.  The profile has also been updated to reflect the 
coincidental 100-Year fluvial and tidal event plus the estimated sea level rise in anticipation of 
revised Federal Emergency Management Agency (FEMA) criteria.  Significant impacts to the 
water surface elevation profile are also attributed to proposed changes to the channel 
configuration, which are summarized in Section 8.0.   

5.0 Freeboard 
After completing the review of the PWA Model it was determined that inadequate freeboard 
had been provided to satisfy FEMA’s design criteria for leveed riverine channels as found in 
Chapter 44 of the Code of Federal Regulations, Section 65.10 (44 CFR 65.10).  PWA’s 
Alternative Analysis stated that the alternatives investigated were developed with the primary 
goal of reducing peak water levels only below the existing left and right levee crest elevations 
during a 100-year fluvial flood event in conjunction with the MHHW tidal elevation.   

The levee design water surface elevation plus an additional height is required to establish the 
TOL to reduce the risk of overtopping.   Three feet of height has been added to the 100-year 
design water surface elevation, in accordance with 44 CFR 65.10, throughout the downstream 
portion.  Also in accordance with 44 CFR 65.10, four feet of height (in lieu of three feet) has 
been added to the design water surface elevation for 100 feet upstream and downstream of 
constrictions, including the Highway 101 / Bayshore Road Bridge and Friendship Bridge.   

Wind run up and wave set up must also be contained within the freeboard height, or additional 
levee or floodwall height will need to be added until such containment is met.  It is assumed 
that the wind and wave analysis will be completed by the Shoreline Study.    
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6.0 Energy Losses 

6.1 Manning’s “n” Values 
Manning’s “n” values, or roughness coefficients, selected by PWA were reviewed and deemed 
appropriate for the proposed design conditions.  The proposed channel configuration is fairly 
uniform throughout the entire project limits; therefore, it was anticipated to see fairly consistent 
roughness coefficients throughout the creek.  Cross-section 2+00 was revised to reflect a lower 
channel roughness coefficient of 0.030 instead of 0.050 which was contained in the PWA 
model.  The coefficient was revised to better match channel roughness coefficients for the rest 
of the downstream portion.  See Figures 1 and 2 for typical Manning’s “n” value distribution 
through cross-sections for both levee and floodwall sections.   

6.2 Expansion / Contraction Coefficients 
Expansion and contraction coefficients selected by PWA were reviewed and revised if 
necessary to reflect the proposed design channel configuration.  Major contraction areas were 
modeled, which included Highway 101/ Bayshore Road Bridge and Friendship Bridge.  
Increased expansion and contraction coefficients were also used to model the Baylands 
Preserve breached levee.  Additional information regarding the updated modeling approach 
through the Baylands Preserve and into the San Francisco Bay can be found in Section 8.4.   

6.3 Ineffective Flow Areas 
Active and ineffective flow areas were reviewed and adjusted to more appropriately model 
hydraulic flow patterns within San Francisquito Creek and Baylands Preserve.  Multiple 
ineffective flow areas were added to the hydraulic model to better reflect flow conditions 
through contraction and expansion areas.   
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7.0 Hydraulic Structures 
There are two bridges impacting the downstream reach, which include Hwy 101/ Bayshore 
Road and Friendship Bridge.  Although the Hwy 101/ Bayshore Road are located at the 
upstream limit of the project study, the future construction of the bridge structure has major 
impacts upon the design water surface elevation downstream.   

The California Department of Transportation (Caltrans) is currently working towards the 
release of a 30% design for the reconfiguration of West Bayshore Road, Highway 101, and East 
Bayshore Road (Station 80.28), combining all three structures into one bridge.  Caltrans is 
currently reviewing the HEC-RAS model and updating the bridge geometry per the planned 
design.  The revised model will be provided back to HDR and SCVWD to refine the design 
water surface profile and TOL elevation.   

Downstream of Highway 101 (Station 29+88), Friendship Bridge, a pedestrian bridge, spans 
the existing creek.  The geometry of the bridge constricts the channel significantly.  A bypass 
channel into the golf course will be constructed to widen the channel floodplain.  Additional 
information regarding the channel configuration at Friendship Bridge can be found in Section 
8.3. 
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8.0 Channel Configuration 

8.1 Cross-Section Layout and Orientation 
HDR has reviewed the cross-section orientations selected by the previous modelers (PWA and 
Noble) and they appear adequate for this preliminary modeling purpose.   The hydraulic model 
was trimmed to Station 2+00.  Multiple interpolated cross-sections extending into the San 
Francisco Bay were removed downstream of Station 2+00 from the PWA Model after 
reviewing the model results.  Interpolated cross-sections were used when the change in velocity 
head was too large to accurately determine the energy gradient.   That is not the case of the 
revised model.  

8.2 Smoothed Channel Width 
After careful evaluation of the PWA Model proposed channel widths, it was discovered that the 
channel geometry unintentionally encroached onto multiple existing structures, utilities, and 
recreational features.  The preliminary levee footprint was completed independent of real estate 
and other channel constraints.    HDR narrowed the channel width significantly to satisfy 
design constraints mentioned in Section 1.2, and in coordination with the JPA’s desire to limit 
encroachments and impact to adjacent residences, businesses and facilities. 

Overall, the channel widths transitions were made more gradual to develop a smoother water 
surface profile.  One major channel constraint that was previously unidentified was the 
International School of the Peninsula (Station 69+50).  After determining what access road 
widths were required behind this school, the channel width was reduced an additional 36 feet 
from the Alternative 2 model to a maximum width of 140 feet.   

The radius of the large bend spanning from Station 60+00 through 50+00 was also increased to 
better satisfy USACE guidance for channel bends found in EM 1110-2-1601, Hydraulic Design 
of Flood Control Channels (USACE 1994).  For designing the large bend, a ratio of radius to 
width of 2.5 to 3.5 was used.       

8.3 Bypass Levee Configuration at Friendship Bridge 
The PWA Model contained a fairly significant impact to the Palo Alto Municipal Golf Course.  
The model contained a bypass channel allowing a portion of the main channel flow to be 
diverted around the Friendship Bridge abutment through the edge of Palo Alto Municipal Golf 
Course and then merging back together into the existing leveed channel.  The maximum 
channel width modeled was equal to 450 feet.  After review of the Friendship Bridge and 
bypass area it was determined that a maximum channel width of only 300 feet would produce 
an acceptable design water surface elevation.  The narrowing of the channel width also 
decreased the amount of golf course property needed to construct the bypass levee.   
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8.4 Baylands Preserve (Faber Tract) 
A portion of the Baylands Preserve is located on the landside of the north levee between 
Friendship Bridge and the San Francisco Bay.  This area of land is owned by the City of Palo 
Alto and managed by the United States Fish and Wildlife Service. 

A secondary model reach was added to the hydraulic model to more appropriately model the 
Baylands Preserve tidal condition.  Two levees, one running north-south and the other east-
west, provide protection to the Baylands Preserve from the San Francisco Bay.  At the 
intersection of the two levees, a small breach approximately 200 feet wide has been cut 
allowing tidal interaction between the Bay and Preserve, restoring the Baylands Preserve into a 
tidal marsh.  These two levees, referred to as the Baylands Levees for the purpose of this report, 
are approximately at elevation 10 feet and are significantly overtopped during the 100-Year 
tidal event plus sea level rise, elevation 12.52 feet.     

The PWA Model assumed that once the design flow of 9,400 cubic feet per second (cfs) enters 
into the Baylands Preserve, the Baylands Levees had negligible impacts on the water surface 
elevation within the Preserve.  After additional evaluation of the tidal interaction, HDR 
determined that the Baylands Levees do influence the water surface elevation within the 
Preserve area and that the levee impacts cannot be ignored.   

To model the Baylands Preserve impacts to channel water surface elevation, a weir at an 
elevation of 8.0 feet, was added to the hydraulic model along the degraded levee (reduced to 
Stations 28+00 to 11+00) to estimate the flow leaving the creek channel and flowing into the 
Baylands Preserve.  The flow entering the Baylands Preserve was then modeled through the 
secondary model reach out through the small breach.  This revised model will become the 
hydraulic model used to finalize the TOL design.    

9.0 Findings and Recommendations 
Many changes to the PWA Model were completed to better model the JPA’s conceptual level 
design as well as reflect a more feasible and constructible project.  HDR recommends revisions 
to the downstream boundary conditions as well as revisions to the channel configuration.    The 
revisions recommended by HDR to the hydraulic model reflect modifications to the alternative 
to reduce impacts to existing features, such as homes, businesses, existing utilities, and 
recreational facilities.   

With the completion of the updated Alternative 2 hydraulic model, additional channel design 
features can been analyzed.  All future design considerations will be summarized in the 
accompanying Design Technical Memorandums to be released with each design deliverable.   
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Figure 1  
Manning’s n-Values – Typical Section with Floodwalls 
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Figure 2 
Manning’s n-Values – Typical Section with Levees 
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Figure 3  
Project Design Features 
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Appendix B - Tabular Hydraulic Model Results and Cross Sections 
 
 
 
 
 

 



  

HEC-RAS  Plan: low flows   River: SF Creek   Reach: R1

Reach River Sta Profile Q Total Min Ch El W.S. Elev Vel Left Vel Chnl Vel Right Vel Total Shear LOB Shear Chan Shear ROB Shear Total

(cfs) (ft) (ft) (ft/s) (ft/s) (ft/s) (ft/s) (lb/sq ft) (lb/sq ft) (lb/sq ft) (lb/sq ft)

R1 7878.962 Bridge

R1 7769.662 5-year 3600.00 2.82 13.73 0.02 2.88 0.02 2.88 0.00 0.32 0.00 0.28

R1 7769.662 10-year 5000.00 2.82 15.11 0.03 3.52 0.03 3.52 0.00 0.47 0.00 0.40

R1 7762.086 5-year 3600.00 2.65 13.72 0.01 2.93 0.02 2.93 0.00 0.34 0.00 0.30

R1 7762.086 10-year 5000.00 2.65 15.09 0.01 3.58 0.03 3.58 0.00 0.49 0.00 0.41

R1 7696.158 5-year 3600.00 1.92 13.56 1.48 4.35 2.09 3.53 0.11 0.23 0.12 0.17

R1 7696.158 10-year 5000.00 1.92 14.88 1.80 5.23 2.63 4.23 0.16 0.31 0.17 0.24

R1 7627.808 5-year 3600.00 1.81 13.57 1.03 3.84 1.76 3.26 0.06 0.17 0.09 0.14

R1 7627.808 10-year 5000.00 1.81 14.90 1.23 4.67 2.22 3.93 0.08 0.25 0.14 0.19

R1 7541.458 5-year 3600.00 1.37 13.51 1.64 4.32 2.21 3.37 0.12 0.22 0.13 0.17

R1 7541.458 10-year 5000.00 1.37 14.83 1.99 5.14 2.76 4.01 0.16 0.30 0.18 0.23

R1 7483.379 5-year 3600.00 1.05 13.51 2.04 4.26 2.27 3.20 0.13 0.22 0.13 0.16

R1 7483.379 10-year 5000.00 1.05 14.84 2.47 4.99 2.79 3.76 0.17 0.29 0.18 0.22

R1 7418.67 5-year 3600.00 0.70 13.52 1.72 3.47 1.84 2.89 0.09 0.16 0.10 0.13

R1 7418.67 10-year 5000.00 0.70 14.86 2.11 4.11 2.27 3.42 0.13 0.22 0.15 0.18

R1 7375.244 5-year 3600.00 1.93 13.53 1.61 3.29 2.09 2.66 0.08 0.13 0.11 0.11

R1 7375.244 10-year 5000.00 1.93 14.87 1.98 3.92 2.54 3.17 0.11 0.18 0.15 0.15

R1 7325.765 5-year 3600.00 2.59 13.47 2.02 3.98 2.46 2.99 0.12 0.20 0.14 0.15

R1 7325.765 10-year 5000.00 2.59 14.81 2.39 4.59 2.95 3.47 0.16 0.25 0.18 0.20

R1 7240.019 5-year 3600.00 3.14 13.27 2.07 5.60 3.28 3.94 0.22 0.39 0.25 0.28

R1 7240.019 10-year 5000.00 3.14 14.56 2.37 6.37 3.93 4.55 0.27 0.49 0.34 0.36

R1 7167.645 5-year 3600.00 3.38 13.20 1.89 5.55 2.99 4.02 0.19 0.39 0.23 0.27

R1 7167.645 10-year 5000.00 3.38 14.47 2.16 6.38 3.61 4.64 0.24 0.49 0.32 0.36

R1 7117.986 5-year 3600.00 3.12 13.18 2.22 5.41 2.99 3.90 0.21 0.37 0.22 0.26

R1 7117.986 10-year 5000.00 3.12 14.45 2.60 6.23 3.61 4.52 0.27 0.47 0.31 0.35

R1 7068.691 5-year 3600.00 2.76 13.16 2.93 5.30 2.87 3.82 0.20 0.35 0.21 0.25

R1 7068.691 10-year 5000.00 2.76 14.44 3.45 6.07 3.46 4.41 0.27 0.44 0.28 0.32

R1 7015.345 5-year 3600.00 2.37 13.14 3.08 5.15 2.88 3.80 0.20 0.33 0.20 0.23

R1 7015.345 10-year 5000.00 2.37 14.42 3.68 5.86 3.43 4.39 0.26 0.41 0.27 0.30

R1 6963.459 5-year 3600.00 1.99 13.12 3.01 5.00 2.69 3.63 0.19 0.31 0.19 0.22

R1 6963.459 10-year 5000.00 1.99 14.40 3.61 5.71 3.22 4.20 0.25 0.39 0.25 0.28

R1 6890.463 5-year 3600.00 1.43 13.04 2.91 5.27 2.63 3.76 0.20 0.35 0.20 0.24

R1 6890.463 10-year 5000.00 1.43 14.30 3.51 6.07 3.16 4.37 0.28 0.44 0.27 0.32

R1 6812.725 5-year 3600.00 1.36 13.01 2.70 5.06 2.49 3.51 0.18 0.32 0.18 0.21

R1 6812.725 10-year 5000.00 1.36 14.28 3.26 5.80 2.99 4.06 0.24 0.40 0.24 0.28

R1 6710.345 5-year 3600.00 1.80 12.91 2.99 5.38 2.77 3.77 0.22 0.37 0.22 0.25

R1 6710.345 10-year 5000.00 1.80 14.16 3.56 6.15 3.30 4.35 0.29 0.46 0.29 0.33

R1 6613.703 5-year 3600.00 1.80 12.85 3.02 5.29 3.03 3.79 0.22 0.36 0.22 0.25

R1 6613.703 10-year 5000.00 1.80 14.10 3.57 5.99 3.57 4.34 0.29 0.44 0.29 0.33

R1 6512.116 5-year 3600.00 2.53 12.82 2.68 4.85 2.74 3.45 0.17 0.30 0.17 0.20

R1 6512.116 10-year 5000.00 2.53 14.07 3.15 5.46 3.27 3.95 0.23 0.36 0.22 0.26

R1 6412.463 5-year 3600.00 2.51 12.79 2.48 4.35 2.33 3.12 0.14 0.24 0.13 0.16

R1 6412.463 10-year 5000.00 2.51 14.05 2.95 4.90 2.77 3.57 0.18 0.29 0.17 0.20

R1 6317.478 5-year 3600.00 2.16 12.74 2.39 4.53 2.28 3.11 0.14 0.26 0.14 0.16

R1 6317.478 10-year 5000.00 2.16 13.99 2.85 5.10 2.73 3.55 0.18 0.31 0.18 0.21

R1 6211.766 5-year 3600.00 1.80 12.67 2.46 4.66 2.36 3.17 0.15 0.27 0.15 0.17

R1 6211.766 10-year 5000.00 1.80 13.93 2.91 5.22 2.81 3.60 0.19 0.33 0.19 0.22

R1 6100.918 5-year 3600.00 1.40 12.61 2.59 4.65 2.43 3.24 0.16 0.28 0.16 0.19

R1 6100.918 10-year 5000.00 1.40 13.87 3.08 5.17 2.85 3.68 0.20 0.33 0.21 0.23

R1 6009.464 5-year 3600.00 0.91 12.53 2.51 4.96 2.39 3.35 0.16 0.31 0.17 0.19

R1 6009.464 10-year 5000.00 0.91 13.77 3.02 5.55 2.82 3.80 0.21 0.37 0.22 0.25

R1 5906.93 5-year 3600.00 1.61 12.45 2.75 5.16 2.63 3.50 0.19 0.34 0.20 0.22

R1 5906.93 10-year 5000.00 1.61 13.69 3.25 5.73 3.08 3.95 0.25 0.40 0.25 0.28

R1 5807.081 5-year 3600.00 2.27 12.40 2.77 5.00 2.68 3.48 0.19 0.33 0.20 0.22

R1 5807.081 10-year 5000.00 2.27 13.64 3.26 5.48 3.09 3.89 0.24 0.38 0.24 0.27

R1 5698.513 5-year 3600.00 2.21 12.33 2.65 4.90 2.65 3.36 0.18 0.32 0.19 0.21



HEC-RAS  Plan: low flows   River: SF Creek   Reach: R1 (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Vel Left Vel Chnl Vel Right Vel Total Shear LOB Shear Chan Shear ROB Shear Total

(cfs) (ft) (ft) (ft/s) (ft/s) (ft/s) (ft/s) (lb/sq ft) (lb/sq ft) (lb/sq ft) (lb/sq ft)

R1 5698.513 10-year 5000.00 2.21 13.58 3.09 5.34 3.05 3.74 0.22 0.36 0.23 0.26

R1 5603.864 5-year 3600.00 1.93 12.27 2.58 4.73 2.53 3.28 0.17 0.30 0.18 0.20

R1 5603.864 10-year 5000.00 1.93 13.53 2.99 5.15 2.92 3.64 0.21 0.33 0.22 0.24

R1 5511.665 5-year 3600.00 1.61 12.25 2.28 4.32 2.18 2.97 0.14 0.24 0.13 0.16

R1 5511.665 10-year 5000.00 1.61 13.50 2.68 4.78 2.58 3.33 0.17 0.28 0.17 0.20

R1 5404.167 5-year 3600.00 1.23 12.17 2.49 4.59 2.18 3.09 0.16 0.27 0.13 0.17

R1 5404.167 10-year 5000.00 1.23 13.42 2.86 5.13 2.64 3.48 0.20 0.32 0.17 0.21

R1 5303.36 5-year 3600.00 1.00 12.14 2.54 4.73 2.59 3.00 0.17 0.28 0.17 0.18

R1 5303.36 10-year 5000.00 1.00 13.38 2.94 5.31 3.01 3.41 0.22 0.34 0.22 0.23

R1 5203.101 5-year 3600.00 1.00 12.09 2.75 4.56 2.57 3.00 0.16 0.26 0.17 0.18

R1 5203.101 10-year 5000.00 1.00 13.33 3.19 5.08 2.98 3.41 0.20 0.31 0.21 0.22

R1 5003.749 5-year 3600.00 0.90 11.99 2.74 4.64 2.38 2.97 0.16 0.27 0.13 0.16

R1 5003.749 10-year 5000.00 0.90 13.24 3.12 5.05 2.76 3.33 0.20 0.31 0.17 0.20

R1 4802.715 5-year 3600.00 0.80 11.90 2.55 4.40 2.57 2.93 0.14 0.24 0.14 0.16

R1 4802.715 10-year 5000.00 0.80 13.15 2.95 4.84 2.96 3.31 0.18 0.28 0.18 0.19

R1 4606.741 5-year 3600.00 0.60 11.80 2.79 4.58 2.79 3.05 0.17 0.27 0.17 0.18

R1 4606.741 10-year 5000.00 0.60 13.05 3.19 4.95 3.19 3.42 0.21 0.30 0.21 0.22

R1 4404.458 5-year 3600.00 0.50 11.65 2.79 4.82 2.71 3.16 0.16 0.29 0.17 0.18

R1 4404.458 10-year 5000.00 0.50 12.90 3.17 5.24 3.13 3.53 0.19 0.33 0.21 0.22

R1 4200.504 5-year 3600.00 -0.05 11.53 2.66 4.29 2.63 3.16 0.14 0.24 0.16 0.18

R1 4200.504 10-year 5000.00 -0.05 12.78 3.02 4.73 3.05 3.54 0.17 0.28 0.20 0.21

R1 4001.593 5-year 3600.00 0.11 11.43 2.64 4.25 2.60 3.16 0.15 0.24 0.16 0.17

R1 4001.593 10-year 5000.00 0.11 12.67 3.02 4.70 3.01 3.53 0.18 0.28 0.19 0.21

R1 3800.303 5-year 3600.00 0.79 11.29 2.79 4.50 2.75 3.34 0.17 0.27 0.17 0.20

R1 3800.303 10-year 5000.00 0.79 12.53 3.18 4.94 3.16 3.72 0.20 0.31 0.21 0.23

R1 3600.025 5-year 3600.00 0.60 11.17 2.56 4.49 2.53 3.25 0.15 0.26 0.15 0.18

R1 3600.025 10-year 5000.00 0.60 12.41 2.97 4.96 2.95 3.64 0.18 0.30 0.19 0.21

R1 3498.494 5-year 3600.00 0.45 11.12 2.50 4.41 2.44 3.14 0.14 0.25 0.14 0.17

R1 3498.494 10-year 5000.00 0.45 12.37 2.88 4.85 2.85 3.51 0.17 0.29 0.18 0.20

R1 3400.858 5-year 3600.00 0.31 11.09 2.37 4.09 2.28 2.94 0.12 0.22 0.13 0.15

R1 3400.858 10-year 5000.00 0.31 12.34 2.70 4.47 2.65 3.27 0.15 0.25 0.15 0.17

R1 3307.755 5-year 3600.00 0.30 11.06 2.28 4.05 2.14 2.77 0.11 0.21 0.11 0.13

R1 3307.755 10-year 5000.00 0.30 12.32 2.58 4.36 2.48 3.04 0.13 0.23 0.14 0.16

R1 3198.251 5-year 3600.00 0.29 11.00 1.98 4.24 1.95 2.63 0.12 0.23 0.12 0.14

R1 3198.251 10-year 5000.00 0.29 12.28 2.21 4.49 2.24 2.84 0.14 0.25 0.14 0.16

R1 3109.178 5-year 3600.00 -0.11 10.96 1.83 4.06 1.63 2.49 0.11 0.21 0.08 0.11

R1 3109.178 10-year 5000.00 -0.11 12.24 2.07 4.36 1.92 2.68 0.13 0.23 0.11 0.13

R1 3039.074 5-year 3600.00 -0.17 10.92 2.58 4.24 1.83 2.70 0.16 0.27 0.11 0.14

R1 3039.074 10-year 5000.00 -0.17 12.20 2.79 4.49 2.13 2.88 0.19 0.29 0.13 0.17

R1 3003.434 5-year 3600.00 -0.19 10.85 1.39 4.55 2.11 3.08 0.12 0.34 0.14 0.19

R1 3003.434 10-year 5000.00 -0.19 12.14 1.52 4.76 2.44 3.25 0.13 0.36 0.18 0.21

R1 2988.984 Bridge

R1 2966.714 5-year 3600.00 -0.20 10.78 3.60 5.30 2.23 3.20 0.19 0.35 0.13 0.17

R1 2966.714 10-year 5000.00 -0.20 12.06 3.69 5.60 2.54 3.37 0.18 0.38 0.17 0.19

R1 2896.757 5-year 3600.00 -0.32 10.75 1.08 4.88 2.04 3.11 0.08 0.33 0.13 0.17

R1 2896.757 10-year 5000.00 -0.32 12.03 1.14 5.17 2.37 3.27 0.08 0.35 0.16 0.19

R1 2801.765 5-year 3600.00 -0.50 10.74 1.89 4.74 1.93 2.74 0.10 0.27 0.10 0.12

R1 2801.765 10-year 5000.00 -0.50 12.02 1.95 5.10 2.26 2.96 0.11 0.30 0.13 0.15

R1 2800    Lat Struct

R1 2701.116 5-year 3600.00 -0.36 10.68 1.29 4.34 2.03 3.11 0.04 0.24 0.11 0.14

R1 2701.116 10-year 5000.00 -0.36 11.95 1.75 4.76 2.44 3.42 0.06 0.28 0.14 0.17

R1 2600.104 5-year 3600.00 -0.21 10.57 1.86 4.71 2.24 3.54 0.07 0.28 0.13 0.17

R1 2600.104 10-year 5000.00 -0.21 11.81 1.98 5.29 2.72 3.92 0.08 0.34 0.18 0.21

R1 2600    Lat Struct

R1 2400.067 5-year 3600.00 -0.77 10.32 2.57 5.39 2.44 4.38 0.12 0.36 0.16 0.24



HEC-RAS  Plan: low flows   River: SF Creek   Reach: R1 (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Vel Left Vel Chnl Vel Right Vel Total Shear LOB Shear Chan Shear ROB Shear Total

(cfs) (ft) (ft) (ft/s) (ft/s) (ft/s) (ft/s) (lb/sq ft) (lb/sq ft) (lb/sq ft) (lb/sq ft)

R1 2400.067 10-year 5000.00 -0.77 11.48 3.28 6.26 3.03 5.04 0.18 0.47 0.23 0.32

R1 2400    Lat Struct

R1 2201.506 5-year 3600.00 -0.51 10.01 2.96 6.08 2.14 5.18 0.16 0.47 0.14 0.30

R1 2201.506 10-year 5000.00 -0.51 11.08 3.79 7.14 2.74 5.96 0.24 0.62 0.21 0.41

R1 2200    Lat Struct

R1 2002.523 5-year 3600.00 -0.50 9.86 3.03 5.85 2.04 5.04 0.16 0.44 0.13 0.29

R1 2002.523 10-year 5000.00 -0.50 10.90 3.83 6.88 2.61 5.82 0.24 0.58 0.20 0.39

R1 2000    Lat Struct

R1 1801.479 5-year 3600.00 -0.40 9.35 3.72 7.08 2.35 6.21 0.27 0.70 0.19 0.48

R1 1801.479 10-year 5000.00 -0.40 10.34 4.64 8.05 3.13 6.95 0.38 0.86 0.30 0.61

R1 1800    Lat Struct

R1 1601.308 5-year 3600.00 -0.30 9.18 3.19 6.21 2.10 5.36 0.19 0.51 0.14 0.34

R1 1601.308 10-year 5000.00 -0.30 10.14 4.08 7.31 2.78 6.22 0.28 0.68 0.23 0.46

R1 1600    Lat Struct

R1 1400.99 5-year 3600.00 -0.50 8.54 3.73 7.71 2.22 6.81 0.28 0.83 0.13 0.52

R1 1400.99 10-year 5000.00 -0.50 9.32 4.86 9.07 3.47 7.86 0.43 1.10 0.26 0.71

R1 1400    Lat Struct

R1 1201.367 5-year 3600.00 -0.60 8.34 2.91 6.57 2.08 5.82 0.17 0.59 0.10 0.36

R1 1201.367 10-year 5000.00 -0.60 9.09 3.95 7.84 3.14 6.82 0.29 0.81 0.20 0.52

R1 1200    Lat Struct

R1 1000.179 5-year 3600.00 -0.60 8.13 2.41 6.10 2.04 4.93 0.13 0.53 0.10 0.26

R1 1000.179 10-year 5000.00 -0.60 8.96 3.29 6.70 2.75 5.32 0.21 0.61 0.16 0.33

R1 800.5592 5-year 3600.00 -0.72 7.66 1.51 6.56 2.41 5.78 0.07 0.62 0.14 0.30

R1 800.5592 10-year 5000.00 -0.72 8.37 2.70 7.55 3.01 6.31 0.17 0.79 0.20 0.41

R1 599.4915 5-year 3600.00 -0.90 7.23 1.21 6.67 2.18 5.96 0.05 0.67 0.12 0.28

R1 599.4915 10-year 5000.00 -0.90 7.95 2.51 7.40 2.98 6.09 0.15 0.79 0.20 0.38

R1 400.6762 5-year 3600.00 -1.69 6.70 1.59 6.84 0.80 6.76 0.08 0.71 0.03 0.63

R1 400.6762 10-year 5000.00 -1.69 7.53 2.31 7.21 1.11 5.79 0.14 0.75 0.05 0.31

R1 200.0612 5-year 3600.00 -2.49 6.20 0.25 6.82 6.82 0.00 0.72 0.71

R1 200.0612 10-year 5000.00 -2.49 4.97 12.31 12.31 2.33 2.33
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 7878.962 BR  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 7769.662  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 7762.086  Downstream of East Bayshore Road/Hwy 101
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 7696.158  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 7627.808  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 7541.458  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 7483.379  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 7418.67  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 7375.244  Pump Station outfall on right bank
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 7325.765  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 7240.019  Pump Station outfall on right bank
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 7167.645  Mitigation Area on right bank
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 7117.986  Mitigation Area on right bank
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 7068.691  Mitigation Area on right bank
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 7015.345  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 6963.459  International School enchroachment on right bank
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 6890.463  International School enchroachment on right bank
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 6812.725  International School enchroachment on right bank

Station (ft)

E
le

v
a

ti
o

n
 (

ft
)

Legend

WS 10-year

WS 5-year

Ground

Levee

Bank Sta

.03 .038 .03 .038 .055 .03

 

0 50 100 150 200 250
0

5

10

15

20

25

SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 6710.345  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 6613.703  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 6512.116  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 6412.463  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 6317.478  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 6211.766  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 6100.918  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 6009.464  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 5906.93  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 5807.081  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 5698.513  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 5603.864  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 5511.665  Transition from sheetpile wall to earthened levees
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 5404.167  Transition from sheetpile wall to earthened levees
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 5303.36  Transition from sheetpile wall to earthened levees
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 5203.101  Transition from sheetpile wall to earthened levees; Ramp C
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 5003.749  Utility tower base located in channel
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 4802.715  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 4606.741  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 4404.458  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 4200.504  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 4001.593  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 3800.303  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 3600.025  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 3498.494  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 3400.858  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 3307.755  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 3198.251  Beginning of Friendship Bridge center abutment

Station (ft)

E
le

v
a

ti
o

n
 (

ft
)

Legend

WS 10-year

WS 5-year

Ground

Levee

Bank Sta

.03 .
0
5
5

.
0
3
8

.03 .038 .055 .038 .055 .03

 

0 100 200 300 400 500
-5

0

5

10

15

20

SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 3109.178  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 3039.074  O'Connor Pump Station on left bank
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 3003.434  Upstream of Friendship Bridge
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 2988.984 BR  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 2988.984 BR  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 2966.714  

Station (ft)

E
le

v
a

ti
o

n
 (

ft
)

Legend

WS 10-year

WS 5-year

Ground

Levee

Bank Sta

.055 .03 .038 .055 .038 .055 .03



 

0 100 200 300 400 500
-5

0

5

10

15

20

SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 2896.757  Downstream of Friendship Bridge
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 2801.765  Begin levee degrade
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 2701.116  middle of levee degrade
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 2600.104  End levee degrade

Station (ft)

E
le

v
a

ti
o

n
 (

ft
)

Legend

WS 10-year

WS 5-year

Ground

Levee

Bank Sta

.03 .03 .038 .03



 

0 50 100 150 200 250 300 350
-5

0

5

10

15

20

SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 2400.067  Right levee tie-in completed
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 2201.506  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 2002.523  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 1801.479  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 1601.308  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 1400.99  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 1201.367  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 1000.179  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 800.5592  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 599.4915  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 400.6762  

Station (ft)

E
le

v
a

ti
o

n
 (

ft
)

Legend

WS 10-year

WS 5-year

Ground

Levee

Ineff

Bank Sta

.03 .03 .03

 

-600 -400 -200 0 200 400 600
-4

-2

0

2

4

6

8

10

12

14

SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 200.0612  
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HEC-RAS  Plan: low flows   River: SF Creek   Reach: R1    Profile: 7400 7.1' (ND)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Vel Left Vel Chnl Vel Right Vel Total Shear LOB Shear Chan Shear ROB Shear Total

(cfs) (ft) (ft) (ft/s) (ft/s) (ft/s) (ft/s) (lb/sq ft) (lb/sq ft) (lb/sq ft) (lb/sq ft)

R1 7878.962 Bridge

R1 7769.662 7400 7.1' (ND) 7400.00 2.82 17.06 0.03 4.47 0.03 4.47 0.00 0.71 0.00 0.59

R1 7762.086 7400 7.1' (ND) 7400.00 2.65 17.05 0.02 4.53 0.03 4.53 0.00 0.74 0.00 0.61

R1 7696.158 7400 7.1' (ND) 7400.00 1.92 16.74 2.25 6.51 3.44 5.24 0.23 0.46 0.26 0.35

R1 7627.808 7400 7.1' (ND) 7400.00 1.81 16.77 1.50 5.86 2.89 4.91 0.12 0.37 0.22 0.29

R1 7541.458 7400 7.1' (ND) 7400.00 1.37 16.71 2.47 6.32 3.56 4.92 0.23 0.44 0.27 0.33

R1 7483.379 7400 7.1' (ND) 7400.00 1.05 16.73 3.07 6.03 3.54 4.56 0.25 0.40 0.26 0.31

R1 7418.67 7400 7.1' (ND) 7400.00 0.70 16.76 2.68 5.03 2.90 4.19 0.19 0.31 0.23 0.27

R1 7375.244 7400 7.1' (ND) 7400.00 1.93 16.78 2.50 4.80 3.18 3.89 0.16 0.25 0.22 0.22

R1 7325.765 7400 7.1' (ND) 7400.00 2.59 16.71 2.92 5.46 3.66 4.17 0.22 0.33 0.26 0.27

R1 7240.019 7400 7.1' (ND) 7400.00 3.14 16.39 2.78 7.50 4.87 5.43 0.36 0.64 0.48 0.49

R1 7167.645 7400 7.1' (ND) 7400.00 3.38 16.27 2.52 7.57 4.50 5.55 0.31 0.65 0.46 0.50

R1 7117.986 7400 7.1' (ND) 7400.00 3.12 16.26 3.11 7.39 4.50 5.40 0.36 0.62 0.44 0.48

R1 7068.691 7400 7.1' (ND) 7400.00 2.76 16.25 4.16 7.18 4.30 5.27 0.37 0.58 0.41 0.44

R1 7015.345 7400 7.1' (ND) 7400.00 2.37 16.23 4.53 6.88 4.22 5.23 0.35 0.54 0.38 0.41

R1 6963.459 7400 7.1' (ND) 7400.00 1.99 16.22 4.45 6.71 3.98 5.03 0.34 0.51 0.34 0.38

R1 6890.463 7400 7.1' (ND) 7400.00 1.43 16.08 4.34 7.24 3.91 5.25 0.40 0.60 0.39 0.45

R1 6812.725 7400 7.1' (ND) 7400.00 1.36 16.07 4.05 6.87 3.69 4.87 0.34 0.53 0.34 0.38

R1 6710.345 7400 7.1' (ND) 7400.00 1.80 15.93 4.37 7.27 4.07 5.19 0.40 0.60 0.40 0.45

R1 6613.703 7400 7.1' (ND) 7400.00 1.80 15.87 4.36 7.04 4.31 5.15 0.40 0.58 0.39 0.44

R1 6512.116 7400 7.1' (ND) 7400.00 2.53 15.85 3.79 6.35 4.03 4.67 0.30 0.46 0.31 0.34

R1 6412.463 7400 7.1' (ND) 7400.00 2.51 15.84 3.62 5.70 3.37 4.22 0.24 0.37 0.24 0.27

R1 6317.478 7400 7.1' (ND) 7400.00 2.16 15.78 3.50 5.91 3.35 4.19 0.25 0.39 0.25 0.28

R1 6211.766 7400 7.1' (ND) 7400.00 1.80 15.71 3.54 6.05 3.45 4.24 0.27 0.42 0.27 0.30

R1 6100.918 7400 7.1' (ND) 7400.00 1.40 15.64 3.77 5.95 3.43 4.31 0.27 0.41 0.27 0.30

R1 6009.464 7400 7.1' (ND) 7400.00 0.91 15.53 3.73 6.41 3.43 4.47 0.30 0.47 0.29 0.33

R1 5906.93 7400 7.1' (ND) 7400.00 1.61 15.45 3.98 6.55 3.70 4.62 0.33 0.50 0.33 0.37

R1 5807.081 7400 7.1' (ND) 7400.00 2.27 15.41 3.94 6.20 3.68 4.52 0.31 0.45 0.31 0.34

R1 5698.513 7400 7.1' (ND) 7400.00 2.21 15.35 3.70 6.03 3.63 4.32 0.30 0.43 0.30 0.32

R1 5603.864 7400 7.1' (ND) 7400.00 1.93 15.30 3.58 5.82 3.48 4.20 0.28 0.40 0.28 0.30

R1 5511.665 7400 7.1' (ND) 7400.00 1.61 15.28 3.25 5.46 3.15 3.89 0.23 0.35 0.22 0.25

R1 5404.167 7400 7.1' (ND) 7400.00 1.23 15.18 3.36 5.89 3.28 4.05 0.26 0.40 0.24 0.28

R1 5303.36 7400 7.1' (ND) 7400.00 1.00 15.14 3.48 6.13 3.58 3.98 0.28 0.43 0.29 0.30

R1 5203.101 7400 7.1' (ND) 7400.00 1.00 15.09 3.80 5.82 3.53 3.99 0.26 0.39 0.28 0.28

R1 5003.749 7400 7.1' (ND) 7400.00 0.90 15.00 3.65 5.66 3.30 3.83 0.25 0.37 0.22 0.24

R1 4802.715 7400 7.1' (ND) 7400.00 0.80 14.91 3.50 5.49 3.50 3.85 0.23 0.34 0.23 0.24

R1 4606.741 7400 7.1' (ND) 7400.00 0.60 14.81 3.73 5.52 3.73 3.94 0.26 0.36 0.26 0.27

R1 4404.458 7400 7.1' (ND) 7400.00 0.50 14.65 3.69 5.86 3.70 4.07 0.24 0.40 0.27 0.27

R1 4200.504 7400 7.1' (ND) 7400.00 -0.05 14.53 3.52 5.37 3.62 4.08 0.21 0.34 0.25 0.26

R1 4001.593 7400 7.1' (ND) 7400.00 0.11 14.41 3.55 5.35 3.57 4.08 0.23 0.34 0.25 0.26

R1 3800.303 7400 7.1' (ND) 7400.00 0.79 14.27 3.72 5.61 3.74 4.27 0.25 0.38 0.27 0.29

R1 3600.025 7400 7.1' (ND) 7400.00 0.60 14.14 3.53 5.66 3.54 4.21 0.23 0.37 0.24 0.27

R1 3498.494 7400 7.1' (ND) 7400.00 0.45 14.11 3.41 5.49 3.42 4.04 0.21 0.35 0.23 0.25

R1 3400.858 7400 7.1' (ND) 7400.00 0.31 14.09 3.17 5.05 3.17 3.75 0.18 0.30 0.20 0.22

R1 3307.755 7400 7.1' (ND) 7400.00 0.30 14.07 2.99 4.86 2.96 3.47 0.16 0.27 0.18 0.19

R1 3198.251 7400 7.1' (ND) 7400.00 0.29 14.04 2.55 4.94 2.64 3.19 0.16 0.29 0.18 0.20

R1 3109.178 7400 7.1' (ND) 7400.00 -0.11 14.00 2.42 4.87 2.26 2.99 0.16 0.27 0.13 0.16

R1 3039.074 7400 7.1' (ND) 7400.00 -0.17 13.97 3.13 4.91 2.53 3.19 0.22 0.33 0.17 0.20

R1 3003.434 7400 7.1' (ND) 7400.00 -0.19 13.90 1.37 5.16 2.88 3.54 0.11 0.41 0.22 0.25

R1 2988.984 Bridge

R1 2966.714 7400 7.1' (ND) 7400.00 -0.20 13.81 3.65 6.13 2.96 3.68 0.14 0.43 0.21 0.23

R1 2896.757 7400 7.1' (ND) 7400.00 -0.32 13.79 1.23 5.69 2.77 3.55 0.10 0.40 0.20 0.22

R1 2801.765 7400 7.1' (ND) 7400.00 -0.50 13.77 2.08 5.66 2.73 3.34 0.13 0.35 0.18 0.19

R1 2800    Lat Struct

R1 2701.116 7400 7.1' (ND) 7400.00 -0.36 13.68 2.45 5.41 2.99 3.92 0.10 0.34 0.20 0.23

R1 2600.104 7400 7.1' (ND) 7396.71 -0.21 13.52 2.90 6.03 3.31 4.47 0.14 0.42 0.24 0.27

R1 2600    Lat Struct

R1 2400.067 7400 7.1' (ND) 7318.30 -0.77 13.05 3.49 7.53 3.85 5.86 0.21 0.65 0.34 0.41

R1 2400    Lat Struct

R1 2201.506 7400 7.1' (ND) 7318.30 -0.51 12.54 4.85 8.55 3.52 6.97 0.36 0.85 0.32 0.55

R1 2200    Lat Struct

R1 2002.523 7400 7.1' (ND) 7318.30 -0.50 12.32 4.88 8.24 3.36 6.84 0.36 0.80 0.30 0.54

R1 2000    Lat Struct

R1 1801.479 7400 7.1' (ND) 7318.30 -0.40 11.67 5.53 9.47 4.09 8.00 0.50 1.13 0.46 0.79

R1 1800    Lat Struct

R1 1601.308 7400 7.1' (ND) 7318.14 -0.30 11.33 4.40 9.18 3.81 7.48 0.34 1.02 0.39 0.62

R1 1600    Lat Struct

R1 1400.99 7400 7.1' (ND) 7318.14 -0.50 10.28 6.41 11.06 5.04 9.47 0.69 1.57 0.48 1.05

R1 1400    Lat Struct

R1 1201.367 7400 7.1' (ND) 7318.14 -0.60 9.96 5.33 9.78 4.57 8.42 0.49 1.21 0.39 0.81

R1 1200    Lat Struct

R1 1000.179 7400 7.1' (ND) 7318.14 -0.60 9.99 4.37 7.63 3.66 6.08 0.33 0.75 0.25 0.45

R1 800.5592 7400 7.1' (ND) 7318.14 -0.72 9.20 4.10 8.98 3.87 7.32 0.33 1.08 0.30 0.61

R1 599.4915 7400 7.1' (ND) 7318.14 -0.90 8.76 3.84 8.57 3.89 6.88 0.30 1.01 0.31 0.55

R1 400.6762 7400 7.1' (ND) 7318.14 -1.69 8.39 3.54 8.00 2.49 6.17 0.26 0.88 0.15 0.44

R1 200.0612 7400 7.1' (ND) 7318.14 -2.49 7.83 2.76 8.24 2.10 5.90 0.18 0.95 0.12 0.33
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 7878.962 BR  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 7769.662  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 7762.086  Downstream of East Bayshore Road/Hwy 101

Station (ft)

E
le

v
a

ti
o

n
 (

ft
)

Legend

WS 7400 7.1' (ND)

Ground

Levee

Bank Sta

.03 .055 .03

 

0 50 100 150 200
0

5

10

15

20

25

SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 7696.158  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 7627.808  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 7541.458  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 7483.379  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 7418.67  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 7375.244  Pump Station outfall on right bank
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 7325.765  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 7240.019  Pump Station outfall on right bank
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 7167.645  Mitigation Area on right bank
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 7117.986  Mitigation Area on right bank
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 7068.691  Mitigation Area on right bank
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 7015.345  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 6963.459  International School enchroachment on right bank
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 6890.463  International School enchroachment on right bank
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 6812.725  International School enchroachment on right bank
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 6710.345  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 6613.703  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 6512.116  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 6412.463  

Station (ft)

E
le

v
a

ti
o

n
 (

ft
)

Legend

WS 7400 7.1' (ND)

Ground

Levee

Bank Sta

.03 .038 .03 .038 .03

 

0 50 100 150 200 250 300
0

5

10

15

20

SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 6317.478  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 6211.766  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 6100.918  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 6009.464  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 5906.93  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 5807.081  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 5698.513  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 5603.864  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 5511.665  Transition from sheetpile wall to earthened levees
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 5404.167  Transition from sheetpile wall to earthened levees
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 5303.36  Transition from sheetpile wall to earthened levees
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 5203.101  Transition from sheetpile wall to earthened levees; Ramp C
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 5003.749  Utility tower base located in channel
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 4802.715  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 4606.741  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 4404.458  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 4200.504  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 4001.593  

Station (ft)

E
le

v
a

ti
o

n
 (

ft
)

Legend

WS 7400 7.1' (ND)

Ground

Levee

Bank Sta

.03 .038 .03 .038 .03



 

0 50 100 150 200 250 300 350 400
0

5

10

15

20

SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 3800.303  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 3600.025  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 3498.494  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 3400.858  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 3307.755  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 3198.251  Beginning of Friendship Bridge center abutment
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 3109.178  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 3039.074  O'Connor Pump Station on left bank
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 3003.434  Upstream of Friendship Bridge
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 2988.984 BR  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 2988.984 BR  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 2966.714  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 2896.757  Downstream of Friendship Bridge
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 2801.765  Begin levee degrade
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 2701.116  middle of levee degrade
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 2600.104  End levee degrade
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 2400.067  Right levee tie-in completed
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 2201.506  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 2002.523  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 1801.479  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 1601.308  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 1400.99  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 1201.367  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 1000.179  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 800.5592  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 599.4915  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 400.6762  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/29/2014 
River = SF Creek   Reach = R1      RS = 200.0612  
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HEC-RAS  Plan: low flows   River: SF Creek   Reach: R1    Profile: Design 9400 12.5

Reach River Sta Profile Q Total Min Ch El W.S. Elev Vel Left Vel Chnl Vel Right Vel Total Shear LOB Shear Chan Shear ROB Shear Total

(cfs) (ft) (ft) (ft/s) (ft/s) (ft/s) (ft/s) (lb/sq ft) (lb/sq ft) (lb/sq ft) (lb/sq ft)

R1 7878.962 Bridge

R1 7769.662 Design 9400 12.5 9300.00 2.82 18.31 0.04 5.15 0.04 5.15 0.00 0.92 0.00 0.74

R1 7762.086 Design 9400 12.5 9300.00 2.65 18.29 0.02 5.21 0.04 5.21 0.00 0.95 0.00 0.77

R1 7696.158 Design 9400 12.5 9300.00 1.92 17.91 2.56 7.43 4.02 5.97 0.29 0.58 0.34 0.45

R1 7627.808 Design 9400 12.5 9300.00 1.81 17.94 1.69 6.73 3.37 5.62 0.15 0.48 0.28 0.37

R1 7541.458 Design 9400 12.5 9300.00 1.37 17.88 2.80 7.17 4.13 5.59 0.29 0.55 0.35 0.42

R1 7483.379 Design 9400 12.5 9300.00 1.05 17.92 3.49 6.78 4.08 5.15 0.31 0.49 0.33 0.38

R1 7418.67 Design 9400 12.5 9300.00 0.70 17.96 3.09 5.69 3.35 4.75 0.24 0.39 0.30 0.33

R1 7375.244 Design 9400 12.5 9300.00 1.93 17.98 2.87 5.45 3.64 4.42 0.20 0.32 0.28 0.27

R1 7325.765 Design 9400 12.5 9300.00 2.59 17.91 3.29 6.10 4.16 4.69 0.26 0.40 0.32 0.33

R1 7240.019 Design 9400 12.5 9300.00 3.14 17.52 3.08 8.35 5.55 6.09 0.43 0.77 0.59 0.60

R1 7167.645 Design 9400 12.5 9300.00 3.38 17.38 2.78 8.48 5.15 6.23 0.37 0.79 0.58 0.61

R1 7117.986 Design 9400 12.5 9300.00 3.12 17.37 3.48 8.28 5.15 6.08 0.44 0.76 0.56 0.59

R1 7068.691 Design 9400 12.5 9300.00 2.76 17.37 4.68 8.04 4.91 5.92 0.45 0.71 0.52 0.55

R1 7015.345 Design 9400 12.5 9300.00 2.37 17.35 5.15 7.66 4.80 5.87 0.43 0.65 0.48 0.50

R1 6963.459 Design 9400 12.5 9300.00 1.99 17.34 5.07 7.48 4.54 5.66 0.42 0.62 0.42 0.47

R1 6890.463 Design 9400 12.5 9300.00 1.43 17.17 4.95 8.14 4.46 5.92 0.50 0.73 0.48 0.55

R1 6812.725 Design 9400 12.5 9300.00 1.36 17.17 4.62 7.69 4.21 5.48 0.43 0.65 0.42 0.48

R1 6710.345 Design 9400 12.5 9300.00 1.80 17.00 4.96 8.14 4.64 5.84 0.50 0.74 0.50 0.56

R1 6613.703 Design 9400 12.5 9300.00 1.80 16.93 4.94 7.87 4.88 5.78 0.50 0.70 0.49 0.54

R1 6512.116 Design 9400 12.5 9300.00 2.53 16.92 4.27 7.06 4.60 5.24 0.37 0.55 0.38 0.42

R1 6412.463 Design 9400 12.5 9300.00 2.51 16.92 4.12 6.34 3.82 4.73 0.29 0.44 0.30 0.33

R1 6317.478 Design 9400 12.5 9300.00 2.16 16.85 3.99 6.55 3.80 4.69 0.30 0.47 0.31 0.34

R1 6211.766 Design 9400 12.5 9300.00 1.80 16.78 4.01 6.72 3.93 4.75 0.33 0.50 0.33 0.36

R1 6100.918 Design 9400 12.5 9300.00 1.40 16.71 4.29 6.58 3.87 4.82 0.34 0.49 0.33 0.37

R1 6009.464 Design 9400 12.5 9300.00 0.91 16.58 4.25 7.13 3.89 5.01 0.37 0.56 0.36 0.41

R1 5906.93 Design 9400 12.5 9300.00 1.61 16.49 4.53 7.25 4.17 5.17 0.41 0.59 0.40 0.44

R1 5807.081 Design 9400 12.5 9300.00 2.27 16.45 4.46 6.84 4.14 5.04 0.38 0.53 0.37 0.41

R1 5698.513 Design 9400 12.5 9300.00 2.21 16.39 4.17 6.65 4.10 4.81 0.36 0.51 0.36 0.39

R1 5603.864 Design 9400 12.5 9300.00 1.93 16.34 4.03 6.43 3.93 4.68 0.34 0.47 0.34 0.37

R1 5511.665 Design 9400 12.5 9300.00 1.61 16.32 3.69 6.05 3.58 4.35 0.29 0.41 0.27 0.31

R1 5404.167 Design 9400 12.5 9300.00 1.23 16.21 3.75 6.54 3.75 4.52 0.32 0.47 0.30 0.34

R1 5303.36 Design 9400 12.5 9300.00 1.00 16.16 3.91 6.81 4.02 4.44 0.35 0.51 0.35 0.37

R1 5203.101 Design 9400 12.5 9300.00 1.00 16.11 4.28 6.44 3.97 4.46 0.32 0.46 0.34 0.34

R1 5003.749 Design 9400 12.5 9300.00 0.90 16.01 4.07 6.22 3.71 4.26 0.29 0.43 0.26 0.29

R1 4802.715 Design 9400 12.5 9300.00 0.80 15.91 3.94 6.06 3.94 4.29 0.28 0.41 0.27 0.29

R1 4606.741 Design 9400 12.5 9300.00 0.60 15.80 4.18 6.05 4.17 4.39 0.31 0.42 0.31 0.32

R1 4404.458 Design 9400 12.5 9300.00 0.50 15.62 4.12 6.45 4.16 4.53 0.29 0.47 0.32 0.33

R1 4200.504 Design 9400 12.5 9300.00 -0.05 15.49 3.94 5.96 4.08 4.56 0.25 0.41 0.31 0.32

R1 4001.593 Design 9400 12.5 9300.00 0.11 15.36 3.99 5.95 4.04 4.56 0.27 0.41 0.30 0.32

R1 3800.303 Design 9400 12.5 9300.00 0.79 15.19 4.19 6.24 4.22 4.78 0.31 0.45 0.33 0.35

R1 3600.025 Design 9400 12.5 9300.00 0.60 15.05 4.00 6.32 4.03 4.72 0.28 0.45 0.30 0.33

R1 3498.494 Design 9400 12.5 9300.00 0.45 15.01 3.87 6.13 3.89 4.53 0.26 0.43 0.28 0.31

R1 3400.858 Design 9400 12.5 9300.00 0.31 15.00 3.58 5.62 3.60 4.20 0.22 0.36 0.25 0.27

R1 3307.755 Design 9400 12.5 9300.00 0.30 14.98 3.36 5.38 3.36 3.88 0.20 0.33 0.22 0.23

R1 3198.251 Design 9400 12.5 9300.00 0.29 14.95 2.87 5.46 2.99 3.55 0.19 0.34 0.22 0.24

R1 3109.178 Design 9400 12.5 9300.00 -0.11 14.91 2.71 5.36 2.58 3.31 0.19 0.32 0.17 0.20

R1 3039.074 Design 9400 12.5 9300.00 -0.17 14.88 3.49 5.42 2.86 3.54 0.26 0.39 0.21 0.24

R1 3003.434 Design 9400 12.5 9400.00 -0.19 14.80 1.57 5.73 3.28 3.94 0.14 0.50 0.28 0.31

R1 2988.984 Bridge

R1 2966.714 Design 9400 12.5 9400.00 -0.20 14.69 3.75 6.83 3.37 4.08 0.17 0.52 0.27 0.28

R1 2896.757 Design 9400 12.5 9400.00 -0.32 14.66 1.40 6.31 3.17 3.93 0.12 0.48 0.26 0.28

R1 2801.765 Design 9400 12.5 9400.00 -0.50 14.64 2.30 6.37 3.17 3.79 0.16 0.43 0.23 0.25

R1 2800    Lat Struct

R1 2701.116 Design 9400 12.5 9400.00 -0.36 14.51 2.93 6.17 3.50 4.49 0.14 0.43 0.26 0.30

R1 2600.104 Design 9400 12.5 9323.66 -0.21 14.32 3.52 6.84 3.84 5.08 0.19 0.53 0.32 0.35

R1 2600    Lat Struct

R1 2400.067 Design 9400 12.5 8741.08 -0.77 13.84 4.08 8.10 4.23 6.29 0.26 0.74 0.40 0.48

R1 2400    Lat Struct

R1 2201.506 Design 9400 12.5 8479.86 -0.51 13.28 4.47 9.20 3.89 7.26 0.33 0.97 0.38 0.58

R1 2200    Lat Struct

R1 2002.523 Design 9400 12.5 8355.98 -0.50 13.09 4.39 8.72 3.65 6.96 0.31 0.87 0.34 0.53

R1 2000    Lat Struct

R1 1801.479 Design 9400 12.5 7990.16 -0.40 12.78 5.00 8.79 3.99 7.25 0.40 0.93 0.41 0.63

R1 1800    Lat Struct

R1 1601.308 Design 9400 12.5 7306.81 -0.30 12.74 4.10 7.41 3.26 5.99 0.26 0.64 0.26 0.41

R1 1600    Lat Struct

R1 1400.99 Design 9400 12.5 6758.35 -0.50 12.57 3.98 7.25 3.98 5.95 0.25 0.62 0.25 0.39

R1 1400    Lat Struct

R1 1201.367 Design 9400 12.5 7053.42 -0.60 12.47 3.45 6.54 3.76 5.45 0.19 0.50 0.22 0.32

R1 1200    Lat Struct

R1 1000.179 Design 9400 12.5 7159.92 -0.60 12.58 3.22 4.61 2.70 3.79 0.15 0.25 0.11 0.17

R1 800.5592 Design 9400 12.5 7159.92 -0.72 12.67 1.75 2.56 1.44 1.94 0.04 0.08 0.03 0.05

R1 599.4915 Design 9400 12.5 7159.92 -0.90 12.50 2.65 3.88 2.02 3.18 0.10 0.18 0.07 0.12

R1 400.6762 Design 9400 12.5 7159.92 -1.69 12.51 2.19 3.14 1.45 2.51 0.07 0.12 0.04 0.07

R1 200.0612 Design 9400 12.5 7159.92 -2.49 12.52 1.55 2.31 1.48 1.78 0.03 0.06 0.03 0.04
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/30/2014 
River = SF Creek   Reach = R1      RS = 7878.962 BR  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/30/2014 
River = SF Creek   Reach = R1      RS = 7769.662  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/30/2014 
River = SF Creek   Reach = R1      RS = 7762.086  Downstream of East Bayshore Road/Hwy 101
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/30/2014 
River = SF Creek   Reach = R1      RS = 7696.158  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/30/2014 
River = SF Creek   Reach = R1      RS = 7627.808  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/30/2014 
River = SF Creek   Reach = R1      RS = 7541.458  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/30/2014 
River = SF Creek   Reach = R1      RS = 7483.379  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/30/2014 
River = SF Creek   Reach = R1      RS = 7418.67  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/30/2014 
River = SF Creek   Reach = R1      RS = 7375.244  Pump Station outfall on right bank
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/30/2014 
River = SF Creek   Reach = R1      RS = 7325.765  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/30/2014 
River = SF Creek   Reach = R1      RS = 7240.019  Pump Station outfall on right bank
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/30/2014 
River = SF Creek   Reach = R1      RS = 7167.645  Mitigation Area on right bank
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/30/2014 
River = SF Creek   Reach = R1      RS = 7117.986  Mitigation Area on right bank
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/30/2014 
River = SF Creek   Reach = R1      RS = 7068.691  Mitigation Area on right bank
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/30/2014 
River = SF Creek   Reach = R1      RS = 7015.345  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/30/2014 
River = SF Creek   Reach = R1      RS = 6963.459  International School enchroachment on right bank
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/30/2014 
River = SF Creek   Reach = R1      RS = 6890.463  International School enchroachment on right bank
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/30/2014 
River = SF Creek   Reach = R1      RS = 6812.725  International School enchroachment on right bank
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/30/2014 
River = SF Creek   Reach = R1      RS = 6710.345  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/30/2014 
River = SF Creek   Reach = R1      RS = 6613.703  

Station (ft)

E
le

va
tio

n 
(f

t)

Legend

WS Design 9400 12.5

Ground

Levee

Bank Sta

.03 .038 .03 .038 .03



 

0 50 100 150 200 250
0

5

10

15

20

25

SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/30/2014 
River = SF Creek   Reach = R1      RS = 6512.116  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/30/2014 
River = SF Creek   Reach = R1      RS = 6412.463  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/30/2014 
River = SF Creek   Reach = R1      RS = 6317.478  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/30/2014 
River = SF Creek   Reach = R1      RS = 6211.766  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/30/2014 
River = SF Creek   Reach = R1      RS = 6100.918  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/30/2014 
River = SF Creek   Reach = R1      RS = 6009.464  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/30/2014 
River = SF Creek   Reach = R1      RS = 5906.93  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/30/2014 
River = SF Creek   Reach = R1      RS = 5807.081  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/30/2014 
River = SF Creek   Reach = R1      RS = 5698.513  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/30/2014 
River = SF Creek   Reach = R1      RS = 5603.864  
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/30/2014 
River = SF Creek   Reach = R1      RS = 5511.665  Transition from sheetpile wall to earthened levees

Station (ft)

E
le

va
tio

n 
(f

t)

Legend

WS Design 9400 12.5

Ground

Levee

Bank Sta

.03 .055 .038 .03 .038 .055 .03

 

0 50 100 150 200 250 300 350
0

5

10

15

20

SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/30/2014 
River = SF Creek   Reach = R1      RS = 5404.167  Transition from sheetpile wall to earthened levees
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/30/2014 
River = SF Creek   Reach = R1      RS = 5303.36  Transition from sheetpile wall to earthened levees
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/30/2014 
River = SF Creek   Reach = R1      RS = 5203.101  Transition from sheetpile wall to earthened levees; Ramp C
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/30/2014 
River = SF Creek   Reach = R1      RS = 5003.749  Utility tower base located in channel
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/30/2014 
River = SF Creek   Reach = R1      RS = 4802.715  
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River = SF Creek   Reach = R1      RS = 3198.251  Beginning of Friendship Bridge center abutment
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River = SF Creek   Reach = R1      RS = 3039.074  O'Connor Pump Station on left bank
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/30/2014 
River = SF Creek   Reach = R1      RS = 3003.434  Upstream of Friendship Bridge
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River = SF Creek   Reach = R1      RS = 2966.714  

Station (ft)

E
le

va
tio

n 
(f

t)

Legend

WS Design 9400 12.5

Ground

Levee

Bank Sta

.055 .03 .038 .055 .038 .055 .03



 

0 100 200 300 400 500
-5

0

5

10

15

20

SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/30/2014 
River = SF Creek   Reach = R1      RS = 2896.757  Downstream of Friendship Bridge
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/30/2014 
River = SF Creek   Reach = R1      RS = 2801.765  Begin levee degrade
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/30/2014 
River = SF Creek   Reach = R1      RS = 2701.116  middle of levee degrade
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/30/2014 
River = SF Creek   Reach = R1      RS = 2600.104  End levee degrade
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SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/30/2014 
River = SF Creek   Reach = R1      RS = 2400.067  Right levee tie-in completed
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River = SF Creek   Reach = R1      RS = 2201.506  
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River = SF Creek   Reach = R1      RS = 2002.523  
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River = SF Creek   Reach = R1      RS = 1801.479  

Station (ft)

E
le

va
tio

n 
(f

t)

Legend

WS Design 9400 12.5

Ground

Levee

Bank Sta

.03 .03 .038 .03



 

0 50 100 150 200 250 300
-2

0

2

4

6

8

10

12

14

SFCreek_FT_HDR_071414       Plan: SFC_FT_LEDPA - riprap_low flows    7/30/2014 
River = SF Creek   Reach = R1      RS = 1601.308  
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River = SF Creek   Reach = R1      RS = 1400.99  
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River = SF Creek   Reach = R1      RS = 1201.367  
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River = SF Creek   Reach = R1      RS = 599.4915  
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1 Purpose of this Document 
 

The San Francisquito Creek Flood Reduction, Ecosystem Restoration, and Recreation Project - San 
Francisco Bay to Highway 101 (Project) will improve channel capacity for creek flows coupled 
with the influence of the tides of San Francisco Bay, including projected sea level rise, from the 
downstream face of East Bayshore Road to the San Francisco Bay. It would reduce local fluvial 
flood risks in the Project area during storm events, provide the capacity needed for future upstream 
improvements, increase and improve ecological habitat, and provide for improved recreational 
opportunities. This document provides a process for evaluating compliance with mitigation 
requirements and monitoring the success of the ecological habitat provided by the Project. It 
includes a summary Project description, construction measures to protect natural resources, 
performance goals and success criteria, monitoring methods, operations and maintenance 
prescriptions, monitoring report schedule and content, and a process for determining completion of 
mitigation responsibilities. 
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2 Background 
 

The San Francisquito Creek Joint Powers Authority (JPA) is a regional government agency whose 
members include the Cities of Palo Alto, Menlo Park, and East Palo Alto; the San Mateo County 
Flood Control District, and the Santa Clara Valley Water District (District). The JPA was formed in 
1999 following the flood of 1998 to implement flood management, ecosystem restoration and 
recreational enhancements throughout the San Francisquito Creek watershed and floodplain. 

The Project’s goals are to improve flood protection, habitat, and recreational opportunities within 
the Project reach, with the following specific objectives: 

 Protect properties and infrastructure between East Bayshore Road and the San Francisco 
Bay from Creek flows resulting from 100-year fluvial flood flows occurring at the same 
time as a 100-year tide that includes projected Sea Level Rise through 2067. 

 Accommodate future flood protection measures that might be constructed upstream of the 
Project. 

 Enhance habitat along the Project reach, particularly habitat for threatened and endangered 
species. 

 Enhance recreational uses. 

 Minimize operational and maintenance requirements. 

The JPA certified a Final Environmental Impact Report (EIR) for the Project on October 25th, 2012.  

The EIR found that potentially significant effects from implementation of the Project could result 
from: 

 Disturbance or Loss of Special-Status Plant Populations (BIO-1) 

 Disturbance of Nesting Migratory Birds and Raptors (Excluding Burrowing Owl) (BIO-3) 

 Disturbance of Western Burrowing Owls and Habitat (BIO-4) 

 Disturbance of California Clapper Rail and California Black Rail and Habitat (BIO-5) 

 Disturbance of Salt Marsh Harvest Mouse and Salt Marsh Wandering Shrew and Habitat 
(BIO-6) 

 Disturbance of California Least Tern and Western Snowy Plover and Habitat (BIO-7) 

 Disturbance of California Red-Legged Frog and San Francisco Garter Snake and Habitat 
(BIO-8) 

 Disturbance of Steelhead Trout and Longfin Smelt and Suitable Habitat (BIO-9) 

 Disturbance or Loss of Riparian Habitat (BIO-11)  

 Disturbance or Loss of State- or Federally Protected Wetlands (BIO-12)  

 Loss of, or Damage to, Protected Trees (BIO-13) 
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2.1 Mitigation Goal 

The mitigation goal for the project is to enhance marsh habitat along the tidal reach of San 
Francisquito Creek that provides adequate mitigation for temporary and permanent impacts 
associated with construction of the Project, while minimizing long-term impacts to the adjacent 
Faber Tract. 

 

Figure 1: Location Map 

 



  

Mitigation and Monitoring Plan for the San Francisquito Creek Flood Reduction, Ecosystem Restoration, and Recreation Project                  July 2014 

 - 4 - 

3 Project Summary  

3.1 SETTING 

The project site, which is an area of 263.5 acres, ranges in elevation from 15 feet above mean sea 
level (MSL) (referenced to the North American Vertical Datum [NAVD]) near East Bayshore Road 
to approximately sea level in the eastern part of the project site. The existing levees on the project 
site ranges from approximately 4 feet to 13 feet tall. The surrounding land uses to the project site 
include protected open space, residential, light industrial, and recreational. The right bank of the 
Project reach is bordered by residences and by tidal salt marsh; the left bank of the Project reach is 
bordered by businesses, the International School of the Peninsula, the United States Postal Service 
(USPS) facility, the Baylands Athletic Center, the Palo Alto Municipal Golf Course, and Palo Alto 
Airport. Artificial levees exist along both sides of San Francisquito Creek and along the western 
edge and interior of the Faber Tract. A footbridge (Friendship Bridge) crosses the Creek channel 
just south of the Faber Tract. The Baylands Trail runs along the crown of the left bank levee from 
the Geng Road Access point downstream to the mouth of the creek. Two pump stations are located 
on the project site including the San Francisquito Creek Storm Water Pump Station and the 
O’Connor Street Pump Station.  

San Francisquito creek is a perennial stream, and the reach within the project site is tidally 
influenced by the San Francisco Bay. The freshwater pond and diked marsh areas are not 
hydrologically connected to San Francisquito creek through levees and dikes and are therefore not 
tidally influenced. The project site supports the following water body types: diked marsh (wetland), 
freshwater marsh (wetland), tidal salt marsh (wetland), freshwater pond (non-wetland), tidal 
channel and bay waters (non-wetland), and tidal plan (non-wetland) as well as annual grasslands, 
ruderal areas, turf, and urbanized areas.  

3.2 PROJECT ELEMENTS 

Work within the project boundary includes the following activities. 

 Excavating sediment deposits within the channel to maximize conveyance. 

 Rebuilding levees and relocating a portion of the southern levee to widen the channel to 
reduce influence of tides and increase channel capacity. 

 Constructing floodwalls in the upper reach to increase capacity and maintain consistency 
with Caltrans’ enlargement of the U.S. 101/East Bayshore Road Bridge over San 
Francisquito Creek (Caltrans facility). 

 Relocation or removal of electricity transmission towers and poles; abandonment of existing 
and construction of new gas transmission lines; and realignment or relocation of sewer lines 
and storm drains. 

 Extension of Friendship Bridge via a boardwalk across new marshland within the widened 
channel. 

 Maintenance to raise and grade a portion of the currently unmaintained levee between the 
Creek and the Faber Tract closer to its original design elevation to stabilize the levee and 
reduce storm water flows to the Faber Tract marsh. 
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 Degrading of a section of levee north of the creek and east of Faber Tract to restore the 
creek-Bay interface to a marsh area east of Faber Tract and to reduce water surface 
elevations in the creek between Friendship Bridge and the Bay. 
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4 Construction 
Utility work would occur in spring 2015. Project activities would require relocation or removal of 
electricity transmission towers and poles; abandonment of existing and construction of new gas 
transmission lines; and realignment or relocation of sewer lines and storm drains. 

After utility work is completed, construction would begin with building the new levee structure 
outside of the existing levee and would proceed at Friendship Bridge and upstream with the 
excavation of the channel up to East Bayshore.  Phase Two construction of upstream floodwalls and 
associated maintenance roads would occur the following construction season.  

Construction activities would take place between 8 a.m. and 6 p.m. on weekdays, and 9 a.m. and 5 
p.m. on Saturdays, in accordance with City of Palo Alto and City of East Palo Alto municipal codes. 
Final construction permits issued for the Project may place additional constraints on construction 
timing. 

4.1 Environmental Commitments 

To minimize impacts from construction, the Project will incorporate the following Environmental 
Commitments. 

4.1.1 General Construction Site Housekeeping 

 
1. The work site, areas adjacent to the work site, and access roads will be maintained in an 

orderly condition, free and clear from debris and discarded materials. Personnel will not 
sweep, grade, or flush surplus materials, rubbish, debris, or dust into storm drains or 
waterways. Upon completion of work, all building materials, debris, unused materials, 
concrete forms, and other construction-related materials will be removed from the work site.  

2. To prevent mosquito breeding on construction sites, the SFCJPA will require the 
construction contractor to ensure that surface water is gone within four days (96 hours). All 
outdoor grounds will be examined and unnecessary water that may stand longer than 96 
hours will be drained. Construction personnel will properly dispose of unwanted or unused 
artificial containers and tires. If possible, any container or object that holds standing water 
that must remain outdoors will be covered, inverted, or have drainage holes drilled. 
(California Department of Public Health 2008) 

3. The following general construction site housekeeping measures will be implemented as 
necessary within staging areas. 

a. Staging areas that are not already paved or covered with compacted aggregate base, 
and that are used for parking vehicles, trailers, workshops, maintenance areas, or 
equipment, piping, formwork, rebar, storing masonry on pallets, and metal product 
storage, will be graded as required, and surfaced with a minimum of 3 inches of 
compacted aggregate base rock over a high modulus, woven, and soil separation geo-
textile. Areas storing aggregate base or other rock products will also be placed on 
this same geo-textile. The objective is to maintain separation between native and 
construction materials. Areas storing soils and sand are not required to be surfaced 
with aggregate base course. 
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b. Aggregate base will be removed from all staging areas prior to Project completion 
and the surfaces will be regraded to their original grades or matching surrounding 
conditions as directed by the Engineer. 

c. Any soils contaminated with petroleum product or other hazardous materials by the 
Contractor will be removed by the Contractor and disposed of in accordance with 
local, state, and federal laws. 

d. Contractor is responsible for weed control in staging areas and material storage 
areas. 

4. The spread of invasive nonnative plant species and plant pathogens will be avoided or 
minimized by implementing the following measures: 

a. Construction equipment will arrive at the Project clean and free of soil, seed, and 
plant parts to reduce the likelihood of introducing new weed species. 

b. Any imported fill material, soil amendments, gravel, etc., required for construction 
and/or restoration activities that will be placed within the upper 12 inches of the 
ground surface will be free of vegetation and plant material. 

c. Certified weed-free imported erosion control materials (or rice straw in upland areas) 
will be used exclusively. 

d. To reduce the movement of invasive weeds into uninfested areas, the contractor will 
stockpile topsoil removed during excavation and will subsequently reuse the 
stockpiled soil for re-establishment of disturbed Project areas. 

4.1.2 Water Quality Protection 

 
1. The following measures will be implemented as necessary to reduce and minimize 

stormwater pollution during ground disturbing maintenance activities: 

 Soils exposed due to maintenance activities will be seeded and stabilized using 
hydroseeding, straw placement, mulching, and/or erosion control fabric. These measures 
will be implemented such that the site is stabilized and water quality protected prior to 
significant rainfall.  

 The preference for erosion control fabrics will be to consist of natural fibers. 

 Appropriate measures include, but are not limited to, the following: 

 Silt Fences. 

 Straw Bale Barriers. 

 Brush or Rock Filters. 

 Storm Drain Inlet Protection. 

 Sediment Traps. 

 Sediment Basins. 

 Erosion Control Blankets and Mats. 
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 Soil Stabilization (i.e. tackified straw with seed, jute or geotextile blankets, etc.). 

 Wood chips. 

 Straw mulch. 

All temporary construction-related erosion control methods will be removed at the completion of 
the Project (e.g., silt fences).  

2. The following measures will be implemented to ensure sediments will be stored and 
transported in a manner that minimizes water quality effects: 

 Wet sediments may be stockpiled outside of a live stream or may be stockpiled within a 
dewatered stream so water can drain or evaporate before removal. 

 This measure applies to saturated, not damp, sediments and depends on the availability of 
a stockpile site.  

 For those stockpiles located outside the channel, water draining from them will not be 
allowed to flow back into the Creek or into local storm drains that enter the Creek, unless 
water quality protection measures recommended by RWQCB are implemented.  

 Trucks may be lined with an impervious material (e.g., plastic), or the tailgate blocked 
with dry dirt or hay bales, for example, or trucks may drain excess water by slightly 
tilting their loads and allowing the water to drain out.  

 Water will not drain directly into channels (outside of the work area) or onto public 
streets without providing water quality control measures 

 Streets and affected public parking lots will be cleared of mud and/or dirt by street 
sweeping (with a vacuum-powered street sweeper), as necessary, and not by hosing down 
the street.  

3. Oily, greasy, or sediment-laden substances or other material that originate from the Project 
operations and may degrade the quality of surface water or adversely affect aquatic life, fish, 
or wildlife will not be allowed to enter, or be placed where they may later enter, any 
waterway. 

4. The following measures will be implemented to ensure the Project will not increase the 
turbidity of any watercourse flowing past the construction site by taking all necessary 
precautions to limit the increase in turbidity as follows: 

 Where natural turbidity is between 0 and 50 Nephelometric Turbidity Units (NTU), 
increases will not exceed 5 percent. 

 Where natural turbidity is greater than 50 NTU, increases will not exceed 10 percent. 

 Where the receiving water body is a dry creek bed or storm drain, waters in excess of 50 
NTU will not be discharged from the Project. 

 Water turbidity changes will be monitored. The discharge water measurements will be 
made at the point where the discharge water exits the water control system for tidal sites 
and 100 feet downstream of the discharge point for non-tidal sites. Natural watercourse 
turbidity measurements will be made in the receiving water 100 feet upstream of the 
discharge site. Natural watercourse turbidity measurements will be made prior to 
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initiation of Project discharges, preferably at least 2 days prior to commencement of 
operations. (Santa Clara Valley Water District Water Quality BMP 40) 

5. No washing of vehicles will occur at job sites. 

6. No fueling will be done in a waterway or immediate flood plain, unless equipment stationed 
in these locations is not readily relocated (i.e., pumps, generators).  

 For stationary equipment that must be fueled on the site, containment will be provided in 
such a manner that any accidental spill of fuel will not be able to enter the water or 
contaminate sediments that may come in contact with water.  

 Any equipment that is readily moved out of the waterway will not be fueled in the 
waterway or immediate flood plain.  

 All fueling done at the job site will provide containment to the degree that any spill will 
be unable to enter any waterway or damage riparian vegetation.  

 No equipment servicing will be done in a stream channel or immediate flood plain, unless 
equipment stationed in these locations cannot be readily relocated (i.e., pumps, 
generators). 

 Any equipment that can be readily moved out of the channel will not be serviced in the 
channel or immediate flood plain. 

 All servicing of equipment done at the job site will provide containment to the degree 
that any spill will be unable to enter any channel or damage stream vegetation. 

 If emergency repairs are required in the field, only those repairs necessary to move 
equipment to a more secure location will be done in a channel or flood plain. 

 If emergency repairs are required, containment will be provided equivalent to that done 
for fueling or servicing.  

7. Measures will be implemented to ensure that hazardous materials are properly handled and 
the quality of water resources is protected by all reasonable means. 

 Prior to entering the work site, all field personnel will know how to respond when toxic 
materials are discovered. 

 The discharge of any hazardous or nonhazardous waste as defined in Division 2, 
Subdivision 1, Chapter 2 of the California Code of Regulations (CCR) will be conducted 
in accordance with applicable state and federal regulations. 

 In the event of any hazardous material emergencies or spills, personnel will call the 
Chemical Emergencies/Spills Hotline at 1 800 510 5151.  

8. Prevent the accidental release of chemicals, fuels, lubricants, and non-storm drainage water.  

 Field personnel will be appropriately trained in spill prevention, hazardous material 
control, and cleanup of accidental spills. 

 No fueling, repair, cleaning, maintenance, or vehicle washing will be performed in a 
creek channel or in areas at the top of a channel bank that may flow into a creek channel.  
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9. Spill prevention kits appropriate to the hazard will always be in close proximity when using 
hazardous materials (e.g., crew trucks and other logical locations). 

 Prior to entering the work site, all field personnel will know the location of spill kits on 
crew trucks and at other locations within District facilities.  

 All field personnel will be advised of these locations and trained in their appropriate use.  

10. Runoff from soil stockpiles will be avoided. If soil is to be stockpiled, no runoff will be 
allowed to flow to a creek. 

11. Coffer dams will be used for tidal work areas. For tidal areas, a downstream cofferdam will 
be constructed to prevent the work area from being inundated by tidal flows. By isolating 
the work area from tidal flows, water quality effects are minimized. Downstream flows 
continue through the work area and through pipes within the cofferdam. 

 Installation of coffer dams will begin at low tide.  

 Waters discharged through tidal coffer dam bypass pipes will not exceed 50 NTU over 
the background levels of the tidal waters into which they are discharged. 

 Coffer dams shall not be constructed of earthen fill due to potential adverse water quality 
impacts in the event of a failure. 

 Coffer dams constructed of gravel shall be covered by a protective covering (e.g., plastic 
or fabric) to prevent seepage. 

12. Groundwater will be managed at work sites. If high levels of groundwater in a work area are 
encountered, the water will be pumped out of the work site. If necessary to protect water 
quality, the water will be directed into specifically constructed infiltration basins, into 
holding ponds, or onto areas with vegetation to remove sediment prior to the water re-
entering a receiving water body. Water pumped into vegetated areas will be pumped in a 
manner that will not create erosion around vegetation. 

13. Sanitary/septic waste will be managed. Temporary sanitary facilities will be located on jobs 
that last multiple days in compliance with California Division of Occupational Safety and 
Health (Cal/OSHA) regulation 8 CCR 1526. All temporary sanitary facilities will be placed 
outside of the Creek channel and flood plain and removed when no longer necessary. 

14. As part of the Santa Clara Valley Urban Runoff Pollution Prevention Program 
(SCVURPPP) and the San Mateo Countywide Water Pollution Prevention Program 
(SMCWPPP) required under Waste Discharge Requirements and National Pollutant 
Discharge Elimination System (NPDES Permit for the discharge of stormwater runoff from 
the municipal separate storm sewer systems [MS4s]) overseen by the San Francisco Bay 
Water Board, all construction sites are required to have site-specific and seasonally and 
phase-appropriate effective BMPs (San Francisco Bay Regional Water Quality Control 
Board 2009). SFCJPA will be responsible for ensuring compliance with all local and State 
regulations, including the RWQCB NPDES permits and local BMPs for jurisdictions 
adjoining the Project site. The Project specifications require that the Project construction 
contractor prepare a SWPPP and erosion control and sedimentation plan showing placement 
of BMPs at various stages of construction in conformance with requirements, and all 
SWPPP documents and plans will be stamped by a State-certified Qualified SWPPP 
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Developer (QSD). The Project will implement measures to accomplish objectives specified 
in SFCJPA’s San Francisquito Creek Watershed Analysis and Sediment Reduction Plan, 
which fulfills NPDES permit provisions that require the co-permittees of the SCVURPPP 
and SM-STOPPP within the Creek watershed to assess and implement sediment 
management measures in the watershed (San Francisquito Creek Joint Powers Authority 
2004). Water quality protection standards during construction will comply with the most 
protective BMPs of the local jurisdictions and the State of California. 

4.1.3 Measures to Protect Fish and Wildlife Resources  

 
1. Existing access ramps and roads to waterways will be used where possible. If temporary 

access points are necessary, they will be constructed in a manner that minimizes effects on 
waterways: 

 Temporary Project access points will be created as close to the work area as possible to 
minimize running equipment in waterways and will be constructed so as to minimize 
adverse effects.  

 Any temporary fill used for access will be removed upon completion of the Project. Site 
topography and geometry will be restored to pre-Project conditions to the extent possible.  

2. Migratory bird nesting surveys will be performed prior to any Project-related activity that 
could pose the potential to affect migratory birds during the nesting season. Inactive bird 
nests may be removed, with the exception of raptor nests. No birds, nests with eggs, or nests 
with hatchlings will be disturbed.  

3. Nesting exclusion devices may be installed to prevent potential establishment or occurrence 
of nests in areas where construction activities would occur. All nesting exclusion devices 
will be maintained throughout the nesting season or until completion of work in an area 
makes the devices unnecessary. All exclusion devices will be removed and disposed of 
when work in the area is complete.  

4. Effects on native aquatic vertebrates will be avoided or minimized. Native aquatic 
vertebrates (fish, amphibians and reptiles) are important elements of stream ecosystems. 
Native aquatic vertebrates may or may not be able to rapidly recolonize a stream reach if the 
population is eliminated from that stream reach. If native aquatic vertebrates are present 
when cofferdams, water bypass structures, and silt barriers are to be installed, an evaluation 
of the project site and the native aquatic vertebrates will be conducted by a qualified 
biologist. The qualified biologist will consider: 

 Native aquatic species present at the site. 

 The ability of the species to naturally recolonize the stream reach. 

 The life stages of the native aquatic vertebrates present. 

 The flow, depth, topography, substrate, chemistry and temperature of the stream reach. 

 The feasibility of relocating the aquatic species present. 

 The likelihood the stream reach will naturally dry up during the work season. 
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Based on consideration of these factors, the qualified biologist may make a decision to relocate 
native aquatic vertebrates. The qualified biologist will document in writing the reasons to relocate 
native aquatic species, or not to relocate native aquatic species, prior to installation of cofferdams, 
water bypass structures or silt barriers. If the decision is made to relocate the native aquatic species, 
then the operation will be based on the District’s Fish Relocation Guidelines.  

5. Local ecotypes of native plants will be planted and appropriate erosion-control seed mixes 
will be chosen. Whenever native species are prescribed for installation on District fee 
properties or easements, the following steps will be taken by a qualified biologist or 
vegetation specialist: 

 Evaluate whether the plant species currently grows wild in Santa Clara County. 

 If the plant species currently grows wild in Santa Clara County, the qualified biologist or 
vegetation specialist will determine whether the plant installation must include local 
natives, i.e. grown from propagules collected in the same or adjacent watershed, and as 
close to the Project site as feasible. 

 A qualified biologist or vegetation specialist will be consulted to determine which 
seeding option is ecologically appropriate and effective. The following guidelines will 
inform the biologist or vegetation specialist’s determination. 

 For areas that are disturbed, an erosion control seed mix may be used consistent with the 
District Guidelines and Standards for Land Use Near Streams, Design Guide 5, 
‘Temporary Erosion Control Options.’  

 In areas with remnant native plants, the qualified biologist or vegetation specialist may 
choose an abiotic application instead, such as an erosion control blanket or seedless 
hydro-mulch and tackifier to facilitate passive revegetation of native species.  

 Temporary earthen access roads may be seeded when site and horticultural conditions are 
suitable.  

 If a gravel or wood mulch has been used to prevent soil compaction per BI-11, this 
material may be left in place [if ecologically appropriate] instead of seeding. 

 Seed selection will be ecologically appropriate as determined by a qualified biologist, per 
Guidelines and Standards for Land Use Near Streams, Design Guide 2: Use of Local 
Native Species; and, Supplemental Landscaping\Revegetation Guidelines. 

6. Animal entry and entrapment will be avoided. 

 All pipes, hoses, or similar structures less than 12 inches diameter will be closed or 
covered to prevent animal entry. All construction pipes, culverts, or similar structures, 
greater than 2-inches diameter, stored at a construction site overnight, will be inspected 
thoroughly for wildlife by a qualified biologist or properly trained construction personnel 
before the pipe is buried, capped, used, or moved.  

 If inspection indicates presence of sensitive or state- or federally-listed species inside 
stored materials or equipment, work on those materials will cease until a qualified 
biologist determines the appropriate course of action. 
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 To prevent entrapment of animals, all excavations, steep-walled holes or trenches more 
than 6-inches deep will be secured against animal entry at the close of each day. Any of 
the following measures may be employed, depending on the size of the hole and method 
feasibility. 

o Holes will be securely covered (no gaps) with plywood or similar materials at the 
close of each working day, or any time the opening will be left unattended for more 
than one hour. 

o In the absence of covers, the excavation will be provided with escape ramps 
constructed of earth or untreated wood, sloped no steeper than 2:1, and located no 
farther than 15 feet apart. 

o In situations where escape ramps are infeasible, the hole or trench will be surrounded 
by filter fabric fencing or a similar barrier with the bottom edge buried to prevent 
entry.  

4.2 Minimization of Biological Impacts during construction 

The EIR determined that construction of the project may have a number of potentially significant 
impacts to sensitive species and biological resources even with the Environmental Commitments 
listed above. The EIR identified mitigation measures to avoid or minimize each of these biological 
impacts (the full text of the mitigation measures is provided in Appendix A).   

4.2.1 Impacts to Special Status Plants 

No special status plant has been identified in the Project footprint; however eight plant species have 
the potential to be located along this reach of San Francisquito Creek (Table 1). Preconstruction 
surveys will be conducted, during the appropriate blooming periods for each species and following 
CNPS Botanical Survey Guidelines, to determine their presence. (MM BIO1.1) 

 
Table 1: Special Status Plants 

 
Species Blooming Period Period Surveys 

Should Occura 
Alkali milkvetch March–June April–May 
San Joaquin spearscale April–October July–August 
Congdon’s tarplant June–November July–August 
Point Reyes bird’s-beak June–October July–August 
Hairless popcorn-flower April–May April–May 
Slender-leaved pondweed May-July June–July 
California seablite July–October July–August 
Saline clover April–June April–May 
a Exact timing of surveys should account for annual variations in climate and weather; 
surveys should be timed to coincide with blooming periods of known local populations 
whenever possible. 

 
If it is determined that individuals of identified special-status plant species could be affected by 
construction, a setback buffer will be established around individuals or the area occupied by the 
population, based on judgment of a qualified botanist and in consultation with agency (CDFW and 
USFWS) staff, where no disturbance will occur (MM BIO1.2).  



  

Mitigation and Monitoring Plan for the San Francisquito Creek Flood Reduction, Ecosystem Restoration, and Recreation Project                  July 2014 

 - 14 - 

If any individuals of listed special-status plants are present and cannot be effectively avoided 
through implementation of Mitigation Measure BIO1.2, a compensation plan will be developed and 
implemented. The compensation plan will preserve an off-site area containing individuals of the 
affected species. The plan will be implemented so that there is no net loss of special-status plants. If 
an off-site population is not located or is not available for preservation, a qualified nursery will be 
employed to collect and propagate the affected species prior to population disturbance at the 
affected areas of the Project. Transplantation will also be implemented if practicable for the species 
affected, including mature native plants to the extent feasible (MM BIO1.3). The details of such a 
plan are discussed under Project Mitigation below. 

4.2.2 Impacts to Special Status Wildlife 

California clapper rail, California black rail, salt marsh harvest mouse, and salt marsh wandering 
shrew are known, or believed, to be present in the lower reach of San Francisquito Creek and the 
adjacent Faber Tract. California least tern, western snowy plover, California red-legged frog, San 
Francisco garter snake, and western pond turtle are not believed to utilize the Project area, but may 
still be present. To ensure that construction of the Project does not impact sensitive species 
construction workers will receive training in environmental education about the species listed above 
in addition to nesting raptors and migratory birds and sensitive habitat (e.g., in-stream habitat, 
riparian habitat, wetlands) (MM BIO2.1).  

In addition, preconstruction surveys will be conducted for western pond turtle (MM BIO2.2), 
nesting raptors and migratory birds that could nest along the Project corridor (MM BIO 3.1), 
western burrowing owl (MM BIO4.1), California clapper rail (MM BIO5.1), salt marsh harvest 
mouse (MM BIO6.1), California least tern and western snowy plover (MM BIO7.1), and 
California red-legged frog and San Francisco garter snake (MM BIO8.1). If sensitive wildlife is 
found during survey, a buffer area will be established where no disturbance will be allow consistent 
with the language of the mitigation measure as summaries in Table 2 below. 

 
Table 2: Special Status Wildlife Avoidance during Construction 
 

Species Survey Period Buffer Area 
Work Exclusion 

Period 
Western pond 
turtle 

No more than 7 days prior to 
the onset of activities with 
the potential to disturb 
turtles or their habitat. 

The radius of the buffer zone and 
the duration of exclusion will be 
determined in consultation with 
CDFW. 

The buffer zones and 
fencing will remain in 
place until the young 
have left the nest 

Nesting 
raptors and 
migratory 
birds 

No more than 14 days prior 
to any Project-related 
activities between January 
15 and August 31. 

In general, the minimum buffer 
zone will be 0.5-mile for bald and 
golden eagles, 25 feet for non-
raptor ground-nesting species; 50 
feet for non-raptor shrub- and 
tree-nesting species; and 250 
feet for all raptor species. 

Buffers will remain in 
place as long as the 
nest is active or young 
remain in the area. 

Western 
burrowing owl 

No more than 7 days prior to 
ground-disturbing activities 
in suitable burrowing owl 
habitat 

250-foot, coordinated with CDFW 
and subject to CDFW review and 
oversight. 

Buffers will remain in 
place as long as the 
nest is active or young 
remain in the area. 
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Species Survey Period Buffer Area 
Work Exclusion 

Period 
California 
clapper rail 

During breeding season 
No more than 48 hours prior 
to construction activities, 
conducted at dawn or dusk 
 
 
 

700 feet of active nests  
 
Work activities within 50 feet of 
clapper rail habitat will not occur 
within 2 hours before or after 
extreme high tides (6.5 feet or 
above) when the marsh plain is 
inundated. 
 

Buffers will remain 
until after young have 
fledged. 

Outside of breeding season 
 
No more than seven days 
prior to initiation of work 
within suitable habitat 
 
 

If individuals are observed during 
this survey, an additional survey 
will be conducted immediately 
prior to start of activities. If 
individuals are observed within or 
near the work area, a no-
disturbance buffer (minimum 50 
feet) will be implemented. 

Until individuals have 
left the area 

Salt marsh 
harvest mouse 

Prior to initiation of work 
each day within 300 feet of 
tidal or pickleweed habitats, 
inspect the work area and 
adjacent habitat areas to 
determine if saltmarsh 
harvest mice are present. 

100 feet buffer of sighting and 
active nests. 
 
Work activities within 50 feet of 
salt marsh harvest mouse habitat 
will not occur within two hours 
before or after extreme high tides 
(6.5 feet or above) when the 
marsh plain is inundated. 

The buffer will remain 
in place until 
individuals have left 
the area and are not 
present in or near (100 
feet) of the work area. 

California 
least tern and 
western 
snowy plover 

No more than 48 hours prior 
to start of activities within 
500 feet of suitable habitat. 

500 feet Buffers will remain 
until after young have 
fledged. 

California red-
legged frog 
and San 
Francisco 
garter snake 

The survey will be 
conducted prior to start of 
activities, but allowing time 
to coordinate with USFWS 
and CDFW to develop a 
species avoidance plan if 
needed. 

500 feet The buffer will remain 
in place until 
individuals have left 
the area and are not 
present 

 
For work in suitable habitats for western pond turtle will be surveyed daily for presence.  If a turtle 
is found during survey, construction in the vicinity of the turtle will not commence until the turtle is 
removed from the Project area to be relocated to suitable habitat outside of the Project limits per 
CDFW protocols and permits (MM BIO2.3).  

If California clapper rail, California least tern, or western snowy plover are routinely observed in 
the work area, a species avoidance plan will be developed in coordination with USFWS and CDFW 
(MM BIO5.1, MM BIO7.1). 

To minimize impacts to California clapper rail and salt marsh harvest mouse pickleweed habitat 
will be removed by hand as overseen by a permitted biologist. Hand vegetation removal shall start 
at the edge farthest form the largest contiguous salt marsh area and work its way towards the salt 
marsh. If these species are observed during clearing activities clearing will cease and workers will 
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move to a new area. Clearing work may begin in the area of the observation one day or more after 
the observation date.  If movement of heavy equipment in necessary in suitable habitat or within 50 
feet of habitat, then the biological monitor will observe the area in front of the equipment from a 
safe vantage point. If these species are detected within the area in front of the equipment, then the 
equipment will stop and the biologist will direct the equipment on an alternative path. In 
consultation with CDFW and USFWS, exclusion fencing may be placed around a defined work area 
immediately following vegetation removal and before Project activities begin. The final design and 
proposed location of the fencing shall be reviewed and approved by CDFW and USFWS prior to 
placement. (MM BIO5.1, MM BIO6.1) 

4.2.3 Steelhead and longfin smelt 

Steelhead are known to migrate through this reach of San Francisquito Creek, and longfin smelt are 
known to inhabit the south bay. To minimize impacts to steelhead no in-channel construction 
activities will occur during the steelhead migration period (October 1–May 30); this will also avoid 
the season that longfin smelt may be present in the area. Prior to construction the following 
measures will be implemented (MM BIO9.1): 

 Before a work area is dewatered, fish will be captured and relocated to avoid injury and 
mortality and minimize disturbance.  

 Before fish relocation begins, a qualified fisheries biologist will identify the most 
appropriate release location(s). Release locations should have water temperatures similar to 
the capture location and offer suitable habitat (migratory and rearing) for released fish, and 
should be selected to minimize the likelihood that fish will reenter the work area or become 
impinged on the exclusion net or screen. At this time the open reach below the Project site is 
anticipated to have suitable conditions for relocation. 

 Seining or dip netting will be utilized to keep stress and injury to fish at a minimum. Given 
the salinity of the Project reach, electrofishing would be ineffective and not utilized. 

 To the extent feasible, relocation will be performed during morning periods. Water 
temperatures will be measured periodically (every hour or so), and relocation activities will 
be suspended if water temperature exceeds 20⁰C (National Marine Fisheries Service 2000) 

 Handling of salmonids will be minimized. When necessary to touch the fish, personnel will 
wet hands or nets before touching a fish. 

 Fish will be held temporarily in cool, shaded Creek water in a container with a lid. 
Overcrowding in containers will be avoided. Fish will be relocated promptly. If water 
temperature reaches or exceeds NMFS limits, fish will be released and relocation operations 
will cease.  

 If fish are abundant, capture will cease periodically to allow release and minimize the time 
fish spend in holding containers. 

 Fish will not be anesthetized or measured. However, they will be visually identified to 
species level, and year classes will be estimated and recorded. 

 Reports on fish relocation activities will be submitted to the CDFW and NMFS within 30 
days of completion. 
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 If mortality during relocation exceeds 5 percent or mortality of any state or federally listed 
species occurs, relocation will cease, and CDFW and NMFS will be contacted immediately 
or as soon as feasible. 

 Fish relocation efforts will be performed concurrent with the installation of the diversion and 
will be completed before the channel is fully dewatered. The fisheries biologist will perform 
a second survey 1 to 2 days following the installation of the diversion to ensure that fish 
have been excluded from the work area and spot checks will be performed at least biweekly 
while the diversion is in place. 

4.2.4 Protection of riparian and wetland vegetation and trees 

Riparian and wetland areas and trees not slated for trimming or removal to accommodate Project 
construction will be protected from encroachment and damage during construction by installing 
temporary construction fencing to create a no-activity exclusion zone. Fencing will be installed 
under the supervision of a qualified biologist to prevent damage to habitat during installation. 
Vegetation that must be trimmed will be supervised by an International Society of Arboriculture 
certified arborist who will minimize stress and potential damage to trees and shrubs. (MM 
BIO11.1, MM BIO12.1, MM BIO13.2) 
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5 Project Impacts and Mitigation 

5.1 Impact to Waters 

During July 6, 7, 8, 2010 and February 22, 2012, an ICF soil and wetland scientist and ICF botanist 
delineated a total of 140.11 acres of potential waters of the United States within the project area, 
including 13 diked marsh wetlands (4.34 acres), two freshwater marsh wetlands (0.33 acre), 11 tidal 
salt marsh wetlands (112.26 acres), one freshwater pond (1.13 acres), two tidal channel and bay 
waters (22.39 acres), and three tidal pans (0.37 acre) using the routine onsite determination method 
described in the 1987 U.S. Army Corps of Engineers Wetlands Delineation Manual (Environmental 
Laboratory 1987) and where applicable, criteria specified in the Regional Supplement to the Corps 
of Engineers Wetland Delineation Manual: Arid West Region (Arid West Supplement)(U.S. Army 
Corps of Engineers 2008).  

On February 5, 2013, Ian Liffmann from the U.S. Army Corps of Engineers (USACE), San 
Francisco District, conducted a field visit, accompanied Joel Butterworth of ICF International, to 
and verified the results of the delineation. 

Impacts to the creek channel include channel widening and excavation of deposits down to the level 
of mean higher high tide, which will increase channel capacity. In addition, the project will 
reconfigure existing levees and construct new floodwalls. These modifications to the creek channel 
will impact 3.08 acres of diked marsh, 4.5 acres of tidal salt marsh habitat, 1.45 acres of freshwater 
pond and marsh, and 2.40 acres of tidal channel and bay waters.  

The diked marsh community is found on the landward side of the levees along San Francisquito 
Creek and within the Golf Course. These areas were likely tidal salt marsh habitat before 
construction of levees. Diked marsh habitat appears to be found in areas that did not receive 
significant amounts of fill material as part of levee and Golf Course construction. Common 
vegetation in the diked marsh community includes saltgrass (Distichlis spicata), pickleweed, alkali 
heath, and Mediterranean barley (Hordeum marinum ssp. gussoneanum). These marshes generally 
appear to be supported primarily by incident precipitation. However, the diked marshes that occur 
within or adjoining the Golf Course could receive inputs from the turf sprinkler systems, both 
indirectly and as runoff. 

The diked marsh to be disturbed by the project is in small patches (generally less than an acre) 
primarily within the Golf Course, but also on the north side of the creek between the levee and 
residential development. This habitat does not offer much ecological benefit beyond that of the 
disturbed open space and Golf Course that surrounds it. Of impacts to diked marsh, 288 acres will 
be permanently lost in the Golf Course to move the existing levees to the south and provide a larger 
tidal floodplain. Another 0.20 acres will be temporarily disrupted during construction on the north 
side of the channel. 

The freshwater pond is a single location on the Golf Course. The pond appears to be supported by 
water piped into it for the Golf Course and, to a lesser degree, groundwater. Along the shore of the 
Golf Course pond is the freshwater marsh community. The freshwater marsh is dominated by cattail 
(Typha sp.) and hardstem bulrush (Schoenoplectus acutus). As a Golf Course feature, the pond 
represents low-quality habitat for sensitive species. The pond and associated freshwater marsh will 
be filled as part of a temporary stockpiling area within the Golf Course. Although stockpiling will 
be a temporary activity during the construction of the new levee, the impact to the pond will be 
permanent as it will not be restored. 
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Table 3: Summary of Water Bodies and Impacts 
 

Water Body 
Type 

ID 
Wetland
s (acres) 

Other Water 
Bodies 
(acres) 

Temporarily 
Impacted by 

Project (acres) 

Permanently 
Impacted by 

Project (acres) 

Reason for 
Impact 

Diked Marsh DM-1 0.53  0.15  Levee 

Diked Marsh DM-2 0.22  0.01  Levee 

Diked Marsh DM-3 0.03  0.01 0.02 Levee 

Diked Marsh DM-4 0.02  0.01  Levee 

Diked Marsh DM-5 0.05     

Diked Marsh DM-6 0.11     

Diked Marsh DM-7 0.02     

Diked Marsh DM-8 1.33   1.33 Levee, Bench

Diked Marsh DM-9 0.68  0.02 0.18 Levee 

Diked Marsh DM-10 0.80   0.80 Levee, Bench

Diked Marsh DM-11 0.24   0.24 Levee 

Diked Marsh DM-12 0.10   0.10 Levee 

Diked Marsh DM-13 0.21   0.21  

Freshwater Marsh FM-1 0.19   0.19  

Freshwater Marsh FM-2 0.14   0.14 Levee 

Tidal Salt Marsh  TSM-1 1.99  0.26 1.50 Levee, Bench

Tidal Salt Marsh TSM-3 0.08    Levee, Bench

Tidal Salt Marsh TSM-4 81.09  0.16 0.05 Levee, Bench

Tidal Salt Marsh TSM-5 13.80  0.33 0.35 Levee 

Tidal Salt Marsh TSM-6 0.04   0.01  

Tidal Salt Marsh TSM-7 1.58  0.16 0.02 Levee 

Tidal Salt Marsh TSM-8 9.98  0.16 0.14  

Tidal Salt Marsh TSM-9 3.39  0.42 0 Levee 

Tidal Salt Marsh TSM-10 0.11   1.03 Levee, Bench

Tidal Salt Marsh TSM-11 0.09   0.05 Levee, Bench

Tidal Salt Marsh TSM-12 0.12   0.03  

Subtotal Wetlands and 
Impacts 

116.01  1.52 6.38  

Freshwater Pond FP-1  1.13  1.13  

Tidal Channel and 
Bay Waters 

TC-1  0.57 0.02   

Tidal Channel and 
Bay Waters 

TC-2  21.82 1.59 0.8  
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Water Body 
Type 

ID 
Wetland
s (acres) 

Other Water 
Bodies 
(acres) 

Temporarily 
Impacted by 

Project (acres) 

Permanently 
Impacted by 

Project (acres) 

Reason for 
Impact 

Tidal Pan TP-1  0.02    

Tidal Pan TP-2  0.13    

Tidal Pan TP-3  0.22    

Subtotal Other 
Water Bodies 

  23.89 1.79 1.93  

PROJECT TOTAL  139.90 3.14 8.31  

 
Tidal salt marsh vegetation is generally found immediately adjacent to the Bay, throughout the 
Faber Tract, Laumeister Tract, and along both sides of San Francisquito Creek. Tidal salt marsh 
habitat is primarily supported by tidal exchange. Dominant plant species in the tidal salt marsh 
community include Pacific cordgrass (Spartina foliosa), pickleweed (Salicornia pacifica [S. 
virginica]), perennial peppergrass (Lepidium latifolium), gumplant (Grindelia stricta), and alkali 
heath (Frankenia salina). Included within the mapped areas of tidal salt marsh are narrow bands of 
brackish tidal marsh along a few-hundred-foot section of San Francisquito Creek downstream of 
East Bayshore Road. In the brackish marsh, bulrush (Schoenoplectus sp.) is the dominant species 
rather than cordgrass and pickleweed. Ruderal vegetation intergrades with salt marsh species along 
the levee banks. 

The Faber and Laumeister Tracts provide ideal habitat for California clapper rail, black rail, salt 
marsh harvest mouse and salt marsh wandering shrew. Additionally, suitable habitat occurs along 
the channel of San Francisquito Creek and these species have potential to occur in these areas.   

5.2 Impacts to Riparian Habitat 

Only one small area of riparian habitat exists in the Project area. This area is found along San 
Francisquito Creek in the southwestern portion of the Project area. Channel widening and 
marshplain creation will remove 0.5 acres of this riparian habitat. Remaining riparian habitat would 
be protected as discussed in the environmental commitments and MM BIO11.1 discussed above. 
The areas marked as Riparian constitutes a portion of two mitigation areas, for both the Santa Clara 
Valley Water District and the City of Palo Alto.  

The District mitigation area was planted as mitigation for the flood control measures on Matedero 
Creek in 2004 (U.S. Army Corps of Engineers File No. 26877S, California Department of Fish and 
Game SAA 1600-2003-0119-3, Regional Water Quality Control Board file 2188.07). A total of 0.64 
acres of riparian habitat was planted along San Francisquito Creek for the Matedero project in 
addition to 1.82 acres of riparian habitat restored on-site at Matedero Creek. These 2.46 acres of 
riparian habitat were mitigation for 0.82 acres of disturbance from the project (a 3:1 mitigation to 
impact ratio). At the year 7 monitoring point, the Matedero riparian mitigation had 61% cover 
which was well ahead of the year 7 goal of 30%. Mitigation obligations are scheduled to be fulfilled 
by the end of 2014, prior to the start of construction for the San Francisquito Creek Project. 

The Palo Alto mitigation area was planted as mitigation for a storm water pump station constructed 
adjacent to San Francisquito Creek in 2009 to improve flood protection in the area (U.S. Army 
Corps of Engineers File No. 2006-400320, California Department of Fish and Game SAA 1600-
2007-0046-3, Regional Water Quality Control Board file 2188.07). The project ultimately required 
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the establishment of 0.45 acres of riparian habitat, 0.36 acres of which was provided on site, and 
0.027 acres of wetlands. Prior to construction the project site was used primarily for stockpiling 
landscaping supplies and consisted of compacted soils devoid of vegetation. Riparian and wetland 
vegetation occurred on the inboard side of the levee along San Francisquito Creek and a stand of 
predominantly ornamental, non-native trees and shrubs bordered the site. After the completion of 
grading and construction, the new wetland areas were seeded with a wetland seed mix and the 
riparian areas were seeded with a mix of native upland herbaceous species mix and planted with 
woody riparian plants. The mitigation was designed to be out of the footprint of the flood protection 
project, and no trees in the Palo Alto mitigation area are designated to removed by the project.  

The EIR stated that riparian habitat would be restored at a mitigation-to-impact ratio of 2:1 (MM 
BIO11.2). However, after reviewing mitigation options, the addition of riparian trees in a tidal 
reach does not appear to be the best solution. Riparian woodland did not historically appear in tidal 
reaches of the Bay and the U.S. Fish and Wildlife Service has expressed concerns about adding 
perching opportunities for raptors that prey on clapper rail and salt marsh harvest mouse. 
Additionally, The JPA is proposing to count the restored marshplain as an out-of-kind mitigation 
that provides improved functions and values at a 4:1 ratio; such that the 0.5 acres of impact would 
be mitigated by 2 acres of restored marshplain. 

5.3 Impacts to Special Status Plants 

As noted under “Minimization of Biological Impacts during construction,” pre-construction surveys 
will be conducted in the appropriate season for eight special status plants. In the unlikely event that 
special status plants are found that cannot be avoided during construction, a separate compensation 
plan will be developed (MM BIO1.3).  

The plan will be developed by a qualified botanist in coordination with and approval of the resource 
agencies. The compensation area will contain a population and/or acreage equal to or greater than 
that lost as a result of Project implementation and will include adjacent areas as needed to preserve 
the special-status plant population in perpetuity. Compensation of the affected population will occur 
in an amount equal to or greater than the amount lost as a result of the Project to ensure that genetic 
diversity is preserved and no net loss of the number of individuals occurs. The quality of the 
population preserved will also be equal to or greater than that of the affected population, as 
determined by a qualified botanist. The JPA will be responsible for ensuring that the compensation 
area is acquired in fee or in conservation easement, maintained for the benefit of the special-status 
plant population in perpetuity, and funded through the establishment of an endowment. A 
monitoring and adaptive management plan will be developed for each compensation site.  

5.4 Impacts to Faber Tract, California Clapper Rail and Salt Marsh Harvest Mouse 

The project as proposed in the EIR included the degradation of a portion of the levee separating the 
Creek from the Faber Tract. The degraded levee would have allowed more frequent and a greater 
volume of water from the Creek to enter the Faber Tract during large storm events. Various 
concerns were raised about this proposal from the resource agencies. As a result, the Project was 
redesigned to avoid any increase in the frequency and/or volume of discharge from the Creek to the 
Faber Tract. 

Since these impacts to the Faber Tract have been avoided, no monitoring of the Faber Tract as 
discussed in MM BIO5.2 is proposed. 
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5.5 Impacts to Trees 

The Project will result in the removal of between 162 and 256 trees.1 Of the potential of 256 trees to 
be removed, 220 of these are on the Palo Alto side and the remaining 36 are on the East Palo Alto 
side. Some of these trees are also counted in the discussion of Riparian Habitat above. The EIR 
states that the JPA will replace removed trees at a 1:1 ratio consistent with the Tree Ordinances for 
East Palo Alto and Palo Alto. The current relatively high density of trees along San Francisquito 
Creek is not typical of the Project site’s San Francisco baylands transitional habitat, which is subject 
to a high groundwater table and relatively high salinity content of that groundwater exchanged with 
the San Francisco Bay. Therefore replacement trees are proposed to be provided off-site in 
coordination with Palo Alto and East Palo Alto’s urban forest programs. 

While this would result in fewer trees on the site than currently exist, the action would result in 
conditions nearer to the natural, historic state of Bay-fringe habitat. The planting of an appropriate 
number of native trees at selected off-site locations (Arastradero Preserve and/or other foothills 
locations for Palo Alto in coordination with Palo Alto’s Golf Course Project) to replace the removed 
canopy area would replace canopy along with associated ecosystem benefits at locations where an 
increased density of trees is needed. Compensation for tree canopy loss with native trees will result 
in a higher percentage of native trees and higher habitat value at both onsite and offsite locations.  

 
Table 4: Summary of Impacts 

Impact to Waters: Acres Mitigation Ratio Total Mitigation (acres) 
Diked Marsh 3.08 1:1 3.08 

Tidal Salt Marsh 4.50 1:1 4.50 
Freshwater Pond and Marsh 1.45 1:1 1.45 
Tidal Channel / Bay Waters 2.40 1:1 2.40 

Riparian Habitat 0.5 4:1 2 
Special Status Plants None Anticipated* 

Faber Tract None 
TOTAL IMPACTS 11.93  13.43 

    
TOTAL RESTORATION   13.61 

 * Monitoring will be conducted prior to construction to ensure that there are no impacts to special status plant species.  
Compensatory mitigation will be provided as discussed above if necessary. 

                                                 
1 The 95% plans for the Project show 162 trees to be removed and 94 trees as ‘Inspect’. Trees designed as Inspect will be reviewed in 
the field to determine whether they can be protected in place or will need to be removed for construction. Another 44 trees in the Project 
footprint are shown to be protected. 
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6 Performance Goals, Success Criteria and Monitoring 

6.1 Marshplain Restoration and Mitigation Outcome Goals 

The Project would create approximately 13.59 acres of tidal marsh on both sides of the Creek, 
effectively restoring tidal influence in the Project reach. Marshplain creation would span the entire 
Project extent on both banks from East Bayshore Road to San Francisco Bay on the right bank and 
from East Bayshore Road to the end of the existing left levee on the left bank. Both sides of the 
channel would be planted from the toe of the levee or base of the floodwall to the edge of the Creek 
channel. 

After levee construction is complete, the tidal marsh area would be terraced and revegetated with 
high-marsh plants. The high-marsh planting area would total 5.93 acres and the high-marsh 
transition planting area would total 7.66 acres. Native marsh plants would be used to revegetate the 
terraced land. Plants appropriate to the high marsh would be planted near the stream channel. Plants 
native to marsh transition areas would be planted in areas more distant from the Creek channel.  

Approximately 19,600 high marsh and high marsh transition wetland plants and cuttings are 
planned for installation. Plants will be sources from the San Francisquito Creek watershed and 
Baylands areas. Plant center spacing and general locations are indicated on the attached Landscape 
Sheets (Appendix B). The maximum acceptable soil compaction level is 85% in all areas to be 
planted. Soils compacted in excess of this will be loosened prior to planting. 

A temporary irrigation system will be installed for use during the planting and three-year 
establishment phase, in order to provide a back-up water supply to the newly-installed vegetation in 
the event of a period of drought during the winter or spring rainy season, and for irrigation as 
needed during the summer. Irrigation frequency is expected to be reduced as the site develops 
during the establishment phase. The supplemental irrigation ensures an adequate supply of moisture 
to the young plants until they are fully established in the site’s soils.  

As the restored marshplain will provide habitat of higher quality than is being impacted (including 
appropriateness to the site, species composition, and contiguous area), the Project proposes that the 
impacted 11.44 acres of habitat is fully compensated at a 1:1 ratio that is part of the 13.59 acres of 
restored marshplain. 

The successful implementation of the marshplain will mitigate for permanent and temporary 
impacts to diked marsh, tidal salt marsh habitat, freshwater pond and marsh, tidal channel and bay 
waters, and riparian habitat as discussed in Section 5 associated with the project, and enhance the 
habitat surrounding the lower reach of San Francisquito Creek. To ensure these goals are met, 
annual monitoring will be conducted over a 5-year period. Performance goals will aid in 
determining if the site is progressing incrementally toward meeting the year-5 success criteria. Year 
5 monitoring will determine if the success criteria have been achieved. Monitoring will be overseen 
or conducted by a qualified biologist with experience in mitigation monitoring. Final success will 
not be considered to have been achieved until temporary irrigation has been off for at least two 
years. 

The performance criteria for restoration of the marshplain are: 

1. Vegetative cover increases continuously throughout the period monitored for mitigation 
compliance; 
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2. Plant species composition consists of native tidal marsh species appropriate to the salinity 
regime. 

6.1.1 Wetland Vegetation Qualitative Monitoring  

Qualitative monitoring will provide an opportunity to assess general site conditions and year to year 
trends based on reconnaissance-level field observations and photo-documentation. Qualitative 
monitoring will occur annually during the same time frame as specified for quantitative monitoring, 
and occur at low tide to enable the best viewing of the marsh vegetation. Observations will include 
impressions of overall plant health, apparent differences in conditions within and between planting 
zones, prevalence or particular locations of invasive weeds, any visible problems or damage to the 
site and potential causes. Photo-documentation of the site will be conducted annually from a 
number of fixed locations showing each planting zone and the overall site. Photo points and 
directions will be selected during the first year of monitoring and documented on a site planting 
plan. Observations from the qualitative monitoring will be presented in the form of a short narrative 
paragraph with photographs attached. 

6.1.2 Wetland Vegetation Quantitative Monitoring  

The success of the marsh vegetation mitigation will be quantitatively evaluated by measuring the 
following: 

1. Total acreage of native marsh vegetation established (success criteria 14 acres) and, 

2. Percent cover (success criteria: 60% cover of wetland indicator species by year 5).  

A formal delineation of the created jurisdictional areas will be undertaken at the site 5 years 
following mitigation site construction. The mitigation will be considered a success if the wetland 
delineation reveals that 14 acres of USACE jurisdictional area was created.  

Percent cover will be used as the primary indicator of successful establishment of wetland habitat. 
The final goal is 60% cover of wetland indicator species (Table 5) by the end of the monitoring 
period (Table 6). 

 
Table 5: Wetland Indicator Status Category 
Indicator Category Symbol Frequency of Occurrence in Wetlands 
Obligate* OBL Greater than 99% 
Facultative Wetland* FACW 67-99% 
Facultative* FAC 34-66% 
Facultative Upland FACU 1-33% 
Upland UPL Less than 1% 
*Species characterized under this category are considered wetland indicator species. 
 
Table 6: Wetland Indicator Species Percent Cover Success Criteria 
 Year 2 Year 3 Year 5 
Wetland Mitigation Site 15% 30% 60% 
 
At years 1-3 and 5, percent plant cover by species will be determined in approximately 5-10% of 
the surface area of the mitigation area. As seen in Table 6, no performance criteria are set for Year 1 
as it is anticipated that the site will still be developing. Percent cover will be monitored via quadrat 
sampling. The percent cover of each species occurring within each 1 meter square quadrat will be 
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visually estimated. The wetland indicator status of each species will be determined and the average 
percent cover attributed to wetland indicator species, as a group, will be calculated. 

Quantitative sampling will be conducted during years 1-3 and 5. Data collection will take place 
during April-October of each monitoring year. Final success criteria consist of achieving 14 acres of 
marsh habitat at least 60% cover of wetland indicator species. 

6.1.3 Invasive Plant Species Establishment 

Colonization of the creek by non-native invasive plant species would jeopardize the success of the 
mitigation and restoration. Many of the important ecological benefits of restored tidal marsh 
vegetation will not be provided by invasive species. In particular, invasive non-native plant species 
may prevent establishment of native tidal marsh vegetation. Annual monitoring for invasive smooth 
cordgrass and its hybrids will occur for the duration of the monitoring for the restored tidal marsh. 
This effort will provide early detection and trigger prompt control efforts, before invasive cordgrass 
can dominate any portion of the creek. Other non-native plant species that may occur with 
increasing frequency in high marsh zones include Perennial Peppergrass, Russian thistle (Salsola 
soda), and New Zealand spinach (Tetragonia tetragonioides). Observations of these and other non-
native species will be recorded during tidal marsh monitoring. Invasive species shall not become 
established and shall be removed prior to going to seed and consistent with the discussion of weed 
management in Section 7.3. 

6.1.4 Monitoring of Protected Trees 

Protected trees retained on the site and located adjacent to construction activities will be monitored 
for the five year monitoring period and replaced as appropriate if they do not survive due to project 
implementation. (MM BIO13.2) 

6.2 Parties Responsible for Implementation and Long-Term Management 

The JPA will be the permit holder and responsible for compliance monitoring. The JPA is a regional 
government agency whose members include the Cities of Palo Alto, Menlo Park, and East Palo 
Alto; the San Mateo County Flood Control District, and the District. One or more of these entities 
may conduct monitoring activities, but the JPA will be responsible for preparing annual monitoring 
reports and submitting them to the regulatory agencies. The monitoring responsibilities specified 
under this MMP will end when the mitigation goals have been achieved, or when the regulatory 
agencies determine that sufficient progress has been made towards the mitigation requirements.  

 
Table 7: Monitoring Summary – Projected Monitoring Duration, Frequency and Timing 

 Section Description 
Year(s) for Each Monitoring 

Activity  
Seasonal 

Timing 
Marshplain Restoration 
 Vegetation survival counts Years 1 through 3 

May / June   Wetland Vegetation 
Qualitative Monitoring  

Years 1 through 5 

Monitoring of Protected Trees 
 Protected trees retained on 

the site 
Years 1 through 5 May / June 
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7 MAINTENANCE DURING MONITORING PERIOD 
 

Maintenance will be conducted on a routine basis for installed marshplain vegetation for the first 
three years after installation by the contractor for the Project. The main elements are irrigation, 
replanting and weed control. All maintenance activities are expected to diminish as the Project 
matures.  

7.1 Irrigation 

A temporary irrigation system will be installed for use during the planting and three-year 
establishment phase, in order to provide a back-up water supply to the newly-installed vegetation in 
the event of a period of drought during the winter or spring rainy season, and for irrigation as 
needed during the summer. Water is available from existing supplies adjacent to the Project. The 
supplemental irrigation ensures an adequate supply of moisture to the young plants until they are 
fully established in the site’s soils. Irrigation is expected to sequentially diminish over the three-year 
establishment period. 

7.2 Dead Plant Replacement 

Installed plants will be replaced if the plant survival exceeds allowable mortality rates. Required 
survival rates for all plantings areas for years 1, 2 and 3 are 90, 80 and 75 percent, respectively. 
Replacement plants will be the same species and size as those being replaced, unless it is 
determined that a different plant palette is required based on site conditions. If performance goals 
are not achieved in years 4-5, additional plant replacement will be considered, if indicated by an 
evaluation of vegetation establishment and growth trends. Other options for site remediation would 
be considered as part of annual monitoring and reporting. 

7.3 Weed Management 

Weed control will be required initially, however the need for weed management is expected to 
become reduced over time as the site stabilizes and desirable vegetation cover increases. Weed 
control will focus on noxious weeds or other non-native species considered detrimental to the site. 
Other non-native species may be allowed on site unless deemed detrimental to growth of the 
installed plants or desirable volunteer plants. The site will be inspected and weeds controlled several 
times per year, as needed. Weeds are removed by hand tools, mechanical equipment, or herbicides 
that are approved by the EPA for use in aquatic environments. Weed management activities will be 
conducted in accordance with the District’s SMP’s current accepted practices at the time of the 
control work. Under the SMP, use of herbicides is part of an integrated pest management approach 
targeting the use of proper tools to reach project objectives.  
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8 REPORTING  
The annual mitigation and monitoring report deadline is February 1st of each monitoring year, with 
the first annual report due the first year after Project completion. The final monitoring report is due 
6 months after field monitoring activities conclude, which is currently projected to occur after 
completion of year 5 of the project.  

8.1 Annual Monitoring Reports 

The JPA will submit annual monitoring reports to USACE, USFWS, BCDC, CDFW, and RWQCB 
by February 1st of each year beginning the first year after completion. The annual monitoring report 
format will be based the 2004 Mitigation and Monitoring Proposal Guidelines developed by the San 
Francisco District of the US Army Corps of Engineers (USACE 2004). The outline below provides 
an annual report structure that will include the necessary content and detail to evaluate: (1) the 
restoration progress with respect to the performance criteria; and (2) the overall progress toward 
meeting the restoration and mitigation objectives of the project. Essential components of the annual 
monitoring report include the following: 

8.1.1 Project Information 

Including: project name; applicant information; consultant information (if appropriate); permit file 
number for all agencies; construction start date; and mitigation monitoring year. 

8.1.2 Mitigation Site Information 

Including: location of site; goals/purpose for the compensatory mitigation site; date mitigation site 
constructed and planting completed; summary of dates of previous maintenance and monitoring 
visits; name, address, and contact phone number for responsible party at JPA; and, as needed, a 
summary of remedial action. 

8.1.3 Figures 

Including a location map and site map. The site map will include: habitat types as described in the 
approved mitigation plan and locations of any photographic stations, landmarks, or sample points. 
Additional figures will present monitoring results graphically, where applicable, if these figures 
facilitate data interpretation and analyses. 

8.1.4 Performance Criteria 

Including a list of the performance criteria for the project as described in this report. 

8.1.5 Tabular Results 

Including: tabulated results of monitoring visits, including previous years, for evaluation versus 
quantifiable success criteria. Additional tables will also be included, where applicable, to facilitate 
data interpretation and analyses.  

8.1.6 Discussion 

A brief discussion of quantitative results and qualitative monitoring of the site. 

8.1.7 Problems Noted and Proposed Remedial Measures.  

The monitoring report will contain a discussion of problems noted during the previous monitoring 
year and discussion of proposed remedial measures to address these problems.  
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8.1.8 Appendix 

Photo-documentation during the monitoring year 

Field data sheets supplied upon request 
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9 COMPLETION 
When the required monitoring period is complete and the JPA believes that the mitigation 
requirements have been fulfilled, the JPA shall notify the regulatory agencies when submitting the 
proposed final report. No more than six months after the final monitoring activities conclude, this 
report will be submitted to the USACE, BCDC, USFWS, CDFW, and RWQCB. This final report 
will provide a summary of the on-site mitigation monitoring and off-site adverse impact monitoring. 
The report will compare the site conditions to the performance criteria established in this document. 
As with annual reports, the final report will present a schedule of monitoring activities performed, 
monitoring methods, monitoring results, and a discussion of lessons-learned for each monitoring 
parameter. The final monitoring report will present this information in sufficient detail that 
regulatory agency staff can evaluate progress against performance criteria established for the 
Project and assess the success or failure to of this project in meeting its mitigation goals. Following 
receipt of the proposed final report, the regulatory agencies will either confirm the successful 
completion of the mitigation obligation or require additional years of monitoring. The JPA is not 
released from any mitigation obligation until written notice of completions is received from the 
agencies. 
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APPENDIX A 
Biological mitigation measures 

 
 
 
Mitigation Measure BIO1.1—Conduct Botanical Surveys 
 
SFCJPA will retain a qualified botanist to survey suitable habitat in the Project area for special 
status plants. Surveys will be conducted during the appropriate blooming periods for each species as 
indicated in Table 3.3-3. 

 
Table 3.3-3. Timing of Surveys for Special-Status Plants 
 

Species Blooming Period Period Surveys 
Should Occura 

Alkali milkvetch March–June April–May 
San Joaquin spearscale April–October July–August 
Congdon’s tarplant June–November July–August 
Point Reyes bird’s-beak June–October July–August 
Hairless popcorn-flower April–May April–May 
Slender-leaved pondweed May-July June–July 
California seablite July–October July–August 
Saline clover April–June April–May 
a Exact timing of surveys should account for annual variations in climate and 
weather; surveys should be timed to coincide with blooming periods of known 
local populations whenever possible. 

 
Surveys will follow the CNPS Botanical Survey Guidelines (California Native Plant Society 2001). 
Special-status plants identified during the surveys will be mapped using a handheld global 
positioning system unit and documented as part of the public record. A report of occurrences will be 
submitted to SFCJPA and the CNDDB. Surveys will be completed before ground disturbing 
activities begin; survey timing will allow for follow-up mitigation, if needed. If it is determined that 
individuals of identified special-status plant species could be affected by construction traffic or 
activities, Mitigation Measure BIO1.2 and, if necessary, Mitigation Measure BIO1.3, will be 
implemented. 

 

Mitigation Measure BIO1.2—Confine Construction Disturbance and Protect Special-Status 
Plants during Construction 
 

Construction disturbance will be confined to the minimum area necessary to complete the work, and 
will avoid encroachment on adjacent habitat. If special-status plants are found, a setback buffer will 
be established around individuals or the area occupied by the population, based on judgment of a 
qualified botanist. The plants and a species-appropriate buffer area determined in consultation with 
agency (CDFW and USFWS) staff will be protected from encroachment and damage during 
construction by installing temporary construction fencing. Fencing will be brightly colored and 
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highly visible. Fencing will be installed under the supervision of a qualified botanist to ensure 
proper location and prevent damage to plants during installation. Fencing will be installed before 
site preparation or construction work begins and will remain in place for the duration of 
construction. Construction personnel will be prohibited from entering these areas (the exclusion 
zone) for the duration of Project construction. Fencing installation will be coordinated with fence 
installation required by other mitigation measures protecting wetlands, riparian habitat, and mature 
trees.  

 

Mitigation Measure BIO1.3—Compensate for Loss of Special-Status Plants 
 

If any individuals of listed special-status plants are present and cannot be effectively avoided 
through implementation of Mitigation Measure BIO1.2, SFCJPA will develop and implement a 
compensation plan. The compensation plan will preserve an off-site area containing individuals of 
the affected species. The plan will be implemented so that there is no net loss of special-status 
plants. If an off-site population is not located or is not available for preservation, SFCJPA will 
employ a qualified nursery to collect and propagate the affected species, collected at the appropriate 
time of year, prior to population disturbance at the affected areas of the Project. Transplantation will 
also be implemented if practicable for the species affected, including mature native plants to the 
extent feasible. 

The compensation plan will be developed by a qualified botanist in coordination with and approval 
of CDFW or USFWS, depending on whether the plant has state or federal status, respectively, or 
both. The compensation area will contain a population and/or acreage equal to or greater than that 
lost as a result of Project implementation and will include adjacent areas as needed to preserve the 
special-status plant population in perpetuity. Compensation of the affected population will occur in 
an amount equal to or greater than the amount lost as a result of the Project to ensure that genetic 
diversity is preserved and no net loss of the number of individuals occurs. The quality of the 
population preserved will also be equal to or greater than that of the affected population, as 
determined by a qualified botanist retained by the SFCJPA. Compensation sites and populations 
will be subject to CDFW and USFWS approval. The SFCJPA will be responsible for ensuring that 
the compensation area is acquired in fee or in conservation easement, maintained for the benefit of 
the special-status plant population in perpetuity, and funded through the establishment of an 
endowment. 

A monitoring and adaptive management plan will be developed for each compensation site, subject 
to CDFW and USFWS approval. This plan will establish success criteria for the site and will 
include protocols for annual monitoring of the site. The goal of monitoring will be to assess whether 
the plan has successfully mitigated Project impacts; monitoring will be designed to ensure that the 
required number of plants and/or plant acreage is being sustained through site maintenance. Factors 
to be monitored could include density, population size, natural recruitment, and plant health and 
vigor. If monitoring indicates that special-status plant populations are not maintaining themselves, 
adaptive management techniques will be implemented. Such techniques could include 
reseeding/replanting, nonnative species removal, and other management tools. The site will be 
evaluated at the end of the monitoring period to determine whether the mitigation has met the goal 
of this mitigation measure to preserve a population the same size as that affected and of equal or 
greater quality as that lost as a result of Project activities at the site. Criteria by which this 
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determination will be made will be established in the monitoring plan. The monitoring plan will 
also address adaptive management strategies to be adopted if the evaluation determines that the site 
does not meet the success criteria. In that case, a monitoring plan will stay in place until the success 
criteria are met. 

 

Conservation Measure BIO2.1—Develop and Implement Worker Awareness Training 
 

Prior to construction, Worker Awareness Training must be conducted to inform construction Project 
workers of their responsibilities regarding sensitive environmental resources. The training will 
include environmental education about nesting raptors and migratory birds, California clapper rail, 
salt marsh harvest mouse, California least tern, western snowy plover, California red-legged frog, 
San Francisco garter snake, and steelhead, as well as sensitive habitat (e.g., in-stream habitat, 
riparian habitat, wetlands). The training will include visual aids to assist in identification of 
regulated biological resources, actions to take should protected wildlife be observed within the 
action area, and possible legal repercussions of affecting such regulated resources. 

 

Mitigation Measure BIO2.2—Implement Survey and Avoidance Measures to Decrease 
Disturbance to Western Pond Turtles 
 

Prior to the start of construction activities at Project element sites that could support western pond 
turtle, SFCJPA will retain a qualified biologist to conduct preconstruction surveys for western pond 
turtles in all suitable habitats in the vicinity of the work sites. Surveys will take place no more than 
7 days prior to the onset of site preparation and construction activities with the potential to disturb 
turtles or their habitat. If preconstruction surveys identify active nests, the biologist will establish 
no-disturbance buffer zones around each nest using temporary orange construction fencing. The 
demarcation will be permeable to allow young turtles to move away from the nest following 
hatching. The radius of the buffer zone and the duration of exclusion will be determined in 
consultation with CDFW. The buffer zones and fencing will remain in place until the young have 
left the nest, as determined by the qualified biologist. If western pond turtles are found in the Project 
area, a qualified biologist will remove and relocate them to suitable habitat outside the Project 
limits, consistent with CDFW protocols and permits. Relocation sites will be subject to agency 
approval. If turtles are observed during the surveys, then Mitigation Measure BIO2.3 will be 
implemented. 

 

Mitigation Measure BIO2.3—Daily Surveys and Monitoring of Construction Activities to 
Decrease Disturbance to Western Pond Turtles 
 

SFCJPA will retain a qualified biologist to conduct preconstruction surveys for western pond turtles 
in all suitable habitats in the vicinity of work sites that will be active within the three days prior to 
the onset of site preparation and construction activities with the potential to disturb turtles or their 
habitat. If no turtles are found during the daily survey, construction will commence and be 
monitored for the duration of work within suitable western pond turtle habitat. If a turtle is found 
during the daily preconstruction survey, construction in the vicinity of the turtle will not commence 
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until the turtle is removed from the Project area to be relocated to suitable habitat outside of the 
Project limits per CDFW protocols and permits. Relocation sites will be subject to agency approval. 
Following turtle relocation, the biologist will return to the Project area and monitor construction 
activities that take place within suitable western pond turtle habitat. 

	

Mitigation Measure BIO3.1—Establish Buffer Zones for Nesting Raptors and Migratory Birds 
(Excluding Burrowing Owl) 
 

Prior to the start of construction activities that begin during the migratory bird nesting period 
(between January 15 and August 31 of any year), SFCJPA will retain a qualified wildlife biologist 
to conduct a survey for nesting raptors and migratory birds that could nest along the Project 
corridor, including special-status species such as salt marsh common yellowthroat, Alameda song 
sparrow, northern harrier, and white-tailed kite. Surveys will cover all suitable raptor and migratory 
bird nesting habitat that will be impacted directly or indirectly through disturbance, including 
habitat potentially used by ground-nesting migratory bird species. All migratory bird nesting 
surveys will be performed no more than 2 weeks (14 days) prior to any Project-related activity that 
could pose the potential to affect migratory birds. If a lapse in Project-related work of 2 weeks or 
longer occurs, another focused survey will be conducted before Project work can be reinitiated. 
With the exception of raptor nests, inactive bird nests may be removed. No birds, nests with eggs, or 
nests with hatchlings will be disturbed. In addition, nesting bird preconstruction surveys will occur 
prior to ground disturbance, including site preparation. 

If an active nest is discovered during these surveys, the qualified wildlife biologist will establish a 
no-disturbance buffer zone around the nest tree (or, for ground-nesting species, the nest itself). The 
no-disturbance zone will be marked with flagging or fencing that is easily identified by the 
construction crew and will not affect the nesting bird. In general, the minimum buffer zone widths 
will be 0.5-mile for bald and golden eagles, 25 feet (radius) for nonraptor groundnesting species; 50 
feet (radius) for nonraptor shrub- and tree-nesting species; and 250 feet (radius) for all raptor 
species. Buffer widths may be modified based on discussion with CDFW, depending on the 
proximity of the nest, whether the nest would have a direct line of sight to construction activities, 
existing disturbance levels at the nest, local topography and vegetation, the nature of proposed 
activities, and the species potentially affected. Buffers will remain in place as long as the nest is 
active or young remain in the area. No construction presence or activity of any kind will be 
permitted within a buffer zone until the biologist determines that the young have fledged and moved 
away from the area and the nest is no longer active. If monitoring of active nests indicates that 
disturbance is affecting active nests, buffer widths will be increased until the disturbance no longer 
affects the nest(s). If the buffer cannot be extended further, then work within the area will stop until 
the nest is no longer active. 

 

Mitigation Measure BIO4.1—Implement Survey and Avoidance Measures for Western 
Burrowing Owls Prior to Construction Activities 
 

Prior to any construction activity planned to begin during the fall and winter nonnesting season 
(September 1-January 31), SFCJPA will retain a qualified wildlife biologist to conduct a 
preconstruction survey for burrowing owls. Surveys will be conducted no more than 7 days prior to 
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ground-disturbing activities and will cover all suitable burrowing owl habitat subject to disturbance. 
If any western burrowing owls are found within the disturbance area during the survey or at any 
time during the construction process, SFCJPA will notify CDFW and will proceed under CDFW 
direction. If construction is planned to occur during the nesting season (February 1- August 31), 
surveys for nesting owls will be conducted by a qualified wildlife biologist in the year prior to 
construction to determine if there is breeding within 250 feet of the construction footprint. This 
prior-year survey will provide the Project team advance notice regarding nesting owls in the Project 
area and allow ample time to discuss with CDFW the appropriate course of action if nesting owls 
are found. In addition, same-year preconstruction surveys for nesting western burrowing owls will 
be conducted no more than 7 days prior to ground disturbance in all suitable burrowing owl habitat. 
If the biologist identifies the presence of a nesting burrowing owl in an area scheduled to be 
disturbed by construction, a 250-foot no-activity buffer will be established and maintained around 
the nest while it is active. Surveys and buffer establishment will be performed by qualified wildlife 
biologists, will be coordinated with CDFW, and will be subject to CDFW review and oversight. 

	

Mitigation Measure BIO5.1—Implement Survey and Avoidance Measures for California 
Clapper Rail Prior to Construction Activities 
 

Work activities within 50 feet of California clapper rail habitat will not occur within 2 hours before 
or after extreme high tides (6.5 feet or above) when the marsh plain is inundated, which could 
prevent individuals from reaching available cover.  

If work is to be conducted during the species’ breeding and rearing seasons (February 1st–August 
31) within 700 feet of suitable habitat, a permitted biologist will be retained to conduct protocol 
level surveys at the Project site including rail call surveys and rail-track surveys in appropriate 
habitat for California clapper rail (California Coastal Conservancy 2011). The surveys will be 
conducted no more than 48 hours prior to commencement of construction and maintenance 
activities and will be performed at dawn or dusk, the vocalization periods of highest intensity. 
Project activities occurring within 700 feet of active nests will be postponed until after young have 
fledged.  

Outside of breeding season, a permitted biologist will be retained to conduct surveys of appropriate 
habitat for California clapper rail within the work area, including all staging and access routes, no 
more than seven days prior to initiation of work within suitable habitat. If individuals are observed 
during this survey, a biologist will conduct an additional survey immediately prior to initiation of 
construction activities. If individuals are observed within or near the work area, a no-disturbance 
buffer (minimum 50 feet) will be implemented. If the daily work area is expanded, then a qualified 
biologist will survey the suitable habitat prior to initiation of work and movement of equipment that 
day. No work will occur within the buffer until the biologist verifies that California clapper rail 
individuals have left the area.  

If individuals are routinely observed in the work area, a species avoidance plan will be developed in 
coordination with USFWS and CDFW. If no individuals are observed in accordance with the survey 
protocols, no buffers will be required. All vegetation removal within suitable habitat of these 
species, as determined by a biologist, will be done by hand to the extent possible. If movement of 
heavy equipment in necessary in suitable habitat or within 50 feet of habitat, then a biological 
monitor will observe the area in front of the equipment from a safe vantage point. If these species 
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are detected within the area in front of the equipment, then the equipment will stop and the biologist 
will direct the equipment on an alternative path. If this is not possible, then equipment will stop 
until a clear path can be identified. 

Additional conservation measures during the construction period will include: 

 An annual search for and subsequent destruction of any cat feeding stations along public 
walkways shall be conducted 

 Before the onset of winter high tides, an annual capture and removal effort of feral cats and 
rats in the surrounding disturbed areas shall be conducted. 

 

Mitigation Measure BIO5.2—Produce and Implement Habitat Monitoring Plan for Habitat 
within the Faber Tract Prior to Construction Activities 
 

The SFCJPA or its approved designee will be responsible for the development and implementation 
of a habitat monitoring plan for existing (i.e., pre-Project) habitat within the Faber Tract that will 
document baseline conditions prior to Project implementation. The plan will include routine 
monitoring of the habitat within the Faber Tract to document changes resulting from the hydrologic 
reconnection of San Francisquito Creek and potential subsequent flooding into the Faber Tract. The 
habitat monitoring plan will include adaptive management measures to rectify potential conversion 
of habitat types and other issues that might arise in the Faber Tract as a result of Project 
implementation. Additionally, contingency measures will be developed and included in the plan in 
the event of habitat conversion or loss resulting from the Project. Plan approval by USFWS will be 
necessary before implementation of activities recommended by the plan. Routine monitoring reports 
will be submitted to the appropriate agencies following their completion. 

 

Mitigation Measure BIO6.1—Implement Survey and Avoidance Measures for Salt Marsh 
Harvest Mouse Prior to Construction 
 

Construction and maintenance work, including site preparation, will be avoided to the extent 
possible within suitable habitat for this species during their breeding seasons (February 1 to 
November 30). As work during the species breeding seasons will be necessary, a species avoidance 
plan will be developed in consultation with USFWS and CDFW and implemented. The avoidance 
plan, at a minimum, will include the following. 

 Hand vegetation removal shall start at the edge farthest form the largest contiguous salt 
marsh area and work its way towards the salt marsh, providing cover for salt marsh harvest 
mice and allowing them to move towards the salt marsh as vegetation is being removed. 

 In consultation with CDFW and USFWS, exclusion fencing shall be placed around a defined 
work area immediately following vegetation removal and before Project activities begin. 
The final design and proposed location of the fencing shall be reviewed and approved by 
CDFW and USFWS prior to placement. 

 Prior to initiation of work each day within 300 feet of tidal or pickelweed habitats, a 
qualified biologist shall thoroughly inspect the work area and adjacent habitat areas to 
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determine if saltmarsh harvest mice are present. The biologist shall ensure the exclusion 
fencing has no holes or rips and the base remains buried. The fenced area will be inspected 
daily to ensure that no mice are trapped. 

Prior to initiation of work within suitable habitat, a permitted biologist will be retained to monitor 
the hand removal of pickleweed to avoid effects on salt marsh harvest mouse. Monitoring will occur 
for the duration of all clearing work within suitable habitat. If salt marsh harvest mouse are 
observed during clearing activities, clearing will cease and workers will move to a new area. 
Clearing work may begin in the area of the observation one day or more after the observation date.  

During the survey, if salt marsh harvest mouse individuals are observed, or if active nests of these 
species are observed, proposed Project activities within 100 feet of the observation will be 
postponed and a no-disturbance buffer will be established. The buffer will remain in place until the 
biologist determines that the individuals have left the area and are not present in or near (100 feet) 
of the work area. If no individuals are observed in accordance with the survey protocols, no buffers 
will be required. 

Work activities within 50 feet of salt marsh harvest mouse habitat will not occur within two hours 
before or after extreme high tides (6.5 feet or above) when the marsh plain is inundated, which 
could prevent individuals from reaching available cover. 

 

Mitigation Measure BIO7.1—Implement Survey and Avoidance Measures for California Least 
Tern and Western Snowy Plover Prior to Construction Activities 
 

Construction work, including site preparation, will be avoided to the extent possible within and near 
(500 feet) suitable habitat for these species during their breeding seasons (March 1 to August 31). 
Western snowy plover may be present within suitable habitat year-round. Prior to the initiation of 
work within 500 feet of suitable habitat (regardless of the time of year), a permitted biologist will be 
retained to conduct surveys of appropriate habitat for California least tern and western snowy plover 
and their nests. The surveys will be conducted no more than 48 hours prior to commencement of 
construction activities and will be performed during optimal observation periods when these species 
are most active. If active nests for California least tern or western snowy plover are observed during 
the survey, Project activities within 500 feet of the observation will be postponed until young have 
fledged. If individuals are observed outside of the breeding season within 500 feet of the work area, 
a biologist will establish a no-disturbance buffer. No work will occur within the buffer until the 
biologist verifies that individuals have left the area. If individuals are routinely observed in or 
within 500 feet of the work area or do not leave the work area, species avoidance plan will be 
developed in coordination with USFWS and CDFW. If no individuals are observed in accordance 
with the survey protocols, no buffers will be required. 

 

Mitigation Measure BIO8.1—Implement Survey and Avoidance Measures for California Red-
Legged Frog and San Francisco Garter Snake Prior to Construction Activities 
 

SFCJPA will retain a permitted biologist to conduct a survey of the freshwater ponds and 
surrounding upland habitat prior to initiation of construction activities. The surveys will be 
conducted according to applicable protocols and will be performed during optimal observation 
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periods of the day when detection potential for these species is maximized. The survey will be 
conducted prior to initiation of construction, but such that enough time is allowed to coordinate with 
USFWS and CDFW to develop a species avoidance plan if needed. If California red-legged frog or 
San Francisco garter snake individuals are observed or heard during the survey, proposed Project 
activities within 500 feet of the observation will be postponed. A species avoidance plan will be 
developed in coordination with USFWS and CDFW and implemented during construction and 
maintenance. If no individuals are observed during the surveys, no further action will be necessary.  

 

Mitigation Measure BIO9.1 - Implement avoidance measures for steelhead trout and 
longfin smelt prior to construction activities. 

 

No in-channel construction activities will occur during the steelhead migration period (October 1–
May 30), to reduce the likelihood that steelhead and longfin smelt are present during construction 
activities.  

A qualified fisheries biologist, approved by NMFS, will survey the construction area 1 to 2 days 
before work on the Project begins. If water is present in the immediate construction area, the 
following procedures will be implemented.  

 Before a work area is dewatered, fish will be captured and relocated to avoid injury and 
mortality and minimize disturbance.  

 Before fish relocation begins, a qualified fisheries biologist will identify the most 
appropriate release location(s). Release locations should have water temperatures similar to 
the capture location and offer suitable habitat (migratory and rearing) for released fish, and 
should be selected to minimize the likelihood that fish will reenter the work area or become 
impinged on the exclusion net or screen. At this time the open reach below the Project site is 
anticipated to have suitable conditions for relocation. 

 Seining or dip netting will be utilized to keep stress and injury to fish at a minimum. Given 
the salinity of the Project reach, electrofishing would be ineffective and not utilized. 

 To the extent feasible, relocation will be performed during morning periods. Water 
temperatures will be measured periodically (every hour or so), and relocation activities will 
be suspended if water temperature exceeds 20⁰C (National Marine Fisheries Service 2000) 

 Handling of salmonids will be minimized. When necessary to touch the fish, personnel will 
wet hands or nets before touching a fish. 

 Fish will be held temporarily in cool, shaded Creek water in a container with a lid. 
Overcrowding in containers will be avoided. Fish will be relocated promptly. If water 
temperature reaches or exceeds NMFS limits, fish will be released and relocation operations 
will cease.  

 If fish are abundant, capture will cease periodically to allow release and minimize the time 
fish spend in holding containers. 

 Fish will not be anesthetized or measured. However, they will be visually identified to 
species level, and year classes will be estimated and recorded. 



Appendix A Biological Mitigation Measures   July 2014 

 - 9 - 

 Reports on fish relocation activities will be submitted to the California Department of Fish 
and Game (CDFW) and NMFS within 30 days of completion. 

 If mortality during relocation exceeds 5 percent or mortality of any state or federally listed 
species occurs, relocation will cease, and CDFW and NMFS will be contacted immediately 
or as soon as feasible. 

 Fish relocation efforts will be performed concurrent with the installation of the diversion and 
will be completed before the channel is fully dewatered. The fisheries biologist will perform 
a second survey 1 to 2 days following the installation of the diversion to ensure that fish 
have been excluded from the work area and spot checks will be performed at least biweekly 
while the diversion is in place. 

 

Mitigation Measure BIO11.1 Identify and protect riparian habitats.  
 

To avoid unnecessary damage to or removal of riparian habitat, the SFCJPA will retain a qualified 
biologist or ecologist to survey and demarcate riparian habitat on or adjacent to the proposed areas 
of construction in the upper reach of San Francisquito Creek. Riparian areas not slated for trimming 
or removal to accommodate Project construction will be protected from encroachment and damage 
during construction by installing temporary construction fencing to create a no-activity exclusion 
zone. Fencing will be brightly colored and highly visible, and installed under the supervision of a 
qualified biologist to prevent damage to riparian habitat during installation. The fencing will protect 
all potentially affected riparian habitat consistent with International Society of Arboriculture tree 
protection zone recommendations and any additional requirements of the resource agencies with 
jurisdiction. Fencing will be installed before any site preparation or construction work begins and 
will remain in place for the duration of construction. Riparian vegetation that must be trimmed will 
be trimmed by an International Society of Arboriculture certified arborist who will minimize stress 
and potential damage to trees and shrubs. Construction personnel will be prohibited from entering 
the exclusion zone for the duration of Project construction. Access and surface-disturbing activities 
will be prohibited within the exclusion zone. 

 

Mitigation Measure BIO11.2—Restore Riparian Habitat 
 

The SFCJPA will be responsible for restoring permanently affected riparian habitat at a mitigation-
to-impact ratio of 2:1, and restoring temporarily affected habitat at a minimum impact-to-mitigation 
ratio of 1:1 to ensure no net loss of riparian habitat in the affected stream reach. The SFCJPA will 
develop a Mitigation and Monitoring Plan (MMP) to ensure that all removed habitat is replaced “in 
kind” with the appropriate native overstory and understory species to maintain structural complexity 
and habitat value. The MMP will be developed in the context of the federal and state permitting 
processes under the CWA and California Department of Fish and Game Code, and will include 
success criteria as specified by the permitting agencies. The MMP will also include adaptive 
management guidelines for actions to be taken if the success criteria are not met. The success 
criteria will be met if 80% of the riparian plantings become established after 10 years. Monitoring 
will occur, at a minimum, during years 1, 2, 3, 5, 7, and 10, with the plantings taking place in year 
0.The initial annual monitoring will assess progress of the plantings according to predetermined 
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success criteria. If progress is not satisfactory, adaptive management actions (including replanting, 
nonnative species removal, etc.) could be implemented. The MMP will remain in force until the 
success criteria are met. 

 

Mitigation Measure BIO12.1—Avoid and Protect Jurisdictional Wetlands during 
Construction 
 

The SFCJPA will ensure that a qualified resource specialist (biologist, ecologist, or soil scientist) 
will clearly identify wetland areas outside of the direct impact footprint with temporary orange 
construction fencing before site preparation and construction activities begin at each site or will 
implement another suitable low-impact measure. Construction will not encroach upon jurisdictional 
wetlands identified by the wetland specialist. The resource specialist will use the wetland 
delineation (ICF in prep2012) mapping prepared for the proposed Project and will confirm or 
modify the location of wetland boundaries based on existing conditions at the time of the survey. 
Exclusion fencing will be installed before construction activities are initiated, and the fencing will 
be maintained throughout the construction period. No construction activity, traffic, equipment, or 
materials will be permitted in fenced wetland areas. 

 

Mitigation Measure BIO13.1—Transplant or Compensate for Loss of Protected Landscape 
Trees, Consistent with Applicable Tree Protection Regulations 
 

Protected landscape trees slated for removal and deemed good candidates for transplantation will be 
considered for transplanting in conjunction with the proposed landscaping plans. Transplanted trees 
will be located on the site if space permits. If the number of trees to be transplanted is too large to 
be accommodated on the Project site, the SFCJPA will prepare a landscaping plan detailing other 
locations where transplanted trees will be planted, consistent with the requirements of the applicable 
tree protection ordinance or regulations. Transplanted trees will be subject to the monitoring and 
replacement requirements identified for replacement trees below. 

Protected landscape trees not deemed good candidates for transplantation will be replaced. The 
landscaping plan for tree replacement will specifically identify the locations where replacement 
trees are to be planted; replacements will be planted on the site, if possible. The landscaping plan 
will be subject to review and approval by the agency with jurisdiction (Santa Clara County, San 
Mateo County, City of Palo Alto, or City of East Palo Alto). 

 

Mitigation Measure BIO13.2—Protect Remaining Trees from Construction Impacts 
 

Trees not designated for removal will be protected from damage during construction by the 
installation of temporary fencing in a manner consistent with International Society of Arboriculture 
tree protection zone recommendations. Fencing will keep construction equipment away from trees 
and prevent unnecessary damage to or loss of protected trees on the Project site. Protected trees 
retained on the site and located adjacent to construction activities will be monitored as specified for 
newly planted trees (see Mitigation Measure BIO 13.1) and replaced if they do not survive through 
the monitoring period. 



APPENDIX B 
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TREE

SURVEY

ID

COMMON NAME

DBH

CLASS

SIZE

EASTING NORTHING ALIGNMENT STATION

OFFSET

(FEET)

TREE

MANAGEMENT

RECOMMENDATION

345L Italian Stone Pine 6 6090707.81 1994585.81 Left Levee 26+05.61 58.48 REMOVE
346L

Bailey's Acacia

4 6090691.00 1994574.28 Left Levee 26+22.15 68.26 REMOVE
347L River Sheoak 3 6090667.09 1994545.30 Left Levee 26+55.39 77.63 REMOVE
348L

Monterey Pine

4 6090574.39 1994487.47 Left Levee 27+31.73 143.53 REMOVE
349L River Sheoak 4 6090549.61 1994454.02 Left Levee 27+64.56 157.47 REMOVE
350L Pear 2 6090505.20 1994411.20 Left Levee 28+10.53 189.93 INSPECT

351L Pear 2 6090506.96 1994407.23 Left Levee 28+13.98 187.29 INSPECT

352L Pear 1 6090501.62 1994400.51 Left Levee 28+21.76 190.91 PROTECT
353L Pear 2 6090501.76 1994395.97 Left Levee 28+26.15 189.71 PROTECT
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323L Italian Stone Pine 5 6090670.24 1994287.15 Left Levee 28+92.50 0.47 REMOVE
324L Italian Stone Pine 3 6090624.92 1994254.17 Left Levee 29+33.29 38.05 REMOVE
325L Acacia 4 6090628.11 1994207.63 Left Levee 29+77.23 27.31 REMOVE
326L

Monterey Cypress

8 6090642.05 1994164.14 Left Levee 30+17.98 8.24 REMOVE
327L River Sheoak 4 6090695.54 1994122.57 Left Levee 30+55.91 -48.43 INSPECT

354L

Arroyo Willow

5 6090523.93 1994167.51 Left Levee 30+25.43 126.13 REMOVE
355L

Eucalyptus

7 6090543.64 1994098.21 Left Levee 30+86.31 102.22 REMOVE
356L Italian Stone Pine 2 6090549.62 1994069.15 Left Levee 31+12.60 95.77 REMOVE
357L

Glossy Privet

0 6090673.87 1993486.42 Left Levee 36+73.97 88.51 REMOVE
358L

Glossy Privet

1 6090678.09 1993471.46 Left Levee 36+86.65 90.62 REMOVE
359L

Common Bluegum

7 6090689.88 1993379.63 Left Levee 37+81.30 117.33 REMOVE
805R Coast Live Oak 2 6090287.10 1994187.35

Right Levee

32+60.22 29.57 INSPECT

806R Coast Live Oak 2 6090286.52 1994192.55

Right Levee

32+55.03 28.98 INSPECT
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328L Italian Stone Pine 5 6090711.57 1993414.71 Left Levee 37+54.27 83.98 REMOVE
329L Italian Stone Pine 8 6090769.17 1993234.98 Left Levee 39+60.57 81.52 REMOVE
330L

Eucalyptus

1 6090755.29 1993189.83 Left Levee 40+02.29 103.77 REMOVE
331L

Eucalyptus

2 6090766.34 1993190.49 Left Levee 40+03.76 92.80 REMOVE
332L

Eucalyptus

6 6090812.11 1993130.45 Left Levee 40+75.60 57.29 REMOVE
333L

Peppertree

4 6090797.48 1993094.26 Left Levee 41+13.08 75.42 REMOVE
334L Acacia 3 6090819.80 1992996.70 Left Levee 42+19.05 54.53 REMOVE
335L

Myoporum

5 6090847.51 1992912.15 Left Levee 43+04.22 18.76 REMOVE
336L

Eucalyptus

4 6090860.67 1992815.02 Left Levee 43+99.32 -5.40 REMOVE
337L River Sheoak 4 6090886.67 1992736.89 Left Levee 44+82.93 -23.59 REMOVE
338L

Myoporum

5 6090886.35 1992693.71 Left Levee 45+25.99 -13.38 REMOVE
339L

Common Bluegum

4 6090880.56 1992629.64 Left Levee 45+85.32 12.45 REMOVE
825R Hind's Black Walnut 5 6090826.76 1991866.54

Right Levee

56+57.15 -45.34 INSPECT

360L River Sheoak 4 6090712.48 1993366.07 Left Levee 38+04.54 101.00 REMOVE
361L

Eucalyptus

7 6090708.34 1993321.37 Left Levee 38+50.69 119.29 REMOVE
362L

Eucalyptus

3 6090681.95 1993333.65 Left Levee 38+27.82 140.56 REMOVE
363L Italian Stone Pine 2 6090732.40 1993257.07 Left Levee 39+28.14 112.90 REMOVE
364L Italian Stone Pine 2 6090726.99 1993211.63 Left Levee 39+75.48 127.39 REMOVE
365L Italian Stone Pine 2 6090738.93 1993189.44 Left Levee 39+99.55 119.91 REMOVE
367L Italian Stone Pine 3 6090735.03 1993176.44 Left Levee 40+11.56 126.23 REMOVE
368L

Eucalyptus

1 6090755.20 1993149.91 Left Levee 40+45.53 111.00 REMOVE
369L Italian Stone Pine 3 6090739.79 1993101.68 Left Levee 40+99.09 132.28 REMOVE
370L Italian Stone Pine 5 6090717.89 1993076.26 Left Levee 41+27.54 156.07 REMOVE
371L Italian Stone Pine 2 6090724.81 1993077.51 Left Levee 41+26.53 149.09 REMOVE
372L Italian Stone Pine 5 6090716.74 1993022.55 Left Levee 41+93.29 158.37 REMOVE
373L Italian Stone Pine 2 6090754.67 1993032.27 Left Levee 41+81.25 120.54 REMOVE
374L Italian Stone Pine 2 6090754.52 1993023.62 Left Levee 41+91.31 120.62 REMOVE
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375L

Eucalyptus

4 6090773.30 1993017.55 Left Levee 41+97.89 101.74 REMOVE
376L Italian Stone Pine 5 6090747.56 1992923.07 Left Levee 43+08.58 119.24 REMOVE
377L Italian Stone Pine 4 6090758.76 1992935.76 Left Levee 42+92.25 109.93 REMOVE

378L Coast Live Oak 6 6090742.32 1992848.16 Left Levee 43+74.39 114.23 REMOVE

379L

Canary Island Pine

1 6090746.49 1992812.88 Left Levee 44+01.67 108.76 REMOVE

380L Coast Live Oak 6 6090738.54 1992669.89 Left Levee 45+12.96 135.64 REMOVE

381L Italian Stone Pine 2 6090731.43 1992658.09 Left Levee 45+20.50 145.47 REMOVE

382L

Peppertree

3 6090743.62 1992644.47 Left Levee 45+33.27 137.39 REMOVE

383L Italian Stone Pine 2 6090747.84 1992631.54 Left Levee 45+43.95 137.12 REMOVE

385L Coast Live Oak 2 6090747.75 1992610.78 Left Levee 45+59.30 143.78 REMOVE

386L Italian Stone Pine 2 6090750.61 1992605.50 Left Levee 45+63.91 142.84 REMOVE

387L Italian Stone Pine 2 6090750.61 1992603.50 Left Levee 45+65.61 143.53 REMOVE

388L

Canary Island Date Palm

0 6090767.43 1992572.73 Left Levee 46+00.28 138.20 REMOVE

807R

Apple

1 6090554.03 1993261.35

Right Levee

42+24.65 7.10 REMOVE

808R Plum 1 6090558.89 1993255.41

Right Levee

42+31.81 4.14 REMOVE

809R Olive 0 6090545.96 1993187.34

Right Levee

42+97.12 31.83 REMOVE

810R Plum 1 6090515.50 1992726.12

Right Levee

47+59.81 59.86 PROTECT

811R Yucca 4 6090528.36 1992719.70

Right Levee

47+67.17 47.90 PROTECT

812R

Apple

3 6090532.86 1992704.49

Right Levee

47+81.80 45.60 PROTECT

813R

Apple

2 6090539.34 1992687.17

Right Levee

47+98.81 42.09 PROTECT

814R

Canary Island Date Palm

0 6090531.06 1992667.93

Right Levee

48+14.91 53.89 REMOVE

815R Hind's Black Walnut 1 6090566.13 1992606.20

Right Levee

48+82.29 32.48 REMOVE

816R

Canary Island Date Palm

0 6090581.42 1992595.03

Right Levee

48+96.41 19.86 REMOVE

817R Hind's Black Walnut 4 6090544.35 1992559.90

Right Levee

49+20.45 63.91 PROTECT

818R Hind's Black Walnut 3 6090550.12 1992541.52

Right Levee

49+37.53 63.21 PROTECT

822R Tree Tobacco 1 6090573.94 1992817.60

Right Levee

46+75.23 -3.55 REMOVE

823R Plum 2 6090618.25 1992510.83

Right Levee

49+85.67 8.50 REMOVE
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340L River Sheoak 4 6090916.96 1992595.89 Left Levee 46+29.46 -10.28 REMOVE
341L River Sheoak 5 6090915.17 1992520.06 Left Levee 47+00.13 17.25 REMOVE
343L Italian Stone Pine 5 6091080.96 1992020.50 Left Levee 52+20.72 -33.71 INSPECT

389L Italian Stone Pine 2 6090793.27 1992506.39 Left Levee 46+71.45 136.51 REMOVE

390L Italian Stone Pine 4 6090794.45 1992502.89 Left Levee 46+75.14 136.59 REMOVE

391L

Canary Island Date Palm

8 6090784.69 1992469.66 Left Levee 47+03.06 157.09 REMOVE

392L Italian Stone Pine 2 6090815.12 1992463.13 Left Levee 47+19.57 130.71 REMOVE

393L Italian Stone Pine 2 6090834.17 1992435.44 Left Levee 47+52.09 122.23 REMOVE

394L

Canary Island Date Palm

8 6090840.76 1992359.50 Left Levee 48+25.73 141.91 REMOVE

395L Italian Stone Pine 3 6090864.33 1992379.28 Left Levee 48+15.17 113.02 REMOVE

396L Unknown 1 6091083.89 1991885.42 Left Levee 53+44.67 -57.62 PROTECT

397L

Peppertree

1 6091087.87 1991881.45 Left Levee 53+47.24 -62.49 REMOVE

398L

Glossy Privet

1 6091086.89 1991865.37 Left Levee 53+61.48 -65.88 REMOVE

399L

Peppertree

6 6091087.14 1991871.15 Left Levee 53+56.41 -64.52 REMOVE

400L Italian Stone Pine 3 6091082.50 1991880.55 Left Levee 53+49.29 -57.53 REMOVE

821R

Canary Island Date Palm

0 6090633.63 1992408.92

Right Levee

50+85.51 29.91 REMOVE

824R

Peppertree

7 6090708.60 1992320.23

Right Levee

51+96.24 1.52 REMOVE

825R Hind's Black Walnut 5 6090826.76 1991866.54

Right Levee

56+57.16 -45.34 REMOVE
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605L

Eucalyptus

6 6091049.95 1991774.79 Left Levee 54+50.01 -62.91 REMOVE

606L

Eucalyptus

6 6091021.75 1991721.95 Left Levee 55+04.35 -61.96 REMOVE

607L

Eucalyptus

8 6091009.43 1991717.26 Left Levee 55+13.71 -53.66 REMOVE

608L

Eucalyptus

5 6090997.10 1991762.99 Left Levee 54+81.70 -20.63 REMOVE

609L

Eucalyptus

4 6090987.73 1991729.88 Left Levee 55+13.88 -28.55 REMOVE

610L

Eucalyptus

4 6090986.94 1991722.67 Left Levee 55+20.16 -31.58 REMOVE

611L

Eucalyptus

5 6090995.36 1991683.04 Left Levee 55+47.06 -59.97 REMOVE

612L

Eucalyptus

8 6090967.59 1991679.63 Left Levee 55+64.23 -39.02 REMOVE

614L

Eucalyptus

8 6090945.41 1991635.14 Left Levee 56+09.77 -48.50 REMOVE

615L

Eucalyptus

7 6090938.62 1991622.87 Left Levee 56+22.49 -51.24 REMOVE

616L

Eucalyptus

5 6090931.86 1991607.81 Left Levee 56+36.97 -56.15 REMOVE

617L

Eucalyptus

5 6090900.47 1991581.61 Left Levee 56+74.32 -51.72 REMOVE

618L

Eucalyptus

6 6090850.04 1991540.84 Left Levee 57+34.19 -48.83 REMOVE

619L

Eucalyptus

8 6090829.64 1991521.89 Left Levee 57+59.81 -51.45 REMOVE

620L

Eucalyptus

8 6090689.88 1991455.05 Left Levee 59+06.47 -39.28 REMOVE

621L

Eucalyptus

5 6090673.79 1991478.57 Left Levee 59+10.38 -11.06 REMOVE

622L

Eucalyptus

6 6090665.95 1991456.07 Left Levee 59+27.43 -27.70 REMOVE

623L

Eucalyptus

4 6090648.45 1991451.20 Left Levee 59+45.27 -24.25 REMOVE

624L

Eucalyptus

7 6090550.42 1991414.78 Left Levee 60+49.25 -13.13 REMOVE

625L

Eucalyptus

4 6090324.42 1991349.05 Left Levee 62+84.11 1.06 REMOVE

626L

Eucalyptus

4 6090271.97 1991379.85 Left Levee 63+34.96 36.99 REMOVE

627L

Eucalyptus

1 6090282.69 1991366.38 Left Levee 63+24.58 22.87 REMOVE

628L

Eucalyptus

1 6090293.01 1991365.09 Left Levee 63+13.99 20.72 REMOVE

629L

Glossy Privet

2 6090303.75 1991393.82 Left Levee 62+99.39 48.17 REMOVE

630L Hind's Black Walnut 1 6090326.75 1991398.63 Left Levee 62+73.69 49.69 REMOVE

631L

Glossy Privet

1 6090352.44 1991414.38 Left Levee 62+42.39 60.24 REMOVE
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632L

Glossy Privet

1 6090359.99 1991415.70 Left Levee 62+33.81 59.82 REMOVE

633L

Glossy Privet

1 6090355.97 1991412.08 Left Levee 62+39.11 57.23 REMOVE

634L Oak 1 6090364.09 1991415.91 Left Levee 62+29.31 59.06 REMOVE

635L Silver Wattle Mimosa 2 6090488.91 1991464.69 Left Levee 60+82.03 58.99 REMOVE

636L

Eucalyptus

5 6090534.33 1991482.26 Left Levee 60+33.55 54.46 REMOVE

637L

Glossy Privet

1 6090534.82 1991478.15 Left Levee 60+34.94 50.55 REMOVE

638L

Glossy Privet

1 6090534.30 1991477.57 Left Levee 60+35.66 50.27 REMOVE

639L

Eucalyptus

8 6090575.58 1991504.77 Left Levee 59+86.59 56.20 REMOVE

641L

Glossy Privet

1 6090585.29 1991498.10 Left Levee 59+80.88 45.90 REMOVE

642L

Eucalyptus

5 6090629.92 1991518.64 Left Levee 59+31.76 44.37 REMOVE

643L

Eucalyptus

5 6090672.13 1991521.58 Left Levee 58+92.68 28.18 REMOVE

644L

Eucalyptus

8 6090736.97 1991564.35 Left Levee 58+12.51 35.48 REMOVE

645L

Eucalyptus

4 6090796.51 1991597.24 Left Levee 57+41.05 28.62 REMOVE

646L

Eucalyptus

8 6090815.28 1991610.41 Left Levee 57+17.08 26.97 REMOVE

647L

Eucalyptus

5 6090854.89 1991642.09 Left Levee 56+64.29 23.32 REMOVE

648L

Eucalyptus

4 6090867.38 1991659.07 Left Levee 56+42.51 26.02 REMOVE

649L

Eucalyptus

5 6090879.39 1991674.48 Left Levee 56+22.12 27.32 REMOVE

650L

Glossy Privet

1 6090897.98 1991684.61 Left Levee 56+01.65 19.53 REMOVE

651L

Glossy Privet

1 6090896.83 1991689.93 Left Levee 55+98.09 23.75 REMOVE

652L

Eucalyptus

8 6090920.50 1991726.47 Left Levee 55+52.76 26.38 REMOVE

653L

Glossy Privet

1 6090939.77 1991757.42 Left Levee 55+14.64 26.75 REMOVE

654L

Glossy Privet

2 6090939.07 1991763.68 Left Levee 55+09.35 30.52 REMOVE

655L

Glossy Privet

1 6090949.16 1991771.80 Left Levee 54+96.73 25.76 REMOVE

826R Elm 1 6090393.54 1991603.11

Right Levee

61+55.12 7.43 REMOVE

827R Ash 2 6090224.59 1991473.95

Right Levee

63+47.97 -50.18 INSPECT
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175L Box Elder 2 6090060.10 1991360.02 Left Levee 65+48.19 -12.17 REMOVE
176L

Blue Elderberry

0 6090052.26 1991373.66 Left Levee 65+59.96 -1.88 REMOVE
177L Box Elder 3 6090038.04 1991403.48 Left Levee 65+84.38 20.81 REMOVE
178L

Blue Elderberry

3 6090007.65 1991419.62 Left Levee 66+20.12 23.08 REMOVE
179L

Valley Oak

1 6089991.14 1991413.69 Left Levee 66+32.59 10.36 REMOVE
180L

Blue Elderberry

2 6089978.22 1991442.04 Left Levee 66+57.92 29.14 REMOVE
181L Box Elder 1 6089985.32 1991428.89 Left Levee 66+45.20 21.07 REMOVE
182L Coast Live Oak 1 6089968.21 1991437.74 Left Levee 66+64.59 20.53 REMOVE
183L

Valley Oak

1 6089944.75 1991436.62 Left Levee 66+86.39 7.28 REMOVE
184L Hind's Black Walnut 5 6089992.32 1991465.23 Left Levee 66+56.82 56.26 REMOVE
185L

Blue Elderberry

0 6089933.44 1991497.27 Left Levee 67+28.03 45.34 REMOVE
186L

Arroyo Willow

2 6089916.81 1991502.43 Left Levee 67+41.74 40.97 REMOVE
187L

Blue Elderberry

0 6089914.55 1991511.87 Left Levee 67+48.20 48.21 REMOVE
282L Western White Alder 3 6089489.35 1991581.95 Left Levee 73+67.07 53.41 PROTECT
283L

Balsam Poplar

1 6089486.27 1991609.02 Left Levee 73+93.69 59.23 PROTECT
284L Western White Alder 2 6089465.27 1991640.60 Left Levee 74+30.36 49.54 INSPECT

285L

Lombardy Poplar

5 6089383.87 1991666.50 Left Levee 74+52.79 45.19 REMOVE
286L

Lombardy Poplar

6 6089365.44 1991659.85 Left Levee 74+69.20 46.77 REMOVE
287L Tree-of-Heaven 7 6089357.99 1991647.74 Left Levee 74+79.56 39.50 REMOVE
288L Tree-of-Heaven 6 6089340.80 1991629.49 Left Levee 75+00.59 32.85 REMOVE
289L

Paperbark

1 6089434.69 1991609.72 Left Levee 74+11.00 10.63 INSPECT

587L

Balsam Poplar

1 6089533.44 1991642.53 Left Levee 74+10.18 114.68 REMOVE
588L Western White Alder 1 6089522.10 1991617.33 Left Levee 73+89.99 95.82 REMOVE
589L Western White Alder 1 6089530.70 1991589.62 Left Levee 71+72.09 94.25 PROTECT
590L Western White Alder 2 6089532.57 1991572.18 Left Levee 71+75.90 77.12 INSPECT

591L

Balsam Poplar

1 6089540.36 1991565.52 Left Levee 71+70.64 68.32 PROTECT
592L

Balsam Poplar

1 6089556.94 1991548.10 Left Levee 71+57.36 46.43 PROTECT
593L

Paperbark

1 6089439.52 1991585.24 Left Levee 73+86.27 7.30 INSPECT

594L

Paperbark

1 6089443.67 1991576.53 Left Levee 73+76.68 8.42 INSPECT

595L River Sheoak 1 6089452.93 1991554.90 Left Levee 73+53.23 10.21 INSPECT
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596L River Sheoak 1 6089470.59 1991530.61 Left Levee 73+24.54 19.08 PROTECT
597L River Sheoak 1 6089478.75 1991515.29 Left Levee 73+07.40 21.87 PROTECT
598L River Sheoak 1 6089473.03 1991530.37 Left Levee 73+23.52 21.31 PROTECT
599L River Sheoak 1 6089465.70 1991551.80 Left Levee 73+46.17 21.29 PROTECT
656L River Sheoak 1 6089609.09 1991539.13 Left Levee 71+13.84 19.15 PROTECT
657L River Sheoak 1 6089604.10 1991553.95 Left Levee 71+13.79 34.79 PROTECT
658L River Sheoak 3 6089597.26 1991564.51 Left Levee 71+16.84 46.99 PROTECT
659L Hind's Black Walnut 5 6089627.40 1991640.83 Left Levee 73+78.25 203.07 REMOVE
660L Fremont's Cottonwood 2 6089664.29 1991604.24 Left Levee 69+32.05 171.50 PROTECT
661L Fremont's Cottonwood 3 6089642.31 1991585.42 Left Levee 69+58.92 160.78 PROTECT
662L Fremont's Cottonwood 1 6089674.32 1991569.77 Left Levee 69+33.68 135.64 PROTECT
663L

Valley Oak

1 6089664.31 1991598.33 Left Levee 69+33.94 165.91 PROTECT
664L Box Elder 1 6089666.90 1991526.08 Left Levee 70+88.72 37.23 PROTECT
665L Box Elder 2 6089677.28 1991532.96 Left Levee 70+91.88 49.28 PROTECT
666L Box Elder 1 6089695.02 1991519.84 Left Levee 70+73.73 61.84 PROTECT
667L Box Elder 1 6089700.32 1991524.44 Left Levee 70+76.38 68.34 PROTECT
668L

Sycamore

1 6089736.63 1991524.96 Left Levee 68+89.16 73.12 PROTECT
669L Box Elder 1 6089754.77 1991524.20 Left Levee 68+72.24 66.54 PROTECT
670L Box Elder 2 6089791.88 1991507.82 Left Levee 68+42.40 39.07 PROTECT
672L Box Elder 2 6089787.32 1991517.08 Left Levee 68+43.73 49.31 INSPECT

673L Box Elder 1 6089740.95 1991544.40 Left Levee 68+78.80 90.12 PROTECT
674L Box Elder 1 6089688.89 1991553.75 Left Levee 69+25.05 115.77 INSPECT

675L Coast Live Oak 5 6089832.52 1991516.33 Left Levee 68+01.19 34.01 REMOVE
676L

Common Bluegum

7 6089706.40 1991446.39 Left Levee 69+43.12 8.51 REMOVE
677L

Common Bluegum

3 6089726.71 1991442.07 Left Levee 69+25.30 -2.14 REMOVE
678L

Common Bluegum

5 6089727.09 1991441.41 Left Levee 69+25.15 -2.88 REMOVE
679L

Common Bluegum

8 6089763.65 1991453.56 Left Levee 68+86.63 -3.18 REMOVE
680L Fremont's Cottonwood 3 6089923.27 1991404.69 Left Levee 66+84.90 -31.02 INSPECT

681L Fremont's Cottonwood 1 6089929.85 1991426.15 Left Levee 66+90.36 -10.50 INSPECT

682L Fremont's Cottonwood 1 6089955.62 1991409.23 Left Levee 66+61.81 -10.51 INSPECT
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683L

Valley Oak

1 6089998.56 1991387.42 Left Levee 66+14.27 -9.88 PROTECT
684L Coast Live Oak 1 6090019.19 1991385.48 Left Levee 65+94.90 -3.11 REMOVE
685L Box Elder 2 6090079.13 1991351.82 Left Levee 65+28.06 -14.22 PROTECT
686L Box Elder 4 6090092.46 1991337.70 Left Levee 65+11.93 -24.18 PROTECT
687L

California buckeye

1 6090134.21 1991336.81 Left Levee 64+72.44 -15.69 INSPECT

688L

Blue Elderberry

0 6090058.81 1991352.89 Left Levee 65+47.17 -19.35 INSPECT

689L

Arroyo Willow

2 6090075.32 1991346.29 Left Levee 65+30.05 -20.61 PROTECT
690L

Arroyo Willow

1 6090094.29 1991339.86 Left Levee 65+10.77 -21.62 INSPECT

691L

Blue Elderberry

0 6090105.49 1991337.30 Left Levee 64+99.71 -21.34 INSPECT

692L

Blue Elderberry

2 6090148.60 1991360.17 Left Levee 64+62.57 9.89 REMOVE
693L

Eucalyptus

5 6090150.56 1991372.84 Left Levee 64+62.82 22.70 REMOVE

694L

Blue Elderberry

4 690129.60 1991361.87 Left Levee 64+81.85 7.97 REMOVE
695L

California buckeye

2 6090125.00 1991359.34 Left Levee 64+85.86 4.53 REMOVE
696L Box Elder 1 6090111.54 1991359.00 Left Levee 64+98.97 1.18 REMOVE
697L Coast Live Oak 1 6090081.99 1991366.58 Left Levee 65+29.53 0.74 REMOVE
846L

Arroyo Willow

5 6089693.52 1991644.24 Left Levee 68+91.47 199.93 REMOVE
847L

Arroyo Willow

3 6089689.89 1991648.77 Left Levee 68+93.45 205.39 REMOVE
848L

Arroyo Willow

2 6089698.65 1991668.51 Left Levee 68+78.78 221.25 REMOVE
849L

California Bay Laurel

2 6089664.97 1991660.18 Left Levee 69+13.35 224.23 REMOVE
850L

California Bay Laurel

2 6089655.56 1991663.91 Left Levee 69+21.06 230.79 REMOVE
851L

Arroyo Willow

1 6089696.18 1991660.87 Left Levee 68+83.59 214.81 REMOVE
358P Brisbane Boxtree 1 6089642.51 1991471.57 Left Levee 70+44.99 -3.45 REMOVE
359P Brisbane Boxtree 1 6089642.51 1991456.97 Left Levee 70+31.17 -8.15 REMOVE
360P Brisbane Boxtree 1 6089653.97 1991443.54 Left Levee 70+14.76 -1.64 PROTECT

361P

Paperbark

2 6089587.98 1991437.12 Left Levee 70+29.98 -66.17 PROTECT

362P

Paperbark

2 6089574.26 1991432.01 Left Levee 71+81.24 -69.02 INSPECT

363P

Paperbark

2 6089559.36 1991427.95 Left Levee 71+96.65 -68.10 INSPECT

828R

Eucalyptus

3 6089935.98 1991556.61

Right Levee

66+19.91 -69.18 REMOVE
829R

Eucalyptus

1 6089930.28 1991561.46

Right Levee

66+27.24 -67.69 REMOVE
830R

Eucalyptus

3 6089934.93 1991556.43

Right Levee

66+20.74 -69.84 REMOVE
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831R

Eucalyptus

8 6089919.62 1991585.37

Right Levee

66+48.16 -51.96 REMOVE
832R

Eucalyptus

7 6089875.61 1991619.30

Right Levee

67+03.11 -43.64 REMOVE
833R

Eucalyptus

4 6089861.71 1991628.90

Right Levee

67+19.92 -42.00 REMOVE
834R

Eucalyptus

1 6089849.68 1991630.42

Right Levee

67+31.18 -46.50 INSPECT
835R

Eucalyptus

6 6089884.98 1991679.47

Right Levee

67+24.11 13.52 REMOVE
836R

Eucalyptus

3 6089822.07 1991668.36

Right Levee

67+73.72 -26.71 REMOVE
837R

Eucalyptus

3 6089814.38 1991669.96

Right Levee

67+81.23 -29.06 REMOVE
838R Siberian Elm 4 6089659.64 1991799.13

Right Levee

69+79.20 8.84 REMOVE
839R Siberian Elm 2 6089637.54 1991796.87

Right Levee

69+97.66 -3.26 REMOVE
840R Coast Live Oak 2 6089626.06 1991800.96

Right Levee

70+09.97 -4.18 REMOVE
841R

Blue Elderberry

6 6089602.79 1991789.26

Right Levee

70+28.49 -23.40 REMOVE
842R

Lombardy Poplar

5 6089515.56 1991791.09

Right Levee

71+25.55 -35.41 REMOVE
843R Acacia 3 6089481.90 1991810.91

Right Levee

71+60.59 -12.95 REMOVE
844R Coast Live Oak 3 6089410.07 1991797.06

Right Levee

72+36.34 -6.59 REMOVE
845R Coast Live Oak 2 6089397.67 1991788.83

Right Levee

72+51.48 -8.76 REMOVE
846R Coast Live Oak 3 6089389.05 1991783.88

Right Levee

72+61.74 -9.13 REMOVE
847R Coast Live Oak 1 6089386.55 1991782.56

Right Levee

72+64.66 -9.07 REMOVE
848R Coast Live Oak 8 6089367.85 1991792.33

Right Levee

72+75.80 8.85 REMOVE
849R Hind's Black Walnut 0 6089311.14 1991752.20

Right Levee

73+44.52 9.47 REMOVE
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188L

White Poplar

3 6089876.53 1991538.18 Left Levee 70+32.53 239.56 REMOVE
189L

White Poplar

1 6089877.35 1991535.08 Left Levee 70+29.32 239.33 REMOVE
190L

White Poplar

2 6089874.98 1991530.61 Left Levee 70+25.86 235.65 REMOVE
191L

White Poplar

2 6089874.87 1991536.39 Left Levee 67+81.98 52.81 REMOVE
192L

White Poplar

1 6089866.33 1991535.00 Left Levee 67+89.91 49.37 REMOVE
193L

White Poplar

2 6089865.56 1991541.28 Left Levee 70+39.00 230.17 REMOVE
194L

White Poplar

2 6089867.69 1991541.35 Left Levee 67+90.16 55.86 REMOVE
195L

White Poplar

2 6089863.40 1991546.76 Left Levee 70+44.88 229.90 REMOVE
196L

White Poplar

2 6089864.09 1991536.23 Left Levee 70+34.69 227.15 REMOVE
197L

White Poplar

2 6089859.72 1991526.78 Left Levee 70+27.15 219.96 REMOVE
198L

White Poplar

2 6089858.98 1991541.64 Left Levee 70+41.45 224.06 REMOVE
199L

White Poplar

1 6089850.60 1991554.34 Left Levee 70+56.19 220.23 REMOVE
200L

White Poplar

1 6089851.90 1991551.99 Left Levee 70+53.54 220.70 REMOVE
812L

White Poplar

1 6089846.65 1991557.11 Left Levee 70+60.08 217.38 REMOVE
813L

White Poplar

2 6089849.76 1991555.24 Left Levee 70+57.31 219.72 REMOVE
814L

White Poplar

1 6089843.32 1991546.14 Left Levee 70+50.77 210.69 REMOVE
815L

White Poplar

1 6089842.44 1991548.29 Left Levee 70+53.09 210.55 REMOVE
816L

White Poplar

1 6089842.57 1991551.63 Left Levee 70+56.21 211.75 REMOVE
817L

White Poplar

1 6089840.97 1991550.34 Left Levee 70+55.50 209.82 REMOVE
818L

White Poplar

7 6089834.77 1991547.40 Left Levee 70+54.72 203.01 REMOVE
819L

White Poplar

1 6089819.33 1991556.18 Left Levee 68+00.81 75.98 REMOVE
820L

White Poplar

2 6089824.92 1991560.88 Left Levee 67+94.00 78.63 REMOVE
821L

White Poplar

2 6089812.39 1991572.58 Left Levee 68+02.09 93.74 REMOVE
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822L

White Poplar

6 6089816.03 1991564.31 Left Levee 68+01.31 84.75 REMOVE
823L

Arroyo Willow

2 6089810.83 1991565.45 Left Levee 68+05.87 87.50 REMOVE
824L

Arroyo Willow

2 6089813.69 1991580.93 Left Levee 67+98.17 101.23 REMOVE
825L

White Poplar

2 6089803.32 1991575.88 Left Levee 68+09.60 99.79 REMOVE
826L

White Poplar

4 6089800.41 1991581.22 Left Levee 68+10.64 105.79 REMOVE
827L

White Poplar

1 6089793.87 1991584.72 Left Levee 68+15.70 111.21 REMOVE
828L Unknown 1 6089809.74 1991594.50 Left Levee 67+97.52 115.35 REMOVE
829L

Arroyo Willow

2 6089806.11 1991569.83 Left Levee 68+08.92 93.17 REMOVE
830L

Eucalyptus

7 6089797.75 1991575.98 Left Levee 68+14.84 101.69 REMOVE
831L

Blue Elderberry

2 6089774.29 1991582.11 Left Levee 68+35.07 115.06 REMOVE
832L

Blue Elderberry

2 6089779.55 1991591.52 Left Levee 68+27.06 122.26 REMOVE
833L

River Redgum

3 6089762.57 1991588.77 Left Levee 68+44.02 125.14 REMOVE
835L

White Poplar
3 6089754.13 1991593.52 Left Levee 68+50.47 132.36 REMOVE

836L
White Poplar

2 6089745.74 1991596.88 Left Levee 68+57.33 138.25 REMOVE
837L

White Poplar
3 6089747.78 1991601.40 Left Levee 68+53.94 141.87 REMOVE

838L

White Poplar

2 6089753.00 1991603.52 Left Levee 68+48.32 142.20 REMOVE
839L

White Poplar

4 6089759.47 1991615.63 Left Levee 68+38.28 151.57 REMOVE
840L Hind's Black Walnut 2 6089755.32 1991609.27 Left Levee 68+44.26 146.88 REMOVE
841L Hind's Black Walnut 1 6089754.84 1991607.90 Left Levee 68+45.16 145.74 REMOVE
842L

White Poplar

4 6089727.21 1991617.98 Left Levee 68+68.06 164.20 REMOVE
843L

White Poplar

3 6089723.12 1991616.46 Left Levee 68+72.42 164.09 REMOVE
844L

White Poplar

5 6089723.93 1991619.05 Left Levee 68+70.82 166.28 REMOVE
845L

Arroyo Willow

1 6089756.18 1991582.73 Left Levee 68+52.02 121.49 REMOVE
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JPA San Francisquito Creek Joint Powers Authority 

LIS Levee Inspection System 

NAVD  North American Vertical Datum 

O&M  Operation & Maintenance 

RSP Rock Slope Protection 

SCVWD  Santa Clara Valley Water District 

SFC San Francisquito Creek 

SMP  Stream Maintenance Program 

US 101  U.S. Highway 101 

USACE  U.S. Army Corps of Engineers 

YR    Year
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GLOSSARY 

100-year flood  A flood that has a 1 percent probability of occurrence in a given 
year. 

bank protection  Bank protection stabilizes a channel bank using rock, riprap, 
concrete, soft materials, vegetation, or a combination of materials 
or methods. Bank protection can also include preventative 
maintenance to ensure that banks do not erode in the future. 

bed  The bottom of a body of water, such as a stream, channel, or river. 

bench  An area cut into a terrace for riparian zone restoration or for 
strengthening the design of a water channel. 

Best Management Practices (BMPs) Schedules of activities, use of erosion control measures, operation 
and maintenance procedures, and other practices to prevent or 
reduce the pollution of water of the United States.  

brush  See woody brush 

channel  A natural or human-made feature that conveys water. channel 
erosion Includes the processes of stream bank erosion, streambed 
scour, and degradation. channel geometry The structure of a 
waterway, including the force of water currents, the height and 
content of banks, and other features. 

culvert  Any covered structure not classified as a bridge which conveys a 
waterway under a road or other paved area. 

degradation  The lowering of the streambed by erosive processes such as 
scouring by flowing water, removal of channel bed materials, or 
downcutting of natural stream channels. Such erosion may initiate 
degradation of tributary channels, causing damage similar to that 
due to gully erosion and valley trenching. 

design capacity  An engineering term used to describe the amount of water that a 
modified channel was designed to convey. Generally, the design 
capacity for improved District facilities is to accommodate the 1 
percent or 100-year flood. 

design flood  The flood magnitude selected for use as a criterion in designing 
flood control works. The largest flood that a given project is 
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designed to pass safely. In this project, the design flood is the 100-
year flood. 

design flow  The magnitude of stream flow that is used in design of channel 
improvements and structures across the channels. 

downcutting  The erosive effect of water against the river channel and their 
protective features; incision. 

erosion  The wearing away of land surface by running water including 
rainfall, surface runoff, drainage, or wind. 

excessive vegetation  Vegetation growth whose pervasive presence obscures visibility and 
inhibits access. 

flood protection project  A project that affects the flood conveyance capacity or flood 
management behavior of the system, usually designed to reduce 
flooding hazards. 

flood  The temporary inundation of lands normally dry; any waters 
escaping from a creek or river. 

floodplain  Low-lying areas adjacent to stream or river channel that are flooded 
during high flows in a channel. 

floodwall  A wall constructed adjoining channel to prevent flooding of the 
surroundings areas. 

freeboard  Vertical distance between the top of an embankment adjoining a 
channel and the water level in the channel. 

HEC-RAS (Hydraulic Engineering Center's River Analysis System) is a software 
program used to model the water surface profile for this project. 

in channel maintenance  Also designated as in stream maintenance, maintenance that occurs 
within the areas delineated as “in stream” on Figures 1 & 2. 

levee  An embankment constructed to prevent a river or stream from 
flooding adjacent lands. 

low-flow channel  The natural stream that carries the more frequent, periodic 
streamflows.  

mitigation  An action taken to moderate, reduce, alleviate the impacts of a 
proposed activity by (a) avoiding the impact by not taking a certain 
action or parts of an action; (b) minimizing impacts by limiting the 
degree or magnitude of the action and its implementation; (c) 
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rectifying the impact by repairing, rehabilitating, or restoring the 
affected environment; (d) reducing or eliminating the impact over 
time by preservation and maintenance operations during the life of 
the action; (e) compensating for the impact by replacing or 
providing substitute resources or environments. 

reach  The smallest subdivision of a drainage system consisting of a 
uniform length of channel or a discrete portion of a channel. 

revetment  a facing of stones, sandbags, etc., to protect a wall, embankment, or 
earthworks 

riparian  Pertaining to the banks of a river, stream, waterway, or other, 
typically, flowing body of water, as well as to plant and animal 
communities along such bodies of water. 

riprap  Loose rock or concrete of varying size, typically brought to a site. 
Used to protect channel banks and drainage outlets from scouring 
forces. 

scour  The clearing and digging action of flowing water, especially the 
downward erosion caused by stream water in removing material 
(e.g., soil, rocks) from a channel bed or bank or around in-channel 
structures. 

sediment removal  The act of removing sediment deposited within a stream, channel, 
or bypass culvert. Typically, sediment is removed when it reduces 
the carrying capacity. 

sediment  Solid material, both mineral and organic, that is carried by the water 
and settles to the bottom of channels, bypass culverts, drain pipes, 
or behind dams. 

sedimentation  The process by which rock and organic materials settle out of water. 

spalling To break into pieces, esp. concrete. 

station  A station is a standard channel location system used by the SCVWD 
that gives the distance from the downstream limit of jurisdiction 
(usually San Francisco Bay), or, for a tributary creek, from where it 
branches off of the main channel. Distance is measured in feet, with 
each "station" representing 100 feet for the Lower San Francisquito 
Creek Project levees.   For example, station 26+00 would be a point 
2,600 feet upstream from the mouth of the channel from San 
Francisco Bay along the left or right levee. 
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streambed  The part of a stream over which a column of water moves. 

toe  The line of a natural or fill slope where it intersects the natural 
ground. 

vegetation management  Removal or pruning of vegetation for any of a number of 
anthropomorphic purposes including maintenance of infrastructure, 
fuel management, ecosystem modification or improvement, 
aesthetic, or purposes that provide desirable benefits in and 
adjacent to water channels to maintain their ability to function as 
flood protection facilities. In addition, vegetation is removed to 
meet local fire code requirements and to reduce combustible weeds 
and grasses on property adjacent to the streams within the District's 
jurisdiction. The control of invasive non-native vegetation is another 
purpose for which the District undertakes vegetation control. 
Vegetation management is also required for maintaining visibility 
for inspection; ensuring access for maintenance work and flood 
fighting; and minimizing detrimental effects to levees, 
embankment, and bank protection. Vegetation management can be 
accomplished through mowing, discing, hand clearing, or herbicide 
applications (depending on the environmental conditions of the 
site). 

vegetation-free zone  A requirement by the USACE for a 15-wide area adjacent to levee 
inboard and outboard toes to be kept free of woody vegetation 
which impairs visual inspection and flood fighting activities. 
Vegetation located outside of project ROW on private property is 
not currently subject to Corps jurisdiction or this requirement. 
Vegetation (mitigation) planted as part of the original project 
improvements may also be exempt from removal pending Corps 
review and/or acceptance of a variance. 

velocity  Speed with which water should flow in a channel. It depends on 
several factors, such as slope, smoothness and uniformity of 
channel, area of flow and wetted perimeter. 

watershed  The area of a landscape from which surface runoff flows to a given 
point; a drainage basin. A ridge or drainage divide separates a 
watershed from adjacent watersheds. 

woody brush  Thick, scrubby vegetation typically 6 feet in height or less. Brush is 
composed of shrubs and woody perennials usually growing in 
dense, impenetrable masses that can affect hydraulic conveyance in 
a channel.

vi 
 



 

 

vii 
 



 

Contents 

ACKNOWLEDGEMENTS .................................................................................................................................. i 

LIST OF COMMON ACRONYMS AND ABBREVIATIONS .................................................................................. ii 

GLOSSARY..................................................................................................................................................... iii 

1 OVERVIEW AND ACCESS ......................................................................................................................... 1 

1.1 Purpose of Manual .................................................................................................................... 1 

1.2 Changes to the Project or the Manual ...................................................................................... 1 

1.3 Project Vehicular Access ............................................................................................................ 1 

2 NORMAL OPERATION, MAINTENANCE AND REPAIR .............................................................................. 2 

2.1 Introduction ............................................................................................................................... 2 

2.2 Removal of Excess Sediment and Vegetation ........................................................................... 2 

2.2.1 Sediment Removal Triggers for Channel ............................................................................ 2 

2.2.2 Vegetation Removal Triggers for Channel .......................................................................... 2 

2.3 Levee Embankments ................................................................................................................. 3 

2.3.1 Maintenance of grass and sod cover .................................................................................. 3 

2.3.2 Removal or trimming of non-woody vegetation within project right-of-way for 
inspections at base of levee toes ........................................................................................ 3 

2.3.3 Removal or pruning of all vegetation encroaching within project right-of-way ................ 3 

2.3.4 Animal Control Program (baiting, trapping, and barriers) .................................................. 4 

2.3.5 Repair animal damage on levee slopes and at levee toe ................................................... 4 

2.3.6 Levee embankment and slope repairs ................................................................................ 4 

2.3.7 Repair and maintenance of levee access roadways ........................................................... 4 

2.3.8 Repair of levee damage caused by flood events (scour, slumps, and sags) ....................... 4 

2.4 Floodwall ................................................................................................................................... 5 

2.4.1 Removal or trimming of non-woody vegetation within project right-of-way .................... 5 

2.4.2 Removal of all woody vegetation within 15-feet of floodwalls .......................................... 5 

2.4.3 Removal or pruning of all vegetation encroaching within project right-of-way ................ 5 

2.4.4 Animal Control Program (baiting, trapping, and barriers) ... Error! Bookmark not defined. 

5 

2.4.6 Repair and maintenance of floodwall access roadways/ramps ......................................... 5 

2.4.7 Repair of floodwall coating ................................................................................................. 5 

viii 
 



 

2.4.8 Repair of floodwall damage caused by flood events .......................................................... 6 

2.5 Interior Drainage System ........................................................................................................... 6 

2.5.1 Culvert flap gate service and repairs (annually) ................................................................. 6 

2.5.2 Pipe culvert inspection, repairs, and sediment removal .................................................... 6 

2.5.3 Removal of sediment and woody vegetation at culverts and outfalls ............................... 6 

2.5.4 Repair and maintenance of outfall slope protection .......................................................... 6 

2.5.5 Positive Closure Valve ......................................................................................................... 6 

2.6 San Francisquito Creek Channel ................................................................................................ 7 

2.6.1 Removal of woody vegetation in channel .......................................................................... 7 

2.6.2 Trimming, modifying, and removal of downed trees in creek channels ............................ 7 

2.6.3 Sediment removal in low flow channel .............................................................................. 7 

2.6.4 Fill and repair scour holes in channel ................................................................................. 7 

2.6.5 Control of unwanted vegetation and brush on benches to maintain conveyance ............ 7 

2.6.6 Maintenance and repair of hydraulic gates and control structures ................................... 7 

2.6.7 Repair of revetment and riprap .......................................................................................... 8 

2.6.8 Trash and debris removal in channels and at bridge piers/columns .................................. 8 

2.6.9 Homeless encampment clean-up ....................................................................................... 8 

2.7 Miscellaneous Maintenance Activities ...................................................................................... 8 

2.7.1 Miscellaneous Repairs and Maintenance ........................................................................... 8 

2.7.2 Remove unauthorized encroachments on Project (stairs, landscaping, utilities, fences, 
irrigation) ............................................................................................................................ 8 

2.7.3 Maintenance of authorized encroachments on Project (Vehicular and pedestrians trails, 
utilities, etc.) ....................................................................................................................... 8 

2.7.4 Riparian vegetation mitigation site maintenance .............................................................. 9 

2.8 Storm Water Pump Stations ...................................................................................................... 9 

2.8.1 O’Connor Pump Station ...................................................................................................... 9 

2.8.2 Palo Alto Pump Station ....................................................................................................... 9 

2.9 Friendship Bridge and Boardwalk.............................................................................................. 9 

2.9.1 Removal of woody vegetation at piers ............................................................................... 9 

3 INSPECTION AND REPORTS .................................................................................................................. 10 

3.1 Introduction ............................................................................................................................. 10 

3.2 Inspection and Reporting Frequency ...................................................................................... 10 

ix 
 



 

3.3 SCVWD Inspections of Project Elements ................................................................................. 10 

3.4 Check Lists and Instructions .................................................................................................... 11 

3.5 SCVWD Project Inspections ..................................................................................................... 11 

3.5.1 SCVWD Evaluation of Project Elements ............................................................................ 11 

3.5.2 SCVWD Rating of Project Elements and Deficiencies ....................................................... 11 

 

List of Appendices 

Appendix A.  Design Documentation Report  
Appendix B.  Project As-constructed Drawings   
Appendix C.  SCVWD Inspection Guidelines, Rating Guides and Checklists 
Appendix D.  Maintenance Activities List 
Appendix E.  Environmental Permits 
Appendix F. Owner Manual(s) of other channel features 

 

 

List of Figures 

Figure 1. Maintenance Exhibit 
Figure 2. Maintenance Exhibit 

x 
 



 

1 OVERVIEW AND ACCESS 

1.1 Purpose of Manual 

The manual provides a consolidation of data and requirements needed by the sponsor to perform 
operation and maintenance (O&M) activities at San Francisquito Creek.  At present, the Santa Clara 
Valley Water District (SCVWD) is designated as the owner of this manual pending assignment of 
responsibilities for work within San Mateo County.  Work proposed for the levee stability slope within 
the Faber Tract (see section 2.7.5), within California clapper rain and salt marsh harvest mouse, will be 
assigned to the appropriate entity. 

The manual has been developed as a “Living Document”. It is expected that the sponsor will update it 
when changes to the project and O&M occur. Significant changes to the project or procedures that 
could potentially impact the operation of the project should be routed through SCVWD for review and 
approval (see Section 1.2). 

1.2 Changes to the Project or the Manual 

Proposed changes to the project/system and/or its O&M Manual should be routed through the SCVWD. 

The current name and address is: 

Operations and Maintenance Engineering Support Unit 
Santa Clara Valley Water District 
5750 Almaden Expressway 
San Jose, CA 95118 

1.3 Project Vehicular Access 

See Figures 1 and 2 for vehicular access locations to the San Francisquito Creek levees and floodwalls. 

• For normal O&M, vehicular access points to the gravel and paved roads are located at 
East Bayshore Road, Verbena Drive, Daphine Way, Geng Road, and O’Connor Street.  

• Ramps providing direct channel access are located downstream from the Palo Alto 
Pump Station (L-Line STA 70+75) and near the overhead utility tower in the channel (L-Line STA 
48+00).   

• All access gates and bollards will remain locked when not in use. 

• Access is available to pedestrians, bicyclists, and authorized cars and trucks. 

• Access across Friendship Bridge and the Boardwalk is limited to pedestrians, and cars 
and light trucks. Heavy equipment is not allowed. 
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2 NORMAL OPERATION, MAINTENANCE AND REPAIR 

2.1 Introduction 

In accordance with U.S. Army Corps of Engineers (USACE) technical guidance, this section covers routine 
operations and maintenance details required for the proper care and efficient operation of the various 
project elements, including levee embankments, floodwalls, channels, interior drainage system, and 
pump stations. An outline of operation records must be maintained and available for inspections.  For 
additional project design information, see Appendix A - Design Documentation Report. 

Some activities listed below require regulatory permits and/or authorization to perform the work. The 
work activities for specific locations will need to be analyzed for determination of possible significant 
impacts through the appropriate environmental review and adoption process. These activities and 
specific locations are identified with the text: (specific locations require additional permits). 

2.2 Removal of Excess Sediment and Vegetation  

The following sections identify the trigger points for the removal of sediment and/or vegetation so that 
the project complies with the as-built conditions. 

2.2.1 Sediment Removal Triggers for Channel 

Excess sediment in the channels affects the conveyance capacity of the improvements and impairs the 
ability of the Project to function as designed.  

From Highway 101 to the San Francisco Bay, sediment deposition accumulated to a 
continuous elevation 8.0’ (NAVD88) will reduce the levee/floodwall freeboard by 50% (1.5 
feet) which will require sediment removal. 

2.2.2 Vegetation Removal Triggers for Channel  

Vegetation management refers to the removal of vegetation for the purposes of maintaining specific 
flood control objectives such as passage of flood flows and to maintain flood control access (project 
inspections, flood fighting, maintenance and repairs).  

From Highway 101 to the San Francisco Bay, a maximum roughness coefficient of n=0.055 
(similar to continuous thickets or rigid woody understory and brush) would result in a 
reduction of levee/floodwall freeboard of 33% (1.0 foot).  This condition is based on brush 
or excessive vegetation (n-value = 0.055) being present on the terraced benches and levee 
side slope.  

The system has been designed to a maximum roughness coefficient of n=0.038 (similar to 
grasses). 
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Maintenance activities shall occur when woody understory or brush is encountered.  Specific 
maintenance activities for the Project elements are identified in Sections 2.3 through 2.7. 

2.3 Levee Embankments  

Maintenance measures are necessary to ensure serviceability of the levees to withstand flow events up 
to the design flood event. A Vegetation-Free Zone is required to allow for visual inspection of the levee 
embankments. Vegetation other than shallow rooted grasses shall not be permitted on levee crowns, 
slopes, or within 15’ of levee toes. This is necessary to prevent the development of deep roots within 
the body of the levee which can create seepage paths. A rodent abatement program shall be employed 
as soon as evidence of burrowing activity is found on the levee embankment or toe. Shallow scattered 
holes allow for runoff to infiltrate the levee and can result in seepage flow paths through the levee 
during flood events.  

2.3.1 Maintenance of grass and sod cover 

• Annual mowing of grasses to no more than 4 inches high on levee embankments from top of 
levee to levee toe by the early summer for inspection and fire control purposes 

• Clippings may be left on levee face to augment grasses and act as a seed bank 

• Clippings may be removed to facilitate inspections for animal damage. Areas will be chosen prior 
to inspection 

• Hydroseed bare spots on levee faces due to fire or slope repairs in fall or early winter months to 
facilitate germination  

• Monitor hydroseeded areas for success 

• Repeat hydroseed application, as needed if first attempt was not successful 

• Control undesirable vegetation through use of herbicide, mechanical mowing, or other 
appropriate methods 

2.3.2 Removal or trimming of woody and non-woody vegetation within project right-of-way for 
inspections at base of levee toes  

• Cut and remove native and non-native understory and brush from levee slopes 

• Cut and remove woody growth (trees, saplings, and volunteers) within 15-feet of levee toes 

2.3.3 Removal or pruning of all vegetation encroaching within project right-of-way  

• Limb up tree branches to 8 feet (14 feet above maintenance roads) above grade and remove 
ground cover that obscures visual inspections and flood fighting activities 

• Cut, trim, and or remove landscape ground covers, brush, and ornamentals from adjacent private 
property which encroaches onto the right-of-way within 15 feet of levee toe in accordance with 
current USACE requirements 
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2.3.4 Animal Control Program (baiting, trapping, and barriers) 

• Control of burrowing animals (gophers, ground squirrels, and rodents) with bait stations, 
fumigants, smoke bombs, pesticides, and live trapping to prevent damage or colonization of 
levee embankments 

• Displace or exclude animals constructing and using dens (burrows) in the levee embankments by 
mechanical means 

2.3.5 Repair animal damage on levee slopes and at levee toe 

• Excavate burrow locations and reconstruct levee embankment 

• Pressure-fill burrows with bentonite clay, cement grout slurry. Slurry to consist of two parts 
bentonite clay, one part cement grout and water 

• Mud packing method may be used to backfill burrows 

• For information on the repair of animal burrows refer to FEMA Publication 473, Technical Manual 
for Dam Owners, Impacts of Animals on Earthen Dams as a reference for repair of animal 
burrows 

2.3.6 Levee embankment and slope repairs 

• Excavate, repair, and reconstruct levee embankments due to seepage, slumps, cracks 
(longitudinal or transverse), loss of grade, sloughs, slides, rodent burrows, scour, or erosion in 
order to maintain full levee section 

• Reconstruct/raise levee crown due to sags, depressions, or groundwater subsidence 

• The levee is to be repaired to original design specifications (See Appendix B –Project As-Built 
Drawings) 

2.3.7 Repair and maintenance of levee access roadways 

• Fill potholes or ruts with compacted Class 2 aggregate base per Caltrans Specifications 

• Apply herbicide on levee crown surfaces to prevent unwanted vegetation 

• Remove woody vegetation and overhanging growth which impairs or obstructs maintenance 
access along the base of levee roads and along the top of levees 

2.3.8 Repair of levee damage caused by flood events (scour, slumps, and sags) 

• Inspect and document cause of levee damage 

• Plans for repairs will be prepared by SCVWD 

• Schedule and complete construction 
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• Levee fill material shall be placed in maximum uncompacted lifts of 8-inches and moisture 
conditioned to between 0 and +3% of the optimum moisture content.  The fill shall be 
compacted to a minimum dry density of 92% of the maximum laboratory dry density determined 
by ASTM Method D1557.  The upper 12 inches of levee embankment shall be compacted to a 
minimum dry density of 95% of the maximum laboratory dry density determined by ASTM 
Method D1557.Monitor repair site for performance 

2.4 Floodwall 

Maintenance measures are necessary to ensure serviceability of the floodwalls to withstand flood 
events up to the design flood event. A Vegetation-Free Zone is required to allow for visual inspection of 
the floodwall. Vegetation other than shallow rooted grasses shall not be permitted at least 15 feet away 
from floodwall.   This is necessary to prevent the development of deep roots near or through the 
floodwall which can create seepage paths and to prevent obstructions to maintenance vehicles and 
activities. A rodent abatement program shall be employed as soon as evidence of burrowing activity is 
found near a floodwall. See Figures 1 and 2 for maintenance activity locations. 

2.4.1 Removal or trimming of non-woody vegetation within project right-of-way   

• Cut, trim, and remove native and non-native ground covers, understory, vines, herbaceous 
vegetation, and volunteers from inboard side of floodwalls to facilitate visual inspection 

2.4.2 Removal of all woody vegetation within 15 feet of floodwalls  

• Cut and remove woody growth (trees, saplings, and volunteers) within 15 feet of floodwalls  

2.4.3 Removal or pruning of all vegetation encroaching within project right-of-way  

• Limb up tree branches to 8 feet (14 feet above maintenance roads) above grade and remove 
ground cover that obscures visual inspections and flood fighting activities 

• Partner with offsite property owners on a voluntary basis to cut, trim, and or remove landscape 
ground covers, brush, and ornamentals from adjacent private property which encroaches within 
15 feet of all floodwalls 

2.4.4 Repair and maintenance of floodwall access roadways/ramps 

• Fill potholes or ruts with compacted Class 2 aggregate base per Caltrans Specifications 

• Apply herbicide on roadway surfaces to exclude unwanted vegetation 

• Remove woody vegetation and overhanging growth which impairs or obstructs maintenance 
access. 

2.4.5 Repair of floodwall coating  

• The sheet pile floodwall has been protected from rust by a 15-millimeter thick phenalkamine 
coating on the floodwall surface  

• This coating should be visually inspected at least bi-monthly to insure a complete coverage  

• Any nicks or scrapes in the coating surface should be repaired immediately  
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2.4.6 Repair of floodwall damage caused by flood events  

• Inspect and document cause of floodwall damage 

• Plans for repairs will be prepared by the SCVWD 

• Schedule and complete construction 

• Monitor repair site for performance 

2.5 Interior Drainage System  

Outfalls which penetrate the floodwall must be maintained and repaired as necessary to ensure that 
they continue to operate as intended and at full design capacity. Outfalls which have failed, including 
flap gates that are not operating properly, culverts that are operating below full capacity or positive 
closure valves that are inoperable, may create flooding.  

2.5.1 Culvert flap gate service and repairs (annually) 

• Check for damage 

• Check for rust 

• Confirm proper seating and sealing of flap gate on culvert 

• Service frame and lubricate pivots 

2.5.2 Pipe culvert inspection, repairs, and sediment removal 

• Evaluate culvert for sediment and/or blockages 

• Check pipe interior  

• Periodic video inspection of culvert joints and lining for buckling, spalling, corrosion, damage, or 
separation 

• Remove sediment in culvert 

• Replace damaged or degraded pipes and culvert sections 

2.5.3 Removal of sediment and woody vegetation at culverts and outfalls 

• Cut and remove vegetation that could affect flap gate or discharge 

• Remove sediment that could affect flap gate or discharge 

2.5.4 Repair and maintenance of outfall slope protection 

• Remove any woody vegetation (brush or trees) in riprap 

• Repair or replace riprap slope protection 

• Repair foundation or apron of outfalls to prevent undermining, scour, and/or slope failures 

2.5.5 Positive Closure Valve 

• Positive closure valves located at the outboard side of the flood walls shall be tested to insure 
proper sealing 
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• Positive closure valves that do not seal properly shall be repaired or replaced to ensure 
protection from flooding backflow  

2.6 San Francisquito Creek Channel  

Maintenance measures shall be performed to ensure serviceability of the creek to safely pass all flows 
up to the design flood event. Maintenance of the low flow creek channel and terraced benches shall 
consist of the removal of sediment deposition, debris accumulation and vegetative growth. SCVWD will 
periodically re-assess facilities to evaluate conveyance to verify maintenance practices (see Section 3). 

The channel shall be thoroughly inspected annually and immediately following each major high water 
period after water levels are reduced to the low flow. 

2.6.1 Removal of woody vegetation in channel  

• Cut and remove woody saplings, trees, volunteers, understory, and brush 

• Follow up with appropriate herbicide treatment as necessary to prevent regrowth 

2.6.2 Trimming, modifying, and removal of downed trees in creek channels 

• Cut and remove downed trees within creek channel 

2.6.3 Sediment removal in low flow channel  

• Sediment removal in channels is necessary if sediment bar and vegetation blocks flow and 
reduces conveyance 

2.6.4 Fill and repair scour holes in channel  

• Scour hole repairs are required if conveyance, slope stability, or a utility is affected 

• Drain ponded water and reconstruct channel embankment and/or invert 

• Fill placed in 8-inch lifts, minimum 90% compaction. Sand Cone method to test relative 
compaction may be used 

2.6.5 Control of unwanted vegetation and brush on benches to maintain conveyance 

• Mowing/trimming of herbaceous growth when it is 4 feet or higher 

• Cut, remove, and treat brush or trees in channels to control woody growth and maintain 
conveyance per section 2.6.1 

2.6.6 Maintenance and repair of hydraulic gates and control structures 

• Inspect and verify operation, identify and document any damage annually 

• Grease, lubricate, and exercise mechanical appurtenances as needed based on inspection. Gates 
are opened and closed once or twice per year. 

• Determine if the condition is undesirable, or affects operations 

• Prepare plans and complete repairs if necessary 

• Monitor for performance 
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2.6.7 Repair of revetment and riprap 

• Inspect condition of riprap after flood events 

• Replace, repair, and restore rock riprap to as-constructed conditions  

• Remove woody vegetation (brush or trees) growing in riprap. Cut trees or woody vegetation and 
treat stumps with appropriate herbicide 

2.6.8 Trash and debris removal in channels and at bridge piers/columns 

• Remove  debris that creates blockages or reduces conveyance, as determined by engineering 
staff 

2.6.9 Homeless encampment clean-up 

• Remove homeless encampments with assistance from local authorities 

• Monitor, evaluate, and repair impacts from homeless encampments (brush clearance, tree 
trimming, creation of trails and paths) as needed 

2.7 Miscellaneous Maintenance Activities  

Maintenance on the following project elements is required to provide security in areas where access is 
not intended, and to ensure access at the proper locations for SCVWD and the Cities of East Palo Alto 
and Palo Alto employees as needed, and to the general public for recreational use. Encroachments into 
the project ROW must be maintained when authorized, and removed when not authorized. 

2.7.1 Miscellaneous Repairs and Maintenance 

• Repair fence sections and replaced damaged gates 

• Replace and install public signage for Project as necessary 

• Paint defaced structures located in the channel (floodwalls, drop structures, etc.) as part of the 
neighborhood clean-up work 

2.7.2 Remove unauthorized encroachments on Project (stairs, landscaping, utilities, fences, 
irrigation, etc) 

• Coordinate removal of unauthorized private encroachments with local jurisdictions (parks, 
police, public works, building departments) 

• Notify adjacent property owners to remove unauthorized encroachments if they are the 
responsible party 

• Provide neighborhood notice if work is necessary to remove encroachments 

• Coordinate removal of unauthorized encroachments or utility encroachments with owners 

2.7.3 Maintenance of authorized encroachments on Project (Vehicular and pedestrian trails, 
utilities, etc.) 

• Encroachment owner identifies needed repairs or modifications 

• Repairs are identified and project is defined 
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• Owner applies for an SCVWD permit to perform work  

• Coordinate with local jurisdictions (city, parks, or private party) 

• Owner sends neighborhood notices to the surrounding property owners/community 

• Complete repairs 

• Monitor for performance 

2.7.4 Riparian vegetation mitigation site maintenance 

• Target unwanted vegetation and control non-natives (chemical, hand methods, and equipment) 
as needed.  

• Removal of diseased vegetation as needed 

• Implement additional maintenance measures, as needed, to ensure that long term success 
criteria are met 

• Prune mitigation vegetation as needed to maintain design conveyance and maintenance access. 

2.7.5 Faber Tract levee stability slope maintenance 

• Target unwanted vegetation and control non-natives (hand methods) as needed.  

• Removal of diseased vegetation as needed 

• Implement additional maintenance measures, as needed, to ensure that long term success 
criteria are met 

• Note that this element is within California clapper rail and salt marsh harvest mouse habitat and 
any maintenance requires specific conditions to be included in natural resource agency permits 
(see Appendix E) 

 

2.8 Storm Water Pump Stations  

There are two municipal storm water pump stations located within the project limits, the O’Connor 
Pump Station located near R-Line Station 30+00 and the Palo Alto Pump Station located near L-Line 
Station 71+00. Neither of the pump stations was constructed as part of the flood control works. The 
pump stations were operational prior to the construction of the levees and floodwalls.  Contact the 
Cities of East Palo Alto and Palo Alto for their operations and maintenance protocols. 

2.9 Friendship Bridge and Boardwalk  

2.9.1 Removal of woody vegetation at piers 

• Cut and remove vegetation or debris that may accumulate at bridge piers 

• Inspect for scour and erosion at bridge piers and abutments 

• Reconstruct channel sags, depressions, or groundwater subsidence to original design 
specifications (See Appendix B – Project As-Constructed Drawings) 
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3 INSPECTION AND REPORTS 

3.1 Introduction 

This section details the inspection required for proper care and efficient operation of the various project 
elements. Completed projects must be adequately maintained if they are to function as intended. The 
SCVWD is responsible for preserving maintenance and inspection records for its area of responsibility 
and making them available for government inspection. Government inspections will be performed in 
consultation with SCVWD. The District Engineer or the project sponsor may update this manual for 
changed conditions and, if warranted, to correct conditions discovered during inspections. Such updates 
will be performed in consultation with SCVWD. The inspection requirements included herein apply to all 
items constructed by and necessary for the operation of the Federal Project. 

3.2 Inspection and Reporting Frequency 

Semiannual inspections performed by SCVWD shall occur by May 1 and November 1. 

In addition to the semiannual inspection and reporting cycle, the following events require immediate 
inspection. 

• Immediately following each major flood 

• Immediately following each earthquake based upon the following criteria: 

• Earthquakes measuring less than 5.0 on the Richter scale, inspection shall be performed 
when the epicenter is within 3 miles of the project 

• Earthquakes measuring 5.0 to 6.0 on the Richter scale, inspections shall be performed 
when the epicenter is less than 30 miles from the project 

• For earthquakes measuring 6.0 or higher on the Richter scale, inspections shall be 
performed when the epicenter is less than 50 miles from the project 

• Inspections shall also be performed after any earthquakes in which specific reports of 
damage to the project are received 

3.3 SCVWD Inspections of Project Elements 

• Channels checked for scour, fallen trees, debris and other blockages  

• Levee embankments 

• Interior drainage (culverts, flap gates, isolation gates, valves) 

• Levee penetrations are visually inspected annually, and by video or walkthrough every 5 years. 
Frequency will be increased if deficiencies are noted. 

• Biannual reports documenting project conditions  
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3.4 Check Lists and Instructions 

The SCVWD check lists and instructions shown in Appendix C are to be explicitly followed in each 
inspection to ensure that no features of the protective system are overlooked. A copy of the inspector’s 
original field notes as recorded on the check list shall be transmitted to the District Engineer as an 
enclosure to the annual report. Completed inspection check lists are located at the direction of the 
SCVWD Deputy Operating Officer. The following documents are included in “Appendix C - SCVWD 
Inspection Rating Guides and Checklists”: 

• SCVWD WW 75161 Field Operations Levee Inspection Guidelines 

• SCVWD WF 75161 Levee Field Inspection Rating Guide 

• SCVWD WW 75165 Field Operations Inspection Guidelines 

• SCVWD WF 75166 Facilities Inspection Rating Guide 

• SCVWD WF 75165 Field Inspection Checklist 

3.5 SCVWD Project Inspections 

The SCVWD Field Operations staff completes semiannual inspections of the Project by May and 
November of each year. Every six months the Project elements (levees, channels, maintenance roads, 
culverts, revetment, etc.) are evaluated and rated following the SCVWD guidelines for inspections. 
Evaluations will identify and document any deficiency (e.g., erosion, scour, sediment, rodent control 
problems, animal damage, in-stream vegetation, levee maintenance, trash build up, homeless 
encampments, large woody debris blockages, etc.) on the Project.  

3.5.1 SCVWD Evaluation of Project Elements 

The SCVWD has developed specific Inspection Guidelines for watershed facilities and levees throughout 
the county. These Guidelines identify the inspection category (routine or event driven) and frequency of 
inspection (annual, event, or semiannual) for each project and system. The Guidelines contain 
information on the inspection and work flow so that deficiencies identified during the inspections are 
corrected. Appendix D contains the SCVWD detailed description of the facility and levee maintenance 
activities. 

3.5.2 SCVWD Rating of Project Elements and Deficiencies 

During inspections, project elements are assigned a rating (A=New, B=Good, C=Monitor, D=Corrective 
Action, E=Immediate Action). Deficiencies or items of concern found during the inspections are 
documented by the SCVWD Field Operations Administrator and a report is produced by the Engineering 
staff. 

Based on the severity of the deficiency, available budget, right-of-way, and existing permits, the SCVWD 
then schedules corrective maintenance to remedy the problem. Upon engineering review, the 
corresponding need for Corrective Maintenance is determined. Depending on the nature of the 
problem, the evaluation and review is conducted by the Operations and Maintenance Engineering 

12 
 



 

Support Unit, but could include in-house geotechnical engineering, hydraulics engineering, and/or 
possibly a consulting engineer. If it is determined that maintenance is required, a project plan is 
prepared, the repairs are scheduled, and funds are budgeted as necessary. 
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1.0 Background 

The HDR Project team is under contract with the San Francisquito Creek Joint Powers 
Authority (JPA) to provide consulting services in support of plans, specifications and estimates 
(PS&E) preparation for flood protection improvements along San Francisquito Creek between 
the San Francisco Bay (SF Bay) and Highway 101. Scoped tasks include: project management; 
public outreach assistance; design concept, model, and base map/survey review; utility 
mapping; design criteria development; geotechnical investigations and associated reporting and 
recommendations; PS&E at the 30%, 90%, 95% Draft 100%, and 100% levels. Optional 
services include bid and construction support. 

This Technical Memorandum (TM) details the design analysis to this Draft 100% stage. This 
TM is a living document and will be continuously updated with new design calculations and 
criteria as the design progresses.  

The following sections describe the Draft 100% submittal design elements, the status of the 
current design, significant changes, and specific considerations that have shaped the progress of 
the design. Figure 1 depicts the project design features as they are currently planned. 

2.0 Alternatives Analysis 

In July 2009, Philip Williams & Associates (PWA) completed the San Francisquito Creek 
Flood Reduction Alternatives Analysis. PWA divided the project into three reaches; the upper 
reach extends from East Bayshore Road / Highway 101 Bridge to the Palo Alto Municipal Golf 
Course, the middle reach extends from the golf course to Friendship Bridge and the lower reach 
extends from Friendship Bridge to the San Francisco Bay. The JPA selected PWA’s Alternative 
2 model for the design of the downstream portion of San Francisquito Creek. Alternative 2 
consisted of setback floodwalls in the upper reach, levee setbacks in the middle reach, an 
overflow terrace near Friendship Bridge, and the removal of the levee between the Baylands 
Preserve (also known as the Faber Tract) and the north side of the creek. PWA’s Alternative 2 
diagram is shown in Figure 2. 

HDR has worked within the design constraints laid out by the JPA to minimize impacts to 
existing features and structures, minimize increases to the design water surface elevation at 
Highway 101 / East Bayshore Road, and preserve opportunities for habitat within the creek as 
much as possible. The levee and floodwall layout proposed in the PWA Model has been 
reconfigured to fit within existing structures, utilities, and recreational facilities in coordination 
with the JPA right of way acquisition efforts. 
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3.0 Flood Protection Design Elements 

3.1 Floodwalls 

A geotechnical evaluation was performed by GEI Consultants and are summarized in a 
memorandum tilted, “San Francisquito Creek Flood Protection Project, Geotechnical 
Evaluation Report” dated May 2012. 

Both interlocking steel sheet pile cantilever walls and T-type concrete walls were considered 
for flood wall design. During the subsurface exploration program, shallow, pervious soil units 
and soft Bay deposits were encountered below relatively thin blankets of low permeability soils 
along the proposed floodwall alignments. The results of seepage analyses indicate that flood 
walls should include a cut off to intercept the pervious foundation soils in order to meet the 
minimum acceptance criteria for underseepage gradients. In addition, flood wall cut offs should 
fully penetrate into the soft bay deposits and terminate in competent material.  

Shallow supported concrete T-type walls would likely have a wide foundation embedded 3 to 5 
feet below the ground surface, and include a cutoff at the heel. Construction of this type of 
floodwall would require significant excavation, and a large construction footprint.  

Sheet pile walls are constructed in a more limited construction zone with fewer disturbances to 
adjacent areas and can intercept the pervious foundation soils present within the project 
footprint. Based on these considerations, a floodwall consisting of interlocking sheet piles that 
fully penetrate soft bay deposits and terminate in competent material is recommend for flood 
control within the upper reach of this project.  

3.1.1 Floodwall Depth 

GEI’s evaluation of sheet pile depth required that the floodwall be embedded to the maximum 
tip elevations shown in Table 1 (i.e. no shallower than the elevations shown). 

Table 1. GEI Floodwall Depths 

FLOODWALL DEPTHS 

LEVEE – STATION ELEVATION 

R-LINE 54+00 TO 67+50 -15 

L-LINE – 67+00 TO 76+00 -10 

L-LINE – 49+00 TO 67+00 -15 

 

These maximum tip evaluations are based on providing cutoff for seepage and a minimum 
embedment of 8 feet below the estimated bottom of young Bay Mud.  
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The floodwall materials were identified and embedment depths were refined during the 
structural design of these walls. This design is in conformance with USACE EM 1110-2-2504. 
A summary of the structural calculations for this project are located in Appendix A. The final 
sheet pile floodwall depths are summarized in Table 2 and can be found within the construction 
documents on Sheet S-1. 

Table 2. Final Floodwall Depths and Types 

FLOODWALL DEPTHS AND TYPES 

LEVEE – STATION SHEET PILE TYPE ELEVATION 

R-LINE 29+53.75 TO 31+57.64 AZ 24-700 -15.0 

R-LINE 54+00 TO 61+00 AZ 19-700 -15.0 

R-LINE 61+00 TO 70+00 AZ 24-700 -15.0 

R-LINE 70+00 TO 75+00 AZ 36-700 -17.0 

R-LINE 75+00 TO 75+54.13 AZ 50 -22.0 

L-LINE 49+00 TO 62+00 AZ 19-700 -15.0 

L-LINE 62+00 TO 71+05 AZ 24-700 -15.0 

L-LINE 71+80 TO 75+00 AZ 24-700 -15.0 

L-LINE 75+00 TO 76+29.42 AZ 36-700 -17.0 

 

3.1.2 Floodwall – Levee Transition 

To mitigate for the potential for differential settlement at the transition between the floodwall 
and the new levee fill, the floodwall section should be extended into the new levee fill section 
with an overlap of at least 150 feet. This overlap will provide additional protection against 
levee through seepage if differential settlement and cracking of the levee fill should occur. 
There are four transitions that occur between floodwall and levee. The transitions occur at R-
Line 28+03.00 to 29+53.73, R-Line 31+57.64 to 33+07.00, R-Line 52+50.00 to 54+00.00, and 
L-Line 47+50.00 to 49+00.00.  

3.2 Levees 

Levees are the preferred flood protection element downstream of the project floodwalls. For 
conformance with USACE EM 1110-2-1913, the levee geometry includes: 

 A 16 foot crown width. 

 A 3 horizontal to 1 vertical (3H:1V) water side levee slope. 

 A 2H:1V landside levee slope. 
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 Top of Levee elevation includes three feet of freeboard above the 100 year design water 
surface elevation. 

  Top of Levee elevation includes four feet of freeboard above the 100 year design water 
surface elevation 100 feet upstream and downstream of bridge structures (Highway 101 
and Friendship Bridge). 

See Figure 3 for the typical levee section layout. 

Geotechnical stability analyses indicate that this geometry will provide factors of safety as 
required by USACE guidelines. Seepage analyses indicate that no seepage berms or cutoff 
walls are required for the levee portion of this project.  

3.3 Access Road 

To provide the appropriate level of flood protection, the proposed flood wall will be 
significantly higher than the existing ground, on the order of 10 feet in some sections. In order 
to maintain visibility of the creek for pedestrians and bicyclists, the access roadway located 
behind the flood wall will be raised when necessary (see Figure 4). The access roadway will 
typically be 16 ft. wide and will slope away from the flood wall at a 2% slope. 

In the area of the International School of the Peninsula (ISTP), the creek is particularly narrow, 
and maximizing the width of the floodway is hydraulically beneficial. However, it is also 
beneficial to mitigate for any encroachment that this floodway widening will impose on the 
school playground. In order to minimize encroachment within the playground area behind the 
ISTP, the access roadway will be reduced to a width of 12 ft. and a retaining wall will be 
constructed on the outboard side of the access road in order to eliminate the 2H:1V landside 
slope that typically occurs at the raised access way (see Figure 5).  

3.4 Appurtenant Structures and Tie-Ins 

Several details were produced with the Draft 100% plan set; these include but are not limited 
to: the sheet pile wall connection to concrete structures, sheet pile wall utility penetrations, 
concrete cap, and flood wall details.  

3.5 Friendship Bridge 

Per direction of the JPA, its member agencies and stakeholders, the existing friendship bridge 
will not be removed from its current location. Because of significant floodway widening that 
will occur at this bridge, the existing left bank levee will be transformed to an in-creek island at 
the Friendship Bridge north abutment. A new boardwalk will also be constructed from the new 
in-creek island to the new setback levee (see Figure 6).  



 
Draft  100% Design Documentat ion Report 

San Francisquito Creek Joint Powers Authority 5 
San Francisco Creek Flood Protection Project – Project No. 130806 July 2014 

4.0 Alignment and Layout Considerations 

4.1 Project Extent 

For the left levee, the downstream project extent will occur at the tie-in point between the new 
and existing levees downstream of Friendship Bridge. The extent of the project along the right 
levee alignment will occur at the eastern end of the bay levee degrade near the San Francisco 
Bay. These extents are shown on the attached Figure 1. HDR understands that subsequent local 
or Shoreline Study project(s) will address levee inadequacies in the creek upstream of Highway 
101. It is expected that such future projects will tie in to the flood protection elements of this 
project, to create a comprehensive flood protection system that protects from riverine and tidal 
flooding. 

4.2 Hydraulics 

Due to the complexity of the hydraulic design required for this project, a separate TM was 
prepared by HDR to address the hydraulic design features. This TM is titled Hydraulic Review 
Technical Memorandum, San Francisquito Creek Flood Protection Capital Project, Floodwater 
Conveyance Improvements from East Bayshore Road to San Francisco Bay, dated July 2014. 

4.3   Geotechnical Design 

A geotechnical report was completed by GEI Consultants and is titled, “San Francisquito Creek 
Flood Protection Project, Geotechnical Evaluations Report” and dated May 2012. Topics within 
this report include: 

 Field exploration and laboratory testing. 

 Subsurface conditions. 

 Engineering analyses for proposed levees and floodwalls including seepage, stability, 
and settlement evaluations. 

 Geotechnical recommendations and design criteria. 

Results of this report were used to develop the floodwall and levee design criteria listed 
previously in this report.  

4.4 Utilities 

There are several utility structures that cross the proposed levee/flood wall alignment. A 
summary of these encroachments is listed within Table 3 and are shown in Figure 7: 
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Table 3. Utility Encroachments 

UTILITY ENCROACHMENTS 

LEVEE – STATION TYPE OF UTILITY SIZE MATERIAL 

L-Line – 14+20 TO 26+50 SANITARY SEWER 24” Concrete 

L-Line – 27+00 STORM DRAIN 6” Plastic 

L-Line – 28+50 JOINT TRENCH Unknown Unknown 

L-Line – 30+50 WATER Unknown Unknown 

R-Line – 31+50 TO 32+50 SANITARY SEWER 24” Concrete 

R-Line – 30+20 PUMP STATION NA Concrete 

R-Line – 31+00 WATER 2” Copper 

R-Line – 31+00 TO 34+40 SANITARY SEWER 14” RCP 

R-Line 34+50 SANITARY SEWER 12” Wooden (Abandoned) 

R-Line - 44+50 TO 50+55 GAS 20" Steel 

R-Line – 68+90 STORM DRAIN 10” CMP 

R-Line – 73+50 STORM DRAIN 30” CMP 

L-Line - 68+00 TO 70+00 WATER 2.5" Unknown 

L-Line 67+00 TO 70+00 GAS 2” Unknown 

L-Line - 67+60 STORM DRAIN 12" NA 

R-Line - 72+50 TO 74+50 WATER 6" Unknown 

L-Line - 75+20 STORM DRAIN 96" 
 

R-Line - 42+80 ELECTRICAL TOWER Unknown Steel Lattice 

L-Line - 46+80 ELECTRICAL TOWER Unknown Steel Lattice 

L-Line - 52+50 ELECTRICAL POLE Unknown Unknown 
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4.4.1 USACE 

HDR conducted a meeting on January 20, 2012 with Paul Schimelfenyg and Brian Hubel of the 
USACE to discuss the existing utility encroachments and proposed utility relocations. The 
following is a list of proposed actions agreed upon for each utility: 

A. Sanitary Sewer – There is an existing Sanitary Sewer line that crosses under San 
Francisquito Creek. HDR recommended protecting the existing line in place during 
construction. Paul expressed interest in determining the condition of the existing pipe. 
HDR indicated that the interior of the existing pipe will be lined by the East Palo Alto 
Sanitary District to improve function.  

B. Brian expressed concern with settlement that would occur if a new levee were built 
over the existing sewer line. The existing soil consists of Bay Mud which can 
experience significant consolidation. 

C. After discussion it was agreed that HDR should consider re-routing the existing sewer 
line to cross the levee at a point where the existing levee is not being relocated. This 
will eliminate settling because the soil underneath the existing levee is already 
consolidated. The manhole at the Friendship Bridge abutment will be raised and fitted 
with a watertight cover. The design will address erosion protection around the 
manhole. 

D. Gas - There is an existing 20” gas line that crosses the levee twice. HDR should work 
with PG&E to insure that the gas line is relocated over the levee per EM 1110-2-1913. 
Settlement should be considered. If possible, the gas line should be installed after 
settlement of the levee is complete due to the bay mud which is prevalent within the 
project footprint. 

E. Storm Drain – There is an existing storm drain inlet behind the International School of 
the Peninsula (ISTP) that drains the water from the blacktop area behind the school. 
Another drain inlet that currently discharges to the creek is located behind the adjacent 
storage facility and drains runoff from the roofs and blacktop area. These storm drain 
inlets release to 12-inch diameter pipes that discharge to the creek. Paul did not see a 
concern with protecting these lines in place. However, the 12-inch diameter pipes will 
be replace with 30-inch diameter pipes a fitted with flap gate outlets and landside 
positive closure valves to prevent the backflow of water into the pipe.  

F. Private Water Line – There is an existing 6” private water line near US 101. The line 
does not cross the proposed flood wall but does lie beneath the proposed access way. 
Paul suggested relocating the line if possible; however the line occurs in a densely 
populated area. Paul was okay with leaving the line if relocation is not feasible.  

G. Abandoned Utilities – Abandoned utilities will be removed and backfilled where 
possible.  Abandoned pipes left in place under the creek will be grouted. 

H. Electrical Towers – The design needs to include 15 feet of easement around the towers 
to provide for inspection. PG&E will need to consider seepage and stability issues at 
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their towers, including settlement and lateral loads. The design will address the impact 
to the WSEL of leaving these towers in the floodway.  

I. Power Poles – There is an existing power pole that is located within the proposed 
floodway. HDR will work with PG&E to relocate this pole outside the proposed levees 
and O&M corridors. The new pole will be constructed at sufficient height to provide 
vertical clearance required by USACE guidelines. 

4.4.2 EPASD 

HDR conducted a meeting with East Palo Alto Sanitary District (EPASD) on February 21, 
2012. At this meeting, options for the existing 24 inch diameter sanitary sewer creek crossing 
were discussed. EPASD has not finalized a design for this crossing but are considering 
replacing the existing 24 inch diameter sanitary sewer siphon with a new 24 or 30 inch 
diameter siphon that would span the new, wider, creek width.  

Previously HDR had proposed to keep the existing siphon and raise the existing manhole that 
was located within the new floodway to an elevation above the 100-yr flood elevation. EPASD 
did not approve of this design approach because it limited access to the manhole within the 
floodway.  

HDR will coordinate with EPASD to ensure that the proposed crossing meets the required 
USACE guidelines for utilities crossing a levee.  

4.4.3 PG&E 

HDR met with PG&E on March 28, 2012 to discuss the electrical and gas crossings. PG&E 
said that they had plans to raise the height of the electrical towers located along the north levee 
by 15 feet.  

After some discussion and coordination with PG&E, HDR determined that it would be in the 
project’s best interest to require that the contractor cut the sheet piles that will occur beneath 
the electrical crossings and install them one half at a time to eliminate the need for an 
excessively tall electrical line at the levee. A weld will join the two halves of sheet pile wall to 
obstruct any seepage through the wall.  

Heights required for the electrical crossing were sent by HDR to PG&E in an email on March 
29, 2012. A copy of this email and its attachment can be found within Appendix B.  

During the March 28th meeting, PG&E also agreed to relocate the existing Gas line that is 
located beneath the existing levee. The new relocated line will be of sufficient depth to comply 
with USACE guidelines. 

4.5 Caltrans Design Coordination 

Caltrans has provided preliminary drawings for the proposed bridge/culvert replacement under 
Highway 101 that is planned to occur before this project goes to construction. The proposed 
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bridge will consist of a box culvert consisting of 3 cells that are 30.9 ft. wide and one cell that 
is 27.3 ft. wide for a total width of 120 ft. The current project floodwall alignment is aligned to 
match the outer cell wall of the proposed Caltrans bridge structure.  

At the July 21, 2010 Caltrans coordination meeting, Caltrans disclosed that they will design no 
permanent wing walls, only temporary sheet pile wing walls aligned to conform to existing 
contours. The wing walls on the south side of the creek will close off the 4th bridge cell until the 
upstream and downstream projects are complete in this area. 

There is currently a 96-inch diameter storm drain outfall that is located approximately 50 feet 
downstream of the Highway 101 Bridge. Caltrans will coordinate the relocation of the existing 
96-inch diameter storm drain outfall so that the future outfall will be located beneath Highway 
101. This will be of benefit because the exiting 96-inch diameter outfall conflicts with the 
location of the new floodwall.  

During review of the Caltrans drawings, HDR determined that the concrete barrier located at 
the downstream face of the bridge is lower than the proposed adjacent flood wall. As such, the 
Caltrans Barrier does not provide the 4 ft of freeboard required by FEMA guidelines. On May 
28, 2014 SCVWD met with Caltrans to discuss the Highway Bridge Replacement. HDR joined 
the conference via teleconference. The barrier was discussed and HDR requested that Caltrans 
consider raising the barrier to provide the typical 4 ft freeboard required by FEMA. Caltrans 
replied that the barrier was standard for the approach speed and that a substitution was not 
feasible.   

4.6 Right-of-Way 

The layout has been purposely set such that a minimal property take is required, specifically in 
the residential area of East Palo Alto. It is advisable to avoid property takes for public relations 
and cost impact purposes; in addition, the minimal backyard takes that are possible in East Palo 
Alto would provide little hydraulic benefit to offset the resulting impacts. The majority of the 
ROW infringements and changes in use will be considered on the Santa Clara County side of 
the creek.  

The current right-of-way limit provides a 15’ Operations and Maintenance (O&M) easement at 
the waterside and landside toe of each levee for inspection and flood fighting purposed. This 
easement is narrowed to 10 ft easements within areas that have limited access due to existing 
structures.  

The levee right-of-way line adjacent to the Right Bank Floodwall from station 57+00 to 69+00 
is located along the existing fence line of the subdivision within that area.  
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Figure 1. Project Design Features 
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Figure 2. PWA Alternative 2 Conceptual Layout 

 
 

Figure reproduced from PWA’s July 2009 San Francisquito Creek Flood Reduction 
Alternatives Analysis. 
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Figure 3. Typical Levee Cross Section 
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Figure 4. Typical Raised Access Way 

 
 
 
Figure 5. Raised Access way Behind ISTP  
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Figure 6. New Boardwalk Structure  
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Figure 7. Existing Utilities 
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APPENDIX A – Flood Wall Calculations
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APPENDIX B – PG&E Coordination (Email and Figure) 
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Appendix B.  Project As-built Drawings   

 
 





 

 

 

Appendix C.  SCVWD Inspection Guidelines, Rating Guides and Checklists 
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Rating Guide 

A - As-built/New                       B - Good                  C - Requires FOA Evaluation or Monitoring 

D - Requires Corrective Action (ie Work Order, Violation, Engineer Review, Notification, etc.)  

E - Requires Immediate Action  

Item 
Rating 
Guide 

Guidance 

1. Depressions 

B Minimal depressions or potholes; proper drainage. 

C-D Some depressions that will not pond water. 

E 
Depressions 6" vertical or greater which endangers the integrity of the 
levee. 

2. Erosion 

B No erosions observed. 

C-D 
Levees: Erosion of levee crown or slopes that will not interrupt 
inspection or maintenance access. OTHER: Erosion gullies less than 6 
inches deep or deviation of 1 foot from designed grade or section. 

E 
Levee: Erosion of levee crown or slopes that has interrupted inspection 
or maintenance access. OTHER: Erosion gullies greater than 6 inches 
or deviation of 1 foot or more from designed grade or section. 

3. Slope stability 

B No slides present, or erosion of slopes more than 4 inches deep. 

C-D 
Minor superficial sliding that with deferred repair does not pose an 
immediate threat to levee integrity. No displacement or bulges. 

E 
Evidence of deep seated sliding (2 foot vertical or greater) requiring 
repairs to re-establish levee integrity. 

4. Cracking 

B No cracks in transverse or longitudinal direction observed in the levee. 

C-D 
Longitudinal cracks are no longer than the levee height. No 
displacement and bulging. No transverse cracks observed. 

E 
Longitudinal cracks are greater than levee height with some bulging 
observed. Transverse cracks are evident. 

5. Animal burrows 

B 
Continuous animal burrow control program that eliminates any active 
burrowing in a short period of time. 

C-D 
Animal burrows present that will not result in seepage or slope stability 
problems. 

E 
Animal burrows present that would result in possible seepage or slope 
stability problems. 
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Rating Guide 

A - As-built/New                       B - Good                  C - Requires FOA Evaluation or Monitoring 

D - Requires Corrective Action (ie Work Order, Violation, Engineer Review, Notification, etc.)  

E - Requires Immediate Action  

Item 
Rating 
Guide 

Guidance 

6. Unwanted levee growth 

B 
No large brush or trees exist in the levee. Grass cover well maintained. 
CHANNELS: Channel capacity for design flows is not affected. 

C-D 

Minimal tree (2" diameter or smaller) and brush cover present that will 
not threaten levee integrity. (NOTE: Trees that have been cut and 
removed from levees should have their roots excavated and the cavity 
filled and compacted with impervious material.) 

E 

Tree, weed, and brush cover exists in the levee requiring removal to re-
establish or ascertain levee integrity. (NOTE: If significant growth on 
levees exists, prohibit rating of other levee inspection items, then the 
inspection should be ended until this item is corrected.) CHANNEL: 
Channel obstructions have impaired the floodway capacity and 
hydraulic effectiveness. 

7. Encroachments 

B No trash, debris, excavations, structures, or other obstructions present. 

C-D 
Trash, debris, excavations, structures, or other obstructions present or 
inappropriate activities occurring that will not inhibit operations and 
maintenance performance. 

E 
Trash, debris, excavations, structures, or other obstructions present or 
inappropriate activities that would inhibit operations and maintenance 
performance. 

8. Riprap/Revetment 

B Existing protection works which is properly maintained and undamaged. 

C-D 
No scouring activity that could undercut banks, erode embankments, or 
restrict desired channel flow. 

E 
Meandering and/or scour activity that is undercutting banks, eroding, 
embankments (such as levees), or impairs channel flows by causing 
turbulence, meandering, or shoaling. 

9. Stability of Concrete 
Structures 

B 
Tilting, sliding, or settling of structures that has been secured which 
preserves the integrity or performance. 

C-D 
Uncorrected sliding or settlement of structures of a magnitude that 
doesn't affect performance. 

E 
Tilting or settlement of structures that has resulted with a threat to the 
structure's integrity and performance. 
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Rating Guide 

A - As-built/New                       B - Good                  C - Requires FOA Evaluation or Monitoring 

D - Requires Corrective Action (ie Work Order, Violation, Engineer Review, Notification, etc.)  

E - Requires Immediate Action  

Item 
Rating 
Guide 

Guidance 

10. Concrete surfaces 

B 
Negligible spalling or scaling. No cracks present that are not controlled 
by reinforcing steel or that cause integrity deterioration or result in 
inadequate structure performance. 

C-D 
Spalling, scaling, and cracking present but immediate integrity of 
structure not threatened. 

E 
Surface deterioration or deep, controlled cracks present that result in an 
unreliable structure. 

11. Structural foundations 

B No scouring or undermining near the structure. 

C-D 
Scouring near the footing of the structure but not close enough to 
impact structure stability during the next flood event. 

E 
Scouring or undermining at the foundation which has impacted 
structure integrity. 

12. Culverts 

B 

[a] No breaks, holes, cracks in the culvert that would result in any 
significant water leakage. No surface distress that could result in 
permanent damage. 
[b] Negligible debris or silt blocking culvert section. None or minimal 
debris or sediment present which has negligible effect on the operations 
of the culvert. 

C-D 

[a] Culvert integrity not threatened by spalls, scales, or surface rusting. 
Cracks are present but resulting leakage is not impacting the structure. 
[b] Debris or sediment present, which is proposed to be removed prior 
to the next flood event, that minimally affects the operations of the 
culvert. 

E 

[a] Culvert has deterioration such as surface distress and/or has 
significant leakage in quantity or degree to threaten integrity. 
[b] Accumulated debris or settlement which has not been annually 
removed and severely affects the operation of the culvert. 

13. Gates 

B 
Gates open easily and close to a tight seal. Materials do not have 
permanent corrosion damage and appear to historically been 
maintained adequately. 

C-D 
Gates operate but leak when closed, however, leakage quantity is not a 
threat to performance. All appurtenances of the facility are in 
satisfactory condition. 

E 
Gates leak significantly when closed or don't operate. Gates and 
appurtenances have damages which threaten integrity and/or appear 
not to have been maintained adequately. 
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Rating Guide 

A - As-built/New                       B - Good                  C - Requires FOA Evaluation or Monitoring 

D - Requires Corrective Action (ie Work Order, Violation, Engineer Review, Notification, etc.)  

E - Requires Immediate Action  

Item 
Rating 
Guide 

Guidance 

14. Closure structures 

B 
Closure structure in good repair. Placing equipment readily available at 
all times. 

E 
Closure structure in poor condition. parts missing. Placing equipment 
may not be available within normal warning time. 

15. Pumps and motors 

B 
All pumps and motors are operational. Preventative maintenance is 
occurring and system is periodically subject to performance testing. 

C-D 
All pumps are operational and minor discrepancies are such that pumps 
could be expected to perform through the next projected period of 
usage. 

E 
Pumps are not operational, or noted discrepancies have not been 
corrected. 

16. Power 

B Adequate, reliable, and enough capacity to meet demands. 

E 
Power source not considered reliable to sustain operations during a 
flood condition. 

17. Pump Control System 

B Operational and maintained free of damage, corrosion, or other debris. 

C-D Operational with minor discrepancies. 

E Not operational or uncorrected noted discrepancies. 

18. Metallic items 

B 
All metal parts in a plant/building protected from permanent damage 
from corrosion. Trash racks free from damage/debris and are capable 
of being cleared, if required, during operation. Gates operable. 

C-D 
Corrosion on metal parts appears maintainable. Trash racks free from 
damage and minimum debris present, and capable of being cleared 
before next flood event or during operation. Gates operable. 

E 
Metal parts need replacement. Trash racks damaged, have 
accumulated debris that have not been cleared annually, or cannot be 
cleared during operation. 

19. Sumps 

B 
Clear of debris and obstructions, and mechanisms are in place to 
maintain this condition during operation. 

C-D 
Clear of large debris and minor obstructions present and mechanisms 
are in place to deter further accumulations during operation. 

E 
Large debris or major obstructions present in sump or no mechanism 
exists to prevent debris accumulation during operation. 
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                      Field Inspection Checklist 
WF75165; R2 (06/29/12) 

Page ___ of ___ SCVWD Inspection Sheet  
             

Date Inspected:         Inspectors:   

             

Creek Name:     Maximo Reach #:   W.O.#:   
             

Facility 
Type Category  

Photo 
# 

Dir. 
of 

Photo 
D/S 

Station 
U/S 

Station 

Position (facing U/S) & 
Condition Code Fee, 

Esmt, 
None 

Qty 
(Unit) 

Nearest 
Cross 
Street Description Left Middle Right 

                          

                          

                          

                          

                          

                          

                          

                          

                          

                          

                          

                          

                          

                          

                          

                          

* Key on back side of sheet          
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SCVWD Creek and Levee Inspection Key 

Levee Landside (Outboard) Bridge

Levee Waterside (Inboard) Cellular Concrete Mat

Levee Crown or Road Outfall

Earth Channel Slide Gate

Concrete Lined Channel Flap Gate

Overflow Channel Culvert (Box, RCP, CMP,etc.)

Access Road Fish Structure

Fence Landscaping

Gate Recreational Trail

Riprap (Rock or Sack) Revegetation Site
Gabions Miscellaneous

Emergency Debris Removal (EMR Misc. Property Maintenance (MSC)

Erosion (ERO)
Pier Nose/Trash Rack/Flapgate 
Cleaning (PTF)

Fence/Gate Work (FEN) Sediment (SED)
Fish Structure Maintenance (FSH) Sign Work (SGN)
Good Neighbor Maintenance (GNM) Tree (TRE)
Graffiti Removal (GRF) Trash and Debris (TRS)
Ground Squirrel/Rodent Control (GSC) Overhanging Growth (VWG)
Hazardous Materials (HAZ) Typical (TYP)
In Stream Vegetation (ISV) Violation (VIO)
Levee Maint./Restoration (LEV)* *reference criteria in WW75161
Motor Grading (MGR)

B = Good

CATEGORIES (Maximo Job Plan & Other)

Direction of Photo - Upstream (U/S), Downstream (D/S) or At Location (AT)

E = Requires Immediate Action

D = Requires Corrective Action (ie Work Order, Violation, Engineer Review, 
Notification, etc.)

C = Requires FOA Evaluation or Monitoring

FACILITY TYPES

CONDITION CODES

A = Asbuilt/New
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               Facilities Inspection Rating Guide 
WF75166; R3 (06/29/12) 

 

Criteria used to inspect District facilities are obtained from maintenance guidelines for the specific 
facility. Reference to each facilities criteria guides the inspection to correctly reflect the level of 
maintenance required.  Some facilities do not have maintenance guidelines or the guidelines are under 
development. If no specific guidelines exist for a facility, a general reference of criteria is needed to 
determine if the facility meets any right-of-way or other documented obligations.   

The general criteria used in facilities inspection are listed by a specific feature or category of element of 
the facility. The criteria are listed by specific categories and conditions. These are captured on the 
SCVWD Facilities Inspection Sheet.   

The following are the general criteria are to be used when specific Maintenance Guidelines for a facility 
do not exist. 

Categories Conditions Description 

Access Roads 

A 
B 
C 
D 
E 

New All Weather 
level minor ruts/surfacing ok  
moderate ruts surfacing sparse 
road width <10' surface gone 
road impassible 

Burrowing Animals -  
including Gophers & 
Ground Squirrels 

A 
B 
C 
D 
E 

None 
occasional holes/1000' 
occasional holes/500' 
noticeable activity/250' 
extensive infestation/100' 

Concrete Structures 

A 
B 
C 
D 
E 

New 
good condition 
minor distortion wear and cracks 
moderate distortion wear and cracks 
failed 

Concrete Walls 

A 
B 
C 
D 
E 

New 
good condition 
minor distortion wear and cracks 
moderate distortion wear and cracks 
failed 

Debris  

A 
B 
C 
D 
E 

none 
occasional, minor 
moderate build up few spots 
moderate build up many spots 
extensive amount blocking channel 

Erosion 

A 
B 
C 
D 
E 

no erosion 
minor erosion no threat at present 
potential future threat  
pre exiting problem getting worse 
extensive damage repair quickly 
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Categories Conditions Description 

Fences/Gates/Signs 

A 
B 
C 
D 
E 

new 
still good condition no holes/graffiti 
minor distortion/bent posts  
holes in fence graffiti on signs 
fence down heavy vandalism 

Fish Ladders 

A 
B 
C 
D 
E 

fully operational 
good condition  
minor sediment/wear 
partially functional 
non functional/blocked 

Flap Gates 

A 
B 
C 
D 
E 

new 
good condition  
questionable functionality, silt etc. 
needs service  
non functional, broken missing parts 

Gabions 

A 
B 
C 
D 
E 

new 
baskets/rock good condition  
minor distortion/erosion/rust 
erosion/rust/deform moderate  
structure failure 

Graffiti  

A 
B 
C 
D 
E 

none 
occasional very few small spots 
signs and some small tags concrete  
a few larger tags 
racial/gang/offensive tags 

Herbaceous Veg 

A 
B 
C 
D 
E 

No veg 
some flex grass/plants 
moderate stemmy grasses 
large amount stemmy grasses  
extensive amount of stemmy grasses 

Levee Roads 

A 
B 
C 
D 
E 

new all weather 
level minor ruts/surfacing ok  
moderate ruts surfacing sparce 
road width <10' surface gone 
road impassible 

Lower Roads 

A 
B 
C 
D 
E 

new all weather 
level minor ruts/surfacing ok  
moderate ruts surfacing sparce 
road width <10' surface gone 
road impassible 
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Categories Conditions Description 

Pipe  

A 
B 
C 
D 
E 

new 
functioning properly  
potential impaired debris/sed/erosion 
pipe impaired 
structural failure 

Rip Rap 

A 
B 
C 
D 
E 

newly installed 
good condition 
minor adjacent erosion,veg cover 
extensive erosion, deformation 
structural failure 

Sediment 

A 
B 
C 
D 
E 

none/acceptable 
minor acceptable 
moderate build up maybe problem 
excessive build up  
blockage, emergency removal 

Slide Gates 

A 
B 
C 
D 
E 

new  
good conditions 
needs service 
damaged 
non functional 

Trash  

A 
B 
C 
D 
E 

none 
occasional, minor, litter 
frequent small volumes 
infrequent large volumes 
frequent large volumes 

Trash Racks  

A 
B 
C 
D 
E 

new 
small amount of debris 
rack half full 
rack 3/4 full  
rack plugged 

Trees  

A 
B 
C 
D 
E 

Trees on site ok or no trees 
minor ok for site 
trees growing in channel  
downed single or small cluster 
extensive blockage of channel 

Woody Veg 

A 
B 
C 
D 
E 

none 
minor ok for site 
common on site may be problem 
moderate size and density 
extensive size and density blockage  
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1. PURPOSE AND SCOPE: 
 
Adequate levee inspection and maintenance is essential for providing a reliable flood protection 
system, reducing the risk of flooding and loss of life and property, and maintaining compliance with 
state and federal regulations for funding and flood insurance requirements.  Adequate levee 
maintenance also ensures accessibility and serviceability during flood events and emergency work. 

This document describes general procedures and guidelines for field operations levee inspection 
and record-keeping.    
 
 

2. REFERENCE DOCUMENTS: 
External References: 

U.S. Army Corps of Engineers levee technical guidance documents 
U.S. Army Corps of Engineers O&M manuals for certain SCVWD flood protection 
projects 
 

Internal References: 
Q751D02 Control and Oversight of Pesticide Use 
WQ75101 Field Operations Work Order Process 
WQ75115 Engineering Field Instructions 
WF75118 Ordinance Violation Form 
WF75161 Levee Field Inspection Rating Guide 
WF75165  Field Inspection Checklist 

Levee Inventory List (watershed specific) 
Levee Safety Technical Guidance Manual 
(W:\Watershed Mgmt\Levee Safety Manuals\TechManualComplete) 
Annual Levee Inspection Report 
Event Levee Inspection Report 
Facility Maintenance Guidelines/Agreements 
As-Built Plans 
SMP Binder (BMP Manual/Permits and Supporting Material) 
FC 441 (03-21-89) 
Land Surveying and Mapping Request for Services (FC 136)  

 

3. DEFINITIONS: 
Levee –  A raised embankment to prevent a watercourse from flooding beyond its expected 

course.  The “levee” as defined here refers to all elements of the flood protection 
system. This includes the embankment itself and any stability or seepage berms, 
toe drains, flood walls, relief wells, and any waterside erosion protection system.  It 
also includes other ancillary structures, facilities and appurtenances encroaching on 
the levee. 

 
Net grade –  The as-built elevation of a levee. 
 
Event-driven inspection –  
 An inspection that should take place during or immediately after a natural hazard 

such as flood, earthquake, storm and other events having the potential of damaging 
the flood protection system. 
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4. ROLES AND RESPONSIBILITIES: 
None 
 
 

5. REQUIREMENTS: 
5.1. ISO 9001  -  7.5.1 Control of Production and Service Provision 

 
5.2. ISO 14001  -  4.4.6 Operational Control 

 
5.3. Other Requirements 

Q751D02 Control and Oversight of Pesticide Use 
  SMP Permits & CEQA documents 

 
 

6. MONITORING AND MEASUREMENT: 
None 
 
 

7. PROCEDURE: 

7.1. Field Operations Levee/Work Inspection Flow Chart   

The following flowchart represents typical critical paths from initial levee inspection to final 
work initiation.  Although this flowchart cannot be used for every levee inspection/work 
scenario, it is shown here to represent a basis for most typical situations. 
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L E V E E    I N S P E C T I O N / W O R K    F L O W C H A R T

Levee Field Inspection
Field Operations

Administrator

Solution developed
Field Operations Administrator or
Program Support Engineer or
District Geotechnical Engineer or
Outside (follow policy and procedure for
hiring consultants)

Work order written
Field Operations Administrator or
Program Support Engineer

Documentation of Inspection
Annual Field Levee Inspection Report or
Event Field Levee Inspection Report

Is there a
deficiency
identified?

Work Performed
In-house or outside contractor
(follow policy and procedure

for hiring contractors)

Engineering Inspection Performed
Program Support Engineer

No Action/No Work No

Monitor

Yes

Work Order
Procedure -

WQ75101

Levee Safety
Technical Guidance
Manual

Field Operations Levee
Inspection Guidelines

Yes

No
Does work
need to be
performed?

Yes

No

Does a geotechnical
analysis need to be

performed?

Geotechnical Inspection Performed
Geotechnical Engineer

No
Is an engineering

inspection
needed?
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7.2. Field Operations Levee Inspection Procedure 
ACTION STATEMENT & 

ROLE 
DETAILS 

(DESCRIBE STEPS) 
QUALITY RECORDS 

(OUTPUT FROM STEP) 
(1) 

 
Plan inspections 

 
 
 
 
 
 
 
 
 
 
 
 

(Field Operations 
Administrator (FOA)) 

• Routine Field Levee Inspections are conducted by the 
Field Operations Administrator to assess the condition of 
levees.  This assessment can help identify deficiencies 
including those that may threaten the integrity of the levees 
within the watershed. 

 
• Inspection frequency should be governed by government 

minimum requirements, facility maintenance 
guidelines/agreements, and the perceived needs for 
inspections. In the absence of documented mandated 
inspection frequencies, levees should be routinely inspected 
at least annually, so that any necessary repairs can be 
designed and constructed prior to the next rainy season. 

• Identify all District levees within each Watershed using the 
levee inventory list. The Levee Inventory List is compiled, 
maintained, and kept by FOA. 

 
• Prepare a schedule of levee inspections 
 

 
 
 
 
 
 
 
 
 
 
 
 
Levee Inventory List 

(2) 
 
 

Inspect Levees 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(Field Operations 
Administrator (FOA)) 

• The annual inspection involves walking the levees and noting 
any observable distress.  All relevant aspects are noted in 
section 10, ADDENDA: Levee Inspection Guidelines. 

 
• The Field Inspection Checklist shall be used to capture all 

field gathered data.  Field-gathered data including location, 
description of findings, and photo documentation are 
transferred into the Oracle online photo archive database and 
then compiled into an Annual Levee Inspection Report. 

 
• The results from the levee field inspections are categorized in 

inspection reports providing site-specific information for on-
going monitoring and prioritizing deficiencies. The report is 
also used to identify and prioritize other minor routine 
maintenance in levees.   

 
• A report of inspection will be prepared by the Field 

Operations Administrator for permanent record, reference, 
and as a basis for needed remedial work for all periodic 
inspections.  This report should be based on a systematic field 
inspection of each facility and its individual components 
regarding its safety, stability, and operational adequacy. 

 

 
 
 
 
 
 
Field Inspection 
Checklist 
 
 
Levee Inspection 
Report  

(3) 
 

Event-driven Inspections 
 
 
 

• Event-driven inspections should also take place during or 
immediately after a natural hazard such as flood, earthquake, 
storm, and other events having the potential for damaging the 
flood protection system.  

•  A record of emergency investigation containing all pertinent 
information  is prepared and filed as part of the flood 
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ACTION STATEMENT & 

ROLE 
DETAILS 

(DESCRIBE STEPS) 
QUALITY RECORDS 

(OUTPUT FROM STEP) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(Field Operations 
Administrator (FOA)) 

protection system record. 
• Make additional inspections after significant events such as 

floods and earthquakes.  The emphasis of these inspections 
will depend on the event triggering the inspection.  

o Specific items to be checked should include: waterside 
erosion protection and encroachments, evidences of 
seepage, levee settlement, slumps, lateral spreading, 
cracking, evidence of liquefaction (boils and cracking), 
and slope failures.   

o Other items to be observed and reported should include 
any mechanical equipment and facilities such as pipes, 
gates and valves, inlet and outlet structures, and bridge 
abutments.   

• An earthquake inspection is particularly urgent if the 
earthquake  occurs just before or during the rainy season. 

• During flood periods, frequent patrols of the levee are made to 
locate flood-related deficiencies in levees, floodwalls, and 
other flood protection structures and facilities.  The specific 
frequency of these patrols will depend on the flood level, and 
may vary from daily to essentially continuously. 

• A report of an event-driven inspection is prepared by the FOA 
for permanent record, reference, and as a basis for needed 
remedial work for all periodic inspections.  Field-gathered data 
including location, description of findings and photo 
documentation are transferred into the Oracle online photo 
archive database and then compiled into an Event Levee 
Inspection Report. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Event Levee Inspection 
Report 

(4) 
Deficiency Correction 

 
 
 
 
 
 

(Field Operations 
Administrator (FOA)) 

• If a deficiency revealed during the course of the field levee 
inspection requires correction, a solution is developed by the 
FOA and implemented. 

 
• FOA will document any work required in accordance with 

WQ75101 Field Operations Work Order Process. 
 
• If the FOA determines that a deficiency revealed during the 

course of the field levee inspection requires engineering 
analysis, a Watershed Program Support Engineer shall be 
consulted and if necessary, a solution developed.  The 
Watershed Program Support engineer will develop a solution 
in accordance with WQ75115 Engineering Field Instructions. 

 
• If the Watershed Program Support Engineer determines that a 

geotechnical inspection is necessary, a geotechnical engineer 
or outside consultant will be consulted, and if necessary, a 
solution developed. 
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8. QUALITY RECORDS: 

QUALITY RECORD 
LOCATION 

KEPT 
FILING  
ORDER 

RECORDS 

RETENTION 

SCHEDULE SERIES 

NO. 

COMMENTS 

Levee Field Inspection Checklist 
 

FOA’s office 
and Network 

facility name, 
number and 

date 
RS-1015  

Annual Levee Inspection Report FOA’s office 
and Network 

facility name, 
and date 

RS-1015  

Event Levee Inspection Report FOA’s office 
and Network 

facility name 
and date RS-1015  

Levee Inventory List FOA’s office 
and Network 

facility name 
and date 

RS-1015  

 
 
9. CHANGE HISTORY: 
Date Revision Comments 
12/19/06 R1 New release 

07/29/09 R2 Clean up of Quality Records.  New template. Change of Process Owner from Gary 
Nagaoka to Carol Fredrickson.  Added link to Levee Safety Technical 
Guidance Manual (29 April 2002) 

03/15/10 R3 Change of process owner from Carol Fredrickson to Roger Narsim, revision 
number, and effective date due to 02/01/10 reorg. 

02/15/11 R4 
Changed Template and minor text and formatting changes made to Sections 1, 2, 
3, 5, 7, and 10. 
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10. ADDENDA: 

 
Levee Inspection Guidelines    
More detailed information can be in the Levee Safety Technical Guidance Manual 
 
 
The guidelines listed below were derived from the Levee Safety Technical Guidance Manual (29 April 
2002) and are intended to provide a general basis for conducting field operations levee inspections. All 
aspects of the guidelines will not apply to every levee and must be applied on a case-by-case basis as 
appropriate. 
 
Flood Protection Levees 
Levee Geometry 
Inspection should identify any apparent deviations from the as-built geometry of the levee.  Levee 
embankments should be maintained to not less than the net grade and section by replacing any loss of 
material from the crest, slopes, or any bench/berm. Ruts, washes, slides and areas of subsidence should 
be noted and promptly repaired and the entire embankment maintained sufficiently smooth for power 
mowing.  Levee crests should be graded as necessary to drain freely and prevent impoundment of rain 
water.  When the crest of the levee is used as maintenance road, and unless the crest road is paved in 
accordance with standard roadway pavement and traffic criteria, the levee crest should be covered by at 
least 6 inches of a gravel/aggregate base overlying a filter fabric. 

Cracking 
During the levee inspection, any observed cracks along the crest or the side slopes should be recorded for 
further assessment of impact to levee integrity.  Longitudinal cracks with down scarps toward the levee 
slope may be an indication of incipient slope instability.  Generally these surface cracks will exacerbate 
potential sloughing or sliding during wet and prolonged rainy seasons.  As the water infiltrates the cracks, 
it adds lateral hydrostatic pressures on the walls of the cracks and hence promotes potential slips. 
Random cracks that do not show any sign of down slope movements are generally caused by high shrink-
swell levee material, such as high-plasticity clay or organic rich material.  The long term cycles of shrink-
swell may cause the levee material to deteriorate and weaken.  It is recommended that these cracks be 
repaired as soon as reported.   

Erosion and Condition of Slope Protection 
Erosion or scour of levees and banks commonly occurs along non-protected levee and bank slopes. The 
amount and extent of erosion depend typically on the flow velocity, material-type irregularities and 
contacts between hard and soft material.  Silty and sandy unconsolidated alluvium are highly susceptible 
to erosion and scour.  Even levees and banks equipped with erosion protection can experience scour 
during high river stages. Usually these occurrences take place in areas where the erosion protection 
system has not been well maintained and has deteriorated with time, or in areas where the erosion 
protection system was under-designed for the damaging flood.  Erosion protection comes in various forms; 
from concrete surfacing and rock protection to more environmentally friendly solutions such as bio-
engineered slope protection, to non-protection by design to allow the river to meander and run its natural 
course.  The latter usually is associated with a system of set-back levees. 

When slope erosion protection is provided, observations during the levee inspection should ascertain that 
the erosion protection is maintained in accordance with the intent of the design; that the levee maintains 
its uniformity and its integrity; that no irregularities are developing that may become points of weakness.  If 
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such events are observed, repairs should be undertaken immediately to bring the protection system to its 
original design. 

Erosion and scour are probably the leading cause of levee failures during flood events.  Levee material, 
rock, plastic sheeting (Visqueen), and filter fabric should be stockpiled near the flood protection system in 
locations where they are quickly and efficiently accessible for emergency repairs. 

Levee Settlement and Subsidence 
The levee crest may be lowered over time due to settlement or subsidence. 

Settlement is a lowering due to consolidation of  soils under  loads.  Typically settlements under the self-
weight of the levee are estimated prior to construction, and the levee is overbuilt by an appropriate 
amount.  However, there may be other factors causing later levee settlements.  There may be 
compressible layers or lenses that were not adequately recognized in design.  There may have been later 
nearby construction that applied additional loads on the soils under the levee.  There may have been loss 
of ground from under the levee due to internal erosion or due to adjacent excavations.  There may have 
been slumping of the entire levee due to overstressing of foundation soils. 

Levee settlements and differential settlements, and their observation, are particularly important for levees 
constructed on compressible soils, as is typically the case for levees built near the Bay. 

Subsidence is a lowering of the levee crest over some length of the levee, due to deep-seated 
compression of soil layers caused by extraction of water, gas or oil,  The lowering of the levee crest might 
compromise the flood protection of the subject levee.  Levee inspections should include looking for signs 
of crest lowering over short stretches of the levee crest.  Any such evidence should be noted and followed 
promptly by a topographic survey of the levee crest.  Levee crest lowering over some length (say, 
hundreds of feet) can probably only be identified by an elevation survey.  Such surveys are advisable at 
regular intervals (e.g., 5-year intervals). 

Landside Seeps and Boils 
Seepage is prevalent along flood protection levees.   Because of the condition of the levees and 
foundation, seepage is often observed during flood events.  Both seepage through the levee and 
underseepage are common.  Pervious layers within the levees or in the foundation have caused seeps to 
occur on the side slopes of the levees and seeps and boils near the levees’ landside toe.  Emergency 
response during a flood event typically involves the construction of sandbag rings around boils to slow the 
migration of fines out of the foundation soils by allowing a hydrostatic head to build up inside the sandbag 
rings. 

When observed, seeps and boils should be recorded in the field noting location, size, and amount of soil 
ejected with the flow of water.  A note should also be made as to whether the boils are stable or growing in 
size.  If the seeps and boils are evolving and give indication of potential deteriorating conditions, an 
evaluation should be made to assess the criticality of the situation and develop prompt remedial 
measures. 

 

 

Prevention of Encroachment 
Inspection should verify that the levees are not encroached upon. Buildings, structures, and storage of 
miscellaneous materials or equipment should not be permitted on the levee. Refuse dumps are an item of 
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frequent concern and should not be permitted. Following each high water season, any drift which has 
been deposited on the channel and levee slopes should be removed promptly. 

 
 
River Channel 
The river channels and overflow banks are natural areas of planned and unplanned riparian vegetation.  
Unplanned growth, if abundant, can restrict channel hydraulic capacity, particularly at constricted locations 
such as at bridge overpasses, culverts and other river crossings.  It is recognized that most of the 
vegetation and trees within the river channel and banks foster and restore riparian corridors and shaded 
riverine canopy that are critical for terrestrial and aquatic life.  Habitat is highly regulated by State and 
Federal agencies.  If serious obstructions due to vegetation growth threaten the flood protection system, 
these observations should be noted, reported, and acted upon accordingly.   

Sediments tend to deposit in areas of reduced channel slope, drop structures, and diversion facilities. The 
inspection should note and report the degree of silting that is occurring along these facilities, and make 
recommendations for cleaning and de-silting the obstructed facilities. 
 
Floodwalls and Retaining Walls 
 
As part of the periodic inspections, floodwalls and retaining walls in levees should be inspected for any 
distress including: cracking, undermining (scour, erosion at the wall footing), settlement, misalignment, 
and any other signs that could potentially affect the structural integrity of the walls.  The levee inspector 
should look for and record with photographs and drawings, indicating exact locations with respect to levee 
miles and offset distances from the levee centerline, any signs of: 

• Wall cracks, fissures, chipping, and breaks or spalls 
• Settlement and offsets 
• Out of plumb and misaligned sections of walls 
• Seepage, boils, and saturated areas 
• Scour holes and erosion 
• Roots that may undermine the wall footing 
• Accumulation of trash, debris or any undesirable rubbish 
•  Unauthorized encroachment such as: boats against or tied up to the floodwall. 
 
Structures, Facilities and Appurtenances 
Various facilities and appurtenances encroach on the levees.  During inspections, care should be taken to 
verify that these facilities are operating in satisfactory conditions.  Because these facilities generally create 
a hard contact with the levee/bank material, inspection for scour and undermining at these localities is 
important.  Inspections should verify that: 
• Pipes, gates, and valves are in good working conditions and that no erosion is occurring around pipes 

and drainage structures. 
• Grade control and energy dissipating structures are not undermined and exposed or silted up. 
• Drainage ditches and channels are open and clear from overgrowth and any undesirable rubbish that 

may impact the normal flow and proper discharge.  Note abnormal occurrence of silt and sand 
mounds within the drainage ditches. 

• Drainage inlet structures are inspected and kept free from debris and accumulation that may cause 
clogging. 

• Flap gates on storm drainage discharge pipe outlets are kept clean from accumulated debris between 
the gates and the pipes which could impede the normal function of the gates. 
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• Bridge and culvert abutments should be checked for structural distress and erosion effects. 
•  Pumps are well maintained and in good working condition. 
 

Miscellaneous Levee Facilities and Appurtenances 
Miscellaneous levee facilities (e.g., relief wells, check valves, slide gates) that are constructed on, over or 
through the levee should be maintained in a good state of repair and/or in good operating condition. The 
condition of these facilities should be inspected at least annually, and those items that are operative only 
during high river stages should be checked carefully and repaired as necessary immediately prior to the 
high water season.  Relief wells should be checked during periods of high water. Wells that do not flow for 
an extended period of time may have to be tested by pumping to determine the extent of deterioration.  
Where wells are found to be critically deteriorated, they should be rehabilitated by cleaning, surging, and 
pumping.  Check valves should be inspected to ensure that they open freely and that the gaskets are in 
good condition.  
 
Periodic Elevation Surveys 
 
Periodic surveys of the elevation of the levee crest are advisable to monitor any potential deviation from 
the design levee profile.  Specific facility maintenance guidelines and/or agreements may dictate survey 
requirements. 
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1. PURPOSE AND SCOPE: 
The purpose of this document is to provide guidelines for inspections of District Watershed 
facilities.  This includes routine and emergency inspections for detecting various problems before 
they threaten the integrity of facilities against the possibility of flooding and property damage. 
Inspections are conducted to identify conditions that may jeopardize the quality and integrity of the 
watershed facilities. The conditions are documented by measuring and recording the condition for 
corrective action or future monitoring. Inspections record the type, size, and location of any 
conditions requiring either correction or monitoring. Conditions identified as those to be monitored 
are to be re-evaluated during the next inspection cycle until the condition is corrected. 

 
 

2. REFERENCE DOCUMENTS: 
External References: 
 USACE Operation and Maintenance (O&M) Manuals 
 
Internal References: 
WQ75101 Field Operations Work Order Process 
WQ75115 Develop Engineering Field Instructions 
WW75100 Vegetation Control Work Instructions 
WW75121 Work Project Planning Tool 
WW75401 Flood Control Maintenance on Private Property 
WW75167 Chipping of Woody Debris Stockpiles 
WF75118 Ordinance Violation Form 
WF75121 SMP Project Prioritization Matrix 
WF75161  Levee Field Inspection Rating Guide 
WF75165 Field Operations Inspection Sheet 
WF75166 Facilities Inspection Rating Guide 

SMP Binder (BMP Manual/Permits and Supporting Material)  
  Facilities Maintenance Guidelines   

Levee Inventory List (watershed specific) 
 
 

3. DEFINITIONS: 
Access:  A location to enter the District -right--of-way from either a public street or private 

property with agreed-upon right-of-way. 
 
Creek bank: The side slope of a creek 
 
Creek channel: 
   The depression in the land surface the water in the creek flows in. 
 
Creek Name and Creek Number: 
   Referenced in the Maximo designations for the facilities inspected. 
 
Easement:  Property where there is a limited District responsibility and is most often a “flood 

control easement”. This would invoke the responsibility of maintaining the creek to 
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meet District Flood Control guidelines. Ingress/egress, flowage, or other forms of 
easement require much less maintenance responsibilities.  Easements are indicated 
in yellow on District maps. 

 
Fee Title:  Property where the deed lists the Santa Clara Valley Water District as the property 

owner. Fee titles are indicated in green on District maps. 
 
GIS:  Geographic Information System.  A geographic database of layers of information. 

Primarily used by Watershed Field staff for right-of-way and location information. 
 
Inspection: The evaluation of the watershed facilities to identify and record corrective action or 

monitoring of any condition that could jeopardize the quality of the facility (creeks, 
levees, property and habitat) in the watersheds. 

 
Major facilities:   
 Major tributaries with the greatest potential for catastrophic flooding and property 

damage. Generally have high water flows and are historically problematic. 
 
Minor facilities: 
 Feed into major tributaries and have a potential for localized flooding and limited 

property damage. Generally have low flows and historically have low occurrence of 
problems. 

 
NRCS facilities: 

Facilities where flood protection projects were constructed cooperatively with the 
Natural Resources Conservation Service (NRCS). 

 
 
 
Orientation:  The right and left bank orientation is determined by facing upstream. 
 
Right-of-Way:   
 Property the District has some form of responsibility recorded by legal deed. This 

includes Easement and/or Fee Title. 
 
Stationing:  A geometric/geographic measurement that starts at the furthest most downstream 

point of the creek. It is referenced by the starting point of 0+00 (hundreds of feet) = 
0 feet measuring upstream from the mouth of the creek.  

 
 
USACE facilities:  

Facilities where flood protection projects were constructed cooperatively with the 
U.S. Army Corps of Engineers (USACE). This cooperative relationship requires 
semi-annual inspections and annual reports to USACE. 

 
 

4. ROLES AND RESPONSIBILITIES: 
None 
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5. REQUIREMENTS: 

5.1. ISO 9001  -  7.5.1    Control of Production and Service Provision 
 

5.2. ISO 14001  -  4.4.6    Operational Control 
 

5.3. Other Requirements 
SMP Permits & CEQA documents 
 
 

6. MONITORING AND MEASUREMENT: 
Creek inspection reports will be completed annually and reviewed with Management. 
 
 

7. PROCEDURE: 
ACTION STATEMENT & 

ROLE 
DETAILS 

(DESCRIBE STEPS) 
QUALITY RECORDS 

(OUTPUT FROM STEP) 
(1) 

 
Plan  

Inspections 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(Field Operations 

• Routine inspection of Watershed facilities are conducted by 
the Field Operations Administrator to inventory conditions.      

 
• Inspection cycle: 

• USACE facilities will be inspected at least twice a year. 
• NRCS facilities will be inspected annually. 
• Major facilities will be inspected once a year. 
• Minor facilities may be inspected once every two years. 
• Storage Yards will be inspected annually. 

 
• Routine inspection frequency should be determined by 

permits, facility maintenance guidelines, facility maintenance 
agreements, and the perceived need for inspections. 

 
• FOA will identify all Watershed facilities on facilities hierarchy 

(list of facilities).  This listing is compiled, maintained, and kept 
by the FOA.  Each inspection will be scheduled by the FOA. 

 
• Only Watershed facilities on District right-of-way (including 

easement and fee title obligations) will be inspected unless 
authorized by WW75401 Flood Control Maintenance on 
Private Property.  Use GIS and stationing to verify District 
right-of-way for inspection area. 

 
• Review maintenance guidelines, past inspection notes, and 

annual creek inspection reports for facilities being inspected. 
 
• All inspections will have a work order in accordance with 

WQ75101 Field Operations Work Order Process. 
 
• Obtain any special equipment and/or materials required for 

inspection including a camera, probe, waders, and safety 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Inspection Notes 



 

FIELD OPERATIONS INSPECTION GUIDELINES DOCUMENT NO.: WW75165 
REVISION: R6 

EFFECTIVE DATE: 02/15/11 
PROCESS OWNER: Roger Narsim 

Page 4 of 8 
Downloaded or printed copies are for reference only.  Verify this is the current version prior to use.  See the District website for released version 

 
ACTION STATEMENT & 

ROLE 
DETAILS 

(DESCRIBE STEPS) 
QUALITY RECORDS 

(OUTPUT FROM STEP) 
Administrator (FOA)) equipment. 

 
• Notify and coordinate with any others involved in the 

inspection (confined space team, etc.), if applicable.  
(2) 

 
Inspect  

Facilities 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(Field Operations 
Administrator (FOA) and 
Engineering Technician) 

• Inspection criteria to be used for each facility will come from 
Maintenance Guidelines for that facility, where applicable.  
Watershed Program Support Units will develop and maintain 
guidelines.  FOA is provided hard copies of guidelines as they 
are developed. 

  
• Routine inspections involve a complete visual review of the 

facilities and noting any observable condition that might need 
correction or future monitoring.  Conditions are documented 
by measuring and recording the condition for corrective action 
or future monitoring. 

 
• District materials storage yards will be inspected annually and 

woody debris stockpiles will be evaluated. 
• If the woody debris is not set aside for use in erosion 

repair and the volume of the woody debris has 
accumulated for more than 2 years or 500 CY, the woody 
debris should be ground into chips in accordance with 
WW75167 Chipping of Woody Debris Stockpiles. FOA 
will document any work required in accordance with 
WQ75101 Field Operations Work Order Process. 

 
• Inspections are conducted using the Watershed Field 

Inspection Sheet (WF75165) to record conditions observed.  
Field-gathered data includes location, description of 
conditions, and photo documentation.  Condition codes used 
on WF75165 are: 
• A= Asbuilt / New.  No action required. 
• B= Good.  No action required. 
• C= Requires FOA evaluation and/or monitoring. FOA will 

re-inspect this in the next inspection cycle. 
• D= Requires corrective action (i.e., Violation, Engineer 

Review, notification, etc.).  Initiate a work order for routine 
processing. 

• E= Requires immediate corrective action.  Initiate a work 
order for expedited processing. 

 
• During the routine inspections, sediment bars are measured 

and noted.  Following the winter creek flows, these sediment 
bars might be inspected again.  The sediment inspection list is 
given to Program Support for review. 

 
• To provide accurate sediment quantity estimates for major 

sediment removal projects where channel conditions are 
moderately or highly uncertain (as determined by the Program 
Support Engineer), cross-section surveys will be performed.  
Survey results will be incorporated into the work plan and 
budget development process. 

 
 
 
 
 
 
 
 
 
 
 
 
 
WF75165 Watershed 
Field Inspection Sheet 
 
Photo documentation 
 
 
 
 
 
 
 
 
 
 
 
Sediment Inspection 
List 
 
 
 
USACE facility 
inspection report 
 
Annual Inspection 
Report 
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ACTION STATEMENT & 

ROLE 
DETAILS 

(DESCRIBE STEPS) 
QUALITY RECORDS 

(OUTPUT FROM STEP) 
 
• Inspection data is gathered on USACE facilities and compiled 

in the annual inspection report sent to USACE. 
 
• Inspection data gathered in the field will be compiled into the 

Annual Inspection report given to management during the first 
quarter of a calendar year. 

(3) 
 

Perform 
Event-driven 
Inspections 

 
 
 
 
 
 
 
 

(Field Operations 
Administrator (FOA) and 
Engineering Technician) 

• Event-driven inspections should also take place after a natural 
hazard such as flood, storm and other events having the 
potential of damaging the flood control system and hazards 
for public safety.  For USACE facilities, refer to the 
appropriate O&M manual for specific requirements related to 
event-driven inspections. 

 
• Inspections should identify any disruption of flows, erosion 

sites, and any other sites that need further monitoring.   
 
• Inspections will be documented using photos.Photos should 

be identified by facility and reach, month and date, and photo 
sequence.   

 
• A report of emergency inspection will be prepared by the FOA 

as a basis for needed remedial work for all periodic 
inspections.  Remedial work will be performed in accordance 
with WQ75101 Field Operations Work Order Process. 

 
 
 
 
 
 
 
 
 
Photos from inspection 

(4) 
 
 

Corrective  
Action 

 
 
 
 
 
 
 
 
 
 
 
 
 

(Field Operations 
Administrator (FOA)) 

• If the FOA recorded a condition of C during the inspections, 
then another inspection should be scheduled for the next 
season.  FOA will document any work required in accordance 
with WQ75101 Field Operations Work Order Process. 

• If the FOA recorded a condition of D during the inspections, 
then a solution will be developed by the FOA and 
implemented.  FOA will document any work required in 
accordance with WQ75101 Field Operations Work Order 
Process. 

•  If the FOA recorded a condition of E during the inspections, 
then a solution will be developed immediately by the FOA and 
implemented.  FOA will document any work required in 
accordance with WQ75101 Field Operations Work Order 
Process. 

• If the FOA determines that a deficiency revealed during the 
course of the inspection requires engineering analysis, the 
Watershed Program Support Engineer shall be consulted and 
if necessary, a solution developed.  Deficiencies will be 
prioritized by the Field Operations and Watershed Program 
Support Units in accordance with WW75121 (Work Project 
Planning Tool) and WF75121 (SMP Project Prioritization 
Matrix) as necessary.  The Watershed Program Support 
Engineer will develop a solution in accordance with WQ75115 
Develop Engineering Field Instructions. 

WF75165 Watershed 
Field Inspection Sheet 
 
 
Work Order 
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8. QUALITY RECORDS: 

QUALITY RECORD 
LOCATION 

KEPT 
FILING  
ORDER 

RECORDS 

RETENTION 

SCHEDULE SERIES 

NO. 

COMMENTS 

Inspection Notes Field 
Operations 
Unit Files 

Facility Number 
& Date RS-1015  

Field Inspection Sheet With Work 
Order 

Facility Number 
& Date 

RS-1015  

Work Order SOS Facility Number 
& Date RS-0172  

Photos from inspection District IT 
Network 

Facility & Reach 
RS-1015  

Army Corps of Engineers facility 
inspection report 

Central Files Date 
RS-1015  

 
 
9. CHANGE HISTORY: 
Date Revision Comments 
12/19/06 R1 New Release 

01/29/07 R2 Added reference document of Fac. Maint. Guidelines and misc corrections. 

03/26/08 R3 Added bullet in step 2 in response to CPAR 191 – estimating sediment. 

03/15/10 R4 Change of process owner to Roger Narsim 

04/09/10 R5 Added inspection of District materials storage yards (cpar 211) & reference to 
WW75167 Chipping of Woody Debris Stockpiles 

02/15/11 R6 
Change of template and minor text and formatting changes made to Sections 1, 2, 
3, 6, 7, and 10. 
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10. ADDENDA: 
SCVWD Creek and Levee Inspection Key 
 

CONDITION CODES 

A = Asbuilt/New 

B = Good 

C = Requires FOA Evaluation or Monitoring 

D = Requires Corrective Action (ie Work Order, Violation, Engineer 
Review, Notification, etc.) 

E = Requires Immediate Action 

  FACILITY TYPES 

Bridge Abutment (BAB) Miscellaneous (MSC) 

Bridge Footing (BFG) Overflow Channel (OFC) 

Culvert (BOX) Outfall (OTF) 

Bridge Pier (BPR) Pipe (PIP) 

Bridge (BRG) Pond (PND) 

Concrete Channel (CCH) Perc Pond (PRC) 

Cellular Concrete Mat (CCM) Access Road (RAC) 

Concrete-lined Channel (CLC) Reinforced Concrete Pipe (RCP) 

Corrugated Metal Pipe (CMP) Recreational (REC) 

CPRU Code Enforcement Violation (CPR) Recreation Trail (RET) 

Drop Structure (DST) Riparian (RIP) 

Earth Channel (ECH) Riprap (RIR) 

Fence / Gate (FAG) Levee Road (RLR) 

Flood Walls (FDW) Access Road - Lower (RLW) 

Fence (FEN) Revegetation Site (RVS) 

Flap Gate (FGT) Structure - Concrete (SCN) 

Fish (FIS) Sediment Debris Basin (SDB) 

Flood Plain (FLP) Stream Gage (SGG) 

Fish Ladder (FSH) Sign (SGN) 

Gabion (GAB) Slide Gate (SLG) 

Gate (GAT) Slope Protection (SLP) 

Levee (LEV) Structure - Steel (SST) 

Landscaping (LSC) Trash Rack (THK) 

Levee Crown (LVC) Valve (VLV) 

Levee Landside (LVL) Weir (WER) 

Levee Waterside (LVW) Wetland (WTL) 
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CATEGORIES (Maximo Job Plan & Other) 
Emergency Debris Removal (EMR Misc. Property Maintenance (MSC) 

Erosion (ERO) 
Pier Nose/Trash Rack/Flapgate 
Cleaning (PTF) 

Fence/Gate Work (FEN) Sediment (SED) 

Fish Structure Maintenance (FSH) Sign Work (SGN) 

Good Neighbor Maintenance (GNM) Tree (TRE) 

Graffiti Removal (GRF) Trash and Debris (TRS) 
Ground Squirrel/Rodent Control 
(GSC) Overhanging Growth (VWG) 

Hazardous Materials (HAZ) Typical (TYP) 

In Stream Vegetation (ISV) Violation (VIO) 

Levee Maint./Restoration (LEV)* *reference criteria in WW75161 

Motor Grading (MGR) 
 Direction of Photo - Upstream (U/S), Downstream (D/S) or At Location 

(AT) 
 

 



 

 

Appendix D.  Maintenance Activities List 
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A. SECTION A –Pre-Project Planning and General BMPs  

Best Management Practices  

General BMPs are applicable program-wide, for most routine SMP maintenance activities. These measures include standard construction 
practices and impact avoidance measures that will minimize potential environmental impacts. These BMPs will be implemented by the stream 
maintenance crew, as appropriate and as overseen by site managers, for all activities associated with the maintenance program. The majority of 
these BMPs are implemented prior to and during maintenance operations, though the level of activity varies depending on the work type. 

Other General BMPs are conducted prior to implementing maintenance activities on site. This group of measures includes procedures to identify 
site or maintenance constraints, such as biological or cultural resource surveys which coincide with permit compliance requirements. Site design 
constraints for sediment and bank stabilization activities in particular are also identified as part of the pre-project planning process. 

BMP Number BMP Title BMP Description 
GEN-1 In-Channel Work Window All ground-disturbing maintenance activities (i.e., sediment removal, bank stabilization, tree removal, and 

mechanized vegetation management) occurring in the channel (below bankfull) will take place between June 15 
and October 15. Requests for work window extensions must be submitted to the regulatory agencies by October 
1st

For ground-disturbing activities: 

, listing the creek names and reaches where a work extension will occur. Work extensions vary per work activity. 
The agencies will provide a single response within one week.  Significant rainfall applies after October 15. An 
extension through December 31 may apply if the following requirements are met and regulatory agency approval is 
received: 

 Work may continue if no significant rainfall, defined as greater than 0.5 inches per 24 hours within a local 
watershed, is either forecasted1 or observed. Following October 15th

 In the Pajaro Basin, winterized sites will be visually inspected prior to, and within 48 hours following, each 
significant rain event (defined as rainfall 0.5 inch or greater within a 24-hour period in the subject 
watershed) to ensure that winterization measures are properly implemented and maintained. 

, maintenance work shall cease for 
the season if such a rain event is forecasted or observed. 

 
Sediment removal 

 Extended Work Window: 
1. Creeks supporting anadromous fish: 

An extended work window may occur from October 15 through October 31, or until local rainfall of 0.5 
inches or greater falls within the subject watershed within a 24-hour period, whichever occurs first.    

2. Creeks not supporting anadromous fish: 
An extended work window may occur from October 15 through November 30th

 Extended Work Window in Lower Quality Areas: 

, or until local rainfall of 
0.5 inches or greater falls within the subject watershed within a 24-hour period, whichever occurs first.  

                                                      
1 Weather Forecasts. No phase of the project may be started if that phase and its associated erosion control measures cannot be completed prior to the onset of a 
storm event if that construction phase may cause the introduction of sediments into the stream. Seventy-two-hour weather forecasts from the National Weather 
Service or other localized and more detailed weather forecast service will be consulted prior to start up of any phase of the project that may result in sediment 
runoff to a stream. 
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BMP Number BMP Title BMP Description 
1. Sediment removal work may occur until December 31.  
2. Work will only occur on Berryessa Creek (0-88+80; 232+70-236+00; 284+30-288+00), Lower Silver 

Creek (Reach 3 between Stations 37+40 and 381+19), Thompson Creek (0+00-10+00), Canoas 
Creek (0+00-390+00), Ross Creek (0+00-86+30), Calabazas Creek (35+00-105+00), and San Tomas 
Aquino Creek (80+00-100+00) with the following conditions: 
o site conditions are dry and access for all construction equipment and vehicles will not impact 

waterways; and 
o all work will stop if any rainfall is forecast for the next 72 hour period. 

3. Work may occur after a significant rainfall event but no later than December 31. 
4. Sites must be maintained in a rapidly winterizable2

Bank stabilization projects may continue until the approved date stated below. Prior to a forecasted significant 
rainfall event (0.5 in/24 hrs), all incomplete bank stabilization projects must be winterized. 

 state (implement control measures BMP GEN-20). 

1. In Creeks Supporting Anadromous Fish 
o An extended work window may occur until October 31st for bank stabilization projects that will be 

50% complete by October 15th

2. In Creeks Not Supporting Anadromous Fish 
.  

o An extended work window may occur until November 30th for projects that will be 50% complete 
by October 15th

o An extended work window may occur until November 30th for new bank stabilization projects that 
will be completed in five (5) days or less, or until significant rainfall. 

 or until significant rainfall.  

 Instream hand pruning and hand removal of vegetation will occur year round, except when: 
o Wheeled or tracked equipment needs to access the site by crossing a creek, ponded area, or 

secondary channel; or 
o Work occurs in streams that support steelhead. In these streams instream vegetation 

maintenance will cease on December 31 or when local rainfall greater than 0.5 inches is 
predicted within a 24-hour period of planned activities, whichever happens first. 

Modification and removal of instream large woody debris will occur at any time of the year, and as further described 
in the NMFS Biological Opinion. 

GEN-2 Instream Herbicide 
Application Work Window 

Instream herbicide applications will take place between June 15 and October 15, or until the first occurrence of any 
of the following conditions; whichever happens first: 
 local rainfall greater than 0.5 inches is forecasted within a 24-hour period from planned application events; 

or 
 when steelhead begin upmigrating and spawning in the 14 anadromous steelhead creeks, as determined 

by a qualified biologist (typically in November/December), 
o A qualified biologist will determine presence/absence of sensitive resources in designated 

herbicide use areas and develop site-specific control methods (including the use of approved 
herbicide and surfactants). Proposed herbicide use would be limited to the aquatic formulation of 
glyphosate (Rodeo or equal). Surfactant use would be limited to non-ionic products, such as Agri-

                                                      
2 Winterization is the process to maintain work sites with the appropriate BMP’s to prevent erosion, sediment transport, and protect water quality. Winterization 
occurs upon completion of bank repairs or on incomplete projects after October 15 and prior to the forecast of significant rainfall, 0.5 inches or greater of local 
watershed rainfall within 24 hours. Winterization shall be completed prior to the occurrence of such actual significant rainfall.  
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dex, Competitor, or another brand name using the same ingredients. Any modifications to these 
materials would require review and approval by NMFS and CDFW. 

o A qualified fisheries biologist will review proposed herbicide application methods and stream 
reaches. The fisheries biologist would conduct a pre-construction survey (and any other 
appropriate data research) to determine whether the proposed herbicide application is consistent 
with SMP approvals concerning biological resources and determine which BMPs would be 
instituted for work to proceed. 

In addition, herbicide application requirements are as follows: 
 no direct application into water; 
 herbicide application shall not occur when wind conditions may result in drift; 
 herbicide solution shall be applied only until there is a “wet” appearance on the target plants in order to 

avoid run off; and 
 where permitted, surfactants shall be added to the spray solution prior to application. 

GEN-3 Avoid Exposing Soils with 
High Mercury Levels 

Sediment removal and bank stabilization projects in portions of the Guadalupe River watershed affected by historic 
mercury mining may expose soils containing mercury. 
 
1. In Basin Plan identified creeks in the Guadalupe River Basin, soils that are likely to be disturbed or excavated 
shall be tested for mercury (Hg). Soils shall be remediated if disturbed or excavated soils exposed to streamflow 
have a residual sample test exceeding 0.2 mg mercury per kg erodible sediment (dry wt., median). 
 
2. Remediation may be accomplished either by: 

a. treating the site so that contaminated soils excavated for the purpose of bank stabilization shall not be 
susceptible to erosion; or 

b. further excavating contaminated soils and replacing them with clean fill or other bank stabilization 
materials that are free from contaminants. 

c. Soils with residual sample mercury concentrations exceeding 0.2 mg mercury per kg erodible sediment 
(dry wt., median) shall be removed and disposed of in a Class I landfill following established work 
practices and hazard control measures. Soils with residual sample mercury concentrations less than 0.2 
mg mercury per kg erodible sediment (dry wt., median) will remain at the project site. 

3.  To ensure worker safety during sediment removal and bank stabilization projects with elevated mercury 
concentrations in the exposed surfaces, personal protective equipment will be required during project 
construction to maintain exposure below levels established by the Occupational Safety and Health Agency 
(OSHA). 

Biological Resources 
 
GEN-4 Minimize the Area of 

Disturbance 
To minimize impacts to natural resources, soil disturbance will be kept to the minimum footprint necessary to 
complete the maintenance operation. 

GEN-5 
 

Mitten Crab Control 
Measure  

Sediment from the San Francisco Bay Watershed, including that for reuse, cannot be moved to areas any farther 
south than Coyote Creek Golf Drive in south San Jose, and the intersection of McKean and Casa Loma Roads.  

GEN-6 
 

Minimize Impacts to 
Nesting Birds via Site 

1. For activities occurring between January 15 and August 31, project areas will be checked by a qualified 
biologist or Designated Individuals (DI – for limited ground nesting species surveys) for nesting birds within 2 
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Assessments and 
Avoidance Measures 

weeks prior to starting work. If a lapse in project-related work of 2 weeks or longer occurs, another focused 
survey will be conducted before project work can be reinitiated. 

2. If nesting birds are found, a buffer will be established around the nest and maintained until the young have 
fledged. Appropriate buffer widths are 0.5 mile for bald and golden eagles; 250 feet for other raptors and the 
least Bell’s vireo, herons, and egrets; 25 feet for ground-nesting non-raptors; 700 feet for the California 
clapper rail; 600 feet for the California least tern and western snowy plover; and 50 feet for non-raptors 
nesting on trees, shrubs and structures. Mowing and weed whacking will have a 25 feet buffer. A qualified 
biologist may identify an alternative buffer based on a site specific-evaluation. No work within the buffer will 
occur without written approval from a qualified biologist, for as long as the nest is active.  

3. All vegetation management, sediment reuse, road grading, or other SMP activities in or immediately adjacent 
to suitable California clapper rail or Alameda song sparrow nesting habitat, as determined by a qualified 
biologist, shall not be conducted prior to September 1 (the non-nesting season). 

4. If a pre-activity survey in high-quality San Francisco common yellowthroat breeding habitat (as determined by 
a qualified biologist) identifies more singing male San Francisco common yellowthroats than active nests, then 
the inconspicuous nests of this species might have been missed. In that case, maintenance activities in that 
area shall be delayed until the San Francisco common yellowthroat non-breeding season (i.e., August 16–
March 14).  

5. The boundary of each buffer zone will be marked with fencing, flagging, or other easily identifiable marking if 
work will occur immediately outside the buffer zone.  

6. All protective buffer zones will be maintained until the nest becomes inactive, as determined by a qualified 
biologist.  

7. If monitoring shows that disturbance to actively nesting birds is occurring, buffer widths will be increased until 
monitoring shows that disturbance is no longer occurring. If this is not possible, work will cease in the area 
until young have fledged and the nest is no longer active. 

GEN-6.5 Protection of Nesting Least 
Bell’s Vireos 1. To the extent feasible, SMP activities within those areas mapped as vireo habitat in the Santa Clara Valley 

Habitat Plan shall be scheduled to occur outside of the least Bell’s vireo nesting season (March 15 – July 31).  
If it is not feasible for maintenance activities along these reaches to be scheduled during the non-nesting 
season, the following measures will be implemented. 

2. For activities within woody riparian habitat mapped as vireo habitat in the Santa Clara Valley Habitat Plan that 
will occur between March 15 and July 31, any work will be preceded by a focused survey for least Bell’s vireos. 
Pre-activity surveys will consist of two site visits, conducted on separate days within 14 days before the 
initiation of maintenance activities in the given area, with at least one of these surveys occurring within 5 
calendar days before the initiation of such activities. Surveys will be conducted between dawn and 11:00 a.m., 
during mild weather conditions (i.e., not during excessive cold, heat, wind, or rain), within all riparian habitat in 
and within 250 feet of any proposed maintenance location along these reaches. The surveys will be conducted 
by a qualified biologist who is familiar with the visual and auditory identification of this species.   

3. To minimize impacts to nesting least Bell’s vireos and other birds, the biologist will not initially be looking for 
Bell’s vireo nests during these surveys.  Rather the biologist will look and listen for individual vireos. If a least 
Bell’s vireo is detected, it will be observed to determine whether it is actively nesting. The biologist will note the 
nest location, or if finding the actual nest could result in excessive disturbance or risk damaging the nest, the 
biologist will determine the approximate location, based on observation of birds carrying nesting material, 
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carrying food, or repeatedly visiting a certain area.   

4. If an active nest is found, a minimum 250-foot no-activity buffer will be established around the nest. If a 
territorial male is found but no nest can be detected, then the approximate centroid of the bird’s area of activity 
will be the point from which the buffer will be applied. The required buffer may be reduced in areas where 
dense riparian forest occurs between the construction activities and the active nest or where sufficient barriers 
or topographic relief exists to protect the nest from excessive noise or other disturbance. The biologist will 
coordinate with the USFWS and CDFW to evaluate exceptions to the minimum no-activity buffer distance on a 
case-by-case basis. 

5. No work will occur within the buffer without verification by a biologist that the nest is inactive and until any 
fledged young are no longer dependent on adults for food. 

6. If a least Bell’s vireo and/or its nest is detected during pre-activity surveys, the District will contact the USFWS 
and CDFG within two working days regarding the presence and location of the bird/nest. 

GEN-7  
 
 

Protection of Burrowing 
Owls 

1. If occupied burrows are identified, a 250 foot radius no work buffer zone will be established around the 
burrow. The buffer may be modified, with CDFW approval, to take into consideration of paved roads, intervening 
riparian corridors and levees. 
2. No construction work will occur within the 250 foot buffer zone until after the nesting season. 
3. After the nesting season work may occur within the 250 foot buffer zone provided: 

a. A qualified biologist monitors the owls for at least 3 days prior to construction to determine baseline 
    foraging behavior (i.e., behavior without construction) 
b. The same qualified biologist monitors the owls during construction and finds no change in owl 
     foraging behavior in response to construction activities. 
c. If there is any change in owl foraging behavior as a result of construction activities, these activities 
    will cease within the 250-foot buffer. 
d. If the owls are gone for at least one week, the project proponent may request approval from the 

Santa Clara County Habitat Agency that a qualified biologist excavate the usable burrows to prevent 
owls from re-occupying the site. After the usable burrows are excavated, the buffer zone will be 
removed and construction may continue. 

e. Monitoring must continue as described above for the non-breeding season as long as the burrow 
    remains active. 

5. Routine use of existing District maintenance roads within the 250 foot buffer will be allowed. However, no 
    construction traffic will be allowed to use the maintenance road during the active nesting period. 
6. Exceptions. 

a. Mowing on levees may occur during the nesting season and within 250 feet of active burrows 
    provided the burrows are marked by a qualified biologist. 
b. No vehicle mounted mowers will be used within 10 ft of occupied burrows. 
c. A qualified biologist will monitor the mowing within the buffer zone and stop the mowing if burrowing 
    owls are observed on the surface at the nest or another burrow. 
d. Areas within 10 feet of the burrows may be mowed using hand equipment when no owls are visible 
    on the surface. 
e. All mowing activities within the buffer zone will be completed within 30 minutes. 

 
GEN-8 Protection of Sensitive Approved herbicides and adjuvants may be applied in habitat areas for sensitive wildlife species (including 
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Fauna Species from 
Herbicide Use 
 
 

steelhead, California red-legged frog, California tiger salamander, salt marsh harvest mouse, and Bay checkerspot 
butterfly); all applications will occur in accordance with federal and state regulations.  
For sprayable or dust formulations: when the air is calm or moving away from sensitive wildlife habitat, applications 
will commence on the side nearest the habitat and proceed away from the habitat. When air currents are moving 
toward habitat, applications will not be made within 200 yards by air or 40 yards by ground upwind from occupied 
habitat. However, these distances may be modified for the control of invasive species on salmonid streams if the 
following measures are implemented:  
 A qualified biologist will determine presence/absence of sensitive resources in designated herbicide use 

areas and develop site-specific control methods (including the use of approved herbicide and surfactants). 
Proposed herbicide use would be limited to the aquatic formulation of glyphosate (Rodeo or equal). 
Surfactant use would be limited to non-ionic products, such as Agri-dex, Competitor, or another brand 
name using the same ingredients. Any modifications to these materials would require review and approval 
by NMFS and CDFW. 

 A qualified fisheries biologist will review proposed herbicide application methods and stream reaches. The 
fisheries biologist would conduct a pre-construction survey (and any other appropriate data research) to 
determine whether the proposed herbicide application is consistent with SMP approvals concerning 
biological resources and determine which BMPs would be instituted for work to proceed. 

GEN-9 
 
 

Avoid Impacts to Special-
Status Plant Species and 
Sensitive Natural 
Vegetation Communities 
 

A qualified botanist will identify special status plant species and sensitive natural vegetation communities and 
clearly map or delineate them as needed in order to avoid and/or minimize disturbance, using the CDFW protocols 
and the CNPS Botanical Survey Guidelines to formulate the following protocols:  
1. A qualified botanist will use the GIS database, CNDDB, and/or other suitable tools to identify special status 

plants and sensitive natural vegetation communities located within or near work areas.  
2. Surveys of areas identified as sensitive natural communities or suitable habitat for special status plant species 

will be conducted by a qualified botanist prior to commencement of work. 
3. Surveys will be conducted during the appropriate time of the year to adequately identify special-status plants 

that could occur on the site of proposed maintenance activities. 
4. The qualified botanist will ensure avoidance and/or minimize impacts by implementing one or more of the 

following, as appropriate, per the botanist’s recommendation: 
a) Flag or otherwise delineate in the field the special status plant populations and/or sensitive natural 

community to be protected; 
b) Allow adequate buffers around plants or habitat; the location of the buffer zone will be shown on the 

maintenance design drawings and marked in the field with stakes and/or flagging in such a way that 
exclusion zones are visible to maintenance personnel without excessive disturbance of the sensitive 
habitat or population itself (e.g., from installation of fencing). 

c) Time construction or other activities during dormant and/or non-critical life cycle period; 
d) Store removed sediment off site; and 
e) Limit the operation of maintenance equipment to established roads whenever possible. 

5. No herbicides, terrestrial or aquatic, will be used in areas identified as potential habitat for special status 
plants

6. If special status plant species or sensitive communities are present, then a qualified botanist will determine if a 
given type of vegetation management method is ecologically appropriate for a given area. Alternative 

 species or containing sensitive natural communities, until a qualified botanist has surveyed the area 
and determined the locations of special status plant species present.  
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strategies based on the botanist’s recommendations will be coordinated with appropriate staff. 

7. All impacts to sensitive natural communities and special status plants identified by the qualified botanist will be 
avoided and/or minimized  

GEN-10 
 
  

Avoid Impacts to Bay 
Checkerspot Butterfly and 
Associated Critical Habitat 

 

1. Areas supporting Bay checkerspot larval host plants will be identified by a qualified botanist and protected 
from disturbance to the extent feasible, by establishing buffer zones around individual plants or populations. 
The size of the buffer will be determined by a qualified botanist; the actual distance will depend on the plant 
species potentially affected and the type of disturbance. No herbicide will be applied to the buffer area, and 
to the extent feasible, maintenance personnel and equipment will not operate within such areas.  

2. Herbicides may be used in serpentine areas that do not contain Bay checkerspot butterfly larval host plants 
or sensitive plant species and habitat when approved by a qualified botanist and for the following 
maintenance purposes: 

a) To protect sensitive species and habitat;  
b) To manage for control of invasive and non-native plants; and/or 
c) To maintain access to a facility. 

GEN-11 
 
 

Protection of Salt Marsh 
Harvest Mouse and 
California Clapper Rail 
 
 

1. A District qualified biologist will conduct a desk audit to determine whether suitable Salt Marsh Harvest Mouse 
(SMHM) or California Clapper Rail (CCR) habitat is present in or adjacent to a maintenance activity.  

2. Within 7 days prior to work within the range of the Salt Marsh Harvest Mouse (SMHM) or California Clapper 
Rail (CCR), as depicted on the District’s GIS layers, the proposed project area will be surveyed by a qualified 
biologist to identify specific habitat areas. Surveyed areas will include work locations and access routes.  The 
range of the salt marsh harvest mouse and California clapper rail is based on the SCVWD’s GIS mapping 
reflecting occurrence information and potential habitat.  If this mapping is revised, it will be provided to the 
Service for review.  

3. To minimize or avoid the loss of individuals, activities within or adjacent to California clapper rail and salt marsh 
harvest mouse habitat will not occur within two hours before or after extreme high tides (6.5 feet or above) 
when the marsh plain is inundated, because protective cover for those species is limited and activities could 
prevent them from reaching available cover. 

4. Specific habitat areas are vegetated areas of cordgass (Spartina spp), marsh gumplant (Grindelia spp.), 
pickleweed (Sarcocornia pacifica), alkali heath, (Frankenia sp.), and other high marsh vegetation, brackish 
marsh reaches of creek with heavy accumulations of bulrush thatch (old stands), and high water refugia habitat 
that may include annual grasses, and shrubs immediately adjacent to channels. 

5. Within the identified specific habitat areas, vegetation will be removed by hand from areas to be directly 
impacted by the work activities if possible (hand removal of vegetation is some channels may not be possible).   
If within the mapped range of the mouse but outside of areas identified as specific habitat areas, then other 
methods may be possible. 

6. Prior to the initiation of work each day for all vegetation management work, ground or vegetation disturbance, 
operation of large equipment, grading, sediment removal, and bank stabilization work and prior to expanding 
the work area, if suitable habitat occurs within the immediate work area, a qualified biologist will conduct a pre-
construction survey of all suitable habitat that may be directly or indirectly impacted by the day’s activities 
(work area, access routes, staging areas). 
 
a. If during the initial daily survey or during work activities a CCR is observed within or immediately 
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adjacent to the work area (50 feet), initiation of work will be delayed until the CCR leaves the work area. 

b. If during the initial daily survey or during work activities a SMHM or similar rodent is observed within or 
immediately adjacent to the work area (50 feet), initiation of work will be delayed until a Site Specific 
Species Protection Form can be developed and implemented by a qualified biologist to protect the 
SMHM or similar rodent is developed and implemented by the qualified biologist. Acceptable plan 
activities may include one or more of the following activities: 1) establishment of a buffer zone at least 50 
feet in radius from the rodent; 2) ongoing active monitoring, 3) construction of silt fence barrier between 
maintenance work and location of the rodent, 4) delay of work activity until the qualified biologist can 
provide CDFW and the Service a suggested course of action and seek concurrence.  
 

7. Mowing using heavy equipment (tractors, boom mowers, rider mowers) will not be conducted in habitat areas 
or within 50 feet of habitat areas. If mowing with hand equipment is necessary within 50 feet of habitat areas, 
an on-site monitor will observe the area in front of the mower from a safe vantage point while it is in operation. 
If SMHM are detected within the area to be mown, no mowing will occur in that area. If CCR are detected 
within the area to be mown, the mowing will stop until the individual(s) have left the work area. 

8. See ANI-2 for additional restrictions. 
9. If visual observation cannot confirm California clapper rail left the work area then it is assumed that the 

individual(s) remains in the work area and the work will not resume until the area has been thoroughly 
surveyed (and absence confirmed) or the Service has been contacted for guidance. 

GEN-12 
 
 

Protection of Special-Status 
Amphibian and Reptile 
Species 

1. A District qualified biologist will conduct a desk audit to determine whether suitable special-status amphibian or 
reptile habitat is present in or adjacent to a maintenance activity based on all available information including 
the habitats modeled in the Valley Habitat Plan.  

2. If the District Wildlife or Fisheries Biologist determines that a special-status amphibian or reptile could occur in 
the activity area, a qualified biologist will conduct one daytime and one nighttime survey within a 7 day period 
preceding the onset of maintenance activities. 

a.  If a special-status amphibian or reptile, or the eggs or larvae of a special status amphibian or reptile, are 
found within the activity area during a pre-activity survey or during project activities, the qualified biologist 
shall notify the project proponent about the special-status species and conduct the following work specific 
activities: 
i. For minor maintenance activities and for vegetation removal activities that will take less than 1 day, a 

qualified biologist shall conduct a special status species survey on the morning of and prior to the 
scheduled work.  

A. If no special status species is found, the work may proceed. 
B. If eggs or larvae of a special status species are found, a buffer will be established around the 

location of the eggs/larvae and work may proceed outside of the buffer zone. No work will 
occur within the buffer zone. Work within the buffer zone will be rescheduled until the time that 
eggs have hatched and/or larvae have metamorphosed. 

C. If an active western pond turtle nest is detected within the activity area, a 50-foot buffer zone 
around the nest will be established and maintained during the breeding and nesting season 
(April 1 – August 31). The buffer zone will remain in place until the young have left the nest, as 
determined by a qualified biologist. 

D. If adults or non-larval juveniles of a special status species are found, one of the following two 
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procedures will be implemented:  

i. If, in the opinion of the qualified biologist, capture and removal of the individual to a safe 
place outside of the work area is less likely to result in adverse effects than leaving the 
individual in place and rescheduling the work (e.g., if the species could potentially hide 
and be missed during a follow-up survey), the individual will be captured and relocated 
by a qualified biologist (with USFWS and/or CDFW approval, depending on the listing 
status of the species in question), and work may proceed. 

ii. If, in the opinion of the qualified biologist, the individual is likely to leave the work area 
on its own, and work can be feasibly rescheduled, a buffer will be established around 
the location of the individual(s) and work may proceed outside of the buffer zone. No 
work will occur within the buffer zone. Work within the buffer zone will be rescheduled. 

ii. For minor maintenance and vegetation removal activities that will take more than 1 day, the qualified 
biologist shall conduct a special-status species survey on each morning of and prior to the scheduled 
work commencing.  

E. If eggs or larvae of a special status species are found, a buffer will be established around the 
location of the eggs/larvae and work may proceed outside of the buffer zone. No work will 
occur within the buffer zone. Work within the buffer zone will be rescheduled until the time that 
eggs have hatched and/or larvae have metamorphosed. 

F. If an active western pond turtle nest is detected within the activity area, a 50 ft-buffer zone 
around the nest will be established and maintained during the breeding and nesting season 
(April 1 – August 31). The buffer zone will remain in place until the young have left the nest, as 
determined by a qualified biologist. 

G. If adults or non-larval juveniles of a special status species are found, the individual will be 
captured and relocated by a qualified biologist (with USFWS and/or CDFW approval, 
depending on the listing status of the species in question), and work may proceed. 

iii. For Sediment Removal and Bank Stabilization Projects the wildlife or fisheries biologist in cooperation 
with the project proponent shall complete a Site Specific Species Protection Form for the project. 
Elements of the form include: work rescheduling, training work crews, daily surveys, establishment of 
buffers and buffer fencing, on-site monitoring, habitat modification in advance of work activities, capture 
and relocation of individual special-status species, methods of documentation, and reporting of results. 

b. If no special status amphibian or reptile is found within the activity area during a pre-activity survey, the 
work may proceed. 

c. During animal conflict management activities, if special status species are found within a burrow proposed 
for destruction, a qualified biologist will determine an appropriate buffer distance around that burrow to 
ensure adequate protection of the habitat. The buffer area may include not destroying adjacent burrows as 
that may damage subterranean networks of the occupied burrow or produce substrate vibrations which 
could interfere with prey detection mechanisms. If two consecutive follow up surveys are conducted (spaced 
30 days apart) in which the burrow is found to be unoccupied, work can proceed as planned. A naturally 
found back filled burrow known to have been inhabited by a special-status species will be presumed to still 
be occupied by that species and a clearly delineated buffer demarcation of the burrow area will be in place 
for the duration of nearby work activities. In rare instances in which destruction of the burrow is not 
avoidable during animal conflict management, the animal will be relocated to a safe burrow outside the 



Attachment F – Best Management Practices 

 
Santa Clara Valley Water District 
 

10 Stream Maintenance Program Update 2014–2023 
 

 
 

BMP Number BMP Title BMP Description 
impact area, with USFWS and/or CDFW approval, depending on the listing status of the species in 
question. A biologist will observe the relocated animal until it is certain that the animal is not in immediate 
danger of desiccation or predation. 

GEN-13 Protection of Bat Colonies 1. A District Wildlife Biologist will conduct a desk audit to determine whether suitable habitat (appropriate roost 
trees or anthropogenic structures) is present for bat colonies within 100 feet of the work site, staging areas, or 
access routes. 

2. If potential bat colony habitat is determined to be present, within two weeks prior to the onset of work activities 
a qualified biologist will conduct a survey to look for evidence of a bat use. If evidence is observed, or if 
potential roost sites are present in areas where evidence of bat use might not be detectable (such as a tree 
cavity), an evening survey and/or nocturnal acoustic survey may be necessary to determine if the bat colony is 
active and to identify the specific location of the bat colony.  

3. If an active bat colony is present then the qualified biologist will make the following determinations:  
a. The work can proceed without unduly disturbing the bat colony 
b. There is a need for a buffer zone to prevent disturbance to the bat colony, and implementation of the 

buffer zone (determined on a case-by-case basis by a qualified biologist) will reduce or eliminate the 
disturbance to an acceptable level. 

4. If a bat colony is found in a tree or structure that must be removed or physically disturbed the qualified biologist 
will consult with DFW prior to initiating any removal or exclusion activities.  
 

GEN-14 
 
 

Protection of San Francisco 
Dusky-footed Woodrat 

1. Prior to work within riparian, oak woodland, or coyote brush scrub habitat, or the removal of any oak trees 
outside these habitats, a District Wildlife Biologist will conduct a desk audit to determine whether woodrats 
could be present within suitable habitat for San Francisco dusky-footed woodrat or is known to be present in or 
adjacent to a maintenance activity site. 

2. If the District Wildlife Biologist determines that no San Francisco dusky-footed woodrat habitat is present, or 
there is habitat present but it will not be affected by the maintenance activity, then no further action is required. 

3. If the District Wildlife Biologist determines that suitable San Francisco dusky-footed woodrat habitat is present 
and may be affected by the maintenance activity, a qualified biologist shall conduct a pre-activity survey within 
2 weeks prior to the start of work to determine if woodrat nests are present, or within 5 feet of, the immediate 
activity area.  If woodrat nests are determined to be present, the following measures shall be implemented: 

 
a. To the extent feasible, impacts to woodrat nests will be avoided by maintaining a minimum 5-ft buffer 

between maintenance activities and nests.  Even if a 5-ft buffer cannot be maintained, the District will 
minimize impacts to nests by avoiding the direct destruction or modification of the nests to the extent 
feasible.   

b. If one or more woodrat nests are determined to be present and physical disturbance or destruction of 
the nests cannot be avoided, then the woodrats shall be evicted from their nests and the nest material 
relocated outside of the disturbance area, prior to onset of activities that would disturb the nest, to 
avoid injury or mortality of the woodrats. First, an alternate location for the nest material shall be 
chosen by a qualified biologist based on the following criteria: 1) proximity to current nest location; 2) 
safe buffer distance from planned work; 3) availability of food resources; and 4) availability of cover.  
An alternate nest structure will then be built at the chosen location.  The structure will be made up of 
small logs (e.g., available materials 2 inches in diameter or greater) stacked to provide a foundation 
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on which the woodrats can add nest material. Subsequently, during the evening hours (i.e., within 2 
hours prior to sunset), a qualified biologist will slowly dismantle the existing woodrat nest to allow any 
woodrats to flee and seek cover.  All sticks from the nest will be collected and spread over the 
alternate structure.  If young woodrats that are still dependent on their mother are discovered, 
relocation efforts will cease for the evening and the California Department of Fish and Wildlife will be 
contacted for guidance on how to proceed.    

GEN-15 Salvage Native Aquatic 
Vertebrates from Dewatered 
Channels 

If fisheries or native aquatic vertebrates are present when cofferdams, water bypass structures, and silt barriers are 
to be installed, a fish and native aquatic vertebrate relocation plan shall be implemented to ensure that fish and 
native aquatic vertebrates are not stranded. Relocation efforts will be based on the District’s Fish Relocation 
Guidelines (Attachment B). Streams that support a sensitive species (i.e. steelhead) will require a relocation effort 
and/ or initial onsite monitoring by a qualified biologist depending on seasonal conditions: 
 
1. In non-tidal channels, where water is to be diverted, prior to the start of work or during the installation of water 

diversion structures, native aquatic vertebrates shall be captured in the work area and transferred to another 
reach as determined by a qualified biologist. Timing of work in streams that supports a significant number of 
amphibians will be delayed until metamorphosis occurs to minimize impacts to the resource. Capture and 
relocation of aquatic native vertebrates is not required at individual work sites when site conditions preclude 
reasonably effective operation of capture gear and equipment. 

2. Aquatic invertebrates will not be transferred (other than incidental catches) because of their anticipated 
abundance and colonization after completion of the repair work. 

GEN-15.5 Avoidance of Impacts on 
the San Joaquin Kit Fox 

1. A qualified District biologist will conduct a desk audit to determine whether an SMP activity will occur in an area 
where the San Joaquin kit fox could potentially occur (i.e., roughly east of Frazier Lake Road and south of 
Bloomfield Avenue), and in potential habitat for the species.  

2. If the District biologist determines that an SMP activity could occur in an area that could potentially support a kit 
fox, the SCVWD will implement applicable pre-activity surveys and other measures in accordance with the 
USFWS’s San Joaquin Kit Fox Survey Protocol for the Northern Range, as follows: 

a) Conduct a preconstruction/pre-activity survey no less than 14 days and no more than 30 days prior to 
the beginning of project implementation. Surveys shall identify kit fox habitat features on the project site 
and evaluate use by kit fox and, if possible, and assess the potential impacts to the kit fox by the 
proposed activity. The status of all dens shall be determined and mapped in accordance with the survey 
protocol. 

b) If a natal/pupping den is discovered within the project area or within 200 feet of the project boundary, 
the USFWS shall be immediately notified. Disturbance to all San Joaquin kit fox dens should be avoided 
to the maximum extent possible. Destruction of any known or natal/pupping kit fox den would require 
take authorization from the USFWS.  

c) The project proponent will establish exclusion zones around the kit fox dens, if determined to be 
present. The configuration of the exclusion should have a radius measured outward from the entrance 
or cluster of entrances. The following radii are minima to be applied: 

 Potential den: 50 feet  
 Known den: 100 feet  
 Natal/pupping den: Service must be contacted (occupied and unoccupied)  
 Atypical den: 50 feet. 
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3. If take of the San Joaquin kit fox will occur, take authorization from the USFWS and CDFW will be necessary. 

 
General Maintenance Practices 
GEN-16 In-Channel Minor Activities For in-channel minor work activities, work will be conducted from the top of the bank if access is available and there 

are flows in the channel. 
GEN-17 Employee/Contractor 

Training 
All appropriate District staff and contractors will receive annual training on Stream Maintenance Program BMPs. 
The training will also include an overview of special-status species identification and habitat requirements. District 
staff and contractors will receive fact sheets to assist with in-the-field identification of special-status species and 
their habitats.  

GEN-18 Paperwork Required On-
site 

1. Copies of regulatory permits related to the Stream Maintenance Program will be kept on-site and available 
for review, if requested by regulatory personnel. 

2. Copies of the Stream Maintenance Program Manual and this BMP Manual will be kept on-site. 
GEN-19 Work Site Housekeeping 1. District employees and contractors will maintain the work site in neat and orderly conditions on a daily basis, 

and will leave the site in a neat, clean, and orderly condition when work is complete.  
2. Slash, sawdust, cuttings, etc. will be removed to clear the site of vegetation debris. As needed, paved access 

roads and trails will be swept and cleared of any residual vegetation or dirt resulting from the maintenance 
activity.  

3. For activities that last more than one day, materials or equipment left on the site overnight will be stored as 
inconspicuously as possible, and will be neatly arranged. Any materials and equipment left on the site 
overnight will be stored to avoid erosion, leaks, or other potential impacts to water quality (see BMPs GEN-
24). 

4. The District’s maintenance crews are responsible for properly removing and disposing of all debris incurred 
as a result of construction within 72 hours of project completion.  

5. All trash that is brought to a project site during maintenance activities (e.g., plastic water bottles, plastic lunch 
bags, cigarettes) will be collected at the site daily. 

GEN-20 Erosion and Sediment 
Control Measures 
 
 

1. Soils exposed due to maintenance activities will be seeded and stabilized using hydroseeding, straw 
placement, mulching, and/or erosion control fabric. These measures will be implemented such that the site is 
stabilized and water quality protected prior to significant rainfall. The channel bed and areas below the 
Ordinary High Water Mark (OHWM) are exempt from this BMP.  

2. The preference for erosion control fabrics will be to consist of natural fibers; however, steeper slopes and 
areas that are highly erodible may require more structured erosion control methods. No non-porous fabric will 
be used as part of a permanent erosion control approach. Plastic sheeting may be used to temporarily 
protect a slope from runoff, but only if there are no indications that special-status species would be impacted 
by the application. 

3. Erosion control measures will be installed according to manufacturer’s specifications. 
4. Appropriate measures include, but are not limited to, the following: 

o Silt Fences 
o Straw Bale Barriers 
o Brush or Rock Filters 
o Storm Drain Inlet Protection 
o Sediment Traps 
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o Sediment Basins 
o Erosion Control Blankets and Mats 
o Soil Stabilization (i.e. tackified straw with seed, jute or geotextile blankets, etc.) 
o Wood chips 
o Straw mulch 

5. All temporary construction-related erosion control methods shall be removed at the completion of the project 
(e.g. silt fences).  

6. Surface barrier applications installed as a method of animal conflict management, such as chain link fencing, 
woven geotextiles, and other similar materials, will be installed no longer than 300 feet, with at least an equal 
amount of open area prior to another linear installation; and only on one side of levee slopes. Inboard and 
outboard areas will only have installations set in an alternating pattern, such that no inboard and outboard 
levee faces would have erosion control blankets along the same levee stationing.  

7. Each maintenance site will be visually inspected at least once daily during extended storm events to confirm 
that BMPs are effective and maintained as necessary. 

8. Each maintenance site will be visually inspected within two business days (48 hours) after each significant 
rain event to determine whether BMPs were effective and identify the need to modify or maintain existing 
BMPs or include additional BMPs to be protective. 

GEN-21 Staging and Stockpiling of 
Materials 

1. To protect on-site vegetation and water quality, staging areas should occur on access roads, surface streets, 
or other disturbed areas that are already compacted and only support ruderal vegetation. Similarly, all 
maintenance equipment and materials (e.g., road rock and project spoil) will be contained within the existing 
service roads, paved roads, or other pre-determined staging areas.  

2. Building materials and other maintenance-related materials, including chemicals and sediment, will not be 
stockpiled or stored where they could spill into water bodies or storm drains. Materials will not be stockpiled 
longer than seven (7) calendar days. 

3. No runoff from the staging areas may be allowed to enter water ways, including the creek channel or storm 
drains, without being subjected to adequate filtration (e.g., vegetated buffer, swale, hay wattles or bales, silt 
screens).  

4. The discharge of decant water to water ways from any on-site temporary sediment stockpile or storage areas 
is prohibited. 

5. Wet material removed from an isolated creek reach may be pulled to the side of the channel (within the 
channel and below top of bank) and allowed to naturally drain prior to removal from the channel. Pulled 
material will be removed from the channel prior to deactivation of the site or forecast of rain. 

6. During the wet season, no stockpiled soils will remain exposed, unless surrounded by properly installed and 
maintained (i.e., per manufacturer specifications) silt fencing or other means of erosion control. During the 
dry season; exposed, dry stockpiles will be watered, enclosed, covered, or sprayed with non-toxic soil 
stabilizers (GEN-24). 

7. All pipes, culverts, or similar structures stored at a site within sensitive species areas, for one or more 
overnight periods shall be securely capped prior to storage or inspected before the pipe is subsequently 
moved. If any potential special-status species are observed within a pipe, a District biologist shall be 
consulted on what steps should be taken to protect the species. If a District biologist is on-site, they may 
remove the special status species from the pipes and relocate to the nearest appropriate and unaffected 
habitat. 
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GEN-22 Sediment Transport To prevent sediment-laden water from being released back into waterways during transport of spoils to disposal 

locations, truck beds will be lined with an impervious material (e.g., plastic), or the tailgate blocked with wattles, hay 
bales, or other appropriate filtration material. Trucks may then drain excess water by slightly tilting the loads and 
allowing the water to drain out through the applied filter, but only within the active project area of the creek where 
the sediment is being loaded into the trucks or within an identified vegetated area (swale) that is separated from the 
creek. 

GEN-23 Stream Access  District personnel will use existing access ramps and roads to the extent feasible. If necessary to avoid large 
mature trees, native vegetation, or other significant habitat features, temporary access points will be constructed in 
a manner that minimizes impacts according to the following guidelines: 
1. Temporary access points will be constructed as close to the work area as possible to minimize equipment 

transport 
2. In considering channel access routes, slopes of greater than 20 percent will be avoided, if possible.  
3. Any temporary fill used for access will be removed upon completion of the project and pre-project topography 

will be restored to the extent possible.  
4. When temporary access is removed, disturbed areas will be revegetated or filled with compacted soil, seeded, 

and/or stabilized with erosion control fabric immediately after construction to prevent future erosion.  
5. Personnel will use the appropriate equipment for the job that minimizes impacts and disturbance to the stream 

bottom. Appropriately-tired vehicles, either tracked or wheeled, will be used depending on the site and 
maintenance activity. 

GEN-24 On-Site Hazardous 
Materials Management 

1. An inventory of all hazardous materials used (and/or expected to be used) at the worksite and the end 
products that are produced (and/or expected to be produced) after their use will be maintained by the worksite 
manager. 

2. As appropriate, containers will be properly labeled with a “Hazardous Waste” label and hazardous waste will 
be properly recycled or disposed of off-site. 

3. Contact of chemicals with precipitation will be minimized by storing chemicals in watertight containers with 
appropriate secondary containment to prevent any spillage or leakage. 

4. Quantities of toxic materials, such as equipment fuels and lubricants, will be stored with secondary 
containment that is capable of containing 110% of the primary container(s). 

5. Petroleum products, chemicals, cement, fuels, lubricants, and non-storm drainage water or water 
contaminated with the aforementioned materials will not contact soil and not be allowed to enter surface 
waters or the storm drainage system. 

6. All toxic materials, including waste disposal containers, will be covered when they are not in use, and located 
as far away as possible from a direct connection to the storm drainage system or surface water. 

7. Sanitation facilities (e.g., portable toilets) will be placed outside of the creek channel and floodplain. Direct 
connections with soil, the storm drainage system, and surface waters will be avoided. 

8. Sanitation facilities will be regularly cleaned and/or replaced, and inspected daily for leaks and spills.
GEN-25 

. 

 
Existing Hazardous 
Materials 

If hazardous materials, such as oil, batteries or paint cans, are encountered at the maintenance sites, the District 
will carefully remove and dispose of them according to applicable regulatory requirements. District staff will wear 
proper protective gear and store the waste in appropriate hazardous waste containers until it can be disposed at a 
hazardous waste facility. 

GEN-26 Spill Prevention and 
Response 

The District will prevent the accidental release of chemicals, fuels, lubricants, and non-storm drainage water into 
channels following these measures: 
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1. District field personnel will be appropriately trained in spill prevention, hazardous material control, and 

clean up of accidental spills. 
2. Equipment and materials for cleanup of spills will be available on site and spills and leaks will be cleaned 

up immediately and disposed of according to applicable regulatory requirements. 
3. Field personnel will ensure that hazardous materials are properly handled and natural resources are 

protected by all reasonable means. 
4. Spill prevention kits will always be in close proximity when using hazardous materials (e.g., at crew trucks 

and other logical locations). All field personnel will be advised of these locations. 
5. District staff will routinely inspect the work site to verify that spill prevention and response measures are 

properly implemented and maintained. 
 

Spill Response Measures: 
For small spills on impervious surfaces, absorbent materials will be used to remove the spill, rather than hosing it 
down with water. For small spills on pervious surfaces such as soil, the spill will be excavated and properly 
disposed rather than burying it. Absorbent materials will be collected and disposed of properly and promptly.  
 
If a hazardous materials spill occurs that cannot be contained or cleaned up with the onsite materials, the onsite 
District field personnel will be responsible for immediately initiating an emergency response sequence by notifying 
the proper authorities (i.e., District Emergency Response (ER) Team and public fire and hazmat agencies) of the 
release; taking appropriate defensive steps from a safe distance to secure the site to minimize damage to people, 
environment, and property (PEP); and deferring all other response activities to public emergency response 
agencies and/or the District Emergency Response (ER) Team or District ER Contractor. Depending on the nature 
of the release, the District ER Team’s actions will include: urgent (responding within 2 hours of notification) field 
response site reconnaissance, emergency sequence initiation, defensive containment, release control, incident 
command; or priority (non 2-hour) field response site reconnaissance and clean-up operations. 
 
If a “reportable” spill of petroleum products occurs, the District’s Stream Maintenance Implementation Program 
Manager will be notified and action taken to contact the appropriate safety and cleanup crews. A reportable spill is 
defined as when:  

 a film or sheen on, or discoloration of, the water surface or adjoining bank/shoreline is observed; or  
 a sludge or emulsion is deposited beneath the surface of the water or adjoining banks/shorelines (40 

Code of Federal Regulations 110); or when 
 another violation of water quality standards is observed. 

A written description of the reportable release must be submitted to the appropriate Regional Water Quality Control 
Board and the California Department of Toxic Substances Control (DTSC). This submittal must contain a 
description of the release, including the type of material and an estimate of the amount spilled, the date of the 
release, an explanation of why the spill occurred, and a description of the steps taken to prevent and control future 
releases.  
If an appreciable spill has occurred, and results determine that project activities have adversely affected surface 
water or groundwater quality, a detailed analysis will be performed to the specifications of DTSC to identify the 
likely cause of contamination. This analysis will include recommendations for reducing or eliminating the source or 
mechanisms of contamination. Based on this analysis, the District or contractors will select and implement 
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measures to control contamination, with a performance standard that surface and groundwater quality will be 
returned to baseline conditions. These measures will be subject to approval by the District, DTSC, and the Regional 
Water Quality Control Board. 

GEN-27  Existing Hazardous Sites Upon selection of maintenance project locations, the District will conduct a search for existing known contaminated 
sites, as part of its annual preparation of the Notice of Proposed Work (NPW), on the State Water Resource Control 
Board’s GeoTracker Web site (http://www.geotracker.waterboards.ca.gov). The Geotracker search will only be 
performed for the District’s ground disturbing activities. For any proposed ground disturbing maintenance sites 
located within 1,500 feet of any “open” sites where contamination has not been remediated, the District will contact 
the RWQCB case manager listed in the database. The District will work with the case manager to ensure 
maintenance activities would not affect cleanup or monitoring activities or threaten the public or environment. 

GEN-28 
 

Fire Prevention 1. All earthmoving and portable equipment with internal combustion engines will be equipped with spark 
arrestors. 

2. During the high fire danger period (April 1–December 1), work crews will : a) H

GEN-29 

have appropriate fire 
suppression equipment available at the work site. 

Dust Management The District will implement the Bay Area Air Quality Management District’s (BAAQMD) required Dust Control 
Measures 
(http://www.baaqmd.gov/~/media/Files/Planning%20and%20Research/CEQA/BAAQMD%20CEQA%20Guidelines
%20May%202011.ashx?la=en). Current measures stipulated by the BAAQMD Guidelines include the following: 
1. All exposed surfaces (e.g., parking areas, staging areas, soil piles, graded areas, and unpaved access roads) 

shall be watered two times per day.  
2. All haul trucks transporting soil, sand, or other loose material off-site shall be covered.  
3. All visible mud or dirt track-out onto adjacent public roads shall be removed using wet power vacuum street 

sweepers at least once per day. The use of dry power sweeping is prohibited.  
4. Water used to wash the various exposed surfaces (i.e., parking areas, staging areas, soil piles, graded areas, 

etc.) will not be allowed to enter the water way. 
5. All vehicle speeds on unpaved roads shall be limited to 15 mph.  
6. All roadways, driveways, and sidewalks to be paved shall be completed as soon as possible. Building pads 

shall be laid as soon as possible after grading unless seeding or soil binders are used.  
7. Idling times shall be minimized either by shutting equipment off when not in use or reducing the maximum 

idling time to 5 minutes (as required by the California airborne toxics control measure Title 13, Section 2485 of 
California Code of Regulations [CCR]). Clear signage shall be provided for construction workers at all access 
points.  

8. All construction equipment shall be maintained and properly tuned in accordance with manufacturer‘s 
specifications. All equipment shall be checked by a certified visible emissions evaluator.  

9. Post a publicly visible sign with the telephone number and person to contact at the lead agency regarding dust 
complaints. This person shall respond and take corrective action within 48 hours. The Air District‘s phone 
number shall also be visible to ensure compliance with applicable regulations.  

http://www.baaqmd.gov/~/media/Files/Planning%20and%20Research/CEQA/BAAQMD%20CEQA%20Guidelines%20May%202011.ashx?la=en�
http://www.baaqmd.gov/~/media/Files/Planning%20and%20Research/CEQA/BAAQMD%20CEQA%20Guidelines%20May%202011.ashx?la=en�
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GEN-30 Vehicle and Equipment 

Maintenance 
1. All vehicles and equipment will be kept clean. Excessive build-up of oil and grease will be prevented. 
2. All equipment used in the creek channel will be inspected for leaks each day prior to initiation of work. 

Maintenance, repairs, or other necessary actions will be taken to prevent or repair leaks, prior to use. 
3. Incoming vehicles and equipment (including delivery trucks, and employee and subcontractor vehicles) will be 

checked for leaking oil and fluids. Vehicles or equipment visibly leaking operational fluids will not be allowed 
on-site. 

4. No heavy equipment will operate in a live stream. This will not apply to activities for which no other option 
exists, such as sediment removal which cannot be conducted from top of bank, etc. In these cases, 
dewatering will be conducted as necessary, following the protocols in BMPs GEN-33 or GEN-34.  

5. No equipment servicing will be done in the creek channel or immediate floodplain, unless equipment stationed 
in these locations cannot be readily relocated (i.e., pumps and generators).  

6. If emergency repairs are required in the field, only those repairs necessary to move equipment to a more 
secure location, and that can be performed without releasing any material into the floodway or water, will be 
conducted in the channel or floodplain. 

7. If necessary, all servicing of equipment done at the job site will be conducted in a designated, protected area 
to reduce threats to water quality from vehicle fluid spills. Designated areas will not directly connect to the 
ground, surface water, or the storm drain system. The service area will be clearly designated with berms, 
sandbags, or other barriers. Secondary containment, such as a drain pan, to catch spills or leaks will be used 
when removing or changing fluids. Fluids will be stored in appropriate containers with covers, and properly 
recycled or disposed of offsite.  

GEN-31 Vehicle Cleaning 1. Equipment will be cleaned of any visible sediment or vegetation clumps before transferring and using in a 
different watershed to avoid spreading pathogens or exotic/invasive species. 

2. Vehicle and equipment washing can occur on-site only as needed to prevent the spread of sediment, 
pathogens or exotic/invasive species. No runoff from vehicle or equipment washing is allowed to enter water 
bodies, including creek channels and storm drains, without being subjected to adequate filtration (e.g., 
vegetated buffers, straw wattles or bales, fiber rolls, and silt screens). The discharge of decant water from any 
on-site wash area to water bodies or to areas outside of the active project site is prohibited. Additional 
vehicle/equipment washing will occur at the approved wash area in the District’s corporation yard. 

GEN-32 
 

Vehicle and Equipment 
Fueling 

1. No fueling will be done in the channel (top-of-bank to top-of-bank) or immediate floodplain unless equipment 
stationed in these locations cannot be readily relocated (e.g., pumps and generators).  

2. All off-site fueling sites (i.e., on access roads above the top-of-bank) will be equipped with secondary 
containment and avoid a direct connection to soil, surface water, or the storm drainage system. 

3. For stationary equipment that must be fueled on-site, secondary containment, such as a drain pan or drop 
cloth, will be used to prevent accidental spills of fuels from reaching the soil, surface water, or the storm drain 
system. 
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Dewatering  
GEN-33 
 

Dewatering for Non-Tidal 
Sites 

When sediment removal and bank stabilization work area includes a flowing stream, the entire streamflow will be 
diverted around the work area by construction of a temporary dam and/or bypass. Where appropriate, stream flow 
diversions will occur via gravity driven systems.  
 
A. Planning to avoid and minimize impacts to water quality and aquatic wildlife: 

1. For construction and monitoring of a stream flow bypass, the Sediment Removal and Bank Stabilization 
Projects checklist will be completed. 

2. Recommendations by a qualified Fisheries Biologist to protect native fisheries and aquatic vertebrates will 
be incorporated into the bypass design. The recommendations may include but are not limited to: 

i. Screening the stream flow diversion source or pump to prevent entrainment of native fish or 
amphibian species. The screening dimensions will be appropriate to the species present.  

ii. Relocation of native aquatic vertebrates. This will include the methods to be used to capture and 
hold and move the aquatic vertebrates and a description of where the aquatic vertebrates will be 
relocated.  

3. Depending on the channel configurations, sediment removal activities may occur where the flows are not 
bypassed around the work site as long as a berm is left between the work area and stream flows to 
minimize water quality impacts during excavation activities. The berm between the work and the live 
channel will be wide enough to prevent introduction of turbid water from the cell into the live channel.  

 
B. Construction: 

1. The construction of facilities will be based on the water bypass plan.  
2. Coffer dams will be installed both upstream and downstream of the work area to minimize impacts or the 

distance necessary to accomplish effective passive systems. 
3. In streams where water may enter the construction site from downstream (reverse flow) additional coffer 

dams (downstream) may be necessary. When multiple coffer dams are constructed, the upstream dam will 
be constructed first.  

4. Instream cofferdams will only be built from materials such as sandbags, earth fill, clean gravel, or rubber 
bladders which will cause little or no siltation or turbidity.  

5. Plastic sheeting will be placed over k-rails, timbers, and earth fill to minimize water seepage into and out of 
the maintenance areas. The plastic sheets will be firmly anchored, using sandbags, to the streambed to 
minimize water seepage.  

6. When pumping is necessary to dewater a work site, a temporary siltation basin and/or use of silt bags may 
be required to prevent sediment from re-entering the wetted channel. Pump intakes will be screened to 
prevent harm to aquatic wildlife. 

7. If necessary to prevent erosion an energy dissipater will be constructed at the discharge point.  
8. Timing of flow diversions will be coordinated with the completion of the dam structure to facilitate not drying 

up the downstream creek area and to minimize dry back conditions. 
 

C. Implementation: 
1. Water flows downstream of the project site will be maintained to prevent stranding aquatic vertebrates.  



Attachment F – Best Management Practices 

 
Santa Clara Valley Water District 
 

19 Stream Maintenance Program Update 2014–2023 
 

 
 

BMP Number BMP Title BMP Description 
2. Water diverted around work sites and water detained by coffer dams will be protected from maintenance 

activity-related pollutants, such as soils, equipment lubricants or fuels. 
3. The Fish Relocation Guidelines (Attachment B) will be implemented to ensure that fish and other aquatic 

vertebrates are not stranded during construction and implementation of channel dewatering.  
a) Native aquatic vertebrates shall be captured in the work area and transferred to another reach as 

determined by a qualified biologist. Timing of work in streams that supports a significant number of 
amphibians will be delayed until metamorphosis occurs to minimize impacts to the resource. Capture 
and relocation of aquatic native vertebrates is not required at individual work sites when site 
conditions preclude reasonably effective operation of capture gear and equipment. 

b) Aquatic invertebrates will not be transferred (other than incidental catches) because of their 
anticipated abundance and colonization after completion of the repair work. 

4. Filtration devices (silt bags attached to the end of discharge hoses and pipes to remove sediment from 
discharged water) or settling basins will be provided as necessary at discharge sites to ensure that the 
turbidity of discharged water is not visibly more turbid than the water in the channel upstream of the 
maintenance site. If increases in turbidity are observed, additional measures will be implemented such as 
a larger settling basin or additional filtration. If increases in turbidity persist, the District’s Stream 
Maintenance Program Implementation Project Manager will be alerted since turbidity measurements may 
be required. 

5. Water remaining in the work area will be removed by evaporation, seepage, or pumping. When pumping is 
required to dewater a site, the decanted water will be discharged with water bypassed around the site or in 
a separate erosion control – energy dissipation area/vegetated swale. The turbidity of discharged water will 
not be visibly more turbid than the receiving water.  

 
Deconstruction: 
1. When maintenance is completed, the flow diversion structure will be removed as soon as possible. 

Impounded water will be released at a reduced velocity to minimize erosion, turbidity, or harm to downstream 
habitat.  

2. Removal will normally proceed from downstream in an upstream direction. 
3. When diversion structures are removed, the ponded water will be directed back into the low-flow channel in a 

phased manner to minimize erosion and downstream water quality impacts. Normal flows will be restored. 
4. The area disturbed by flow bypass mechanisms will be restored to the pre-project condition at the completion 

of the project (to the extent practical). This may include, but is not limited to, recontouring the area and 
planting of riparian vegetation. 
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GEN-34 
 
 

Dewatering in Tidal Work 
Areas 

For tidal areas, a downstream cofferdam will be constructed to prevent the work area from being inundated by tidal 
flows. 
1. Installation of cofferdams and fish exclusion measures will be installed at low tide when the channel and project 

site are at their driest. 
2. It is preferable to not use any bypass pipes when work is being conducted on one side of the channel, ifs

3. If downstream flows cannot be diverted around the project site, the creek waters will be transmitted around the 
site through cofferdam bypass pipes. Waters discharged through tidal cofferdam bypass pipes will not exceed 
50 NTUs over the background levels of the tidal waters into which they are discharged.  

 
isolated by the cofferdam, and flows can continue on the other side of the creek channel without entering the 
project area.  

4. Cofferdams in tidal areas may be made from earthen or gravel material. If earth is used, the downstream and 
upstream faces will be covered by a protected covering (e.g., plastic or fabric) if needed to minimize erosion. A 
protected covering or sheeting will be placed on the water side of an earthen coffer dam to protect water 
quality. 

5. When maintenance is completed, the cofferdams and bypass pipes will be removed as soon as possible but no 
more than 72 hours after work is completed. Flows will be restored at a reduced velocity to minimize erosion, 
turbidity, or harm to downstream habitat.  

GEN-35 Pump/Generator Operations 
and Maintenance 

When needed to assist in channel dewatering, pumps and generators will be maintained and operated in a manner 
that minimizes impacts to water quality and aquatic species. 
1. Pumps and generators will be maintained according to manufacturers’ specifications to regulate flows to 

prevent dryback or washout conditions. 
2. Pumps will be operated and monitored to prevent low water conditions, which could pump muddy bottom 

water, or high water conditions, which creates ponding. 
3. All pump intakes will be screened. Pumps in steelhead creeks will be screened according to NMFS criteria 

(http://www.swr.noaa.gov/sr/fishscrn.pdf) to prevent entrainment of steelhead.  
Public Safety  
GEN-36  Public Outreach The public will be informed of stream maintenance work prior to the start of work as part of the preparation of the 

NPW for all projects in the NPW: 
1. Each spring, a newspaper notice will be published with information on the NPW work sites, approximate work 

dates, and contact information. 
2. Neighborhood Work Notices will be distributed as part of the NPW preparation prior to the start of work. 
3. Local governments (cities and County) will be notified of scheduled maintenance work. The NPW will be 

submitted to the public works departments, local fire districts, and the District’s Flood Protection and 
Watershed Advisory Committees. 

4. The District will post specific information on individual maintenance projects on the Stream Maintenance Web 
site: (http://valleywater.org/EkContent.aspx?id=379&terms=stream+maintenance)  

5. For high profile projects, at the District’s discretion, signs will be posted in the neighborhood to notify the 
public at least one week in advance of maintenance schedules, trail closures, and road/lane closures as 
necessary and as possible. Signage used at work sites will include contact information for lodging comments 
and/or complaints regarding the maintenance activities. 

GEN-37 Implement Public Safety 
Measures 

The District will implement public safety measures during maintenance as follows: 
1. Construction signs will be posted at job sites warning the public of construction work and to exercise caution, 

http://valleywater.org/EkContent.aspx?id=379&terms=stream+maintenance�
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 as appropriate to public accessed areas. 

2. Where work is proposed adjacent to a recreational trail, warning signs will be posted several feet beyond the 
limits of work. Signs will also be posted if trails will be temporarily closed. 

3. If needed, a lane will be temporarily closed to allow for trucks to pull into and out of access points to the work 
site. 

4. Temporary fencing, either the orange safety type or chain link, will be installed above repair sites on bank 
stabilization projects. 

5. When necessary, District or contracted staff will provide traffic control and site security.  
GEN-38 Minimize Noise 

Disturbances to Residential 
Areas 

The District will implement maintenance practices that minimize disturbances to residential areas surrounding work 
sites. 
1. With the exception of emergencies, work will be conducted during normal working hours. Maintenance 

activities in residential areas will not occur on Saturdays, Sundays, or District observed holidays except during 
emergencies, or with approval by the local jurisdiction and advance notification of surrounding residents. 

2. Vehicles, generators and heavy equipment will be equipped with adequate mufflers. 
3. Idling of vehicles will be prohibited beyond 5 minutes unless operation of the engine is required to operate a 

necessary system such as a power take-off (PTO).  
GEN-39 
 

Planning for Pedestrians, 
Traffic Flow, and Safety 
Measures 

1. Work will be staged and conducted in a manner that maintains two-way traffic flow on public roadways in the 
vicinity of the work site. If temporary lane closures are necessary, they will be coordinated with the appropriate 
jurisdictional agency and scheduled to occur outside of peak traffic hours (7:00 – 10:00 a.m. and 3:00 – 6:00 
p.m.) to the maximum extent practicable. Any lane closures will include advance warning signage, a detour 
route and flaggers in both directions. When work is conducted on public roads and may have the potential to 
affect traffic flow, work will be coordinated with local emergency service providers as necessary to ensure that 
emergency vehicle access and response is not impeded. 

2. Bicycle and pedestrian facility closures will be scheduled outside of peak traffic hours (7:00 – 10:00 a.m. and 
3:00 – 6:00 p.m.) to the maximum extent practicable. 

3. Public transit access and routes will be maintained in the vicinity of the work site. If public transit will be 
affected by temporary road closures and require detours, affected transit authorities will be consulted and kept 
informed of project activities. 

4. Adequate parking will be provided or designated public parking areas will be used for maintenance-related 
vehicles not in use through the maintenance period. 

5. Access to driveways and private roads will be maintained. If brief periods of maintenance would temporarily 
block access, property owners will be notified prior to maintenance activities.  
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Cultural Resources 
GEN-40 
 

Discovery of Cultural 
Remains or Historic or 
Paleontological Artifacts 

Work in areas where remains or artifacts are found will be restricted or stopped until proper protocols are met. 
1. Work at the location of the find will halt immediately within 50 feet of the find. A “no work” zone shall be 

established utilizing appropriate flagging to delineate the boundary of this zone, which shall measure at least 
50 feet in all directions from the find. 

2. The District shall retain the services of a Consulting Archaeologist or Paleontologist, who shall visit the discovery 
site as soon as practicable, and perform minor hand-excavation to describe the archaeological or 
paleontological resources present and assess the amount of disturbance.  

3. The Consulting Archaeologist shall provide to the District and the Corps, at a minimum, written and digital-
photographic documentation of all observed materials, utilizing the guidelines for evaluating archaeological 
resources for the California Register of Historic Places (CRHP) and National Register of Historic Places 
(NRHP). Based on the assessment, the District and Corps shall identify the CEQA and Section 106 cultural-
resources compliance procedure to be implemented. 

4. If the find appears to not meet the CRHP or NRHP criteria of significance, and the Corps archaeologist concurs 
with the Consulting Archaeologist’s conclusions, construction shall continue while monitored by the Consulting 
Archaeologist. The authorized maintenance work shall resume at the discovery site only after the District has 
retained a Consulting Archaeologist to monitor and the Watershed Manager has received notification from the 
Corps to continue work. 

5. If the find appears significant, avoidance of additional impacts is the preferred alternative. The Consulting 
Archaeologist shall determine if adverse impacts to the resources can be avoided. 

6. When avoidance is not practical (e.g., maintenance activities cannot be deferred or they must be completed to 
satisfy the SMP objective), the District shall develop an Action Plan and submit it to the Corps within 48 hours 
of Consulting Archaeologist’s evaluation of the discovery. The action Plan may be submitted via e-mail to 
(rstradford@spd.usace.army.mil)

7. The recovery effort will be detailed in a report prepared by the archaeologist in accordance with current 
archaeological standards. Any non-grave artifacts will be placed with an appropriate repository. 

. The Action Plan is synonymous with a data-recovery plan. It shall be 
prepared in accordance with the current professional standards and State guidelines for reporting the results of 
the work, and shall describe the services of a Native American Consultant and a proposal for curation of 
cultural materials recovered from a non-grave context. 

8. The Consulting Paleontologist will meet the Society for Vertebrate Paleontology’s criteria for a “qualified 
professional paleontologist” (Society of Vertebrate Paleontology Conformable Impact Mitigation Guidelines 
Committee 1995).  

9. The paleontologist will follow the Society for Vertebrate Paleontology’s guidelines for treatment of the artifact. 
Treatment may include preparation and recovery of fossil materials for an appropriate museum or university 
collection, and may include preparation of a report describing the finds. The District will be responsible for 
ensuring that paleontologist’s recommendations are implemented. 

10. In the event of discovery of human remains (or the find consists of bones suspected to be human), the field 
crew supervisor shall take immediate steps to secure and protect such remains from vandalism during periods 
when work crews are absent.) 

11. Immediately notify the Santa Clara County Coroner and provide any information that identify the remains as 
Native American. If the remains are determined to be from a prehistoric Native American, or determined to be a 
Native American from the ethnographic period, the Coroner shall contact the Native American Heritage 
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Commission (NAHC) within 24 hours of being notified of the remains. The NAHC then designates and notifies 
within 24 hours a Most Likely Descendant (MLD). The MLD has 24 hours to consult and provide 
recommendations for the treatment or disposition, with proper dignity, of the human remains and grave goods. 

12. Preservation in situ is the preferred option. Human remains shall be preserved in situ if continuation of the 
maintenance work, as determined by the Consulting Archaeologist and MLD, will not cause further damage to 
the remains. The remains and artifacts shall be documented and the find location carefully backfilled (with 
protective geo-fabric if desirable) and recorded in District project files. 

13. Human remains or cultural items exposed during maintenance that cannot be protected from further damage 
shall be exhumed by the Consulting Archaeologist at the discretion of the MLD and reburied with the 
concurrence of the MLD in a place mutually agreed upon by all parties.  

GEN-41 Review of Projects with 
Native Soil 

A cultural resources specialist will conduct a review and evaluation of those sites that would involve disturbance / 
excavation of native soil previously undisturbed by contemporary human activities to determine their potential for 
affecting significant cultural resources. The evaluation of the potential to disturb cultural resources will be based on 
an initial review of archival information provided by the California Historical Resources System/Northwest 
Information Center (CHRIS/NWIC) in regard to the project area based on a 0.25 mile search radius. It is 
recommended that this initial archival review be completed by a professional archaeologist who will be able to view 
confidential site location data and literature to arrive at a preliminary sensitivity determination. If necessary, a 
further archival record search and literature review (including a review of the Sacred Lands Inventory of the Native 
American Heritage Commission); and a field inventory of the project area will be conducted to determine the 
presence/absence of surface cultural materials associated with either prehistoric or historic occupation. The results 
along with any mitigation and/or management recommendations would be presented in an appropriate report 
format and include any necessary maps, figures, and correspondence with interested parties. A summary table 
indicating appropriate management actions (e.g., monitoring during construction, presence/absence testing for 
subsurface resources; data recovery, etc.) will be developed for each project site reviewed. The management 
actions will be implemented on site to avoid significant effects to cultural resources. 

Utilities 
GEN-42 
 

Investigation of Utility Line 
Locations 

An evaluation of the locations of utility lines that could be affected by maintenance activities will be conducted 
annually as part of the preparation of the Notice of Proposed Work (NPW). Utilities will be avoided as much as 
possible. For maintenance areas with the potential for adverse effects on utility services, the following measures 
shall be implemented: 
1. Utility excavation or encroachment permits shall be required from the appropriate agencies. These permits 

include measures to minimize utility disruption. The District and its contractors shall comply with permit 
conditions. Such conditions shall be included in construction contract specifications. 

2. Utility locations shall be verified through a field survey (potholing) and use of the Underground Service Alert 
services. 

3. Detailed specifications shall be prepared as part of the design plans to include procedures for the excavation, 
support, and/or fill of areas around utility cables and pipelines. All affected utility services shall be notified of the 
District’s maintenance plans and schedule. Arrangements shall be made with these entities regarding 
protection, relocation, or temporary disconnection of services. 

4. Residents and businesses in the project area shall be notified of planned utility service disruption 2 to 4 days in 
advance, in conformance with state standards. 

5. Disconnected cables and lines shall be reconnected promptly. 
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B. SECTION B – Sediment Removal BMPs 
This group of BMPs is intended to be implemented specifically during sediment removal activities to avoid potential impacts on biological 
resources. 
 
BMP Number BMP Title BMP Description 

SED-1 Groundwater Management If high levels of groundwater (i.e., visible water) are encountered during excavations in a work area, the water will 
be pumped out of the work site or left within the work area if the work activity is not causing water quality 
degradation in a live stream. Water Quality monitoring would need to occur. If necessary to protect water quality, 
the extracted water will be discharged into specifically constructed infiltration basins, holding ponds, or areas with 
vegetation to remove sediment prior to the water re-entering a creek. Water discharged into vegetated areas or 
swales will be pumped in a manner that will not create erosion around vegetation. 

SED-2 Prevent Scour Downstream 
of Sediment Removal 

Sediment removal sites in the transport zone on alluvial fans may cause increased scour downstream if they 
experience scouring flows or rapid sediment accumulation after maintenance.  
After sediment removal, the channel will be graded so that the transition between the existing channel both 
upstream and downstream of the maintenance area is smooth and continuous between the maintained and non-
maintained areas and does not present a sudden vertical transition (wall of sediment) or other blockage that could 
erode once flows are restored to the channel. 

SED-3 Restore Channel Features Low-flow channels within non-tidal streams will be contoured to facilitate fish passage and will emulate the pre-
construction conditions as closely as possible, within the finished channel topography. 

SED-4 Berm Bypass Where sediment removal is accomplished without a bypass by removing alternating cells, the berm between the 
work and the live channel will be wide enough to prevent introduction of turbid water from the cell into the live 
channel.  

SED-5 Sediment Characterization Projects involving sediment removal at stream gauges, outfalls, culverts, flap gates, tide gates, grade control 
structures, bridges, fish ladders, and fish screens in excess of 25 cubic yards shall be characterized in accordance 
with the SCVWD’s Sediment Characterization Plans for SMP-2. These projects shall be reported in the annual 
summary report. Sediment removed will not be reused without pre-approval from appropriate regulatory agencies. 
See section 5.4 for information on the waiver process. 

 

C. SECTION C – Vegetation Management BMPs 
These BMPs provide specific and detailed guidance on the variety of vegetation management procedures implemented by the District. BMPs for 
the following maintenance techniques are included: tree pruning, tree removal, plant removal, woody debris management, herbicide application, 
mowing, discing, flaming, and grazing. Practices will be implemented by fully trained and qualified field crews.  
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VEG-1 Minimize Local Erosion 
Increase from In-channel 
Vegetation Removal 

To minimize the potential effect of localized erosion, the toe of the bank will be protected by leaving vegetation to 
the maximum extent possible and consistent with the maintenance guidelines or original design requirements. 

VEG-2 Non-native Invasive Plant 
Removal 

Invasive species (e.g. cape ivy [Delairea odorata/Senecio mikanoides], arundo [Arundo donax]) will be disposed of 
in a manner that will not contribute to the further spread of the species. Cape ivy removed during a project shall be 
bagged and disposed of in a landfill. Arundo canes will be prevented from floating downstream or otherwise 
entering the creek or waterway. 

VEG-3 Use Appropriate Equipment 
for Instream Removal 

When using heavy equipment to cut or remove instream vegetation, low ground pressure equipment, such as 
tracked wheels will be utilized to reduce impacts to the streambed. 

VEG-4 
 

Use Flamers with Caution 1. A fire extinguisher, water supply and other appropriate fire suppression equipment will always be kept close to 
the work site in case of an emergency. 
2. Propane tanks will be checked for leaks and proper functioning prior to and proceeding use of flaming 
equipment. The propane tank will be treated as a hazardous material. 

VEG-5 Conduct Flaming During 
Appropriate Weather and 
Seasonal Conditions 

Flamers will not be used during periods of high fire danger or in areas where fuel or climate conditions could 
accidentally ignite a fire.  

VEG-6 Standard Grazing 
Procedures 

1. Vegetation and areas to be preserved will be fenced off to exclude grazing animals. 
2. Grazing animals will be excluded from stream channels, using fencing or other barriers. 

 

D. SECTION D – Bank Stabilization BMPs 
These BMPs provide additional guidance during implementation of bank stabilization projects to avoid impacts on biological and cultural 
resources. Review of the Post-Project Restoration BMPs in Section F is recommended because those measures will be implemented after bank 
stabilization projects are complete. The BMPs included in this section are implemented by the field crew and site manager. 
 
BMP Number BMP Title BMP Description 

BANK-1 Bank Stabilization Design to 
Prevent Erosion 
Downstream 

To further prevent potential downstream erosion impacts due to bank stabilization, the site design will be adjusted 
to provide proactive protection of vulnerable areas within the reach of the worksite. Such measures include, but 
are not limited to, appropriately keyed-in coir logs, riparian planting, strategic placement of rock, and flow 
deflectors. 
Bank stabilization will include appropriate transition designs upstream and downstream of the work site to prevent 
potential erosion impacts. 

BANK-2 Concrete Use Near 
Waterways 

Concrete that has not been cured is alkaline and can increase the pH of the water. Fresh concrete will be isolated 
until it no longer poses a threat to water quality using the following appropriate measures: 
1. Wet sacked concrete will be excluded from the wetted channel for a period of 30 days after installation. During 
that time, the wet sacked concrete will be kept moist (such as covering with wet carpet) and runoff from the wet 
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sacked concrete will not be allowed to enter a live stream. 
2. Poured concrete will be excluded from the wetted channel for a period of 30 days after it is poured. During that 
time, the poured concrete will be kept moist, and runoff from the wet concrete will not be allowed to enter a live 
stream. Commercial sealants (e.g., Deep Seal, Elasto-Deck Reservoir Grade) may be applied to the poured 
concrete surface where difficulty in excluding water flow for a long period may occur. If a sealant is used, water will 
be excluded from the site until the sealant is dry. 
3. Dry sacked concrete will not be used in any channel. 
4. An area outside of the channel and floodplain will be designated to clean out concrete transit vehicles. 

BANK-3 
 

Bank Stabilization Post-
Construction Maintenance 
 

The District may maintain or repair bank stabilization projects that are less than 2 years old that are damaged by 
winter flows. 
The District will notify the regulatory agencies 24 hours prior to beginning the work and the work will be reported as 
part of the Post-Construction Report submitted by January 15 of each year or if necessary, the subsequent year. 
Appropriate BMPs will be applied during maintenance repairs. 

 

E. SECTION E – Post-Project Restoration BMPs 
These BMPs will be implemented, as appropriate, on all sites that involve ground disturbance.  
BMP Number BMP Title BMP Description 
REVEG-1 
 

Seeding Sites where maintenance activities result in exposed soil will be stabilized to prevent erosion. Disturbed areas shall 
be seeded with native seed as soon as is appropriate after maintenance activities are complete. An erosion control 
seed mix may be applied to exposed soils, and down to the ordinary high water mark (OHWM). 
1. The seed mix should consist of California native grasses (e.g., Hordeum brachyantherum, Elymus glaucus, and 
Vulpia microstachyes) or annual, sterile seed mix. 
2. Temporary earthen access roads may be seeded when site and horticultural conditions are suitable, or have 
other appropriate erosion control measures in place (GEN-20). 

REVEG-2 
 

Planting Material Revegetation and replacement plantings will consist of locally collected native species. Species selection will be 
based on surveys of natural areas on the same creek that have a similar ecological setting and/or as appropriate 
for the site location.  

 

F. SECTION F – Management of Animal Conflict BMPs 
Methods of animal management included in the SMP are avoidance, biological controls, physical alterations, habitat alterations, and lethal 
controls. Of all these methods, implementation of lethal controls has the highest potential for environmental and biological impacts. Therefore, the 
animal management BMPs provided in this section focus on lethal controls. The application area for lethal controls will be identified during the 
annual planning process (see the Biological Resource Planning BMPs) and guided as directed by wildlife biologists. Species habitat areas are 
defined by the District’s GIS species mapping, updated CNDDB and known local biological information and are included in the SMP Update 
Subsequent EIR. 
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ANI-1 Avoid Redistribution of 
Rodenticides 

Carcass surveys will be conducted periodically when acute poisons and first generation anticoagulants are used. 
The frequency of the carcass surveys will be specific to the type of rodenticide used, to minimize secondary 
poisoning impacts: 

• Acute toxins – Daily carcass surveys, beginning the first day after application until the end of the baiting 
period for acute toxins used above-ground. 

• Anticoagulants - Within 7 days of installation of first generation anticoagulant bait, and weekly thereafter. 
Anytime a carcass is found, daily carcass surveys will begin for as long as carcasses are found until no 
carcasses are found during a daily survey. Once no carcasses are found, carcass surveys will return to 
the weekly carcass survey timeline maximum from the date of initial installation of an anticoagulant bait 
station. 

To verify that the frequency of carcass surveys is adequate, a biologist will conduct daily carcass surveys 2 times 
per year over one baiting cycle. Based on the results of these surveys, the timing of carcass surveys will be 
adjusted if necessary. 
 
Any spilled bait will be cleaned up immediately. 

ANI-2 Prevent Harm to the Salt 
Marsh Harvest Mouse and 
California Clapper Rail 

1. No rodenticides or fumigants will be used within the range of the SMHM or CCR as identified on District range 
maps.  
2. Methods of rodent control within SMHM or CCR habitat will be limited to live trapping. All live traps shall have 
openings measuring no smaller than 2 inches by 1 inch to allow any SMHM that inadvertently enter the trap to 
easily escape. All traps will be placed outside of pickleweed areas and above the high tide line.  

ANI-3 Burrowing Owl, Bald Eagle 
and Golden Eagle Buffer 
Zone 

Per the California Department of Fish and Wildlife’s 2008 Guidance for Burrowing Owl Conservation, a 656-yard 
buffer will be established around known burrowing owl locations where no rodenticides or fumigants (including 
smoke bombs) will be used. A 0.5-mile buffer will be established around known bald eagle and golden eagle 
nesting locations where no rodenticides will be used. 

ANI-4 Animal Control in Sensitive 
Amphibian Habitat 

1. Fumigants will not be used within the habitat areas of special status amphibians. 
2. The use of bait stations within the potential habitat areas of California red-legged frog, California tiger 
salamander, or foothill yellow-legged frog will be limited to bait stations specifically designed to prevent entry by 
these species. 
3. Any live traps will allow California red-legged frogs, California tiger salamanders, or foothill yellow-legged frogs 
to safely exit (e.g., by having openings measuring no smaller than 2 inches by 1 inch). 

ANI-5 Slurry Mixture near 
Waterways 

All slurry type mixes used to fill rodent burrows will be prevented from entering any waterway by using appropriate 
erosion control methods and according to the manufacturer’s specifications. If the creek bed is dry or has been 
dewatered, any material that has entered the channel will be removed. 

ANI-6 
 
 

Species requiring 
depredation permit 

Animal Conflict Management will not include lethal control of species listed in California F&G Code Section 4181 
inlcuding beaver and gray squirrel without first obtaining a depredation permit. 
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G. SECTION G – Use of Pesticides 
Pesticides may be used for vegetation management or control of animal damage. 
 
BMP Number BMP Title BMP Description 

HM-4 Posting and Notification for 
Pesticide Use 

Posting of areas where pesticides are used will be performed in compliance with District Policy Ad-8.2 Pesticide 
Use as follows: 
1. Posting will be performed in compliance with the label requirements of the product being applied. 
2. In addition, posting will be provided for any products applied in areas used by the public for recreational 
purposes, or those areas readily accessible to the public, regardless of whether the label requires such notification. 
In doing this, the District ensures that exposure risk is minimized further by adopting practices that go beyond the 
product label requirements. (The posting method may be modified to avoid destruction of bait stations or scattering 
of rodenticide.) 
3. These postings will notify staff and the general public of the date and time of application, the product’s active 
ingredients, and common name, and the time of allowable re-entry into the treated area. 
4. Signs will not be removed until after the end of the specified re-entry interval. 
5. Right-to-know literature on the product will be made available to anyone in the area during the re-entry period. 
6. A District staff contact phone number will be posted on the sign, including a cellular phone number. 
7. Notification of pesticide activities will be made as required by law. Also, the District will maintain records of 
neighbors with specific needs relative to notification before treatment of an adjacent area so that such needs are 
met. 

Source: Data compiled by Horizon Water and Environment in 2011 
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Owner Manuals for O’Connor and Palo Alto Pump Stations to be provided. 

 
 





Appendix G 
Rapid Permit Assessment Checklist 

(pending) 





Appendix H 
Additional Supporting Documents 

List of Additional Supporting Documents:  

1 Moffit and Nichol Engineers. 2003. Comments On University of Stanford Sediment 
Impact Study Report San Francisquito Creek, Searsville Lake (M&N File No: 4928-03). 
March 27. 

2 Northwest Hydraulic Consultants (NHC) and Jones & Stokes Associates. 2004. San 
Francisquito Creek Watershed Analysis and Sediment Reduction Plan. Final Report. 
Prepared for the San Francisquito Creek Joint Powers Authority. May.  

3 Jones and Stokes. 2006. Lower San Francisquito Creek Watershed Aquatic Habitat 
Assessment and Limiting Factors Analysis (Work Product N.1). 

4 San Francisco Estuary Institute. 2009. Historical Ecology of Lower San Francisquito 
Creek Phase 1. Technical memorandum accompanying project GIS data. Prepared for 
the San Francisquito Creek Joint Powers Authority. March.  

5 NHC. 2010. Geomorphic and Sediment Yield Analysis Final Report. Section for the 
Corps/JPA Feasibility Study Submission of Final Report Section 5.2.3. Prepared for the 
San Francisquito Creek Joint Powers Authority. Jan 5. 

6 Northwest Hydraulic Consultants (NHC) and Nobel Consultants, Inc. (CI). 2011. 
Subject: San Francisquito Creek Floodplains Update - The impacts of sediment on the 
channel capacity and the resulting floodplains. Memorandum of Record. Prepared for 
the San Francisco District United States Army Corps of Engineers. June 7. 

7 GEI Consultants. 2014. Assessment of Post-Construction Levee Settlement San 
Francisquito Creek Flood Protection Project San Mateo and Santa Clara County, 
California Project No. 092850. June 30.  

8 San Francisco Bay Regional Water Quality Control Board. 2014. Application for Water 
Quality Certification for San Francisquito Creek Project, Santa Clara and San Mateo 
Counties. Letter to Len Materman, SFCJPA. July 24. 





March 27, 2003 

Amy Hutzel, Project Manager 
California State Coastal Conservancy 
1330 Broadway, 11th Floor 
Oakland, CA 94612-2530 

Subj: Comments On Sediment Impact Study Report 
San Francisquito Creek, Searsville Lake 
M&N File No: 4928-03 

Dear Ms. Hutzel: 

lllll....~ tir..•~tOFFATI & NICHOL 
···~E N G 1 N E E R S 

We are pleased to provide our comments on the sediment impact study conducted by Stanford 
University and its consultants. Our proposed services included providing comments and 
opinions on the assumptions, adequacy of analysis, and findings included in the study report. 
The objective is to assist the San Francisquito Creek Joint Powers Authority (JPA) with an 
outside review of the study. 

BACKGROUND 

Stanford University's consultants have conducted a hydraulic study of San Franciscquito 
Creek, its watershed, and Searsville Lake and presented their analysis and findings in a report 
dated March 2002 ( Searsville Lake Sediment Impact Study by Northwest Hydraulic 
Consultants et a/.). The study included an analysis of existing conditions, future conditions 
assuming no intervention at the Searsville Dam, and future conditions given certain 
modifications to the Dam. Stanford University has asked the JPA to review and respond to the 
findings of the study, so that future studies and actions can be planned. The purpose of this 
review is to assist the JPA in responding to the findings and recommendations of the study. 

REVIEW COMMENTS 

Our general comments are that the report is thorough and comprehensive. Most of the 
questions raised in the RFP are answered in the Report. However, a lot of information is 
presented which can take several readings to summarize. 

The Report concentrates on habitat-related rather than flooding impacts of possible dam 
lowering, consistent with the RFP. Additional work may be needed to answer questions 
relating to flooding impacts. Specifically, the following questions should be addressed: 

• How would the Lowering scenario impact downstream flooding, particularly taking 
transient impacts into account? 

2001 North Main Street, Suite 360, Walnut Creek, California 95496 (925) 944-5411 FAX (925) 944-4732 
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• How much sediment release can be tolerated without unacceptably increasing the 
flood risk downstream? 

• What is the present sediment load due to bank erosion, and how would this change 
under the Lowering scenario? 

Since the future sediment loads cannot be known for certain, under either the Natural Filling or 
the Lowering scenario, a sensitivity analysis is required to understand the likely range of 
impacts. From an engineering perspective we believe there are ways to accomplish the 
objectives of lowering the dam while reducing negative impacts associated with increased 
downstream sediment load and resultant flooding. These methods, which would include both 
structural methods (e.g. , detailed engineering of the lowered dam) and management methods 
(e.g. , monitoring Creek reaches of concern for sediment build-up) need to be described either 
in the sediment impact study report or as a follow-up study. 

Our review comments are organized into three main parts in this document. First, it examines 
one of the main conclusions of the report - that no dramatic changes to the Creek downstream 
~~cenar:LQ;Jhat of Natural Filling or that of Lowering. The predicted 
physical changes to the channel are summarized, and the limits of this conciUsion -
particularly relative to transient impacts - are highlighted. 

The second part of this review summarizes the requirements of the RFP, and provides an 
opinion of the extent to which those requirements have been fulfilled (the vast majority of the 
requirements have been). 

The third and final part of this review addresses questions related to the scope of work that 
have been raised by the JPA in their Comment Letter to Mr. Michael Fox dated September 19, 
2001. Again, many of the questions raised have in fact been answered within the Report. 

ASSUMPTIONS UNDERLYING THE REPORT CONCLUSIONS 

One of the main conclusions of the Report is that no dramatic changes to the Creek 
downstream of Searsville Dam are anticipated, under either the Natural Filling or the Lowering 
scenario. The arguments leading to this critical (and possibly unexpected) conclusion merit 
thorough examination. Based on the information in the Report, we assess that this conclusion 
appears to be generally supported by the evidence, although there may be transient 
sedimentation and flooding problems (timescale of up to five years) that are not fully 
addressed. 

Three lines of argument are used to support this conclusion. 

1. Historical records show that the Creek path has not changed over the past century or 
more, despite major changes in sediment load in that time. 

2. Numerical modeling using HEC-6T predicts that relatively little of th~ s~diment to be 
released by Dam~ l9werjog will be deposited within the Creek. Most of the sediment is 
fine, and will be transported downstream to the tidally influenced portion of the Creek. 

P:\4928-03 San Francisquito\Comments_Final.doc 
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3. Transient effects, such as the initial pulse of sediment expected to be released during 
the first storm event after Dam lowering, are asserted to be minimal. 

We have some doubts about the strength of the historical argument for creek stability under 
the two future scenarios. The results of the numerical modeling do support the conclusion of 
no dramatic change, for almost the entire length of the Creek (the model results suggest that 
there may be some flooding issues in the vicinity of Junipero Serra Boulevard). Transient 
effects are not likely to be dramatic, but they are potentially serious enough that their 
mitigation must be carefully addressed. Each element of the argument is described below. 

1. Historical Argument 

The historical argument for future creek stability is as follows (p.67): 

the [Creek's] channel pattern, including meander geometries, [. . .]has remained 
generally stable while transporting sediment loads both smaller and as large or larger 
than those which will prevail after the Reservoir is filled or the Dam level lowered. 

The Report compares the surveyed centerline of the Creek in about 1894, from the vicinity of 
El Camino Real to the tidally influenced portion of the Creek, with the present ( 1998) 
centerline. With the exception of the tidally influenced portion - which has been rerouted to the 
north - the two centerlines match closely. 

However, it is not cle.ar that the ..Qme.k b_as recently_(within the past century) transQorted 
sediment loads as lar~ as those likely to prevail after the Reservoir is filled or the Dam 
lowerea. There have been two episodes of high sedimentation in Searsville Lake: 1890 to 
1913 and 1995 through the present. These two periods of high sedimentation may be related 
to a combination of earthquakes and storms following a period of drought (p.22): 

Balance (1996) hypothesized that the current period of elevated sedimentation is 
associated with slopes mobilized by the 1995 and 1998 storms that may have been 
weakened by a combination of root die-back during the 1987-1992 drought and by 
movement during the 1989 Loma Prieta earthquake. High rates of deposition during 
the earliest records of sedimentation within Searsville Lake may also be, in part, 
related to the 1906 earthquake. Photos of upper Corte Madera Creek taken shortly 
after the 1906 earthquake show nearly continuous slides and criss-crossing fallen 
trees. 

Episodes of high sedimentation in Searsville Lake - due to high sediment loads in Corte 
Madera Creek and other upstream tributaries - do not necessarily correspond to episodes of 
high sedimentation in the Creek below the Dam, although it is certainly plausible that high 
sediment load from Corte Madera Creek would coincide with high sediment load from Los 
Trances Creek and other downstream tributaries. If the present Reriod of high sedimentatioo 
cQntinues..after the Reservoir is filled or the Dam lowered, the bedload and the total sediment 
load would presumably more than double (based on Figures 3-9 and 3-10)- meaning that it 
would be more than double the highest sediment load borne by the lower Creek ~ince_the_Dam_ 
was constructed in 1892. - - -
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Additionally, it may be the case that sediment loads were historically low for the decades prior 
to Dam construction, since (p.23): 

Erosion and sedimentation following large wildfires are one of the principal erosion
and sedimentation-inducing agents in the Central Coast ranges. [. .. ] there are no 
records of a major wildfire in the upper San Francisquito watershed since the 1860s, if 
not before, in a region where fires, even on northeast-facing slopes, typically recur 
once or twice per century. 

In other words, sediment loads over the last hundred, and quite likely the last 150, years have 
been lower than they would be if the Reservoir filled or the Dam were lowered before the end 
of the present period of high sedimentation. The fact that the channel centerline has not 
migrated over the past century does not imRIY that the channel centerline will remain stable if 
t treseaiment load is more than CJOuoled . 

While we believe that the historical argument is overstated, the conclusion may still be true. 
The modeling effort performed by Northwest Hydraulic Consultants generally reaches the 
same conclusion. 

2. Overall Modeling Approach 

The overall modeling approach seems reasonable and in line with present standards. The 
hydraulic calibration is limited (being a comparison of two models, rather than a comparison of 
models with data), however there is reasonable calibration of the sediment transport model 
(channel accretion and downcutting). 

We have prepared the following table in an attempt to summarize the results of the modeling 
and the historical and site investigations described in the Report. The table, which describes 
the present and predicted condition of the Creek by reach, relies heavily on the following parts 
of the Report: 

• Model runs from Figures 7-61to7-62, pp. 161-162 

• Stationing illustrated in Figures 6-5 to 6-11 , pp. 92-98 

• Bed material characteristics Figures 7-12 to 7-19, pp. 120-124 

From this table, we reach the following conclusions. 

• The present channel aggradation within the intertidal area will continue or increase. 

• The present channel aggradation near and above Highway 101 - and the need for 
maintenance dredging for flood control - will continue or increase. 

• The prese_nt incised channel aQ_ove the Pope/Chaucer Street Bridge will remain 
in_cised; no change is expected in this area. 

• The present incised channel between Junipero Serra and the confluence with Los 
Trances Creek may begin to aggrade. This tends to contradict the statement (p. 71 ): 
Results of sediment modeling by NHC (Chapter 7) show little if any excess sediment 
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deposition in the reaches of San Francisquito Creek upstream of Junipero Serra 
Boulevard. 

1. Downstream End of Reach Upstream End of Reach 

Station Description Station Description 

0+00 River mouth 10+00 Within tidal inlet 
Silt and clay deposition expected from HEC-6T model runs 

10+00 Within tidal inlet 80+00 Highway 101 

Channel is self-formed from erodible alluvium, with bank protection (p.72) 
Sand deposition expected from HEC-6T model runs 
Caltrans has performed sediment removal near Highway 101 (p.144) 

80+00 Highway 101 180+00 Pope/Chaucer Street Bridge 

Gravel observed in bed 
Channel aggradation observed 1964-1998 (p.142) 
Gravel deposition expected from HEC-6T model runs 

180+00 Pope/Chaucer Street Bridge 300+00 Above El Camino Real (at 
275+00) 

Gravel and cobbles observed in bed 
Channel incision observed 1964-1998 (p.124 ); many bank erosion structures present 
Slight or no erosion expected from HEC-6T model runs 

300+00 Above El Camino Real (at 400+00 Junipero Serra 
275+00) 

Gravel and cobbles observed in bed 
Generally incised, although bedrock is not apparent (pp. 28, 66); historically stable 
Gravel deposition expected from HEC-6T model runs 

400+00 Junipero Serra 460+00 Confluence with Los Trancos 
Creek 

Incised, bedrock-controlled channel, with cobbles in bed; historically stable (pp.28,66) 
Gravel deposition expected from HEC-6T model runs 

460+00 Confluence with Los Trancos 660+00 Searsville Dam 
Creek 

Incised, bedrock-controlled channel (pp.28,66) 
Cobbles in bed 
No change anticipated from HEC-6T model runs 

The most significant change is to the channel between Junipero Serra and the confluence with 
Los Trances Creek. This incised, bedrock-controlled channel may start to receive gravel 
deposits. The gravel deposited over 50 years after the Reservoir fills or the Dam is lowered 
would aggrade the channel by roughly one foot (p.27, Appendix C) -consistent with predicted 
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changes in stage near Junipero Serra Boulevard (Figure 7-70). The text suggests that this 
channel aggradation will be limited to pools associated with scour at bedrock outcrops, roots 
or sharp channel bends - meaning that the aggradation would be much greater than one foot 
in those scour holes. The channel aggradation may not be enough to cause channel instability, 
although it will change the creek bed characteristics. With the exception of this reach, the 
modeling suggests that no significant changes to the Creek downstream of Searsville Dam 
should be expected. 

Transient Effects 

The report concentrates on relatively long (decadal) time scales, describing the evolution of 
the Creek and Searsville Lake over a 50-year period. As mentioned below, it does include a 
description of conditions during intermediate time frames such as 10 or 25 years. However, it 
only briefly describes possible transient consequences of the filling and lowering scenarios, 
including transient flooding due to sediment pulses or woody debris jams. 

It is possible that, under the Lowering scenario, a significant quantity of sediment would be 
washed downstream during the first flood event after Dam lowering (first flush event), through 
downcutting and possible instability of the delta front presently near the Causeway. The 
Report considers this possibility briefly, stating that (p.71 ): 

An abrupt release of Dam-stored sediment is unlikely at Searsville due to the we/1-
vegetated nature of the Reservoir delta deposits. 

Figure 5-1 suggests that the quantity of sediment made available through incision of the delta 
front to a hydraulically efficient channel would be 10 to 20 acre-feet, which equates to 
approximately 20,000 to 40,000 tons. For comparison, the bedload input to the Creek for a 
typical storm is 1,800 tons/day at present, increasing to 6,900 tons/day after Reservoir filling or 
Dam lowering (Figure 3-9). Thus, even if the Dam-stored sediment remains broadly stable 
after Dam lowering, sudden downcutting of the channel could release a significant quantity of 
sediment - possibly leading to channel filling, channel migration or flooding, depending on the 
sediment characteristics that affect where the sediment is deposited and its residence time. 

Woody debris jams may also act to increase the flood risk (p.75): 

As the flux of woody debris increases over the Dam, an increased frequency of debris 
jams in the channel is expected. This will probably have positive effects on channel 
complexity and therefore on salmon habitat, but raises concerns about flood risk as the 
wood migrates downstream into its lower-gradient, alluvial reaches. These debris jams 
will be transient features[. . .] In the reach from Bear Creek down to Highway 280, this 
might potentially cause flows to impinge upon channel walls at a higher level than 
presently, possibly eroding into the less resistant alluvial deposits that overlie the 
bedrock exposed in the channel bed and immediately above. Farther downstream[. .. ] 
the dense settlement in this reach means that such floods could now cause massive 
property damage. 

It is possible, although by no means certain , that Dam lowering would lead to a high mortality 
of the willow and cottonwood trees in the Corte Madera I Sausal Creek floodplains due to a 
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rapidly falling water table (p.77, Appendix C). This could further increase the flux of woody 
debris. 

These two transient effects - the possibility of a significant sediment pulse, and the likelihood 
of increased woody debris jams - are mentioned, but not highlighted , in the Report. They 
could potentially represent a significant downstream risk associated with the Dam lowering 
scenario (the woody debris jams would also eventually occur under the filling scenario). As 
transient effects, their impact is difficult to quantify. However, we recommend that they be 
seriously considered in any monitoring and maintenance plans associated with Dam lowering. 
Monitoring for trapped sediment, and identification of specific areas where large quantities of 
sediment or large woody debris are likely to be trapped , would help to mitigate these impacts. 

ADEQUACY OF RESPONSE TO RFP 

A. Existing Conditions Analysis 

1. Engineering Survey 

This task appears to be adequately addressed. 

2. Hydraulic Model 

This task appears to be adequately addressed. 

3. Geomorphic Assessment 

This task appears to be adequately addressed. 

4. Synthesis of Environmental Information 

This task appears to be adequately addressed on the whole. We are not in a position 
to assess whether important historic documents and information have been omitted. 
Present flooding conditions are only briefly discussed. The RFP requested that the 
work concentrate on potential impacts to federally listed threatened or endangered 
species, so a detailed discussion of flooding impacts could be considered outside the 
project scope. 

Any information relating to the channel centerline before the late 1800s would be 
extremely valuable in supporting the historical argument for future channel stability. 
Finally, the 303(d) listing of San Francisquito Creek for diazonin and sediment is not 
discussed. As noted in the question by Joe Teresi I Palo Alto , the increased sediment 
load arising from Dam lowering may exacerbate the sediment issues. 

5. Bathymetric Survey (Bid Alternate) 

This task called for a capacity rating curve, which does not appear to be provided in the 
Report. The task otherwise appears to be adequately addressed. 

6. Sediment Core Analysis (Bid Alternate) 

This alternate task was not authorized. 
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B. Natural Filling of Searsville Lake Reservoir 

1 . Projection of Reservoir Life-Cycle 

This task appears to be adequately addressed. 

2. Evolution of the Hydrologic System 

This task appears to be adequately addressed technically for the Creek downstream of 
the Dam. However, areas of anticipated erosion and deposition are not mapped, and 
the projections are not otherwise presented in an easily understood summary form. 
Potential flooding impacts upstream of the Dam (in the vicinity of Family Farm Road) 
are not addressed. The RFP requested that the work concentrate on potential impacts 
to federally listed threatened or endangered species, so upstream flooding impacts 
could be considered outside the project scope. 

3. Environmental Overlay 

This task appears to be adequately addressed technically, with specific limitations 
discussed below. The Biotic Resources Synthesis Report (Appendix C), while it is fairly 
accessible, remains essentially as a standalone report. Its projections are not 
presented in an easily understood summary form in the Main Report. 
The discussion of turbidity in the Creek is minimal. Any increases in turbidity under 
either the filling or the lowering scenarios are expected to be short-lived. However, we 
do question one statement relating to the red-legged frog (p. 7 4, Appendix C): 

Increased turbidity could impact tadpoles if it results in reducing dissolved oxygen 
and/or hinders their ability to breathe. This is not expected due to the material being 
fine grain sand, which is not known to clog gills and because the turbidity is 
expected to be short-lived, occurring only during storm events. 

Figures 7-61 and 7-62 of the Main Report suggest that the majority of the sediment 
load is anticipated to be silt and clay, not sand. While the conclusion that tadpoles are 
likely to be unaffected by the increased turbidity may be correct, we suggest that this 
question be reviewed. 

The predicted successional patterns upstream of the Dam are described as "Near 
future", "Medium future" and "Far future" (Appendix C, pp.68, 76). The "Near future" 
timescale is described as several decades under the Natural Filling scenario. However, 
the timescales corresponding to "Medium future", and for the successional stages in 
the Dam Lowering scenario, are not given. 

The final limitation, which lies outside the scope of the original study, relates to whether 
increased subsurface flow due to channel aggradation with gravel would lead to the 
channel drying out more often. The Report concludes that the impact of increased 
coarse sediment loads upon salmon may be positive or negative: a gravel cover in the 
incised bedrock channels just downstream of the Dam may improve spawning habitat, 
but channel aggradation downstream will increase the extent and frequency of surface 
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drying of the streambed (Appendix C, p.74). We recommend that the issue of surface 
drying, and of groundwater levels upstream of the Dam (see below), be investigated 
further. 

C. Lowering of Searsville Dam 

1. Evolution of the Hydrologic System 

This task appears to be adequately addressed technically in terms of long-term 
changes (after the Creek has created an efficient channel above the lowered Dam. 
However, transient impacts - including the possibility of a significant sediment pulse 
after the Dam is lowered, and the effects of increases in woody debris jams - are not 
fully discussed. 

As with the Natural Filling scenario, flooding impacts upstream of the Dam are not 
addressed, and the projections are not presented in an easily understood summary 
form. 

2. Environmental Overlay 

This task appears to be adequately addressed, subject to the limitations discussed 
under Task B.2 above. In particular, the lack of information regarding successional 
timescales upstream of the Dam is more of an issue under the Dam Lowering scenario 
than it was under the Natural Filling scenario. 

UNANSWERED QUESTIONS RELATED TO SCOPE 

A. Completeness of Analysis 

We would characterize the completeness of the analysis, in relation to the questions raised at 
meetings, as follows. 

• Omission of important historic documents and information: We cannot comment on this. 
Additional information as to the pre-1850 state of the Creek channel would be extremely 
valuable. 

• The relatedness of the projection to fifty years only: Transient impacts (timescales of a few 
months or a year, including the first flush event) of lowering the Dam are little discussed, 
and successional timescales for vegetation upstream of the Dam under the Dam Lowering 
scenario are not given. However, the evolution of the system is anticipated to be gradual 
apart from these transient impacts, meaning that a 10-year or 25-year projection would 
differ in detail, but not in kind, from the 50-year projection. A time series of downstream 
flooding impacts is provided. 

• The analysis of potential impact to species: This appears to be adequately addressed on 
the whole, subject to the limitations discussed above. 

• Analysis of the system's sensitivity to human impacts: The 303(d) impairment of the Creek 
should be discussed. Beyond this, while there are significant issues relating to human 
impacts (particularly in the downstream reaches of the Creek), they appear to be beyond 
the scope of the study. 
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B. Presentation of Technical Information 

We agree that the report falls short of being "easily shared with, and understood by, the 
general public". We support the preparation of the proposed "Citizens Guide" or similar 
publication. 

C. Need for Removal of Sediment Upstream of Hwy. 101 

We agree with the comment that this Study should be taken into account when evaluating the 
flood risk upstream of Hwy. 101. 

D. Flood Protection Provided by the Lake 

The flood retention capacity of the lake is small compared to typical flood flows. Before the 
Reservoir filled with sediment, its capacity was 1,351 acre-feet (p.1 7). The Report does not 
explicitly state the present-day capacity, but Table 4-2 (p.64) suggests that the capacity is 384 
acre-feet which is consistent with approximate calculations based on the sediment deposition 
described in the Report. The estimate by staff in the Stanford Facilities Operations 
department, quoted in the RFP, is much less- 30 million gallons or 100 acre-feet. 

The storage capacity of 384 acre-feet, or 17x106 cubic feet, corresponds to almost exactly one 
hour of flow at the typical 10-year flood peak flow of 4,480 cfs (p.116). There is no reason to 
suppose that the Reservoir will be empty at the start of a flood - the Dam is not operated for 
flood control purposes - so this storage capacity is likely not to be available in practice. Since 
typical floods in the Creek last for three days or more, at most minimal downstream flood 
protection is provided by the Lake. Data referenced in the Report (p.17) suggest that the 2-
year flood is reduced about 2% by the regulating effects of Searsville Reservoir. 

One of the questions listed in the section Additional Information Requested I Not Related to 
Scope relates to the possibility of modifying Searsville Dam to serve as a flood control Dam. 
Even when the Dam was constructed, its storage capacity corresponded to a little over three 
hours of flow at the typical 10-year peak flow, and two hours at the 100-year flow. This would 
provide, at best, a modest contribution to flood control along San Francisquito Creek. 

E. Increased Sediment Loads to an Impaired Creek 

According to the San Francisquito Creek Sediment TMDL Project Plan (December 2002), 
obtained online from the San Francisco Bay Regional Water Quality Control Board, San 
Francisquito Creek is listed as impaired by sediment/siltation based primarily on a decline in 
native fish populations. A sediment budget analysis funded under Proposition 13 was 
scheduled to begin in October 2002 with a final report due in summer 2003. 
The results of this sediment budget analysis, and the linkage analysis arising from it, should be 
included in the decision as to whether or not to lower the Dam. However, the fact that lowering 
the Dam would increase the sediment load does not necessarily imply that it would exacerbate 
the imi:>airment of the Creek. Since the listing is based on a decline in native fish population, 
and the Report suggests that the net impacts of Dam lowering on native fish are likely be 
positive, Dam lowering could provide a partial solution to the impairment. 
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F. Specific Areas of Flooding 

Upstream flooding is described in Appendix C, p.14, as follows: 

Flooding in the vicinity of Family Farm Road has become more problematic in recent 
years. The flooding results from high flows on Dennis Martin, Sausal, and Corte 
Madera Creeks. Sediment deposition and floodplain aggradation on the Corte Madera 
alluvial fan, alluvial plain, and Searsville Lake delta has increased the flood risk to 
adjacent properties. The floodplain aggradation will continue, further aggravating the 
degree of flood risk. At present, flooding does not directly impact any structures in the 
project area. However, access to the properties has been seriously affected by storm 
waters from Sausal and Corte Madera Creeks over-banking and flooding driveways 
and Family Farm Road, most recently in February of 1998. 

G. Jurisdictional Issues 

We agree with the comment relating to jurisdictional issues. Dam lowering could lead to 
sediment loads in the lower Creek that could be more than double the maximum loads 
observed during the past century, if the present high loading from Corte Madera Creek 
continues. Moves to lower the Dam may provide impetus for watershed wide sediment 
management discussions in addition to that provided by the 303(d) listing of the Creek. We 
believe that such a watershed wide approach to sediment management would certainly be 
appropriate. 

Thank you for the opportunity to offer our services on this project, and we look forward to 
assisting you and the Conservancy on this and other projects. Should you have any questions 
or comments on the above, please call us at your convenience. 

Sincerely, 
MOFFATT & NICHOL ENGINEERS 

... 
Dilip Trivedi, Dr. Eng., P.E. ~a~T:~ 
Project Manager Civil Engineer 

C: Cynthia D'Agosta 
San Francisquito Creek Joint Powers Authority 
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EXECUTIVE SUMMARY 
 
The first objective of the project was to understand the erosion, transport, and deposition 
of sediment in the San Francisquito Creek watershed, focusing on human-related 
activities that modify hydrology, alter erosion rates, or trap sediment.  Once complete, the 
second objective was to review existing management policies and regulations in the 
context of the erosion, transport and deposition of sediment and recommend management 
measures and specific practices to effectively reduce erosion and sediment transport in 
San Francisquito Creek and its tributaries.  
 
The project proceeded by preparing draft memoranda on specific tasks, submitting these 
for review by the Technical Advisory Committee (TAC), and then submitting final 
memoranda to the Joint Powers Authority. This report includes some of the analyses and 
data from the previous memoranda and develops the sediment reduction plan. The 
previous memoranda are on the JPA website (http://www.cityofpaloalto.org/jpa/). The 
analysis relied on existing digital databases, reports, maps, and other information on San 
Francisquito Creek, an identification of data gaps during early tasks, and additional 
analyses to address these gaps, where feasible and necessary to achieve project goals. San 
Francisquito Creek has been extensively studied by various agencies and other groups 
and the reports from these studies formed the core of the analysis.  
 
Erosion, transport and deposition were examined through sediment budgets constructed 
for four subwatersheds – Searsville Lake, Los Trancos, Bear and San Francisquito. The 
budgets identified the major natural and man-made sediment sources, where they 
occurred, and the volume of sediment contributed to streams, stored or deposited and 
transported from the subwatersheds. The main erosion process in the Santa Cruz 
Mountains was landsliding, with significant contributions from bank erosion and surface 
erosion, particularly from roads.  Human impacts on erosion occurred primarily through 
urban development and hydromodification, both from indirect impacts resulting from 
peak flows increased by impervious area, and direct modifications of streams, stream 
banks, and riparian corridors.  
 
The Searsville Dam on Corte Madera Creek is one of the most important human 
modifications in the watershed. For the past century, its reservoir has intercepted nearly 
all of the sediment transported from the Searsville Lake watershed. Trapping has reduced 
coarse sediment transport in San Francisquito Creek by two-thirds, resulting in erosion 
and other changes to the stream, and reduced fine sediment transport by one half.  
 
The administration of the San Francisquito Watershed is complex as it lies partly in Santa 
Clara but mostly in San Mateo County and East Palo Alto, Palo Alto, Menlo Park, 
Woodside and Portola Valley also have jurisdiction over development. Much of the upper 
watershed lies in the Midpeninsula Regional Open Space District, San Mateo County 
Parks, Palo Alto Open Spaces or other preserves, parks or recreation areas. Most of the 
existing policies and regulations for sediment management focus on managing new 
private and public development, particularly on grading and erosion and sediment control 
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for construction. Few jurisdictions have policies that address watershed based planning, 
management of impervious area, or creek setback ordinances or buffers.  
 
Policies and regulations to manage new development are important to control sediment 
contributions to streams; however, the legacy of existing development is expected to 
continue to be the more significant contributor to erosion.  
 
The report recommends management measures to address urban development and 
hydromodification. The most important measures for new development are integrated 
watershed planning that address the cumulative hydrologic impacts of development, and 
adoption of stream buffers or setbacks for new development. Watershed planning 
requires continuous hydrologic simulation modeling and collaborative efforts between 
agencies or organizations with subwatersheds, or an overall agency that coordinates 
efforts. Policies that minimize or eliminate native or gravel surfaced roads, improved 
design practices for stream crossings, and inventories of erosion sources are also thought 
to be important measures.  
 
The most important measure for addressing existing development is to rehabilitate the 
existing network of unpaved roads and trails and paved roads crossing steep terrain. The 
roads are important contributors to human-related landslides and provide chronic surface 
erosion. The next most important measure is to adopt bank stabilization and revegetation 
programs to address the legacy of eroding banks in developed areas. Such programs are 
underway for San Francisquito Creek and Corte Madera Creek through Portola Valley. 
Similar programs are recommended for Corte Madera Creek in San Mateo County and 
Bear and Union Creeks through Woodside.  
 
Continued sediment data collection and sediment source analysis will be important 
aspects of sediment reduction plans, both to confirm the benefits of the plans and to 
address gaps in our understanding that may affect implementation of the plans. 
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1. INTRODUCTION 
 
1.1. Background and Purpose 
The San Francisquito Watershed has an area of about 47 square miles, extending from 
Skyline Boulevard in the Santa Cruz Mountains (elevation 2,200 feet) to San Francisco 
Bay (Figure 1). The watershed includes open space preserves, the cities of East Palo Alto, 
Menlo Park, and Palo Alto, the towns of Portola Valley and Woodside, unincorporated 
areas of San Mateo and Santa Clara counties, and Stanford University. 
 
San Francisquito Creek starts at the base of Searsville Dam in Stanford University’s 
Jasper Ridge Biological Preserve, is fed by tributary creeks from the upper watershed, 
and flows into San Francisco Bay about 2.5 miles south of the Dumbarton Bridge.  The 
three largest tributaries are Bear, Corte Madera, and Los Trancos creeks. San 
Francisquito Creek forms the boundary between San Mateo and Santa Clara counties in 
the lower watershed.   
 
San Francisquito Creek supports a steelhead trout population.  Declining population 
numbers have earned local steelhead a place on the list of threatened species. Two other 
listed species that have a low potential to occur in the creek include the federally 
threatened Coho salmon and the federally and State endangered winter-run Chinook 
salmon.  San Francisquito Creek and its tributaries support native fish species such as 
California roach, Sacramento sucker, threespine stickleback, and prickly sculpin.  
California red-legged frog and western pond turtle, also listed as threatened, are found in 
the watershed. 
  
A variety of factors have contributed to the decline of aquatic species populations but 
changes in the watershed, such as dam construction, water use, urban and rural 
development and stream modifications are thought to have been particularly significant.  
San Francisquito Creek is listed as impaired by sedimentation under Section 303(d) of the 
Clean Water Act, requiring the development of a Total Maximum Daily Load (TMDL) 
for sediment.  This project addresses part of the TMDL, namely developing a watershed-
based plan that describes nonpoint source sediment and provides measures to reduce 
sediment pollution.   
 
1.2. Project Organization and Disclosure 
The San Francisquito Creek Joint Powers Authority (JPA) is responsible for the San 
Francisquito Creek Watershed Analysis and Sediment Reduction Plan. The Plan partially 
fulfills NPDES permit provisions that require the co-permittees of the Santa Clara Valley 
Urban Runoff Pollution Prevention Program (SCVURPPP) and the San Mateo 
Countywide Stormwater Pollution Prevention Program (SM-STOPPP) within the San 
Francisquito Creek watershed to assess and implement sediment management measures 
in the watershed. The Plan has been prepared through a contract between the JPA and 
Northwest Hydraulic Consultants Inc and Jones & Stokes Associates. 
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Funding for this project has been provided in full or in part through a contract with the 
State Water Resources Control Board (SWRCB) pursuant to the Costa-Machado Water 
Act of 2000 (Proposition 13) and any amendments thereto for the implementation of 
California’s Nonpoint Source Pollution Control Program.  The contents of this document 
do not necessarily reflect the views and policies of the SWRCB, nor does mention of 
trade names or commercial products constitute endorsement or recommendation for use.  
 
1.3. Project Objectives and Organization  
The first objective of the project was to understand the erosion, transport, and deposition 
of sediment in the San Francisquito Creek watershed, focusing on human-related 
activities that modify hydrology, alter erosion rates, or trap sediment.  Once complete, the 
second objective was to review existing management policies and regulations in the 
context of the erosion, transport and deposition of sediment and recommend management 
measures and specific practices to effectively reduce erosion and sediment transport in 
San Francisquito Creek and its tributaries. This is seen as an important step in restoring or 
improving stream and aquatic habitats and populations of aquatic species.   
 
The project proceeded by preparing draft memoranda on specific tasks, submitting these 
for review by the Technical Advisory Committee (TAC), and then submitting final 
memoranda to the Joint Powers Authority. The specific tasks completed were: 
 

• Landowner Notification:  Advised landowners of the project scope and funding 
source and requested permission for access to San Francisquito Creek and its 
tributaries.  

• Historic Conditions Analysis: Analyzed historic conditions in San Francisquito 
Watershed, particularly sediment supply, transport, and deposition as they relate 
to stream and water quality character.  

• Existing Conditions Analysis: Analyzed land use, biological resources, stream 
management and maintenance and designated beneficial uses.  

• Watershed Sediment Analysis: Developed a rapid sediment budget, detailing 
sediment sources, sediment sizes, storage and sediment yield.  

• Assessment of Existing Management Practices: Assessed existing policies and 
regulations that provide erosion control or channel protection, identified 
deficiencies and recommended improvements.  

• Watershed Analysis and Sediment Reduction Management Plan: Developed from 
the previous memoranda, as described in this report.   

 
This report includes some of the analyses and data from the above memoranda, and 
updates and corrects the memoranda where required. Where this report differs from the 
memoranda, new information or revised analyses have corrected the earlier memoranda.   
 
The text provides references to the memoranda for detailed information, where suitable.  
Please refer to the specific memoranda for methods and for a complete summary of their 
results. They are available on the JPA website (http://www.cityofpaloalto.org/jpa/).  
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1.4. Project Approach 
The project relied on existing digital databases, reports, maps, and other information on 
San Francisquito Creek, an identification of data gaps during early tasks, and additional 
analyses to address these gaps, where feasible and necessary to achieve project goals. San 
Francisquito Creek has been extensively studied by various agencies and other groups 
and the reports from these studies formed the core of the analysis. However, field visits 
verified existing reports, aided air photo interpretation, and examined specific watershed 
features that were not included in existing information. The Historic and Existing 
Conditions Memoranda provide details on the review of background information and 
other memoranda provide details on field visits, methods and analysis.  
 
1.5. GIS Databases and Other Information Sources 
The information reviewed for this project included historic maps and air photos, GIS 
data, reports, maintenance records, and flow and sediment gage records. The Geological 
Survey was a key source of information, providing maps, digital orthophotos, GIS layers, 
and maps and reports describing geology and erosion history in the watershed.   
 
The Geological Survey’s Western Region Geoscience Center has constructed a GIS 
database that inventories physical and cultural features in the watershed (USGS 2003). 
Layers in their GIS provide watershed and sub-watershed delineations, faults and fault 
traces, landslides, digital elevation data, city limits, and other cultural features such as 
roads and trails. Cultural features are current to 1991-97, the dates of the most recent 
Geological Survey quadrangle maps. The On-line Digital Geologic Map Database (USGS 
2003) also includes elevation, slope, stream network and geologic maps. All of this 
information was incorporated into the GIS of the San Francisquito Watershed utilized in 
this project. 
 
The USGS also provides generalized digital maps of landslide and debris flow 
susceptibility that show historic slope failures in San Mateo and Santa Clara Counties 
(Wentworth et al 1997; Ellen et al 1997). These maps were developed as part of the 
Landslide Folio prepared by the San Francisco Bay Landslide Mapping Team, are 
incorporated in the GIS, and are discussed further in Section 4.  
 
We adopted the boundaries for the San Francisquito Watershed provided by the 
Geological Survey in their GIS database.  They delineated major subwatersheds for the 
large tributaries to San Francisquito Creek and further sub-divided the tributary 
subwatersheds into sub-subwatershed. San Francisquito Creek watershed is composed of 
10 subwatersheds: San Francisquito, Corte Madera, Los Trancos, Alambique, Martin, 
Sausal, Westridge, Bear, Bear Gulch, and West Union creeks.  Figure 2 shows the 
various boundaries; The Historic Conditions Memorandum summarizes the 
characteristics of the subwatersheds and their sub-subwatersheds.  We corrected the sub-
subwatershed boundaries and codes provided by the USGS, where required. 
 
Watershed boundaries along the lower, urbanized section of San Francisquito Creek, 
where natural drainage has been altered by urban development, have changed over time.  
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The boundaries shown along San Francisquito Creek include the watersheds of small 
tributaries to the creek and contributing areas from storm drains. The boundaries from 
Junipero Serra Boulevard to San Francisco Bay are currently being revised by the Santa 
Clara Valley Water District (SCVWD) to account for changes in storm water drainage. 
Their work is expected to slightly change some of these sub-subwatershed boundaries.  
 
The Santa Clara Basin Watershed Management Initiative (SCBWMI) metadata repository 
at the Palo Alto RWQCP was also an important source of information, as were reports 
and information provided by the JPA and the Technical Advisory Committee.  The 
SCBWMI provides an annual summary or inventory of studies and projects undertaken 
on streams in the Santa Clara Basin. EOA (2003) provides the most up-to-date version.  
 
1.6. Organization of the Report 
The Draft Watershed Analysis and Sediment Reduction Plan is organized into the 
following chapters: 
 

• Chapter 1: Introduction 
• Chapter 2: Geology and Hydrology  
• Chapter 3: Land Use and Watershed Resources 
• Chapter 4: Erosion, Transport and Deposition 
• Chapter 5: Subwatershed Sediment Budgets 
• Chapter 6: San Francisquito Creek Sediment Budget 
• Chapter 7: Existing Management Policies and Practices 
• Chapter 8: Sediment Reduction Plan 
• Chapter 9: Summary and Conclusions 

 
Technical appendices to the main report provide details on specific issues or provide 
summaries of significant databases or other information.  
 
1.7. Technical Terms and Their Definitions 
Technical terms are defined where they are first encountered.  
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2. GEOLOGY AND HYDROLOGY 
 
2.1.  Background 
Physiography, including elevation, stream and valley slopes, geology, and stream 
networks, plays a key role in determining where sediment is eroded and where it is 
deposited. As such, understanding and characterizing watershed physiography is an 
important part of both sediment budgets and sediment reduction plans.  
 
2.2.  Physiography and Geology 
The San Francisquito Creek watershed has an area of about 47 mi2, most of which lies in 
the Santa Cruz Mountains southwest of Palo Alto. The overall watershed has been 
divided into 10 subwatersheds – San Francisquito, Corte Madera, Los Trancos, 
Alambique, Martin, Sausal, Westridge, Bear, Bear Gulch, and West Union creeks – and 
55 sub-subwatersheds (Figure 2). The Historic Conditions Analysis Memorandum 
summarizes areas, stream lengths, average slopes, elevations, lengths of roads and 
geologic formations for each subwatershed and sub-subwatershed.  
 
The San Andreas Fault Zone (SAFZ) is the most prominent feature in the San 
Francisquito Creek watershed, bisecting the watershed along a northwest-southeast 
direction (Figure 1). The steep, upper watershed lies southwest of the SAFZ in the 
northern Santa Cruz Mountains, whereas more gradually sloping areas lie to the northeast 
(Figure 3). Unstable slopes and active landsliding are predominantly found southwest of 
the SAFZ (Wentworth et al 1997). This area corresponds to the Santa Cruz Mountain 
Upland erosional and depositional province of Brown and Jackson (1973). 
 
The upper San Francisquito watershed lies east of the crest of the northern Santa Cruz 
Mountains and southwest of the SAFZ.  The geologic formations in this part of the 
northern Santa Cruz Mountains consist of Tertiary sedimentary rocks, primarily 
sandstone, mudstone and shale, with poorly indurated Quaternary-Tertiary sedimentary 
rocks (Santa Cruz Formation) and Holocene stream and fan deposits found along the 
SAFZ (Figure 4; Brabb et al 2000).  The various formations differ in their resistance to 
erosion and their importance to sediment production, as is discussed further in Chapter 4.  
 
The northern Santa Cruz Mountains have had an average uplift rate of about 0.1 to 0.4 
mm/year during the Quaternary, significantly less than the southern Santa Cruz 
Mountains but still active (see Burgmann et al 1994; Anderson 1994).  Stream incision 
into bedrock has been an important component of the development of these mountains 
and the broad alluvial fans and alluvial plain deposited along the shore of San Francisco 
Bay provide a record of the considerable erosion that has occurred (Anderson 1994).   
 
Tertiary sedimentary rocks and the Franciscan Complex underlie the foothills northeast 
of the SAFZ.  Large areas of greenstone and mélange, part of the Franciscan complex, 
underlie the southern part of the Los Trancos watershed (Figure 4).  This area 
corresponds to the Bay Hills and Foothills erosional and depositional provinces of Brown 
and Jackson (1973).  
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The boundary or contact between the bedrock in the upper watershed and the 
unconsolidated materials around San Francisco Bay lies close to Alameda de Las Pulgas 
Road, along the Pulgas Fault (Fio and Leighton 1995; Metzger 2002). The 
unconsolidated material is an alluvial apron, consisting of coalesced sediments from the 
tributaries draining to San Francisco Bay that was deposited during the Pleistocene and 
Holocene epochs.  It is thick near San Francisquito Creek (more than 1,000 feet) and 
includes lenses or layers of Bay Muds deposited during marine transgressions. San 
Francisquito Creek is well incised into the alluvial apron deposits (Helley et al 1979).   
 
Pleistocene and Holocene stream and fan deposits fill the broad valleys along the SAFZ 
in the upper watershed, through Portola Valley and Woodside; Los Trancos Creek flows 
through coarse Pleistocene fan and stream terrace deposits along much of its course, as 
does upper San Francisquito Creek (Helley et al 1979; see also Figure 4).  Upper Corte 
Madera Creek flows through the poorly consolidated Santa Clara formation, consisting of 
late Tertiary and Pleistocene lacustrine and alluvial gravel and sand deposits.   
 
Metzger (2002) prepared a geological section of the San Francisquito fan downstream of 
Alameda de Las Pulgas Road. It shows a thick layer of coarse stream deposits near the 
head of the fan that thin and disappear by Middlefield Road.  The coarse material overlies 
a medium-grained alluvium (fine sand and silt) that continues beneath the creek from 
Middlefield Road to the Palo Alto Municipal Golf Course, where Bay sediments cover it. 
A thick layer of bay sediments with lenses of alluvium extends at depth beneath the sand 
upstream to about San Mateo Drive forming a shallow aquifer beneath the fan (Metzger 
2002). These bay sediments are underlain at depth by older, more consolidated alluvium.  
 
2.3. The Stream Network  

DATA SOURCES 

The stream network for San Francisquito Creek watershed was adopted from the USGS 
GIS database, as shown on the most recent 1:24,000 quadrangles (Figure 1). The digital 
network includes the larger tributaries to Corte Madera, Bear, Los Trancos and San 
Francisquito Creek but does not include gullies, zero-order channels, or swales that are 
visible on large-scale maps or that can be identified during field inspections. The overall 
drainage density for the stream network is 1.7/mi. Adjustments to drainage density to 
include gullies and zero-order channels are discussed in Appendix C.  
 
Few studies have examined long-term changes in alignment of streams in the upper San 
Francisquito Creek watershed that may have resulted from lateral movement along the 
SAFZ, although Smith and Harden (2002) note abandonment of the course of lower Bear 
Gulch and discuss some of the other effects of movement along the San Andreas Fault 
Zone on streams and fish habitat.  Away from the SAFZ, streams are deeply incised over 
most of their courses.  
 
Detailed studies of historic stream channel shifting are limited to San Francisquito Creek 
downstream of Searsville dam (Royston Hanamoto Alley and Abey (RHAA) et al 2000; 
nhc et al 2002).  These reports examined historic changes in channel alignment by 
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comparing USGS maps and old (1894) surveys.  Both studies concluded that San 
Francisquito Creek has remained in about the same course, but has shifted and eroded its 
bank, particularly on the outside of bends.  San Francisquito Creek appears to be most 
stable upstream of Sand Hill Road where it has incised into local bedrock.  

STREAM REACHES 

The stream reach or smallest stream unit for analysis consisted of the length of stream 
that lay within a particular sub-subwatershed.  

STREAM CLASSIFICATION 

After a review of existing stream classifications, the Montgomery and Buffington (1993) 
system was adopted to characterize and classify the streams in the San Francisquito 
Watershed. Key advantages of the method are: 
 

• It was developed for mountainous watersheds of the Pacific Coastal Ecoregion, 
an area that covers approximately 2,300 miles along the western edge of North 
America, from the Santa Cruz Mountains to Anchorage, Alaska.  

• It was designed for forested mountain watersheds where there is a significant 
large woody debris (LWD) component to stream morphology. 

• It can be applied at a reconnaissance level using aerial photos and topographic 
maps. Although preferred, field surveys are not required for application to stream 
networks. 

• It is a process-based approach designed for application in watershed-based 
studies of channel form and its response to natural and human disturbance. 

 
The Montgomery-Buffington system identifies three main morphologic scales; the 
watershed, the valley segment and the channel reach. Watersheds are divided into 
hillslope and valley segments; valley segments are then divided into colluvial, bedrock 
and alluvial types. Colluvial segments store sediment derived from hillslopes by creep, 
tree throw and slope failure, occur in upper watersheds, and are often dominated by 
debris flow or landslide processes. Sediment transport capacity generally exceeds 
sediment supply in bedrock segments, exposing bedrock along the channel bed. Alluvial 
segments are those where streams flow in a self-formed channel through their own 
deposits.  
 
Colluvial and alluvial valley segments are characterized by a range of stream types that 
change in a consistent manner with distance downstream providing a stable morphology 
for the given valley characteristics, sediment supply and sediment transport. Table 2-1 
describes the different stream types. Note that gradient boundaries between types are not 
fixed and may vary with sediment supply and transport capacity.  
 
Figure 5 classifies the streams channels in GIS database into the different Montgomery-
Buffington types based on channel slope and stream observations from other report and 
field visits. The Existing Conditions Memorandum provides further details on the 
classification method and the correspondence between the predicted classes and the 
observed stream morphology. 
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        Table 2-1:  Summary of Valley Segment and Reach Types in the Montgomery Buffington Method 
Valley 

Segment 
Type 

 
 

Reach Type 

 
Location in 
Watershed 

 
Typical Slope 

Range 

Primary 
Sediment 
Process 

Instream 
Sediment 
Storage 

 
 

Notes 
Colluvial Unchanneled 

(Hollow) 
Upper S > 0.2 Supply N/A Sediment accumulates in hollows over years or decades and, during 

infrequent large storm or seismic events, debris flows and landslides convey 
this sediment into the drainage network. The cycle begins again with the 
hollow gradually refilling with sediment. 

Colluvial Channeled Upper / 
Middle 

S > 0.2 Supply High These stream channels occur in the upper watershed, where. Landslides, 
debris flows, and soil creep are common. Sediment supply is abundant and 
sediment throughput is transport limited. Bed material is typically unsorted, 
containing abundant fine-grained material due to limited stream flows. 

Alluvial Cascade Upper 0.3 > S > 0.1 Transport Very Low Cascade channels are very steep with very coarse bed material. High flows 
appear as white-water, tumbling around large boulders. Sediment storage is 
very limited and restricted to low-velocity areas in small pools or behind 
debris jams. These channels can maintain their configuration for decades, 
until very large storms re-mobilize the stream bed. 

Alluvial Step-Pool Middle 0.1 > S > 0.03 Transport Low / 
Medium 

Step-pool channels exhibit alternating pools and steps (steep, often vertical, 
drops usually located near a bed control such as a very large boulder or a 
debris jam). Steps typically contain very coarse bed material whereas pools 
allow finer material to accumulate, providing some sediment storage.  

Alluvial Plane-Bed Middle 0.03 > S > 0.01 Transport Low / 
Medium 

Plane-bed channels exhibit a relatively flat bed that lacks significant 
variability and has few bedforms. Occasional steps, pools, or rapids may form 
but are infrequent or absent. Bed material is typically coarse and the bed is 
armored.  Plane-bed channels may be either supply or transport limited. 

Alluvial Pool-Riffle Middle / 
Lower 

0.02 > S 0.001 Transport / 
Deposition 

Medium / 
High 

In pool-riffle channels, the bed alternates between steeper riffles with coarse 
bed material and less steep pools where fine sediments accumulate and are 
stored until the next high flow. Regular bars store additional sediment. Pool-
riffle channels are considered to be transport limited. 

Alluvial Regime Lower S < 0.001 Deposition High Regime channels are characterized by low-slope environments and 
predominantly sand bed material. Channel roughness is low and sediment is 
transport limited at all flow stages. 

 
 
Bedrock 

 
 
Bedrock 

 
Upper / 
Middle 

 
 
0.30 > S > 0.001 

 
 
Transport 

 
 
Low 

Bedrock channels are largely devoid of bed material. They have high 
transport capacities and, other than local pockets of sediment accumulation, 
are scoured to bedrock of all available sediment. 
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STREAM INSPECTIONS 

As part of the Watershed Sediment Analysis, we visited streams reaches in the San 
Francisquito Watershed that had not been described in detail in previous reports. The site 
visits addressed the following issues: 
 

• Described channel morphology as part of verifying the Montgomery-Buffington 
method described in the previous section 

• Measured surface bed material size distributions at three selected sites 
• Described channel characteristics and evidence of recent bank erosion, channel 

incision and in-stream sediment storage  
• Photographed the channel to document current characteristics 

 
Appendix A provides a map showing the sites that were visited, a summary of the 
observations at each site, and photographs of stream reaches.  
 
2.4. Hydrology 

STREAM GAUGING RECORDS 

The “San Francisquito Creek at Stanford University (11164500)” gage, located on the 
Stanford Golf Course upstream of Junipero Serra Boulevard, provides the best long-term 
record of flow in San Francisquito Creek with measurements from 1931 to 1941 and then 
from 1951 to present.  This gage has a watershed area of 37.5 mi2 and measures the flow 
from the Santa Cruz Mountains and Bay Foothills erosion provinces.   
 
The stream gages that have been operated on San Francisquito Creek and its tributaries 
by the USGS are summarized in Table 2-2. 
 
Table 2-2:  USGS Stream Gages on San Francisquito Creek and Tributaries 

Gage Name Gage Number Period of 
Record 

Area (mi2) River Mile 1 

At Searsville Dam (staff 
gage on spillway crest) 

None 1892-1913 – 
 

12.7 

At Stanford University 11164500 1931-41; 1950 
to present 

37.5 7.6 

At Menlo Park 11165000 1931-1941 38.3 5.4 
At Palo Alto 11165500 1934-36 38.4 4.6 
Los Trancos Ck near 
Stanford University 

11163000 1930-41 – 
 

– 
 

Los Trancos Tributary 
near Stanford University 

11163200 1958-66 0.42 – 
 

Los Trancos Ck at 
Stanford University 

11163500 1930-41 7.46 – 
 

1. River mileage along San Francisquito Creek from Corps of Engineers (1972) 
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Balance Hydrologics, Inc also operates stations on the tributaries to San Francisquito 
Creek for Stanford University.  Measurements began in 1997 on Corte Madera Creek at 
Westridge Road and in 1995 on Los Trancos Creek at Arastradero Road and they 
continue to the present (Owens, Chartrand, and Hecht 2002a; 2002b).   
 
Crippen and Waananen (1969) reported flow and sediment measurements on three small 
tributaries in the Bay Foothills, from 1959 to 1965, for a study designed to examine the 
effect of suburban development on their existing hydrologic regime. Their study included 
the Los Trancos Creek Tributary described in Table 2-2.   

CLIMATE  

San Francisquito Creek has a Mediterranean climate, with warm, dry summers and mild, 
wet winters.  Average annual precipitation varies from 15 inches at Palo Alto (Metzger 
2002) to about 40 inches in the upper watershed (Rantz 1971).  The Corps of Engineers 
(1972) estimated an average annual precipitation over the watershed of about 32 inches. 
Average annual flow at the Stanford University gage is 21.4 cfs, equivalent to 7.7 inches 
of runoff, or about 25% of average annual precipitation.  

ANNUAL FLOWS 

nhc et al (2002) extended the record of annual flows from 1899 through to the 2000 
water years at the Stanford gage, filling missing years in the recorded flow record 
through correlation with nearby long-term gages.  Examination of this record shows 
distinct periods of high and low annual flows, with the periods of high flows spaced 
roughly 15 to 20 years apart.  Streamflow has been particularly high from 1995 to 2000; 
other periods of consistent high annual flows include 1899 to 1911 and 1937 to 1945.   

FLOODS 

The flood of record on San Francisquito Creek at the Stanford University gage occurred 
in 1998 with a peak of 7,200 cfs. Other notable floods – those exceeding 5,000 cfs based 
on reconstructed records – have occurred in 1894, 1895, 1911, 1955 and 1982 (Kittleson 
et al 1996; see also Corps of Engineers 1972). The Corps of Engineers (1972) also notes 
that between 1910 and 1972 San Francisquito Creek overflowed its banks eight times – in 
1911, 1916, 1919, 1940, 1943, 1950, 1955 and 1958.  It later overflowed its banks in 
1982 and then again in 1998 (Cushing 1999).  Levees and channel modifications now 
contain the flows that overtopped the banks earlier in the twentieth century. As described 
by the Corps of Engineers (1972) and Cushing (1999) overflow now mostly occurs along 
the lower part of the creek, downstream of Middlefield Road.   
 
The tributaries to San Francisquito Creek in the upper watershed are mostly deeply 
incised. Flood insurance studies have been completed for Portola Valley and Woodside 
(US Department of Housing and Urban Development 1978; 1979). These studies show 
that peak flows are contained within the banks of most creeks, with the exception of 
Corte Madera and Sausal Creeks. Aggradation on the fan of Corte Madera Creek at the 
head of Searsville Lake now results in flooding along Family Farm Road and adjacent 
properties (nhc and JSA 2000).  
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LOW FLOWS 

Low flows at the Stanford University gage typically occur in the late summer or early 
fall, before winter rains begin.  Annual minimum 30-day low flows range from zero to 
about 1 cfs. 30-day low flows were typically zero during the early period of record but 
now typically range from 0.1 to 0.4 cfs. Downstream of this gage, the channel bed over 
the fan deposits is effluent and low flows infiltrate to groundwater, leaving much of the 
streambed dry for about six months of the year (Metzger 2002).  
 
Most of the streamflow losses or infiltration to groundwater occurs between San Mateo 
Drive and Middlefield Road where San Francisquito Creek crosses the Pulgas fault. 
Further downstream, losses are minimal and groundwater returns may supplement stream 
flows. Storm drains also supplement natural flow at various sites along the reach and 
water chemistry measurements indicate that during moderate and low flows the water 
downstream of San Mateo Drive is a mix of natural flows from the upper watershed and 
urban runoff (Metzger 2002).  

WATER MANAGEMENT STRUCTURES 

The Corps of Engineers (1972) identified four major water management structures in the 
San Francisquito Creek watershed, as described in Table 2-3. There are also a large 
number of small reservoirs and water diversion structures in the watershed that are not 
included in this inventory. 
 
Table 2-3: Large Water Management Structures on San Francisquito Creek  

and its Tributaries 
Structure 

Name 
Purpose Capacity 

(acre-feet) 
Year 
Built 

Comment 

Searsville Lake Irrigation; 
fire 
protection 

About 250 1 1890 
 

Historically, flashboards 
installed in spring; removed in 
fall 

Felt Lake Irrigation 1,000 1930 Off-stream reservoir from Los 
Trancos Creek 

Lagunita Lake Recreation 360 1880s Water diverted from San 
Francisquito Ck in spring; 
drained in summer 

Bear Gulch 
Reservoir 

Domestic 660 1896  

1. Remaining capacity as of nhc et al (2002). 
 
The four reservoirs described above are thought to have only a minor effect on flood 
flows as their volumes are not very large compared to inflows, they are often full when 
large floods occur, and flood flows are diverted around Felt Lake to avoid siltation 
(Corps 1972).  
 
In the past, flashboards were installed on Searsville Lake in the spring to store about 4.5 
feet of water for irrigation; these flashboards were removed in the fall to lower winter 
water levels in Searsville Lake and upstream. Felt Lake is filled from December to April 



Final Project Report 
Page 12 

San Francisquito Creek Joint Powers Authority  nhc 
Watershed Analysis and Sediment Reduction Plan 

by diversion from Los Trancos Creek. The lake is drawn down between May and 
November for irrigation and fire protection.  
 
During winter and spring, several acre-feet per day (roughly less than 10 cfs) are diverted 
from San Francisquito Creek, just upstream of the Stanford gage, to fill Lagunita Lake 
and maintain its water level.  The lake is not filled every year and it is currently managed 
for tiger salamander breeding habitat. After commencement ceremonies, the lake is 
drained and water returned to San Francisquito Creek via the storm sewer system in mid-
June (Metzger 2002).  The California Water Company (CalWater) was not contacted 
regarding operation of Bear Gulch Reservoir.  
 
The overall impact of the large reservoirs on flows in San Francisquito Creek is not well 
documented. However, it is likely that water utilization, evaporation, and diversion of 
flow to maintain summer reservoir levels has reduced spring, summer and fall flows to 
some extent in the San Francisquito Creek watershed. Considerable further analysis 
would be required to evaluate natural flows and the extent of their alteration.  
 
2.5. Groundwater  
The aquifer that underlies the San Francisquito alluvial fan is an arbitrarily defined sub-
basin of the larger aquifer that extends into the Santa Clara Valley (Sokol 1964; Fio and 
Leighton 1994).  The sub-basin beneath the fan includes both a shallow aquifer in the 
sandy deposits that lie beneath San Francisquito Creek and a deeper one with water 
bearing strata at depths greater than 200 feet below the local ground surface.  
 
The shallow aquifer extends to depths of up to 100 feet and lies above a layer of clayey 
bay deposits.  This aquiclude or confining bed ends near San Mateo Drive.  Upstream of 
this point, the shallow aquifer is apparently connected to the deeper one (Sokol 1964; 
Metzger 2002). Water levels in the shallow aquifer are below the stream bottom, 
particularly upstream of San Mateo Drive where they are more than 20 feet below the 
creek bottom. Groundwater levels may be near the streambed just downstream of 
Middlefield Road and then again in the tidal reach, downstream of Highway 101 and 
through East Palo Alto.  
 
As discussed earlier, stream flows from San Francisquito Creek infiltrate the streambed 
and recharge the aquifers.  Metzger (2002) estimated annual losses of about 1,000 acre-
feet, with most of the loss between San Mateo Drive and Middlefield Road. This is 
equivalent to about 9% of the long-term mean annual flow. Sokol (1964) estimated 
slightly smaller losses by comparing flows at the various gaging stations that operated on 
San Francisquito Creek in the 1930s (see Table 2-2). Seepage from Lake Lagunita, 
infiltration of runoff from the foothills, over-irrigation, urban watering, and leakage from 
water distribution and stormwater systems also contribute to aquifer recharge.  
 
Metzger (2002), Metzger and Fio (1997), and Fio and Leighton (1994) indicate that 
groundwater pumping was an important water source for communities on the San 
Francisquito fan until the mid-1960s, when purchased water became the primary source.  
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Groundwater still remains a significant water source in some communities on the San 
Francisquito fan, such as Atherton.  
 
Groundwater exploitation prior to the mid-1960s resulted in lowered groundwater 
elevations in Palo Alto, Menlo Park and Atherton (Metzger 2002), movement of saline 
water inland from San Francisco Bay (Iwamura 1980), and land subsidence in parts of 
Palo Alto and East Palo Alto (Poland and Ireland 1988).  Groundwater levels are thought 
to have recovered since the mid-1960s. However, groundwater elevation data are limited 
near San Francisquito Creek and it is difficult to assess whether elevations are now 
similar to those at the end of the nineteenth century or whether they remain depressed. 
The limited information available (see maps in Fio and Leighton 1995) suggests that 
historic ground water elevations were below the local streambed on the upper part of the 
fan, resulting in similar losses of streamflow to groundwater to those observed now.  
Groundwater elevations may have been closer to the streambed along the lower part of 
San Francisquito Creek, resulting in more frequent surface flows in the past than occur 
there now.  Note that streambed incision in the upper end of San Francisquito Creek and 
aggradation along the lower reaches over the past century may have also affected the 
extent of infiltration and groundwater influence along San Francisquito Creek.  
 
Much less is known of groundwater levels in the upper watershed. Crippen and 
Waananen (1969) note that groundwater elevations are typically well below the surface in 
small tributaries to San Francisquito Creek in the Bay Foothills, although they may rise to 
streambed levels following intense winter storms. Little is known of the groundwater 
conditions in the upper watershed.  Here, shallow soils over bedrock on the valley slopes 
limit the extent of groundwater storage and its influence on streamflow.  However, 
groundwater may be an important component of streamflow along the valleys of the San 
Andreas Fault Zone where deep alluvial deposits store considerable volumes of water.  
 
2.6. Hydromodification  

DEFINITION 

SCVURPPP defines “hydromodification” to refer to the changes in watershed hydrology, 
and the subsequent changes to streams that result from land use (GeoSyntec 2003). 
Urbanization, through creation of impervious areas, increasing drainage connectedness, 
and improvements to channels (levees, straightening, and reduced roughness) often 
affects interception, infiltration, overland flow and stream flow so that the volume, 
frequency and duration of peak flows are increased. It is changes in peak flows that result 
in adjustments to the stream channel.  

LAND USE AND HYDROLOGY IN SAN FRANCISQUITO WATERSHED 

Unfortunately, there are no detailed hydrologic modeling studies of San Francisquito 
Creek that compare existing peak flows or hydrographs to those that might have occurred 
prior to development. Consequently, the potential for modified hydrology must be 
assessed indirectly from measurements of impervious area prepared from land use data 
(see Section 3). EOA Inc (1998) estimated total impervious cover in the San Francisquito 
watershed from the 1995 Association of Bay Area Governments (ABAG) land use by 
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applying estimates of impervious cover to 40 land use categories. They estimated total 
impervious cover as 22% of the watershed area.  The Santa Clara Basin Watershed 
Management Initiative (SCBWMI 2000) subsequently estimated impervious cover of 
20.8% as of 1995 and projected an impervious cover of 26.1% for the development 
expected as of 2020.  These estimates refer only to the entire watershed; a breakdown by 
subwatersheds is not provided by either of these references. Recent spatial imagery 
obtained by the SCVWD includes a supervised classification of impervious area 
throughout the watershed as part of vegetation analysis by Space Imaging. Analysis of 
the impervious areas to be completed by the SCVWD and USGS will update the overall 
imperviousness and estimate imperviousness for the subwatersheds and sub-
subwatersheds. 
 
There are no studies of the relationship between impervious cover and channel stability 
that are specific to the San Francisco Peninsula or San Francisco Bay.  However, studies 
from Washington (Booth and Jackson 1997) suggest that channel instability is observed 
for watersheds with greater than 10% impervious cover. (Booth and Jackson refer to 
effective impervious area, which is the impervious area that is directly connected to the 
stormwater system, excluding such features as roofs that drain to lawns and are not 
directly connected. The effective impervious area is less and may be much less than total 
impervious area.) Based on the above, it seems likely that urban development in Palo 
Alto, Menlo Park and East Palo Alto have increased the frequency of channel forming 
flows and also the duration of peak flows in San Francisquito Creek, thus increasing 
sediment transport and bank erosion.  Levees to maintain flood flows in the channel and 
human modifications of stream banks likely also increase instability and erosion. Detailed 
hydrologic and geomorphic modeling would be needed to assess the magnitude and 
significance of urban development on erosion along San Francisquito Creek.  
 
The lower watershed is substantially urbanized; however, the upper watershed is lightly 
developed, with low and moderate density residential areas in Portola Valley and 
Woodside, some agriculture along the SAFZ, and open space areas and parks on the steep 
slopes of the Santa Cruz Mountains. The San Francisquito Creek Coordinated Resource 
Management and Planning (SFCCRMP) Task Force (1998) provided estimates of 
impervious cover for the upper subwatersheds, based on 1983 land use (Table 2-4). 
While not explained in the text, it appears that the quoted values refer to total rather than 
effective impervious area. The impervious area estimates from CRMP may still be 
reasonably valid, as only limited development has occurred in the upper watershed in the 
past twenty years.  
 
Based on the impervious cover quoted in Table 2-4, and recognizing that total impervious 
cover overestimates effective impervious cover, it seems likely that urban development 
and creation of impervious areas in Searsville Lake, Los Trancos and Bear subwatersheds 
only contribute in a minor way to altered flows and channel instability in the main 
streams in these subwatersheds.  
 
However, flows may have been altered in some sub-subwatersheds.  The watershed of 
Westridge Creek (part of SL-02) is mostly covered by residential development with lots 
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of more than one acre. Typical total impervious areas for such developments are about 
20% and some modification of peak flows might be expected as a result. Martin Creek 
(MC-01) and Bull Run Creek (SC-02) also exhibit more roads and houses than other sub-
subwatersheds in the Santa Cruz Mountains and their peak flows may also have been 
affected by development.  
 
 
Table 2-4:  Total Impervious Cover and Road Densities for San Francisquito 

Subwatersheds 
Subwatershed Area 

(mi2) 
Percent 

Impervious 
Cover 1 

Road Density 2 
(mi/mi2) 

   Paved Unpaved 
Searsville Lake (Corte Madera, 
Alambique, Sausal, Dennis Martin 
and Westridge) 

14.6 6% 4.8 2.9 

Los Trancos 7.6 4% 4.7 1.9 
Bear (Bear, Bear Gulch, and West 
Union) 

11.6 7% 4.3 1.7 

San Francisquito Creek from 
Searsville Dam to Junipero Serra 
Boulevard (SF-10 and SF-11) 

3.4 12% 6.3 2.5 

     
Total Watershed  47.1 21% 3 – – 

1. From CRMP (1998); refers to 1983 land use. Assumed to be total impervious area. 
2. Paved and unpaved road lengths from most recent revision of USGS maps (see nhc and 

JSA 2003a; Appendix E). 
3. Average of EOA (1998) and SCVWMI (2003) percent impervious cover. 

 
Crippen and Waananen (1969) examined the effect of conversion of rural lands on the 
hydrologic regime of three small tributaries in the San Francisquito Creek watershed, 
between the dam and Junipero Serra Boulevard. They identified large increases in storm 
and annual runoff, a more rapid response to precipitation, an increase in the occurrence of 
frequent floods, and a change from ephemeral to perennial flow as a result of golf course 
irrigation. Hydrograph changes apparently resulted in channel incision and other 
adjustments along these tributaries.  
 
Roads and trails in the Santa Cruz Mountains, where there is little impervious area from 
development, may play a role in modifying hydrology. These are principally the unpaved 
roads listed in Table 2-4. Studies of forest road impacts on hydrologic processes have 
found that roads can increase peak flows by intercepting subsurface flow and dispersed 
overland flow from hillslopes and conveying it more rapidly via road surfaces and ditches 
to the stream channel network.  In this way, roads serve to drain runoff from the 
landscape more quickly by increasing the effective length of channels in a watershed (i.e. 
increasing drainage density).  The following attributes of road systems affect the degree 
to which they alter hillslope drainage: 
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• Location on hillslope: the greatest alteration results from mid-slope roads. 
• Orientation on hillslope: the greatest alteration is by roads cutting across slopes. 
• Cut bank height: the greatest alteration occurs when the cut bank intersects the 

complete subsurface flow zone. 
• Road surface and ditch roughness: the greatest alteration occurs when roads and 

ditches are unvegetated. 
• Connectivity to stream channels: the greatest alteration is from roads with long 

continuous grades and few cross-drains that lead to stream channel crossings. 
 
The generation of overland flow on the compacted road surface itself can also be a factor.  
However, in most studies, this was considered secondary to the other effects because the 
area of the road surfaces is usually only a small percent of watershed area.  
 
Inspection of maps and air photographs show that the main roads through the Santa Cruz 
Mountains are on the valley bottoms (in the SAFZ) or on the crest of the Santa Cruz 
Mountains (Skyline Boulevard); few roads are found on upper slopes and few of these are 
mid-slope roads that might intercept subsurface flows. Main roads that cross the Santa 
Cruz Mountains, such as Kings Mountain Road, Bear Gulch Road and Highway 84, and 
the trails in the Mid-Peninsula Regional Open Space typically climb ridges and do not 
typically cross slopes. Also, many of the trails do not have ditches connecting their 
surfaces to the stream network. It is our opinion that the existing roads and trails in the 
upper watershed may increase frequent flood peaks by a few to 10% or so in some sub-
subwatersheds, depending on their degree of hydrologic connectivity, and have little or 
no effect on infrequent, large peaks.  Such results are consistent with hydrologic 
modeling of forest roads in Washington with similar road densities (nhc 2003).  Detailed 
modeling would be needed to assess the magnitude of changes in flood hydrology from 
roads and their contribution to channel instability and erosion. 
 
Overall, the land use in the San Francisquito Creek watershed suggests significant 
modification to the frequency and duration of peak flows in San Francisquito Creek and 
little or no modification of hydrographs in the tributaries in the upper watershed. Low-
density residential development and roads may modify peak flows in some sub-
subwatersheds, particularly Westridge Creek and possibly Dennis Martin and Bull Run 
Creeks.  
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3. LAND USE AND WATERSHED RESOURCES 
 
3.1.  Background 
This chapter provides a discussion of historic and existing land use and roads, including 
trends over time, and a review of historic and existing biological resources and habitats 
within the watershed. The analysis is based on existing reports, maps and other 
documents. Sources are described in the Existing Conditions Analysis Memorandum, 
which also provides further details on watershed resources.  
 
One goal of the analysis is to provide information on human activities in the watershed 
that have either directly affected streams and sediment supply or have indirectly affected 
them by altering erosion, hydrology, vegetation communities, or topography.  Urban 
development, particularly roads, clearing for development, construction of impervious 
areas, and modifications to drainage (including levees) is thought to have the greatest 
effect on hydrology and sediment supply, and thus on streams.  However, agriculture, 
grazing, forest harvesting and other land uses may have been important historically and 
may still continue to affect erosion.   
 
3.2. Political Jurisdictions in the Watershed 
The San Francisquito Creek watershed includes several different political jurisdictions. 
The watershed lies in both San Mateo and Santa Clara Counties. Most of it lies in San 
Mateo County although about one-fifth of the area, southeast of San Francisquito and Los 
Trancos creeks, lies in Santa Clara County. Figure 6 shows the boundary between the two 
counties along San Francisquito and Los Trancos Creeks.  
 
The County division is important because each county administers the National Pollutant 
Discharge Elimination System (NPDES) permits for stormwater discharges to San 
Francisco Bay separately. Within Santa Clara County administration is by the Santa Clara 
Valley Urban Runoff Pollution Prevention Program (SCVURPPP) and within San Mateo 
County by the San Mateo Countywide Stormwater Pollution Prevention Program (SM-
STOPPP). Palo Alto, Santa Clara County, and the Santa Clara Valley Water District 
(SCVWD) are co-permittees with SCVURPPP; East Palo Alto, Menlo Park, Portola 
Valley, Woodside, and San Mateo County are co-permittees with SM-STOPPP. The two 
administrative groups have different NPDES permit requirements and different 
approaches to meeting their permits.  
 
Figure 6 also shows the boundaries for local governments, including the cities of East 
Palo Alto, Palo Alto, and Menlo Park, and the towns of Woodside and Portola Valley. 
San Mateo and Santa Clara Counties are responsible for unincorporated areas and County 
Parks that lie outside of the boundaries of these cities and towns. Figure 6 also shows the 
area owned by Stanford University in the central part of the watershed and the regional 
greenbelt managed by the Midpeninsula Regional Open Space District (MROSD) in the 
upper watershed. Other significant landowners or managers include the Peninsula Open 
Space Trust, CalWater in upper Bear Gulch, and the Golden Gate Natural Recreation 
Area (Phleger Estate) in the upper West Union Watershed. Table 3-1 summarizes the 
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areas within San Francisquito Creek and its main subwatersheds that are managed by 
each jurisdiction, as interpreted from the GIS shown on Figure 6.  
 
Table 3-1: Total Area in San Francisquito Watershed and Area by Subwatershed 

for Different Jurisdictions 
Area by Subwatershed (acres) Jurisdiction 

Searsville Los Trancos Bear SF Creek 
Area in SF 
Watershed 

(acres) 
East Palo Alto 0 0 0 913 913 
Palo Alto 0 1,778 0 1,673 3,451 
Menlo Park 0 0 0 1,523 1,523 
Portola Valley 2,967 1,023 0 175 4,165 
Woodside 1,889 0 2,628 0 4,518 
Santa Clara 
Unincorporated 

0 134 0 0 134 

San Mateo 
Unincorporated 

1,457 443 1,869 39 3,808 

Stanford 149 959 176 3,574 4,858 
Jasper Ridge 418 0 0 352 769 
CalWater 0 0 717 0 717 
MROSD 2,153 310 771 0 3,234 
Golden Gate 
NRA 

0 0 1,224 0 1,224 

Peninsula Open 
Space Trust 

240 145 10 0 395 

Other 0 79 11 329 419 
Total     30,126 
 
Stanford University is the largest landowner in the San Francisquito Watershed. 
Organizations that are responsible for substantial areas in the San Francisquito watershed 
include Palo Alto, Portola Valley, Woodside, San Mateo County (unincorporated lands 
and County Parks) and the MROSD.  
 
3.3 Land Use 

OVERVIEW 

In the San Francisquito watershed, approximately 8,800 acres (29%) are protected by 
public agencies, property easements, or private land trusts, providing a natural feel within 
much of the watershed. The west side of the watershed is largely unpopulated, consisting 
primarily of forest and grasslands.  The lower watershed is highly urbanized, and 
supports residential and commercial development.  Large, contiguous areas of open 
space, including forest, rangeland and agricultural areas, are interspersed throughout the 
urban land uses, complementing the undeveloped, open nature of much of the watershed. 
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EXISTING LAND USE 

Table 3-2 summarizes the existing land uses within the San Francisquito watershed, 
based on the Association of Bay Area Governments (ABAG) database for 1995.  The 
dominant land uses are forest, rangeland, and residential development.  As described 
above, the majority of forest and rangeland exist in the western portion of the watershed, 
while the residential development is dominant in the eastern portion of the watershed.  As 
of 1995, development within the watershed consisted of 29.6 percent residential, 5.2 
percent industrial/commercial, and 65.1 percent agriculture or open space. 
 

Table 3-2: Area of Existing Land Uses for the San Francisquito Watershed 1 
 

Land Uses Area (acres) 
Residential, 4 or more DU/acre 2,027 
Residential, 1 to 3 DU/acre 6,074 
Residential, 1 DU/2 to 5 acres 25 
Commercial 495 
Public/Quasi-Public 707 
Industry – Heavy 18 
Transportation, Communication 217 
Utilities 2 
Agriculture 490 
Forest 12,267 
Rangeland 4,100 
Urban Recreation 425 
Vacant, Undeveloped 396 
Wetlands 101 
Fresh Water 72 
Total 27,416 

1.  From ABAG Land Use Data (1995). Total area differs from Table 3-1. 

TRENDS IN LAND USE 

The Santa Clara Basin Watershed Management Initiative (2000) notes a broad trend of 
agricultural development on valley bottoms starting in the 1850s, followed by intensive 
agriculture, with urban growth and industrial development replacing agriculture 
following World War II.  Most highways were built by the mid-1940s with freeway 
construction in the 1950s and 1960s.  Brown (1966) and Stanger (1967) provide a history 
of early logging on the San Francisco Peninsula around San Francisquito Creek.  
 
The area of commercial and residential development in the San Francisquito watershed 
has continued to increase recently, as part of the ever-growing San Francisco Bay Area.  
Review of historic and current aerial photos and maps indicate a steady growth in area of 
development, particularly in the eastern portion of the watershed where the topography is 
more gently sloping.  In conjunction with the increasing areas of development, the 
roadways system has continued to expand, both in size and complexity throughout the 
watershed.   
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The Santa Clara Basin Watershed Management Initiative (SCBWMI 2000) has also 
projected future residential, industrial, and commercial development within the watershed 
through the year 2020 based on trends over time throughout the watershed, and in the 
surrounding areas.  Although development will continue to increase over time throughout 
the watershed, only 8,149 acres are available for development, leaving a substantial 
portion of the watershed in a relatively natural condition.  Development is expected to 
increase the total impervious area in the watershed from 20.8% in 1995 to 26.1% by 
2020. Section 2.5 discusses hydrologic impacts of impervious area on streams in the 
watershed for the existing urban development.  

ROADS 

The Existing Conditions Analysis Memorandum documents the change in paved and 
unpaved roadways throughout the watershed from 1868 to 1999, based on historic air 
photos and USGS topographic maps. The memorandum shows the overall growth of the 
road network and shows that the total length of unpaved roads and trails in 1999 is only 
about 40 miles less than at the end of the nineteenth century, at around 90 miles. The 
memorandum also includes the number of intersections between roadways and streams 
within the watershed, showing a steady increase in the number of stream crossings over 
time in many of the subwatersheds.  

UNPAVED ROAD AND TRAIL INSPECTIONS 

Erosion from unpaved roads and trails in the Santa Cruz Mountains is anticipated to be a 
key component of the human-related sediment budget. However, there are no inventories 
for roads or descriptions of road erosion in the watershed. We inspected a selection of the 
unpaved roads and trails in the Santa Cruz Mountains in order to characterize their 
features and identify the type of erosion processes that were occurring.  
 
Appendix B provides a map showing the sites that were visited, a summary of the 
observations at each site, and photographs of the unpaved roads and trails.  
 
3.4. Biological Resources 

BACKGROUND 

The biological resources within the San Francisquito watershed have been separated into 
terrestrial and aquatic species and habitat types, as described below.  The Existing 
Conditions Analysis Memorandum describes the studies and databases reviewed to 
prepare this assessment.  

TERRESTRIAL HABITAT TYPES 

Terrestrial habitat presence and species richness was defined using the California wildlife 
habitat relations (WHR) based on vegetation data from the California GAP analysis. The 
University of California at Santa Barbara (UCSB) completed the California Gap analysis 
in 1988. This system was selected for this study because mapping encompasses the entire 
watershed area.  Local studies, the California Department of Fish and Game Natural 
Diversity Database, and field verification were used to determine more specific wildlife 
and habitat correlations for special-status species that are know to occur, or thought to 
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occur, within the watershed.  This information is described below under the special-status 
species section.  Maps of the WHR habitat classifications by subwatersheds and acreages 
for each habitat type by subwatershed are provided in the Existing Conditions Analysis 
Memorandum. 
 
A number of sensitive habitats are found within the urban environment as mapped by the 
WHR system.  Within the urban areas of the watershed, riparian corridors line the 
streams of the watershed. Tree species that occur within the riparian corridor include 
valley oak, coast live oak, willows, and California buckeyes.  Common riparian shrubs 
include coffeeberry, ocean spray, and creeping snowberry. These areas provide suitable 
habitat for a number of sensitive species, including California red-legged frog, California 
tiger salamander, western pond turtle, and, within the streams, steelhead.  In addition, 
areas of coastal salt marsh habitat are included within the urban classification towards the 
mouth of the watershed where San Francisquito Creek meets the San Francisco Bay.  The 
salt marsh habitat is dominated by cordgrass, pickleweed, and salt grass.  This habitat 
type also supports a number of sensitive species, including the Point Reyes Bird’s beak, 
Congdon’s tarplant, salt-marsh harvest mouse, black rail and California clapper rail. 
 
3.5 Aquatic Resources 
The San Francisquito watershed supports a wide variety of aquatic resources, including a 
central California coast steelhead run.  This section provides an overview of existing 
conditions, historic trends and an overview of current steelhead use of the watershed. 

HISTORIC TRENDS 

Recent fish sampling within the San Francisquito watershed include six native species 
and seven nonnative species.  Native fish captured included the California roach, 
Sacramento sucker, hitch, speckled dace, threespine stickleback, and prickly sculpin.  
Three additional species of native fish were present historically, but are not thought to 
occur within the watershed now. These include the Sacramento perch, last collected in 
1960, the squawfish, last collected in 1905, and the white prickly sculpin, of which the 
last capture date is unknown. The Existing Conditions Analysis Memorandum lists the 
native fish that were historically found in the watershed, and lists both native and 
invasive fish now found throughout the watershed. 

EXISTING CONDITIONS 

Within the San Francisquito watershed, nonnative fish populations outnumber native fish 
populations in many of the subwatersheds, particularly in the eastern section of the 
watershed.  This occurs because the eastern section is more disturbed than the western 
subwatersheds where many of the tributaries flow from protected open spaces and natural 
areas. The aquatic habitat in the western portion of the watershed continues to flow 
through areas that are largely forested, and are bordered by high quality riparian 
corridors.  Water temperatures remain cool, woody material remains abundant, and levels 
of dissolved oxygen in the water remain high.  Riffles in this area provide spawning 
habitat for many fish, well-oxygenated water for juveniles, and habitat for aquatic insects 
that provide a healthy food source for a variety of fish.   
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STEELHEAD POPULATIONS 

Portions of the San Francisquito watershed support a stable steelhead population and high 
quality habitat remains throughout the Los Trancos and Bear Creek subwatersheds.  In 
addition, San Francisquito Creek, downstream of Searsville Dam through the Lagunita 
Diversion, provides quality steelhead habitat.  Downstream of this area, the quality of 
steelhead habitat diminishes greatly.  Searsville Dam is a terminal barrier on Corte 
Madera Creek, in the lower portion of the watershed. 

STEELHEAD PASSAGE BARRIERS 

A number of steelhead passage barriers exist throughout the San Francisquito watershed.  
These are both physical barriers (i.e. actual physical impediments to movement) and 
physiological barriers to movement (such as high temperatures and decreased flows).  A 
number of these barriers have been identified through previous studies throughout the 
watershed.  Within the Bear Creek, Bear Gulch and West Union Creek subwatersheds, 
stream passage barriers have been identified, ranked in severity, and recommendations 
for alleviating them have been provided (Smith and Harden 2001).  The San Francisquito 
Watershed Council Coordinated Resource Management Plan has inventoried stream 
passage barriers throughout the watershed, identified recommended actions, and 
evaluated the severity for each.  The Existing Conditions Analysis Memorandum 
identifies, lists and maps these barriers. Figure 7 shows the location of the identified 
barriers. Figure 8 identifies existing stream intersections with roadways and trails 
throughout the watershed that may present additional fish passage barriers, but that have 
not been field verified or evaluated.   
 
A number of efforts have been made to increase fish passage throughout the watershed.  
In 1978, the non-functional fish ladder at the Lake Lagunita Diversion Dam was replaced 
with a Denil-style fishway to improve fish movement within the watershed.  In addition, 
a fish ladder was installed in the Los Trancos Creek watershed at the Felt Lake Diversion 
Dam in 1995.   
 
Currently, the FishNet 4C program is working to increase communication within local 
jurisdictions within the region of the San Francisquito watershed for counties that lie 
geographically within the Central California Coastal Evolutionary Significant Units 
(ESU) of coho salmon and steelhead trout.  The program is county-based, joining San 
Mateo County with Santa Cruz, Monterey, Marin, Sonoma, and Mendocino counties to 
identify gaps in the region’s fishery restoration efforts, develop restoration plans and 
sources of data that are compatible within the region, and increase and improve 
communication between local entities and state and federal regulatory agencies.  
Currently, the program is working on inventorying and evaluating fishery and restoration 
efforts in each county, reviewing and commenting on pending state and federal 
legislation related to fisheries issues, soliciting private and public funding to support 
fishery restoration efforts, participating in conferences and training programs, and 
meeting with and advising local government bodies issues related to fisheries resources 
within the region.  
 



Final Project Report 
Page 23 

San Francisquito Creek Joint Powers Authority  nhc 
Watershed Analysis and Sediment Reduction Plan 

3.6. Special-Status Species 
A number of special-status species are known to occur, or have potential to occur, 
throughout the San Francisquito watershed.  The California Department of Fish and 
Game Natural Diversity Database has identified a number of known occurrences that are 
shown in Figure 9.  This information has been supplemented through the evaluation of 
existing habitats throughout the watershed to determine the suitability of each to support 
special status species by Jones & Stokes biologists.  A brief description of these species, 
and associated habitats, is provided below. 
  
The mouth of the watershed meets the San Francisco bay in salt marsh habitat which 
provides suitable habitat for the salt marsh harvest mouse, California clapper rail, and 
black rail, which have all been observed within, or within the immediate vicinity of, the 
mouth of San Francisquito Creek.  Moving west through the watershed as water becomes 
less tidally influenced and salinity levels decrease, riparian corridors are present along 
many of the streams throughout the watershed.  These areas provide suitable habitat for 
the California red-legged frog, California tiger salamander, and western pond turtle, 
which have all been observed within the watershed.   
Additionally, streams within the Bear Creek, San Francisquito and Los Trancos Creek 
watersheds provide suitable migration and spawning habitat for steelhead trout that have 
been observed in both of these areas.  Throughout the watershed, a number of serpentine 
soil outcrops have been identified within the San Francisquito, Searsville Lake, Bear 
Creek, and West Union Creek sub-watersheds.  This microhabitat supports a number of 
special status and common wildlife and plant species that have been observed at these 
areas, including the Bay checkerspot butterfly, serpentine bunchgrass, and Crystal 
Springs lessingia.    
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4. EROSION, TRANSPORT AND DEPOSITION 
 
4.1. Background 
This chapter describes erosion of hillslopes and streams in San Francisquito Watershed, 
transport of sediment through streams, and deposition of sediment in channels, lakes, 
reservoirs and San Francisco Bay, based on existing reports and studies. These existing 
reports and studies form the main background to the rapid sediment budgets described in 
Chapter 5. The Historic Conditions Analysis and the Watershed Sediment Analysis 
memoranda provide further details.  
  
4.2. Overview of Erosion, Transport and Deposition 
Over the long-term, landscape development in the San Francisquito Watershed, 
particularly in the Santa Cruz Mountains, results from channel incision into uplifted 
bedrock (Anderson 1994; Burgmann et al 1994).  Incision in response to uplift rates 
maintains steep, often convex, valley sides, resulting in shallow landslides on the lower, 
steep sections of soil-mantled slopes and bedrock landslides on slopes near the overall 
threshold angle for failure (Burbank 2002). As documented in Brown and Jackson (1973) 
and in the Historic Conditions Analysis, landslides appear to be the dominant erosion 
process in the Santa Cruz Mountains.  Abundant landslides occur every five to ten years, 
usually during severe storms or following infrequent large earthquakes. Channel incision 
and bank erosion during severe storms undermine the toes of slopes and remove 
colluvium and talus, playing an important role in initiating shallow landslides near the 
stream. Surface erosion is prominent on disturbed slopes and along roads and trails.  
 
Landslides are less common in the Bay Hills and Foothills to the northeast of the San 
Andreas Fault Zone. Here, erosion is primarily from downslope movement of deep soils 
and bedrock by creep and deep-seated landslides (Brown and Jackson 1973).  Sheet or 
surface erosion and gullying are also common, particularly where vegetation has been 
removed and soils disturbed. Following sections provide historic information on 
landslide, stream, and surface erosion in the watershed.  
 
The frequency and areal extent of erosion processes is affected by both natural and 
human factors. Figure 10 provides a flow diagram that links the various elements that 
affect sediment production and transport.  Human activities, particularly through land use 
and urban development, affect erosion and sediment transport in several ways. 
Vegetation removal and soil disturbance directly affect rates of shallow landsliding and 
surface erosion. Road construction, use and maintenance are particularly significant 
activities, as they may cause shallow or deep-seated landslides through failure of the road 
prism, contribute to downslope instability by re-distributing surface and groundwater 
flows, and result in surface erosion along the road surface, cutslopes or ditches.  
 
Changes to stream hydrographs that result from creation of impervious area in urban 
developments are also potentially important human impacts on erosion and sediment 
transport. GeoSyntec (2002a) provides an overview and conceptual model of urban 
alteration of hydrographs (“hydromodification”) around San Francisco Bay for the Santa 
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Clara Valley Urban Runoff Pollution Prevention Program.  Typically more frequent small 
to moderate peak flows increase sediment transport and stresses on banks, often leading 
to channel incision, bank erosion, and widening.  
 
Land use such as clearing or vegetation conversion, fire, forest harvesting, road 
construction, soil compaction from grazing and loss of wetlands may also affect peak 
flows. Intensive forest harvesting, agriculture and grazing are thought to have been 
significant in the San Francisquito Creek watershed in the past and may still be locally 
important. While there are no specific studies in San Francisquito Creek watershed, urban 
development now appears to be the most important land use that potentially alters stream 
hydrographs in the San Francisquito Watershed (see Section 2).   
 
In addition to stream erosion that results from altered hydrology, there may also be 
erosion that results from direct impacts on streams. These include removal of riparian 
trees, bank protection or instream structures, bridges and culverts, gravel removal or 
other activities in the stream environment zone. Long encroachments in the channel or 
floodplain by roads, levees or other features can also concentrate flows in the main 
channel, resulting in channel incision and bank erosion.  
 
The steep tributaries in the Santa Cruz Mountains are deeply incised and often confined. 
Little of the sediment that enters streams from erosion on hillslopes is deposited along the 
stream or on floodplains. This occurs because of the relatively fine sediments contributed 
from the hillslopes, efficient transport, and limited depositional areas. Nolan and Marron 
(1988; also Nolan and Marron 1985) described a typical pattern in the Santa Cruz 
Mountains of scour in steep, upper reaches with minor aggradation in lower reaches that 
is removed by storms over the next few months.  
 
Deposition in the upper watershed primarily occurs along stream courses in the San 
Andreas Fault Zone, on the fans constructed by Corte Madera, Sausal and Alambique 
Creeks at the head of Searsville Lake, and in Searsville Lake. Small volumes of sediment 
are also stored in steep tributaries behind logjams and in a few protected locations or 
sites. Sediments range in size from cobbles to sand, with most of the material being sand.  
Further downstream, sand is deposited along lower San Francisquito Creek (downstream 
of Pope-Chaucer Bridge) and on its delta in San Francisco Bay.  The finest sediment 
fractions are carried past the delta, into San Francisco Bay.   
 
4.3. Landslide Erosion or Slope Failure  

DEFINITIONS 

Slope failures are typically called landslides, defined by the Northern California 
Landslide Working Group (NCLWG) as “the downslope movement of rock, soil or 
artificial fills under the influence of gravity”.  The actual slope failure processes that are 
included as landslides have varied over time and from study to study. The three most 
common processes identified by the NCLWG are rockfall, deep-seated landslides, and 
debris flows (also referred to as “soil slip/debris flows”; see Ellen and Weiczorek 1988).  
The above list does not separate debris slides or “soil slips” from debris flows. However, 
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it is valuable to treat these two processes separately. Debris slides are important sediment 
sources in San Francisquito Creek (see Frey 2001) but these failures are often small, 
obscured by vegetation, and are difficult to identify on air photos or during aerial 
reconnaissance. Rockfalls do not appear to be a significant slope failure process in San 
Francisquito Creek and are not discussed further.  
 
As defined, the deep-seated landslides are primarily earthflows and rotational or 
translational failures in bedrock (NCLWG).  Such slope failures usually move slowly and 
infrequently, often following prolonged rainfall or earthquakes, and leave head scarps 
and deposits that persist for many years and can be recognized on air photos. Removal or 
undercutting of toe material by rivers or by human activities (such as road construction or 
slope re-grading) may re-activate historic landslides or initiate new failures.  Pike et al 
(2001) provided a recent summary of the factors that control the distribution of deep-
seated landslides around San Francisco Bay. Nilsen et al (1976) provided an early 
evaluation of the factors controlling these failures. Slope, geological formation and the 
presence of historic landslides deposits are generally recognized as the most important 
contributing factors. 
 
Debris slides initiate on steep slopes, often as a shallow slab of coarse soil and vegetation 
sliding over weathered bedrock or a low strength layer in the soil. The slides often initiate 
debris flows or turn into debris flows. Debris flows are saturated or supersaturated flows 
of water and soil.  As defined, they include mudflows, debris avalanches as well as debris 
torrents (see Swanston and Swanson 1976). Mudflows are primarily composed of fine-
grained soils, often move slowly, and may not be very erosive (Varnes 1978).  Debris 
flows typically originate at a “soil slip” or “debris slide” and then flow downslope (Ellen 
et al 1988).  The initiating failure usually occurs on slopes of more than 20o; the flows 
then travel from a few tens of feet to thousands of feet, often down a steep drainage 
channel. The largest flows or torrents incorporate soil and organic debris from the bottom 
and sides of gullies and stream channels greatly increasing their volume.  Flows may 
recur at the same site after recharge by soil movement from upslope.  
 
Debris slides and flows occur episodically and are typically triggered by intense storms 
that follow seasonal precipitation adequate to saturate the soil profile. Ellen et al (1988) 
note that rainstorms capable of triggering debris flows occur about every five years 
around San Francisco Bay.  Debris flows occurred during at least twelve winters between 
1905 and 1978 and during eight winters between 1961 and 1981, indicating a more 
frequent occurrence in recent years.   Cannon and Ellen (1983 & 1985), Wieczorek and 
Sarmiento (1983), and Wilson and Jayko (1997) describe the precipitation thresholds 
required to generate abundant debris flows around San Francisco Bay.   

FREQUENCY OF OCCURRENCE  

Debris slides, debris flows and deep-seated landslides are triggered by episodic events, 
such as severe storms or earthquakes.  Consequently, while a few failures may occur 
throughout the San Francisco Bay region each year, abundant landslides only occur 
infrequently.  Brown (1988) provides a summary of damaging rainstorms that affected 
the San Francisco Bay region from 1861 to 1982; Smith and Hart (1982) summarize 
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those years when significant landsliding apparently occurred prior to 1982.  Since the 
January 1982 storm, slope failures are thought to have occurred in February 1986 (Keefer 
et al 1987), during the 1997-98 El Nino rainstorms (Godt 1999), and possibly in 1995 
(Kittleson et al 1996). The Historic Conditions Memorandum summarizes those years 
when landslides and debris flows are thought to have occurred around San Francisco Bay 
and, potentially, in San Francisquito Creek. Brown notes a broad trend of frequent 
damaging storms from 1879 to 1915, less frequent storms from 1916 to 1937, followed 
again by frequent storms from 1937 to 1982.   
 
Earthquakes are also an important trigger of deep-seated landslides and debris flows 
throughout the San Francisco Bay region.  Lawson (1908) and Albertson (1908) 
described the landslides that resulted from the 1906 earthquake; Youd and Hoose (1978) 
provided an overview of ground failures associated with earthquakes dating back to 1865, 
although mostly from the 1906 earthquake. They document thousands of “earth slumps” 
(possibly debris slides) in the Bay region as well as earthflows (possibly mudflows), and 
earth slides and avalanches (Youd and Hoose 1978; Albertson 1908).  In San 
Francisquito Creek the earth slumps often were observed to originate at or along roads, 
particularly Bear Creek Road in Woodside and near Page Mill and Alpine Roads. 
Numerous other undocumented slope failures are likely to have occurred in steep 
tributaries in the Santa Cruz Mountains of San Francisquito Creek that were not visited.  
 
Keefer (1998) inventoried the landslides that resulted from the Loma Prieta Earthquake 
of 1989 (see also Manson et al 1992).  No landslides or earthquake features were 
observed in San Francisquito Creek as a result of the Loma Prieta Earthquake.  The 
nearest failures are ten or so miles south of Los Trancos Creek in Santa Clara County.  

(DEEP-SEATED) LANDSLIDE MAPS 

While there is general knowledge of the years when landslides likely occurred late in the 
nineteenth and early in the twentieth century, none of the studies indicate the type of 
failures, their numbers, or the sediment delivered to streams. Brown (1988) notes that 
detailed study of landslides began in the late 1960s as development spread into the 
foothills and mountains around San Francisco Bay, resulting in damage or loss of life 
from landslides during intense storms.  Studies prior to the late 1960’s are rare.  
 
Studies in San Mateo County began with an inventory of landslides identifiable on air 
photos, primarily addressing the deep-seated landslides described above (Brabb and 
Pampeyan 1972).  Their map showed large landslide scarps and deposits that may be up 
to several thousand years old, small deposits, and also active landslides (area greater than 
100 ft2) identified from public sources.  The largest landslides in San Francisquito Creek 
shown on their overview map lay on the eastern slopes of the Santa Cruz Mountains 
leading to upper Corte Madera and Sausal Creeks and also Los Trancos Creek; few large 
landslides are mapped in the Bear Creek watershed.  
 
The San Francisco Bay Region Landslide Folio groups Santa Clara and San Mateo 
Counties into regions of most, many and few landslides (Wentworth et al 1997).  In San 
Francisquito Creek watershed; the highest concentration of landslides occurs in Corte 
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Madera and Los Trancos Creek, lower concentrations occur in Bear and West Union 
Creeks, and few occur along San Francisquito Creek in the lower watershed (Figure 11).  
 
The original maps of Brabb and Pampeyan have been revised and updated as part of 
detailed geologic mapping for Portola Valley (Rodine et al 1975; Cummings and Spangle 
& Associates 1975), Woodside (Dickinson et al 1992) and the unincorporated areas of 
San Mateo County. These maps show individual landslide scarps and deposits and 
classify them as deep or shallow (greater or less than 10 feet thick) and as active, 
dormant, or old. (The age classifications and mapping procedures differ from author to 
author). The maps do not show the rates of movement of landslides, their volumes, or the 
volumes contributed to streams over time.  
 
Inspection of the Portola Valley and Woodside maps indicate the following: 
 

• Active landslides were mapped along the lower slopes of most tributaries to Corte 
Madera and Sausal Creeks. These landslides were often the smallest shown on the 
maps, with areas of 20,000 to 40,000 ft2, or 0.5 to 1 acres. The greatest numbers 
occur along Damiani Creek and Hamms and Neils Gulches; few occur along 
Creeks A and B and Rengstorff Gulch.  

• Large shallow active landslide zones extend over 1,500 feet of the north sides (left 
valley walls) of Jones Creek and Bozzo Gulch, along their lower courses. 

• Several large, active landslides are shown in the headwaters of Tributary L5 to 
Los Trancos Creek and along the course of Corte Madera Creek on the east side 
of Coal Mine Ridge.  

• Very few landslides are shown along the lower slopes of creeks or gullies in the 
Westridge Creek subwatershed.  

• Few active landslides are shown along Corte Madera Creek within the limits of 
the town of Portola Valley.  

• The Woodside map showed about eleven large (50,000 to 100,000 ft2) active 
landslides terminating in Martin Creek and its tributaries.  

• The Woodside map also showed active landsliding along the lower valley walls 
over most of the course of Appletree and Tripp Gulches and the lower part of 
Squealer Gulch.  

• Several small active landslides are shown along the cut slope of Highway 84 
where it crosses the Alambique Watershed. 

 
It appears that most of the active failures move slowly and sediment is often contributed 
to streams by debris slides or “slips” that occur along their toes or by rapid creep leading 
to active bank erosion. For instance, Frey (2001) noted a strong correspondence between 
her high sediment production reaches and the presence of historic landslides. However, 
the potential remains for a large, rapid-moving failure to contribute huge quantities of 
sediment to a stream. For instance, a very large failure may have blocked Los Trancos 
Creek in 1889-90 (see Historic Conditions Memorandum). Large deep-seated failures, 
such as the one along the closed section of Alpine Road, are also significant sediment 
contributors (Appendix C).  
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INVENTORIES OF DAMAGING LANDSLIDES 

The Geological Survey has prepared inventories of damaging landslides around the San 
Francisco Bay region following severe storms, based on aerial reconnaissance, damage 
reports from the Counties that surround the Bay, and some limited field inspection.  The 
landslides are shown on small-scale maps accompanying storm reports; typically the 
numbers of failures in San Francisquito Creek can be identified but the initiation points 
can only be roughly interpreted. The reports describing damaging landslides are: 
 

• Taylor and Brabb (1972) –damaging landslides from the winter of 1968-69 
• Taylor, Nilsen and Dean (1975) –damaging landslides from the winter of 1972-

73 
• Creasey (1988) –damaging landslides from the January 3-5th, 1982 storm.  Smith 

and Hart (1982) describe those landslides that resulted in deaths or injury. 
Weiczorek et al (1988) provides details on large landslides that occurred 
throughout the San Francisco Bay region.  No large landslides occurred in San 
Francisquito Creek.  

• Jayko et al (1999) –damaging landslides that occurred during the 1997-98 El 
Nino storms. A worksheet describes each landslide, indicating the type of 
failure, nature of damage, and the volume of sediment involved.  

 
The above studies typically only document those landslides that damage roads, residences 
or other human structures.  They do not provide a complete inventory of the landslides 
that occurred and most do not indicate whether the failures were natural or human-
caused, except for the inventory by Jayko et al (1999). Of the four failures that year, two 
initiated along La Honda Road (Highway 84) and one small one initiated in a residential 
landscaping project.  Human activities likely contributed to these three failures.  The 
Historic Conditions Memorandum summarizes the number of landslides by subwatershed 
and confirms the severity of the January 1982 storm in the San Francisquito Watershed.   

INVENTORIES OF DEBRIS FLOWS AND DEBRIS SLIDES 

While some debris flows are included in the damaging landslide inventories described 
above, the only comprehensive inventory of these features followed the January 1982 
storm. Weiczorek et al (1988) prepared an inventory from aerial reconnaissance, air 
photos and limited field traverses and indicated the general factors resulting in their 
distribution (see discussion in following section).  The location of failure initiation points 
and the approximate lengths of their tracks are provided; however, total volumes or 
volumes contributed to streams are not reported.   
 
Figure 12 shows the debris flow initiation points in San Francisquito Creek; The Historic 
Conditions Memorandum summarizes the character of the debris flows; most were 
relatively small and originated on lower slopes near streams.  The average concentrations 
of debris flows in the subwatersheds of San Francisquito Creek were ranked as “sparse 
(less than 5 per km2)” and less than the typical concentration throughout San Mateo 
County (Table 4-2). No large debris torrents occurred in San Francisquito Creek in 
January 1982 (Weiczorek et al 1988; Smith and Hart 1982). 
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Inventories of debris flows have not been prepared for earlier or subsequent storms; 
however, Smith (1988) documented debris flows that occurred between 1941 and 1982 in 
a small area in northern San Mateo County near Pacfica, from air photos. Smith’s 
analysis indicates that about as many debris flows may have occurred during the 1967 
and 1969/70 storms as did in January 1982.  Very few debris flows appear to have 
occurred during the 1937/38 and 1940 storms in his study area.  
 
Frey (2001) documented debris slides and debris flows that had occurred along lower 
valley slopes near streams in the Searsville watershed, based on walking each of the 
channels. The failures were not divided by process but rather into “small” and “large” 
ones.  Most of the failures identified by Frey apparently occurred during the 1997-98 El 
Nino storms in San Francisquito Creek.  The Historic Conditions Memorandum 
summarizes the number and area of small slides she observed along the streams and the 
number of large failures that entered the stream from higher on the slope.  All, or nearly 
all, of the material from these failures directly entered streams; volumes are not reported 
but can be estimated from the measured areas. These small failures, with an average area 
of about 300 yd3, are not thought to be visible from the air or on historic air photos 
because of obscuring vegetative cover and may not be recorded in debris flow 
inventories, such as the one that followed the 1982 storm.  

INVENTORY FROM THE 2000 AIR PHOTOS 

The existing inventories, described above, do not provide a record of shallow slope 
failures in the San Francisquito watershed.  To fill this gap, we inventoried the debris 
slides and flows visible on recent color air photographs (March 2000; nominal scale of 
1:22,000).  The inventory measured the following characteristics of debris slides (soil 
slips) and debris flows with areas exceeding 400 yd2: 
 

• Sub-subwatershed where the failure occurred 
• Type of failure (debris slide or flow) 
• Length and width (or height) of failure 
• The age of the failure as categorized from re-vegetation of the scar 
• The portion of the failure volume that entered a stream 
• Land use near the initiation point, when it may have contributed to the failure 
• Whether the failure was also enumerated by Frey (2001) 

 
Table 4-1 summarizes the observed number and area of slides and flows for each sub-
watershed.  The average sizes of these failures are typically much greater than those 
measured by Frey (2001).  In most cases the failures she identified could not be identified 
on the March 2000 air photos; those that could be identified were removed from the air 
photo inventory so that they were not counted twice.  
 
The air photo inventory showed that most of the recent or fresh slides and flows occurred 
in Corte Madera and Los Trancos watershed; few were observed in the Sausal and Bear 
subwatersheds. The inventory also shows that more than half of all the failures identified 
on the air photos occurred in the Corte Madera subwatershed. Most of the remaining 
shallow slope failures occurred in the Searsville Lake and Los Trancos subwatersheds.
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 Table 4-1:  Summary of Debris Slides and Flows Observed on Air Photos 
 

Slope Failures by Subwatershed Re-Vegetation Characteristic 
Searsville 

Lake 
Corte 

Madera 
Los 

Trancos 
Bear San Fran-

cisquito 

Comment 

Number Observed 3 26 12 1 0  
Total area (m2) 900 40,700 8,300 300 0  
Average area (m2) 300 1,600 700 300 N/A  

Fresh, no 
vegetation, 
assumed 1997-98 
or later Percent from Roads or 

other disturbance 
100% 38% 35% 0% N/A In road fill, cut or drainage 

related 
Number Observed 8 26 13 7 0  
Total area (m2) 11,000 38,600 15,800 6,500 0  
Average area (m2) 1,400 1,500 1,200 900 N/A  

Shrub growth, 
assumed to be 
from less than 10 
to 20 years old, but 
before 1997 

Percent from Roads or 
other disturbance 

5% 33% 32% 31% N/A In road fill, cut or drainage 
related 

Number Observed 7 19 2 7 0  
Total area (m2) 25,900 66,200 3,000 9,200 0  
Average area (m2) 3,700 3,500 1,500 1,300 N/A  

Trees on track, 
assumed to be 20 
to 40 years old 

Percent from Roads or 
other disturbance 

42% 54% 33% 100% N/A In road fill, cut or drainage 
related 

Number Observed 4 10 1 1 0  
Total area (m2) 11,900 52,100 15,800 3,300 0  
Average area (m2) 3,000 5,200 1,200 3,300 N/A  

Track substantially 
revegetated but 
still apparent, 
assumed to be 
more than 30 to 40 
years old 

Percent from Roads or 
other disturbance 

42% 38% 32% 31% N/A In road fill, cut or drainage 
related 

1. Color Photos Roll number is WAC-C-00-CA, dated March 22, 2000; nominal scale of 1:22,000. Minimum size inventoried was about 300 m2 (400 yd2). 
2. Ages estimated from re-growth of vegetation and are approximate.  Inventory of older failures assumed incomplete because of vegetation re-growth 

obscuring the tracks of small failures.   
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The unvegetated or “fresh” failures – those assumed to have occurred since 1997-98 – 
account for about 22% of the total area of failures observed on the air photos. The ages of 
the partially revegetated slides and flows are not well known. However, if it is assumed 
that the partially revegetated failures are less than 40 years old, then the long-term annual 
area of shallow failure ranges from 0 in San Francisquito subwatershed, to 500 yd2 in 
Bear Creek, to 4,300 yd2 in Corte Madera Creek.  The long-term averages are much less 
than observed following the intense 1997-98 storms, but they are reasonably consistent 
with abundant failures every five to ten years, as discussed earlier.  
 
About one-third of the shallow slides and flows may have originated at roads or have 
been partly or wholly caused by local drainage modifications. The portion of failures that 
appear to be human-related is fairly constant for the different re-vegetation categories 
(failure ages) and subwatersheds.  

FACTORS CONTROLLING SLOPE FAILURE 

Brabb et al (1972) ranked the susceptibility of different geologic formations in San 
Mateo County to deep-seated landsliding based on the portion of their surface areas that 
had previously failed.  The most susceptible areas were previous landslide deposits, as 
shown on the Wentworth et al (1997) map of San Mateo and Santa Clara Counties that 
was provided as Figure 11. The most susceptible formations were the Santa Margarita 
Sandstone, San Lorenzo Formation and Lambert Shale, and the Lobitos Mudstone 
member of the Purisima Formation. Other susceptible units were the Pomponio, Tahana, 
Tunitas and San Gregorio Sandstone members of the Purisima Formation and the Two 
Bar Shale member of the San Lorenzo Formation (see Figure 4).  
 
Wieczorek et al (1988) provided an assessment of the factors that controlled the initiation 
of debris flows in San Mateo County based on observations following the January 1982 
storms.  Debris flows originated as soil slips or slides and then flowed downslope or into 
steep drainage channels.  Typically, the greatest concentrations occur in areas of the most 
intense rainfall; initial failures occur on slopes greater than 20o; often in swales or 
concavities; and the number of failures increased with slope.  Greater numbers are also 
apparent on grasslands when compared to forest.  Bedrock geology is particularly 
important and Wieczorek et al (1988) indicated high debris flow incidence or frequency 
in the Purisima Formation, particularly the Pomponio mudstone and San Gregorio 
sandstone members, and the San Lorenzo formation. Medium incidence was observed in 
the Lambert Shale and San Lorenzo Formation, the Lompico Sandstone, the remaining 
members of the Purisima Formation, and sandstone and limestone of the San Franciscan 
assemblage. The rock units susceptible to debris flows are very similar to those 
susceptible to deep-seated landslides, although the ranking changes somewhat.  
 
Mark (1992) provided an initial map of debris flow probability for San Mateo County.  
Ellen et al (1997) later provided a digital map of debris flow source areas, based on slope 
and slope curvature calculated from USGS quadrangle maps but not incorporating 
geology.  Figure 12 shows the calculated debris flow source areas and the 1982 debris 
flow initiation sites for San Francisquito Creek.  
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Both Kittleson et al (1996) and Frey (2001) evaluated the susceptibility of different 
geologic formations in the Searsville Lake portion of the San Francisquito Watershed to 
erosion. Based on their field observations, Kittleson et al (1996) identified the Purisima 
and Santa Clara formations as most significant, with the Lambert Shale and San Lorenzo 
Formation of next importance.  Frey (2001) ranked the different formations by the 
percentage of high-sediment producing reaches that they contained. On this basis, the 
most erodible formation was the Vaqueros Sandstone, although it only included a short 
reach of stream. The next most erodible was the Purisima Formation, followed by the 
Whiskey Hill and Monterey Sandstones.  
 
The Historic Conditions Memorandum summarizes some of the characteristics of the 
different subwatersheds that affect erosion, based on the above studies.  It includes 
average slopes, ranking of stream erosion from Frey (2001) for the Searsville Lake 
subwatersheds, numbers of landslides, debris flows and the portion of the watershed with 
erodible geology and erodible slopes.   

GRAIN SIZE DISTRIBUTIONS OF LANDSLIDES  

Ellen et al (1988) provided an engineering analysis of 50 soil samples from sites around 
San Francisco Bay where debris flows occurred.  Gravel contents are low in most 
samples and clay contents are usually more than 8% and less than 25% for fast moving 
failures.  The content of clay in the samples appeared to vary with the underlying 
geologic unit.  No specific studies of the grain sizes contributed by deep-seated landslides 
or by other processes were found. However, the grain sizes contributed by these 
processes can be roughly assessed from the characteristics of the soils and the geological 
formations where they originate (Kittleson et al 1996; Frey 2001).  Many of the erosive 
formations are poorly indurated sedimentary rocks that break down rapidly into sand and 
finer sediment as their main erosion products.  The deposits on the fan of Corte Madera 
Creek at Searsville Lake indicate that much of sediment supplied by erosion, as modified 
by transport through this subwatershed, is sand and gravel.  
 
Wentworth et al (1985) characterized the physical properties of land surface materials in 
San Mateo County, including expansivity of material, cut-slope stability, permeability, 
excavatability, character of material as fill, texture of surficial mantle, physical properties 
of bedrock, and geologic unit. These data are useful in describing relative erosivity and 
grain size distribution of surface material delivered to streams in the subwatersheds in 
San Mateo County.   
 
4.4. Stream and Gully Erosion 

DEFINITIONS 

Stream erosion includes both the erosion of stream banks and erosion or incision of the 
streambed. Bank erosion may result from detachment and removal of soil particles by 
flowing water or from toe erosion, oversteepening, and subsequent failure or collapse of 
high banks. By this definition, small debris slides on lower valley walls might be 
considered part of bank erosion and the small landslides identified by Frey (2001) may be 
best included as part of stream erosion. Bank erosion usually occurs during high flows, 
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although saturation of banks may result in their failure during low and moderate flows. 
Bank erosion is usually greatest on bends or where high flows are directed at a bank. 
Instream works, bank alterations, removal of riparian vegetation, and land use on top of 
the bank may all increase erosion rates.  
 
Incision or scour refers to the removal of streambed sediments and lowering of the 
overall streambed elevation. Scour usually refers to local lowering of the streambed 
associated with structures such as bridges; incision or degradation refers to long-term 
lowering of the streambed over long distances. Incision often results from changes to 
peak flows, the supply of coarse sediment to a reach, or such factors as stream roughness 
(Galay 1983). Incision or degradation is often indicated by “knickpoints” or steps in the 
profile that mark the present upstream limit of bed lowering.  

FREQUENCY OF OCCURRENCE 

Bank erosion occurs throughout the San Francisquito Watershed, primarily during the 
extreme floods discussed in Chapter 2. On San Francisquito Creek significant bank 
damage occurred in February 1940, December 1955, April 1958, January 1982 and again 
during the 1997-98 El Nino storms (Corps 1972; San Francisquito Creek Coordinated 
Resource Management and Planning 1998; Cushing 1999). Erosion also occurred during 
earlier floods but was likely not documented because of the lack of damage to structures 
or property. Cotton, Shires & Associates (2001) document bank erosion along Corte 
Madera Creek through Portola Valley that occurred during the 1982 and 1997-98 storms.  

INVENTORIES OF BANK EROSION 

Frey (2001) compiled a comprehensive inventory of bank erosion on streams in the 
Searsville subwatershed following the 1997-98 El Nino storms. She measured the 
percentage of banks with severe or moderate erosion along the main streams and 
tributaries reaches and incorporated this information into her classification of sediment 
production. She did not estimate the volumes eroded from the stream banks.  
 
As noted above, Cotton, Shires & Associates (2001) mapped 45 bank erosion sites along 
Corte Madera Creek within Portola Valley. Erosion primarily occurred in fairly 
predictable areas, such as the outside of bends, where up to 5 to 10 feet of bank was lost, 
with maximum retreat of 20 to 25 feet since 1982. Cotton, Shires & Associates (1984) 
documents erosion during the 1982 storms. Total volumes of bank erosion are not 
estimated in either report. Historic bank erosion sites along Corte Madera Creek outside 
of the town boundaries could be reconstructed from drawings for erosion control projects 
that have been built over the past thirty or forty years (for instance, Wilsey Ham 2000). 
The volumes eroded from the stream banks are not provided for most of the projects but 
might be estimated from surveys or the general nature of the reconstruction. 
 
Despite the damage from bank erosion damage along San Francisquito Creek, there is no 
comprehensive inventory of where erosion has occurred or the volumes of material lost 
from stream banks. Unfortunately, historic bank erosion cannot be easily calculated by 
comparing surveyed cross sections.  Some cross sections show widening as a result of 
erosion but many other sections have narrowed since 1964, as a result of bank 
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reconstruction and revetment placed on stream bank slopes after they eroded (nhc et al 
2002).    

INVENTORIES OF BED EROSION 

Comparison of surveys on San Francisquito Creek from 1964 and 1998 shows two 
distinct zones of channel behavior (nhc et al 2002). From Sand Hill Road to Pope-
Chaucer Bridge, the creek incised by about 2 feet; from Pope-Chaucer Bridge to 
Highway 101, the creek aggraded. Comparison of the 1964 surveys to the channel depth 
and width observed by Allardt and Grunsky in 1888 shows incision of about 5 to 10 feet 
over the earlier period. The San Francisquito subwatershed sediment budget (Section 6) 
provides details on volumes eroded from the streambed.  
 
Reported incision on other streams is generally based on observations rather than 
surveys. Frey (2001) notes channel incision along some reaches in the Searsville 
subwatershed that apparently resulted from the 1997-98 El Nino storms. Many of the 
steep, upper reaches of tributaries to Searsville Lake were observed to have scoured to 
bedrock. Appendix A discusses observations of recent incision on the main tributaries to 
San Francisquito Creek.  
 
Incised or degraded reaches are often indicated by knickpoints along channels. The main 
knickpoints observed during field inspections in the watershed are: 
 

• West Union Creek near the boundary of Huddart Park – eleven foot high barrier 
(see Smith and Harden 2001) 

• Bear Creek downstream of Olive Drive (see Appendix C) 
• Martin Creek near old La Honda Road (see Appendix C) 
• Corte Madera Creek upstream of Alpine Road (see Appendix C) 

 
The above list is almost certainly incomplete because it is not based on a thorough 
inspection of all stream reaches.  

GRAIN SIZE OF BED MATERIAL 

RHAA et al (2000) and nhc et al (2002) provide detailed measurements of bed material 
in San Francisquito Creek that show a decline in size from cobbles and boulders near 
Searsville Dam to sand near Highway 101.  Bed material size changes abruptly to gravel 
near the San Mateo Pedestrian Bridge and then to sand downstream of Newell Road. The 
California Department of Fish and Game (CDFG 1981) provides visual observations of 
bed material and channel form along upper San Francisquito Creek from the early 1980s.  
 
There is no similar comprehensive survey of bed material in the tributaries. Appendix C 
provides bed material observations on the major tributaries to San Francisquito Creek. 
nhc and JSA (1999) and nhc et al (2002) describe bed material on the fan of Corte 
Madera Creek at the head of Searsville Lake.  Coyote Creek Riparian Station (1994; 
1998) provides substrate pebble counts and profile surveys near their stations on San 
Francisquito, Los Trancos, West Union, Bear and Corte Madera Creeks (see also Buchan 
and Hayden 2000).  CDFG (1974, 1976, 1985) provide visual observations of bed 
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material on Bear, Corte Madera and Los Trancos Creeks as part of fisheries 
reconnaissance surveys.  Frey (2001) provides some miscellaneous observations of bed 
material in some tributaries to the Searsville watershed.  This information is of little use 
in constructing a picture of sediment transport or sedimentation in the tributaries.  
 
4.5. Surface Erosion 

DEFINITIONS 

Surface or sheetwash erosion refers to the detachment and transport of individual soil 
particles by overland flow. In the San Francisquito Watershed, overland flow and surface 
erosion (sheetwash) are relatively rare on undisturbed, forested slopes and they are 
usually confined to those sites where vegetation is removed and soils are exposed or 
disturbed, soils are compacted, or bedrock is exposed. Such sites include landslide scars, 
construction sites, range and agricultural lands, fire-damaged areas, and roads and urban 
developments. Kittleson et al (1996) report that erosion of road ditches, failures of cut 
and fill slopes, and sheet wash on gravel-surface roads, are important contributors to 
sediment loads in the tributaries to San Francisquito Creek.  Roads are often thought to be 
the most significant source of surface erosion.  
 
Surface or sheetwash erosion is a chronic process that occurs at many sites and often 
throughout the year. Typically, the contribution to total erosion is based on measurements 
at representative sites. No such measurements are available in the San Francisquito 
Watershed.  

INVENTORIES AND STUDIES 

Erosion along roads is from sheetwash on natural or gravel road surfaces, on cut and fill 
slopes, and from ditch erosion. Sediment is eroded from paved roads, natural or gravel 
surfaced roads and trails; often, trails are old roads. The lengths of existing roads in the 
individual sub-subwatersheds, both paved and unpaved, are included in the Existing 
Conditions Memorandum. Trails in the Searsville Watershed are included in this 
inventory as unpaved roads.  
 
There are no studies of erosion from roads in the San Francisquito Creek watershed. 
Pacific Watershed Associates (2003) examined erosion along paved and unpaved 
(assumed mostly natural surface) roads and trails in San Mateo County Parks in 
Pescadero Watershed in the Santa Cruz Mountains. Predicted future surface erosion from 
the unpaved roads to streams averaged about 40 yd3/mi per year over the road network, 
with most of the erosion expected from the part of the network where long-term lowering 
of ditches, cut slopes, and road surfaces is assumed to average 0.2 feet/year. Pacific 
Watershed Associates also estimated surface erosion from trails in the County Parks in 
the Pescadero Watershed. For the total length of 34.4 miles of trail, erosion averaged 
about 1.7 yd3/mile per year, assuming a 6-foot wide trail prism and averaging lowering of 
0.2 feet/year at those sites that appeared to have chronic erosion.  The blended average 
erosion rate for all the unpaved roads and trails is 23 yd3/mile per year.  
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Lehre (1982) provides a detailed sediment budget of a small watershed near Point Reyes 
Station in Marin County.  While not specific to San Francisquito Creek, his study, plus 
studies of sediment yield from forestry roads, provide useful information on the 
magnitude of erosion and sediment delivery from surface processes that have not been 
measured or estimated for San Francisquito Creek watershed.   

GRAIN SIZES 

There are no measurements of the grain size of material contributed by sheetwash erosion 
but it is likely to be mostly fine sediment – silt, clay and fine sand.  
 
4.6.  Sediment Transport 

DEFINITIONS 

The total sediment load can be divided based on the mode of transport, into suspended 
and bed load (Figure 13 below). Suspended load consists of the finer sediment 
maintained in suspension by turbulent currents. This load usually consists of clay and silt, 
with sand suspended during high flows, when turbulence is greatest. 
 
Bed load consists of the coarser particles transported along the bed by rolling, sliding, or 
saltating. The boundary between the size of particles moved in suspension or as bed load 
is not precise and varies with the flow strength; the greater the flow, the coarser the 
sediment that can usually be suspended by turbulence.  
 
 

Parent layer 

 

Water

Suspended load

Bed load

Surface bed material

Sub-surface bed
material

Wash load 

Bed material load 

Bed material 

 
 

Figure 13. Sediment transport and Bed Material Definitions 
 
The total sediment load can also be divided by its presence in the streambed, into bed 
material and wash load (Figure 13). Particles that are found in significant quantities in the 
bed and are exchanged with the bed material during transport are part of the bed material 
load. Wash load consists of fine sediments (usually silt and clay) that are continuously 
maintained in suspension by the flow turbulence and, thus, are not found in the bed in 
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significant quantities. Under this division, total sediment load is bed material load plus 
wash load. 
 
Bed material transport depends on hydraulic variables, which are closely related to water 
discharge, and consequently can often be calculated from knowledge of the bed material 
and the hydraulic characteristics of a particular site. The wash load is determined by its 
supply from upstream sources and it may be partly independent of water discharge. 
Typically, wash load is measured as part of a suspended-sediment gaging program.  

SEDIMENT TRANSPORT MEASUREMENTS 

Porterfield (1980) reports estimates of long-term suspended sediment transport in San 
Francisquito Creek based on applying a suspended-load rating curve developed from 
measurements at the USGS gage at the Stanford Golf Course between 1957 and 1962 to a 
flow duration curve at the gage. Porterfield also measured the portion of sand in the 
suspended load, developed a separate rating for sand load, and noted that most sand 
appeared to be in suspension at the gage measurement site. Brown and Jackson (1973) 
report on a suspended-sediment sampling program at this gauge for the period from 
1962-1969.  Balance Hydrologics, Inc also collected a few measurements at this gauge 
during the 1998 water year to confirm the Brown and Jackson (1973) sediment-rating 
curve (nhc et al 2002).    
 
Balance Hydrologics, Inc has operated flow and suspended and bedload sediment gaging 
stations in the San Francisquito watershed for Stanford University in recent years. 
Records began in 1997 on Corte Madera and in 1995 on Los Trancos Creek (Owens et al 
2002a; 2002b).  They also collected miscellaneous measurements of sediment discharge 
on Searsville Dam, Bear, Sausal, Dennis Martin, Westridge and Alambique Creeks 
during the 1998 water year (nhc et al 2002).  Balance has provided annual reports on 
their gauging programs in Corte Madera and Los Trancos to Stanford University.     
 
A HEC-6 model of San Francisquito Creek predicted suspended and bedload sediment 
transport along San Francisquito Creek from 1964 to 1998 (nhc et al 2002).  The model 
was calibrated to observed changes in the bed elevations and operated to predict future 
bed levels under different assumptions about filling of Searsville Reservoir.  

SEDIMENT TRANSPORT FROM DEPOSITION 

Certainly, the longest record of sediment yield is from deposition in Searsville Lake by 
Corte Madera, Sausal, and Alambique Creeks. Repeated reservoir surveys provide 
average sediment deposition from 1892 to 1913; 1913 to 1929; 1929 to 1946; 1946 to 
1995; and from 1995 to 2000 (nhc et al 2002).  Deposition in the reservoir 
underestimates total sediment transport because the finest grain sizes are carried over 
Searsville Dam to San Francisquito Creek and because coarse sediments that have 
accumulated on the fans of Corte Madera, Sausal and Martin Creeks upstream of the 
reservoir has not been surveyed, except between 1995 and 2000 (nhc et al 2002).  The 
sediment budget chapter provides further details on total deposition and adjustments.  
 



Final Project Report 
Page 39 

San Francisquito Creek Joint Powers Authority  nhc 
Watershed Analysis and Sediment Reduction Plan 

4.7.  Sediment Deposition 

DEFINITIONS 

Sediment deposition, also called “sedimentation”, refers to the deposit or storage of 
suspended and bed load on the streambed or floodplain or in lakes, reservoirs or San 
Francisco Bay. Deposition typically occurs when sediment transport capacity for a 
particular grain size is less than the volume of material supplied. Storage may be 
temporary, as occurs along the streambed between floods, or may be long-term, as occurs 
in lakes or reservoirs.  

INVENTORIES IN THE UPPER WATERSHED 

Frey (2001) measured the portion of the stream reach where deposition or sediment 
storage had occurred in the Searsville watershed based on field observations following 
the 1997-98 El Nino storms.  Deposition primarily occurs in the lower-gradient reaches 
of these streams where they flow along the San Andreas Fault Zone and at the head of 
Searsville Lake, although some sediment was stored in steep tributary reaches behind 
logjams and debris slide deposits. Frey did not measure the volumes of sediment stored 
along the stream channels.  
 
Smith and Harden (2001) provide a description of the channels in the Bear Creek 
watershed as part of their evaluation of barriers to adult steelhead passage.  They note 
storage of coarse sediment behind dams, weirs, and logjams and deposition of (seasonal) 
fine sediment in pools along low-gradient reaches within an overall clean substrate.  Of 
particular interest, they identify an 11-foot high knickpoint on upper West Union Creek, 
just past the Huddart Park boundary.  They also describe the extent of bank protection 
and bank stability in the reaches they visited.  
  
Kittleson et al (1996), nhc and JSA (1999) and nhc et al (2002) describe historic channel 
changes and aggradation along lower Corte Madera Creek resulting from deposition 
upstream of the head of Searsville Lake.  nhc et al (2002) estimated the volume of recent 
sediment (1995-2000) deposited on the fan formed there and also summarized the historic 
deposition in Searsville Lake, based on earlier surveys.  These are discussed further in 
Chapter 5. 

DEPOSITION ALONG SAN FRANCISQUITO CREEK 

nhc et al (2002) described changes in the streambed of San Francisquito Creek by 
comparing 1964 and 1998 surveys. Two distinct zones of channel behavior were 
observed. From Pope-Chaucer Bridge to Sand Hill Road the bed incised; downstream of 
Pope-Chaucer the channel aggraded. Aggradation amounted to about 16,000 yd3.  Field 
inspections (see Appendix A) also show deposition in the bedrock-controlled channel 
upstream of Sand Hill Road, including a substantial gravel fan downstream of Bear 
Creek. Volumes stored in this part of San Francisquito Creek have not been measured. 
 
Bed material has been historically removed from San Francisquito Creek to maintain the 
capacity of the Highway 101 Bridge. Table 4-2 summarizes the quantities that have been 
removed since 1984, as provided by the Santa Clara Valley Water District (SCVWD).  
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Excavation volumes prior to 1984 are not reported and it is not known if material was not 
excavated or if removals were simply not recorded.  Average annual excavation at the 
Highway 101 from 1984 to 1997 is 900 yd3 per year.   
 

Table 4-2:  Summary of Reported Excavation at Highway 101 
Year Comment Reported Volume (yd3) 
1984 Upstream and downstream of 101 3,290 
1993 Downstream of bridge 1,260 
1998 Emergency work 3,080 
1997 Downstream of bridge 4,630 
2000 Downstream of bridge 4,882 
Total  17,142 

 
Deposition has also occurred from Highway 101 to the mouth of San Francisquito Creek, 
a distance of about 7,500 feet. The San Francisquito Creek CRMP (1998) reports that this 
reach was excavated to an invert elevation of between –3 and –4 feet and widened, with 
levees raised to increase capacity in 1958. The excavated channel has since filled to a 
typical invert elevation of –1 foot, with bars or berms of silty clay along the channel 
margins. The excavated section varies along the channel but we have roughly estimated a 
total deposition of 35,000 yd3. The grain size of the deposited sediment has not been 
measured but it may be roughly three-quarters sand and one-quarter fine sediment carried 
in from San Francisco Bay. 

DEPOSITION ON SAN FRANCISQUITO DELTA 

Phillips (2000) reported measurements of the deposition on the delta at the mouth of San 
Francisquito Creek in San Francisco Bay based on detailed coring. His results show five 
distinct fining-upward layers that are spread extensively over the delta, which he 
associated with the five largest floods since 1930, when the mouth of the creek was 
moved north. The individual layers are not dated and cannot be readily assigned to 
specific storms; however, the uppermost layer is certainly a result of the 1997-98 storms.  
 
The volumes deposited during each event can be roughly estimated from the mapped area 
and the cores. It appears that the layer deposited on the delta during the 1997-98 El Nino 
storms averaged about 6 inches thick; based on the observed distribution of the flood 
deposits about 30,000 to 40,000 yd3 appears to have been deposited.  The volumes 
deposited during earlier floods are more difficult to interpret than from the 1997-98 
storm. Significant deposition appears to have occurred during the 1982 storm. Total 
deposition since the late 1950s appear to be about one foot, or 80,000 yd3. We assumed 
that this sediment is about three-quarters sand, providing an annual deposition rate of 
2,300 yd3.  Some of the fine sediment may be carried to the delta by tidal currents rather 
than deposited from San Francisquito Creek.  
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5. SUBWATERSHED SEDIMENT BUDGETS 
 
5.1. Development of Sediment Budgets 
The objective is to develop a rapid sediment budget, one which quantitatively describes 
the volumes of sediment mobilized on hillslopes, the volumes contributed from hillslopes 
to streams, the transport and storage of this sediment through the stream network, and the 
yield or volume leaving the watershed.  Complete budgets can be very detailed; however, 
the sediment budgets constructed for this project are intended to address specific 
questions regarding long-term changes in sediment transport (water quality) and stream 
characteristics, which simplify the analysis. It is intended to address the following 
questions (see Reid and Dunne 1996): 
 

• Sediment Sources:  What are the major or most important types of natural and 
man-made sources of erosion and where do they occur?  What are the 
approximate amounts of sediment from each source type over time and what 
portions of the totals have been contributed to streams?  

• Sediment Sizes:  What are the approximate grain size distributions of sediment 
from each source, particularly of the portions contributed to streams? 

• Sediment Deposition or Storage:  What are the volumes and grain sizes of 
sediment in storage along the streams?  What are the volumes of sediment that are 
excavated or removed from streams?  Where are sediments deposited? 

• Sediment Transport or Yield:  What are the rates of sediment transport through 
streams and out of the sub-watersheds? 

 
Identifying the contribution of human activities to erosion, transport and deposition is a 
key objective of the budget.   
 
The sediment budget is based on existing studies of erosion, transport and deposition in 
San Francisquito Creek Watershed, as summarized in the Historic Conditions Analysis 
and in Chapter 4, supplemented by air photo measurements and field observations.  
 
In order to best accommodate the different periods of time and the different information 
on erosion, transport and deposition of sediment we developed separate sediment budgets 
for the following areas (Figure 2): 
 

• Searsville Lake Watershed, including the Corte Madera, Alambique, Martin, 
Sausal and Westridge subwatersheds 

• Los Trancos Creek  
• Bear Creek, including the Bear Creek, Bear Gulch and West Union Creek 

subwatersheds 
• San Francisquito Creek subwatershed, from Searsville Dam to San Francisco Bay 

including inflows from Bear and Los Trancos   
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The budgets for the first three groups are included in this chapter: the budget for San 
Francisquito Creek is included in Chapter 6. Each of these groupings of subwatersheds 
has either short-term or long-term sediment transport or deposition measurements that 
allow closure of the sediment budget by constraining erosion volumes or that permit 
estimation of important erosion components by balancing erosion, deposition and 
transport. However, the approach to the budget for each group of subwatersheds differs 
because of the different information on erosion and sediment transport and the nature of 
the significant erosion processes.  
 
The sediment budgets separate coarse – sand, gravel, cobbles and boulders  – and fine – 
silt and clay – sediments. Coarse sediments are of most concern for stream processes and 
long-term aquatic habitat.  Fine sediments typically impact water quality. One goal is to 
extend the sediment budgets over as long a time period as possible. Generally, detailed 
measurements of erosion, transport and deposition are only available for the past few 
years. Consequently, the budgets are often very detailed for recent years and then become 
less detailed and more approximate as they are extended back in time through various 
assumptions.  
 
5.2.  Searsville Lake 
The Searsville Lake Watershed, in the Santa Cruz Mountains southwest of Palo Alto, 
flows to Searsville Lake and has an area of about 14.6 mi2. This watershed includes the 
Corte Madera, Sausal, Martin, Alambique and Westridge subwatersheds.  
 
Deposition in Searsville Lake provides a partial record of 108 years of sediment transport 
from the Searsville Watershed.  Detailed measurements of sediment transport for the 
period from 1995 to 2000, which includes the very large flood in 1998, are used to 
constrain estimates of erosion over that same period. This detailed budget identifies the 
relative importance of different sources, human modifications to erosion, and those areas 
that contribute the most sediment during a period of unusually high sediment discharge.   
 
The long-term deposition record in Searsville Lake is then used to constrain estimates of 
contributions from different sources for both dry and average or typical conditions, based 
on adjustment of the detailed budget.  

SEDIMENT TRANSPORT TO SEARSVILLE LAKE 

Deposition in Searsville Lake provides a long record of sediment transport or yield from 
Corte Madera, Sausal, Westridge and Alambique Creeks. Repeated reservoir surveys 
measured average sediment deposition from 1892 to 1913; 1913 to 1929; 1929 to 1946; 
1946 to 1995; and from 1995 to 2000 (nhc et al 2002).  Deposited volumes are 
summarized in Table 5-1 following.  
 
Deposition in the reservoir underestimates total sediment transport from the Searsville 
Watershed.  This occurs for two reasons. First, the finest grain sizes are carried over 
Searsville Dam to San Francisquito Creek so they are not included in the total, and 
second, coarse sediment that has accumulated on the fans of Corte Madera, Sausal and 
Alambique Creeks upstream of the reservoir has not been surveyed, except between 1995 
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and 2000 (nhc et al 2002).  The sediment that passes over the dam amounts to about 10% 
of the incoming load; the yields quoted in Table 5-1 have been increased to account for 
this loss (nhc et al 2002).  However, it is not simple to adjust for historic deposition on 
fans at the head of the lake because the portion of the total load deposited there is thought 
to have increased over time. As such, adjustments are only available for the most recent 
period. Table 5-1 suggests that deposition on the fan may add half as much again to the 
sediment yields quoted for the reservoir, mostly consisting of sand, gravel and cobbles.   
 
Table 5-1. Long-Term Sediment Deposition in and around Searsville Lake 

Period Annual Deposition 
(acre-feet/yr) 

Annual Sediment Yield (yd3) 1 

 Total 2 Corte Madera 2 Remainder 2 
Searsville Lake Deposition 
1892-1913 17.4 31,000 25,000 6,000 
1913-1929 3.6 6,500 5,200 1,200 
1929-1946 7.2 13,000 10,000 2,500 
1946-1995 7.1 13,000 10,000 2,400 
1995-2000 23.5 42,000 34,000 8,000 
     
1892-2000 9.4 17,000 14,000 3,000 
Searsville Lake and Fan Deposition 
1995-2000 39 70,000 57,000 13,000 

1. Sediment yields adjusted to account for 10% loss over dam crest. 
2. Assumes that Corte Madera contributes 81% of the sediment to Searsville Lake (nhc et al 2002).   

 
Owens, Chartrand and Hecht (2002a) summarize the results of their flow and sediment 
gaging on Corte Madera Creek at Westridge Road, upstream of Searsville Lake, for the 
water years from 1997 to 2001.  Their measurements show that most of the sediment 
deposited in Searsville Lake and on the fan was moved during the 1998 water year.  The 
total measured load consists of about 25% bed load and 75% suspended load. The bed 
load is assumed to consist entirely of sand and coarser sediment.  No particle size 
distributions are available for the suspended load, so we have assumed that it is one-third 
sand and two-thirds silt and clay.  On this basis, the total load is divided into about 50% 
coarse load (sand, gravel and cobbles) and about 50% fine load (silt and clay).  The fine 
sands included in the coarse load are not found in the bed material in large quantities and 
so are not properly part of the bed material load.  

SEDIMENT SOURCES 

Sediment sources in the Searsville Lake watershed that contribute to streams can be 
divided into two broad categories; discrete, episodic sources, such as landslides and gully 
erosion, and diffuse, chronic sources, such as bank erosion, sheetwash or surface erosion, 
and other hillslope erosion processes. As discussed earlier, landslides are thought to be 
the dominant erosion process and the greatest effort has been applied to documenting this 
source, with less effort applied to those sources that are thought to be less important 
overall. The nature of each source, how we identified them in the watershed, and the 
estimated rates of erosion for the 1995 to 2000 period are described in the Watershed 
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Sediment Analysis Memorandum and summarized in Appendix C.  Table 5-2 
summarizes erosion volumes contributed to streams from 1995 to 2000, indicates the 
range of uncertainty in these estimates and the estimated grain sizes of the erosion 
products.  
 
Table 5-2: Total Erosion and Erosion by Grain Size Contributed to Streams in 

Searsville Lake Watershed from 1995 to 2000 
Sediment Source Total 

Erosion 
(yd3) 

 
 

Likely 
Range 

(%) 

Comment Coarse 
Sediment 

(yd3) 1 

Fine 
Sediment 

(yd3) 1 

Small streamside  179,000 ±25% Depth uncertain 134,000 45,000
Large streamside 18,000 ±75% Rough estimate 13,000 5,000
Hillslope landslides  80,000 ±50% Depth uncertain 60,000 20,000
Bank Erosion 20,000 ±50% Unit volume 

uncertain 
15,000 5,000

Channel Incision 8,000 ±50% Depth uncertain 8,000 0
Road Erosion 3,000 ±75% Likely 

overestimated 
1,000 2,000

Scar/Scarp Erosion 3,000 ±75% Rough estimate 1,000 2,000
Sheet Erosion 700 ±75% Rough estimate 0 700
Gully Erosion 4,000 ±75% Length and 

volume uncertain 
2,000 2,000

   
Totals 317,000 196,000 to 

441,000 
234,000 82,000

1. Coarse sediment is sand and larger (>0.063 mm); fine sediment is silt and clay (<0.063 mm).  

HUMAN CONTRIBUTIONS TO EROSION 

Human contributions to erosion as a result of both direct and indirect (hydromodification) 
alterations of natural processes are summarized in Table 5-3.  Direct contributions 
include: 
 

• Landslides on slopes that appear to originate at roads, developments or areas 
disturbed by human activity 

• Surface erosion of landslide scars that result from human activity 
• Surface erosion from roads, and  
• Surface erosion from grasslands or disturbed soils 
• Gullies erosion attributed to human disturbance 

 
Indirect contributions include bank erosion, channel incision, and landslides along 
streams that may result from increased peak flows from development or bank erosion or 
landslides along streams that may result from encroachment onto floodplains or streams 
or human modification of stream banks.  
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Table 5-3: Human-Related Total Erosion and Erosion by Grain Size Contributed 
Streams in Searsville Lake Watershed from 1995 to 2000 

Sediment Source Total 
Erosion 

(yd3) 
 
 

Likely 
Range 

(%) 

Comment Coarse 
Sediment 

(yd3) 1 

Fine 
Sediment 

(yd3) 1 

Direct Contributions 
Hillslope landslides  31,000 ±50% Depth uncertain 23,000 8,000
    
Road Erosion 3,000 ±75% Likely 

overestimated 
1,000 2,000

Scar/Scarp Erosion 300 ±75% Rough estimate 100 200
Sheet Erosion 700 ±75% Rough estimate 0 700
Gully Erosion 1,600 ±75% Human impact 

very uncertain 
800 800

Indirect Contributions (Hydromodification) 
Bank Erosion and 
Channel Incision 

3,400 ±50% Human impact 
uncertain 

2,400 800

Small streamside  10,700 ±25% Human impact 
uncertain 

8,000 2,700

Totals 50,700 27,000 to 
76,000 

35,300 15,200

1. Coarse sediment is sand and larger (>0.063 mm); fine sediment is silt and clay (<0.063 mm).  
 
We have assigned an anthropogenic component to bank and stream landslide erosion as 
follows (Table 5-3; see also Appendix C):  
 

• Westridge Creek (SL-02). We have assumed that half of all bank erosion and 
stream landslides are human-caused as a result of hydrologic modification from 
low-density residential development. 

• Martin Creek (MC-01). We have assumed that one-quarter of all bank erosion and 
stream landslides are human-caused as a result of hydrologic modification from 
low-density residential development. 

•  Bull Run Creek (SC-02). We have assumed that one-quarter of all bank erosion 
and stream landslides are human-caused as a result of hydrologic modification 
from low-density residential development. 

• Sausal Creek (SC-01 & SC-03). We have assumed that half of all bank erosion 
and stream landslides are human-caused as a result of hydrologic modification in 
upstream areas and modifications to stream banks from low-density residential 
development. 

• Corte Madera Creek (CM-01 & CM-02). We have assumed that one-quarter of all 
bank erosion and stream landslides are human-caused as a result of floodplain 
encroachment and modifications to stream banks from low-density residential 
development through Portola Valley. 



Final Project Report 
Page 46 

San Francisquito Creek Joint Powers Authority  nhc 
Watershed Analysis and Sediment Reduction Plan 

• Corte Madera Creek (CM-05, CM-07 & CM-10). We have assumed that one-
quarter of all bank erosion, incision, and stream landslides are human-caused as a 
result of floodplain encroachment from Alpine Road, bridge crossings, 
modifications to stream banks, and minor increases in peak flows from roads and 
low-density residential development. 

 
The above human-related contributions are crude estimates and further, detailed 
hydraulic and geomorphic analysis would be required to confirm these quantities. 

CORTE MADERA CREEK 

Appendix A summarizes stream observations in Corte Madera Creek and other tributaries 
to Searsville Lake. Significant features of Corte Madera Creek for the sediment budget 
analysis are summarized below.  
 
In Sub-subwatershed CM-12, Corte Madera Creek is constricted into a narrow channel at 
the toe of the Alpine Road Slide. Here, landslide movements, combined with bank 
erosion and channel incision of about 5 feet, are an important source of sediment. 
Downstream, the channel appears to exhibit two or three knickpoints; one appears to be 
just upstream of Alpine Road where a local landowner has dumped concrete blocks to 
slow channel erosion. Corte Madera Creek shows evidence of long-term incision between 
the Alpine Road slide and Alpine Road but only minor recent incision.  
 
Recent channel adjustments are apparent along Corte Madera Creek just downstream of 
Alpine Road. In this step-pool channel section, channel incision of about 5 feet appears to 
have occurred over the past several decades, as indicated by the step observed 
downstream of the Alpine Road culvert. Steep, high banks, abandoned overflow 
channels, and exposures of tree roots also indicate recent incision and widening of about 
one or two feet through this section.  The boulder steps are steep here, formed of 
conglomerate boulders that are about 500 mm in diameter. The steps rest on soft bedrock 
and appear to fail by toe scour during large floods. The pools between the steps are filled 
with sand and gravel up to 50 mm diameter to a depth of 0.5 to 1 foot. The boulder steps 
appear to be stable during most floods but the sediment stored in the pools appears to 
move frequently. Rapid incision likely occurs when the boulder steps fail, resulting in 
general lowering of the channel bed.  Such general bed movement may only occur 
infrequently.  
 
This recently incised section seems to only extend a 1,000 feet or so downstream. The 
next site with significant local incision is at the road bridge leading to Skyline Ridge, 
downstream of Damiani Creek, where coarse sediment transport may have been 
interrupted by the debris fan at its mouth (see following paragraphs).  
 
Some aggrading sections are also noted along the channel, often near tributary fans. A 
debris flow fan at the mouth of Damiani Creek has filled a wide section of the Corte 
Madera Creek floodplain with 6 to 8 feet of coarse sediment, formed behind a logjam at 
the face of the deposit. Coarse sediments have also accumulated upstream of this fan; 
Corte Madera Creek is now incising a channel through these sediments.   
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Floodplains are narrow and fragmentary along Corte Madera Creek through CM-07 and 
CM-05 and the fill for Alpine Road encroaches on part of the floodplain, narrowing it 
further, and into the channel at some sites. Various protective works have been 
constructed along Alpine Road to prevent erosion of the road prism by the stream. These 
appear to contribute to channel incision and bank attack at some other sites.  
 
Downstream of the bridge to Skyline Ridge there is little evidence of recent incision; 
however terraces along the stream channel indicate long-term incision. Typically, the 
channel bed consists of cobble riffles with pools that are filled or partly filled by deposits 
of sand and fine gravel. Riffle substrates are also often filled with sand and gravel. These 
finer sediments are frequently mobile, moving over the stable, coarser bed material. Bed 
aggradation appears to be the dominant process by Willowbrook Drive, and here the 
creek is developing a sinuous pattern around bars and other sediment deposits. Bank 
erosion is an important process through Portola Valley and sub-subwatersheds CM-02 
and CM-01, primarily occurring at the apices of bends (Cotton Shires & Associates 
2001).  Protective works extend along about 28% of the creek banks; with much of these 
works constructed since 1984 and many constructed after the 1998 flood. Many of the 
bank protection structures, particularly gabion baskets, are distressed and fail during large 
storms. Failure of gabion mats placed beneath bridges has resulted in incision and 
headcut migration up Corte Madera Creek.  

SEDIMENT BUDGET 1995 TO 2000 

The measured deposition in Searsville Lake and on the Corte Madera fan from 1995 to 
2000, adjusted for losses over the Searsville Dam (Table 5-1), provides an opportunity to 
roughly confirm the erosion estimated from sediment sources (Table 5-2). Table 5-4 
adjusts the two volume estimates to weights based on densities appropriate for the 
different stream deposits and an assumed average density for the eroded colluvial and 
fluvial sediments. 
 
Table 5-4:  Reconciliation of Searsville Lake Sediment Budget, 1995 to 2000 
 Total Volume (yd3) Estimated Density 

(tons/yd3) 
Total Weight 
(tons) 

Erosion adjusted for 
Instream Deposition 

305,000 1.4 427,000 

Deposition in Reservoir 
and on Fan 

349,000 1.25 on fan; 1.0 in 
reservoir 

384,000 

 
Table 5-4 suggests that erosion may have been overestimated, likely as a result of 
incorrect estimates of the average depth of landslides or other small errors in erosion rates 
adopted for the dominant processes. Given that the two values correspond reasonably 
closely, and the broad uncertainty surrounding the erosion estimates, the procedures for 
estimating erosion from the different sources were not adjusted. 
 
The total erosion is divided into roughly three-quarters sand and coarser sediment and 
one-quarter silt and clay (Table 5-2).  This breakdown is much coarser than that 
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estimated from sediment gaging at Westridge Road (Section 5.2), suggesting that either 
the portion of fine sediment in the eroded material is underestimated or that eroded 
sediments break down rapidly during transport to small sizes.  
 
Table 5-2 summarizes sources of sediment production in the Searsville Lake watershed 
for 1995 to 2000, a period of unusually high sediment yield, associated with a very large 
flood in 1998. Erosion was divided into three main types: landslides, streams and surface 
processes. Landslides, including small landslides adjacent to stream channels, account for 
about 87% of the total erosion, the overwhelming majority for the 1995 to 2000 period. 
Stream and surface processes erosion account for about 9% and 4%, respectively, of total 
erosion. As discussed earlier, the small landslides partly result from stream incision, toe 
undercutting, and fluvial removal of talus and consequently their contribution may partly 
be a result of stream channel adjustments during the large flood.  
 
Human-caused erosion in the Searsville Lake watershed from 1995 to 2000 accounted for 
an estimated 16% of the total erosion and represents the erosion from direct impacts, such 
as man-related landslides and road erosion as well as from indirect impacts from 
modifications to stream hydrology or encroachments on streams and floodplains 
(Appendix C). Landslides and stream erosion are also the most significant sources of 
human-caused erosion. The sediments from human-caused erosion are slightly finer than 
the total erosion because of the larger role of surface erosion in environments that are 
human modified. Note that the estimates of human contributions from surface erosion 
and from indirect impacts are only rough approximations. It would require detailed 
investigations to accurately estimate the component that is natural and that which is 
human-caused.  
 
Corte Madera Creek is overwhelmingly the largest sediment producer in the Searsville 
Lake watershed, accounting for 78% of total erosion (see Watershed Sediment Analysis 
Memorandum). Sediment yield from Alambique, Sausal, and Martin Creeks account for 
8.4%, 7.0%, and 6.0% of total yield, respectively. Westridge Creek and other small 
creeks on the east side of Searsville Lake (SL-1 and SL-2) account for only 0.7% of the 
total sediment yield.  
 
A small number of the sub-subwatersheds account for much of the natural sediment 
production. Sub-subwatersheds CM-12 and CM-7 are by far the most important sediment 
source areas, producing about 50% of the total sediment yield in the Searsville Lake 
watershed (Appendix C; Figure 14). Both these sub-subwatersheds contain large number 
of small and large landslides and the numbers of landslides in the various sub-
subwatersheds largely determine their rank. The 10 sub-subwatersheds with the highest 
erosion per unit area account for 86% of total sediment production whereas the bottom 10 
sub-subwatersheds account for only 4.6% of total production.  
 
Eight of the sub-subwatersheds with the greatest erosion per unit area are located in the 
Corte Madera Creek subwatershed, an observation in agreement with others (see Figure 
14; also Kittleson et al 1996; Frey 2001; nhc et al 2002). Frey (2001) reported that about 
40% of the streams in the Corte Madera subwatershed exhibit high sediment production 
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whereas in Alambique, Martin, and Sausal Creeks only 19%, 11%, and 12% of the 
streams fall into the high sediment production category.  
 
Natural and human-related erosion per unit area are illustrated in Figures 14 and 15. Both 
figures show some clear trends in sediment production. First, the greatest natural 
sediment producing sub-subwatersheds are located in the southern part of Corte Madera 
Creek, which is characterized by steep slopes, frequent landslides, erosive (Santa Clara 
Formation) geology, and high rates of instream erosion. These watersheds also show 
some of the greater human-related erosion per unit area. Watersheds with low natural 
erosion ranks are located in areas of low slopes – such as Portola Valley – and exhibit 
little or no landslide activity, and little or no instream erosion. Figure 16 shows human-
related erosion as a percentage of total erosion, indicating where significant contributions 
from human activities occur.  

LONGER-TERM SEDIMENT BUDGETS 

Rates of sediment deposition in Searsville Lake have varied widely over the 108-year 
period measurements, with the periods from 1892 to 1913 and 1995 to 2000 being 
unusually high, apparently as a result of extreme floods (Section 2.4; Table 5-1). 
Deposition in the reservoir from 1995 to 2000 averages about three and one-half times 
the long-term average rate and may actually be even greater, given the considerable 
deposition on the fans of Corte Madera and other creeks from 1995 to 2000.   
 
Both the total and relative contributions from the components of the sediment budget are 
expected to be different over the long-term average and when sediment production is low.  
Table 5-5 summarizes our understanding of the relative importance of the main erosion 
processes during periods of very high erosion and transport (1995 to 2000), low erosion 
and transport (1913 to 1929) and on average (1892 to 2000), as constrained by the 
measured deposition in Searsville Lake. Italicized values show our estimated ranges of 
annual erosion for the different processes.  
 
Surface erosion processes tend to be chronic – occurring in most years and during most 
storms – and their overall annual rate may not change greatly from one period to another, 
remaining similar to the rates applied to 1995 to 2000. Consequently, we have assumed 
that long-term average rates would be similar to those estimated for 1995 to 2000; during 
dry periods, the contribution would be less but not much less. Bank erosion and channel 
incision are also chronic and they are thought to continue during all periods, although at 
significantly reduced rates during dry periods when few floods occur.  
 
Landslides are by far the dominant erosion process from 1995 to 2000 but the rates 
observed during this period are not sustained over the long-term and must be dramatically 
less just to balance the observed deposition in Searsville Lake. Abundant landsliding 
from slopes is known to have occurred frequently over the past 150 years, about once 
every five years on average (Historic Conditions Memorandum). The air photo inventory 
in Section 4 suggests that the average area disturbed by landslides over the past thirty to 
forty years is roughly half of that observed from 1995 to 2000 and we have assumed that 
long-term erosion from landslides originating on slopes is from one-quarter to three-
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quarters of the rate observed from 1995 to 2000. During dry periods, when large storms 
rarely occur, this contribution declines much further. Although rare, a major earthquake 
caused widespread landsliding in the Searsville Lake watershed in 1906 and such 
processes are contributors to long-term landslide erosion. 
 
Table 5-5. Simplified Searsville Lake Sediment Budget Over Three Different  

Time Periods 
Sediment Source Annual Erosion (yd3) from  1  

 1995 to 2000 1892 to 2000 1914 to 1929 
Surface Processes 2,500 1,500 to 2,500 1,000 to 1,500 
Stream Erosion 5,600 1,000 to 3,000 0 to 1,000 
Landslide Processes    
- Streambank landslides 36,000 4,000 to 8,000 0 to 1,000 
- Landslides from slopes 20,000 5,000 to 15,000 2,500 to 5,000 
Instream Deposition (2,300) +500 to –500 +500 to –500 
    
Average Annual 
Transport to Searsville 
Lake 1 

62,000 17,000 2 6,500 2 

1. From Table 4-1 or 4-2. Italicized numbers are rough estimates. 
2. Deposition in reservoir only; underestimates annual transport. 

 
Very large adjustments are thought to occur in the contribution from streamside 
landslides from one time period to the next. While they are the dominant source from 
1995 to 2000, such rates of erosion cannot be sustained because slope processes do not 
provide sediment to the stream margins at high enough rates. These landslides seem to be 
driven by channel incision, widening, and other adjustments that occur as a result of bed 
mobilization during extreme floods, as indicated by the correlation of high sediment yield 
periods with extreme floods (Section 2.4). As a corollary, large numbers of streambank 
landslides are very unlikely to occur during periods when peak flows are low and they 
may be much less important to the long-term average sediment budget because of their 
infrequent occurrence. We have assumed that large numbers of the streamside landslides 
occur only every fifty years or so, yielding long term rates that are about one-tenth to 
one-fifth of that observed from 1995 to 2000. These landslides are assumed to occur very 
infrequently during dry periods when erosion and sediment transport are both low.  
 
During the different time periods, different processes become important, which have 
consequences for management. Over the long-term, landslides originating on slopes away 
from streams seem to be the dominant erosion process; surface erosion is also more 
important than it might appear based on the 1995 to 2000 budget. During periods of 
relatively low sediment production, such as occurred from 1914 to 1929, surface erosion 
may even be the dominant erosion process.  
 
As discussed earlier, human modifications of Searsville watershed are responsible for 
about 16% of the total erosion from 1995 to 2000. Over the past 100 years, human 
impacts are mostly from surface erosion from roads and other developments and 
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landslides initiating at roads – hydromodification is assumed to be even less significant 
than over the past twenty years. The greater length of unpaved roads in the past may 
actually have increased yields from surface erosion, particularly along Alpine Road 
where cut bank and fill slope erosion appear to have been important sediment processes. 
Assuming that human modifications are responsible for about one-third to one-half of the 
surface erosion and about one-third of the erosion from large landslides (see Section 4.3), 
they might contribute between 12% and 37% of the long-term average erosion.  
 
5.3. Los Trancos Subwatershed 
Los Trancos Watershed lies south of Searsville Lake Watershed and joins San 
Francisquito Creek near Junipero Serra Boulevard, from the southwest (Figure 2). Los 
Trancos Watershed includes seven subwatersheds and has an area of about 7.6 mi2.  
 
Los Trancos has detailed sediment transport measurements from 1995 to 2001 and 
longer-term measurements based on applying sediment rating curves to simulated or 
estimated flows (see nhc et al 2002). However, the substantial database regarding erosion 
that is available for the Searsville Lake Watershed is not available for Los Trancos Creek. 
Consequently, the overall budget here is much less detailed. The budget is not closed nor 
verified with the sediment transport estimates as in the previous section, rather sediment 
transport is used to balance erosion and estimate missing quantities.  
 
However, the purpose of the budget analysis is the same as for Searsville Lake: to 
identify those areas that are most important to sediment production, estimate the relative 
importance of different sediment sources to total yield, and estimate the contribution of 
human activities to erosion, particularly from 1995 to 2000.  

SEDIMENT TRANSPORT 

Owens, Chartrand and Hecht (2002b) summarize the results of their flow and sediment 
gaging on Los Trancos Creek, for the water years from 1995 to 2001.  Annual suspended 
loads were not measured in 1995 or 1996, but bed loads were. Based on the observed 
loads in other years, it is likely that suspended transport was about 1,000 tons in 1996.  
 
For WY 1996 to 2000, their gaging program shows a suspended load of 10,000 tons 
(8,700 yd3; assuming 1.15 tons/yd3) and a bed load of 10,400 tons (8,300 yd3; assuming 
1.25 tons/yd3) for a total of 17,000 yd3, or an annual average load of 3,400 yd3. The bed 
load is assumed to consist entirely of sand and coarser sediment.  No particle size 
distributions are available for the suspended load, so we have assumed that it is one-third 
sand and two-thirds silt and clay.  On this basis, the total load is divided into just less than 
two-thirds coarse material (sand, gravel and cobbles) and about one-third fine sediment 
(silt and clay).  The estimated coarse load includes quantities of fine sand that are not 
found in the streambed and are not properly part of the bed material load.  
 
Long-term sediment yields (1964 to 2002) were calculated by applying the suspended 
sediment rating curve to simulated flows and from bed material transport calculated from 
the calibrated HEC-6 model (nhc et al 2002). The long-term loads are about 44% of those 
for WY 1996 to 2000, or about 1,500 yd3.  Coarse sediment is assumed to be half or more 
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of the long-term total. As is discussed later, the above estimate of the long-term load 
appears to underestimate the average contribution to San Francisquito Creek.  

SEDIMENT SOURCES 

Sediment sources in the Los Trancos watershed can be divided into two broad categories; 
episodic, discrete sources, such as landslides and gully erosion, and diffuse, chronic 
sources, such as bank erosion, sheetwash or surface erosion, and other hillslope erosion 
processes. The nature of each source, how we identified them in the watershed, and the 
estimated rates of erosion for the 1995 to 2000 period followed the procedures adopted 
for Searsville Lake Watershed, with the exceptions described in Appendix C. Table 5-6 
summarizes erosion volumes contributed to streams between 1995 and 2000 and indicate 
the range of uncertainty in these estimates and the likely grain sizes of the erosion 
products.  
 
Table 5-6: Total Erosion and Erosion by Grain Size Contributed to Streams in Los 

Trancos Watershed from 1995 to 2000 
Sediment Source Total 

Erosion 
(yd3) 

 
 

Likely 
Range 

(%) 

Comment Coarse 
Sediment 

(yd3) 1 

Fine 
Sediment 

(yd3) 1 

Small streamside  0  Set to zero 0 0
Large streamside 0  Set to zero 0 0
Hillslope landslides  12,400 ±25% Depth uncertain 9,000 3,400
Bank Erosion 2,100 ±50% Unit volume and 

extent uncertain 
1,400 700

Channel Incision 0 ±50% Set to zero 0 0
Road Erosion 1,300 ±75% Likely 

overestimated 
400 900

Scar/Scarp Erosion 100 ±75% Rough estimate 0 100
Sheet Erosion 300 ±75% Rough estimate 0 300
Gully Erosion 2,000 ±75% Length and 

volume uncertain 
1,000 1,000

   
Totals 18,200 12,000 to 

24,000 
11,800 6,400

1. Coarse sediment is sand and larger (>0.063 mm); fine sediment is silt and clay (<0.063 mm).  

HUMAN CONTRIBUTIONS TO EROSION 

Human contributions to erosion resulting from direct and indirect (hydromodification) 
alterations of natural processes are summarized in Table 5-7.  Direct contributions 
include: 
 

• Landslides on slopes that appear to originate at roads, developments or areas 
disturbed by human activity 

• Surface erosion of landslide scars that result from human activity 
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• Surface erosion from roads, and  
• Surface erosion from grasslands or disturbed soils 
• Gullies erosion attributed to human disturbance. We have assumed that about one-

third of the total volume results from human disturbance. 
 
Indirect contributions include bank erosion, channel incision, and streamside landslides 
that may result from increased peak flows from development. Bank erosion or streamside 
landslides that may result from encroachment onto floodplains or streams or human 
modification of stream banks are also included. It is our view that development has little 
or no effect on peak flows and, consequently, little or no effect on bank erosion. 
However, banks have been modified to some extent by development, as follows (Table 5-
7; see also Appendix C):  
 

• Los Trancos Creek (LT-03, LT-04, LT-06). We have assumed that one-quarter of 
all bank erosion is human-related, as a result of modifications to stream banks 
from low-density residential development and roads. 

 
The above human-related contribution is a crude estimates and further, detailed hydraulic 
and geomorphic analysis would be required to confirm these quantities.  

 
Table 5-7: Human-Related Total Erosion and Erosion by Grain Size Contributed 

to Streams in Los Trancos Watershed from 1995 to 2000 
Sediment Source Total 

Erosion 
(yd3) 

Likely 
Range 

(%) 

Comment Coarse 
Sediment 

(yd3) 1 

Fine 
Sediment 

(yd3) 1 

Direct Contributions 
Hillslope landslides  4,200 ±25% Depth uncertain 3,000 1,200
    
Road Erosion 1,300 ±75% Likely 

overestimated 
400 900

Scar/Scarp Erosion 100 ±75% Rough estimate 0 100
Sheet Erosion 300 ±75% Rough estimate 0 300
Gully Erosion 600 ±75% Human impact 

very uncertain 
300 300

Indirect Contributions (Hydromodification) 
Bank Erosion and 
Channel Incision 

200 ±50% Human impact 
very uncertain 

150 50

Small streamside  0  Set to zero 0 0
Totals 6,700 3,800 to 

9,900 
3,900 2,800

1. Coarse sediment is sand and larger (>0.063 mm); fine sediment is silt and clay (<0.063 mm).  

LOS TRANCOS CREEK 

Los Trancos Creek is steep and incised into bedrock in the first 500 feet upstream of San 
Francisquito Creek. This reach is thought to be degrading or incising in response to 
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adjustments in San Francisquito Creek. Incision does not yet seem to have progressed 
past the small weir at the head of this section.  
 
Further upstream, through LT-03, LT-04 and the lower part of LT-06, Los Trancos Creek 
flows in a moderately broad valley and is seldom in contact with its valley walls. No 
small landslides into the creek were observed during a casual inspection from Los 
Trancos Road. The channel appeared to have stored coarse sediment and sand on bars 
and along the streambed following the 1998 storm and to move these sediments 
frequently (Appendix A). Gullies, and gully failures, along the steep left (west) valley 
wall north of Los Trancos Woods appear to an important historic sediment source; 
however, we observed no evidence of recent failures in these gullies.  

SEDIMENT BUDGET FROM 1995 TO 2000 

As noted earlier, the difference between estimated erosion and transport volumes from 
1995 to 2000 was used to estimate the contribution from small landslides, so the transport 
estimates do not actually reconcile the budget. Table 5-8 adjusts the erosion and transport 
estimates to weights based on estimated densities. 
 
Table 5-8:  Reconciliation of the Los Trancos Sediment Budget, 1995 to 2000 
 Total Volume (yd3) Estimated Density 

(tons/yd3) 
Total Weight 
(tons) 

Erosion adjusted for 
Instream Deposition 

16,400 1.40 23,000 

Estimated Transport at 
Westridge gage 

17,000 1.25 or 1.15 20,400 

 
Table 5-8 suggests that estimated erosion is reasonably consistent with measured 
transport, assuming that small streamside landslides do not contribute to the overall 
erosion. Given that the two values correspond reasonably closely, and the broad 
uncertainty surrounding the erosion estimates, the procedures for estimating erosion from 
the different sources were not adjusted. 
 
The total erosion is divided into roughly two-thirds sand and coarser sediment and one-
third silt and clay (Table 5-6).  This breakdown is considerably coarser than that that 
estimated for the sediment transport reported at the Arastradero Road gage (Section 5.3) 
and suggests that the distribution of the erosion products is too coarse.  
 
Table 5-6 summarizes the sources of erosion in the Los Trancos watershed for 1995 to 
2000, a period of unusually high sediment yield that includes the very large flood in 
1998. Landslides on slopes account for 68% of the total erosion; stream and surface 
processes erosion account for about 12% and 20%, respectively, of total erosion.  
 
Human-caused erosion in the Los Trancos watershed from 1995 to 2000 accounted for an 
estimated 37% of the total, mostly from direct impacts, such as human-related landslides 
and road and gully erosion (Appendix C). Landslides are also the most significant sources 
of human-caused erosion. The sediments from human-caused erosion are slightly finer 
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than the total erosion because of the larger role of surface erosion in environments that 
are human modified. Note that the estimates of human contributions from surface erosion 
and from indirect impacts are only rough approximations. It would require detailed 
investigations to accurately estimate the component that is natural and that which is 
human-caused. Figure 16 shows human-related erosion as a percentage of total erosion, 
indicating those areas where human modifications are dominant.  
 
About half of the total erosion occurs in sub-subwatershed LT-06 and the three sub-
subwatersheds that extend to upper Los Trancos (LT-05, LT-06 and LT-07) include 
nearly all the erosion. Most of the human-related erosion also occurs in LT-06, although 
the sub-subwatersheds are ranked differently for human-related erosion, with LT-04 a 
significant contributor (see Watershed Sediment Analysis Memorandum).  
 
Natural and human-related erosion per unit area are illustrated in Figures 14 and 15. Both 
figures show some clear trends in sediment production. First, the greatest natural 
sediment producing sub-subwatersheds are in upper Los Trancos Creek, which is 
characterized by steep slopes and erosive geologies, and is adjacent to upper Corte 
Madera Creek. Note that unit erosion rates are substantially lower than in the nearby sub-
subwatersheds of upper Corte Madera Creek.  

LONGER-TERM SEDIMENT BUDGETS 

Erosion and sediment transport in Los Trancos are thought to vary greatly from year to 
year, with rates from 1995 to 2000 being much higher than the long-term averages. Table 
5-9 summarizes our understanding of the importance of the different erosion processes 
from 1995 to 2000 compared to the average over 1964 to 2002.  
 

Table 5-9: Simplified Los Trancos Sediment Budget Over Two Different  
Time Periods 

Annual Erosion (yd3) Over 1 Sediment Source 
1995-2000 1964-2002 

Surface Processes 300 100 to 200 
Gully Erosion 400 100 to 200 
Stream Erosion 400 100 to 200 
Landslide Processes   
- Streambank landslides 0 0 to 200 
- Landslides from slopes 2,500 700 to 1,200 
Instream Deposition (400) 0 
   
Average Annual 
Transport to San 
Francisquito Creek 1 

3,300 1,500 

1. From Tables 5-6 and 5-7. Italicized numbers are rough estimates. 
 
As discussed for the Searsville Lake budget, surface erosion processes tend to be chronic 
– occurring in most years and during most storms – and their average contribution may 
not change greatly from one period to another. Consequently, we have assumed that long-
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term average rates would be similar to those estimated for 1995 to 2000. Gully and bank 
erosion are also chronic, although they proceed at much lower rates over the long-term.  
 
Landslides are by far the dominant erosion process from 1995 to 2000. Abundant 
landsliding from slopes is known to have occurred frequently over the past 150 years, 
about once every five years on average (Historic Conditions Memorandum). The air 
photo inventory reported in Section 4 suggests that average area disturbed by landslides 
over the past thirty to forty years is roughly half of that from 1995 to 2000 and we have 
assumed that long-term erosion from landslides originating on slopes to streams is from 
one-quarter to one-half of the rate observed from 1995 to 2000.  
 
Landsliding on slopes seems to be the dominant process over 1995 to 2000 and also over 
the long-term. In Los Trancos watershed, human impacts on slope stability are probably 
the most significant factor in increasing erosion and the most important consideration for 
sediment management. Surface erosion processes are relatively unimportant, both over 
the short-term and long-term.  
 
5.4. Bear Subwatershed 
Bear Creek lies north of Searsville Lake Watershed and joins San Francisquito Creek just 
below Searsville Dam (Figure 2). The Bear Watershed includes the Bear Creek, Bear 
Gulch and West Union Creek subwatersheds and has a total area of about 11.6 mi2.  
 
Bear Creek has only a few miscellaneous sediment transport measurements. Sediment 
transport from 1995 to 2000 and over the longer-term has been estimated by applying 
sediment rating curves to simulated flows and by adjusting measured loads from the Los 
Trancos gage (nhc et al 2002). The substantial database regarding erosion that is 
available for the Searsville Lake Watershed is not available for Bear Creek and the 
overall budget here is much less detailed. The budget is neither closed nor verified with 
the sediment transport estimates, rather sediment transport is used to balance erosion and 
estimate missing quantities.  
 
However, the purpose of the budget analysis is the same as for Searsville Lake: to 
identify those areas that are most important to sediment production, and estimate the 
relative importance of different sediment sources to total yield, and estimate the 
contribution of human activities to erosion, particularly from 1995 to 2000.  

SEDIMENT TRANSPORT 

Only occasional suspended and bed load measurements have been collected on Bear 
Creek. Based on applying sediment rating curves to simulated flows, bed load transport 
in Bear Creek is just over one-third of that in Los Trancos and suspended sediment 
transport is about 3.5 times greater than from Los Trancos Creek (see nhc et al 2002). On 
this basis, bed load transport from 1995 to 2000 is estimated to be 3,300 yd3; suspended 
load transport is estimated to be 30,000 yd3. Average annual load is then 6,700 yd3.  
 
Assuming that the bedload is sand and gravel and that the suspended load is one-third 
sand and two-thirds silt and clay, the total load from 1995 to 2000 is divided into about 
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40% coarse sediment and 60% fine sediment. The average load and grain size breakdown 
are not very accurate, but are thought to be adequate for evaluating estimated erosion. 
 
Long-term sediment transport (1964 to 2002), calculated by applying the suspended 
sediment rating curve to simulated flows and from bed material transport calculated from 
the calibrated HEC-6 model (nhc et al 2002), is about 46% of that from 1995 to 2000, or 
about 3,100 yd3.  Coarse sediment is assumed to be only a small portion of the long-term 
annual load. Combined long-term annual transport from Bear and Los Trancos amount to 
a little more than half of the long-term annual load estimated for the gage on San 
Francisquito Creek, suggesting the long-term estimates for these two tributaries are too 
low (see Chapter 6). 

SEDIMENT SOURCES 

Sediment sources in the Bear Creek watershed that contribute to streams can be divided 
into discrete, episodic sources, such as landslides and gully erosion, and diffuse, chronic 
sources, such as bank erosion, sheetwash or surface erosion, and other hillslope erosion 
processes. Appendix C provides details. Table 5-10 summarizes erosion volumes 
contributed to streams between 1995 and 2000, indicating the uncertainty in these 
estimates and the likely grain sizes of the erosion products.  
 
Table 5-10: Total Erosion and Erosion by Grain Size Contributed to Streams in 

Bear Watershed from 1995 to 2000 
Sediment Source Total 

Erosion 
(yd3) 

Likely 
Range 

(%) 

Comment Coarse 
Sediment 

(yd3) 1 

Fine 
Sediment 

(yd3) 1 

Small streamside  9,900 ±50% Estimated volume 6,600 3,300
Large streamside 0 ±75% Not estimated 0 0
Hillslope landslides  600 ±25% Depth uncertain 400 200
Bank Erosion 12,700 ±50% Unit volume 

uncertain 
9,000 3,700

Channel Incision 2,000 ±50% Depth uncertain 1,600 400
Road Erosion 1,800 ±75% Likely 

overestimated 
400 1,400

Scar/Scarp Erosion 200 ±75% Rough estimate 0 200
Sheet Erosion 500 ±75% Rough estimate 0 500
Gully Erosion 2,900 ±75% Length and 

volume uncertain 
1,000 1,900

   
Totals 30,600 13,000 to 

47,000 
19,000 11,600

1. Coarse sediment is sand and larger (>0.063 mm); fine sediment is silt and clay (<0.063 mm).  

HUMAN CONTRIBUTIONS TO EROSION 

Human contributions to erosion as a result of both direct and indirect (hydromodification) 
alterations of natural processes are summarized in Table 5-11.  Direct contributions 
include: 
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• Landslides on slopes that appear to originate at roads, developments or areas 

disturbed by human activity 
• Surface erosion of landslide scars that result from human activity 
• Surface erosion from roads, and  
• Surface erosion from grasslands or disturbed soils 
• Gullies erosion attributed to human disturbance (We have assumed that one-third 

of the total erosion volume is human-related, as in previous sections.) 
 

Table 5-11: Human-Related Total Erosion and Erosion by Grain Size Contributed 
to Streams in Bear Watershed from 1995 to 2000 

Sediment Source Total 
Erosion 

(yd3) 

Likely 
Range 

(%) 

Comment Coarse 
Sediment 

(yd3) 1 

Fine 
Sediment 

(yd3) 1 

Direct Contributions 
Hillslope landslides  0   0 0
Road Erosion 1,800 ±75% Likely 

overestimated 
400 1,400

Scar/Scarp Erosion 0   0 0
Sheet Erosion 500 ±75% Rough estimate 0 500
Gully Erosion 600 ±75% Human impact 

very uncertain 
300 300

Indirect Contributions (Hydromodification) 
Bank Erosion and 
Channel Incision 

2,300 ±50% Human impact 
uncertain 

1,700 600

Small streamside  0  Human impact 
uncertain 

0 0

Totals 5,200 1,900 to 
8,500 

2,400 2,800

1. Coarse sediment is sand and larger (>0.063 mm); fine sediment is silt and clay (<0.063 mm).  
 
Indirect contributions include bank erosion, channel incision, and landslides along 
streams that may result from increased peak flows from development or bank erosion or 
landslides along streams that may result from encroachment onto floodplains or streams 
or human modification of stream banks. We have assumed that development has not 
modified hydrographs in Bear Creek or its tributaries but that development in the 
floodplain and modification of stream banks has contributed to bank erosion in the 
following sub-subwatersheds (see Appendix C):  
 

• Bear Creek (BC-01 and BC-02). We have assumed that one-quarter of all bank 
erosion results from modifications to stream banks from low-density residential 
development, bridges and roads. 

• Bear Gulch (BG-01 and BG-02). We have assumed that one-quarter of all bank 
erosion in BG-01 results from modifications to stream banks from low-density 
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residential development, bridges and roads. Incision in these two sub-
subwatersheds is assumed to result entirely from human modifications.  

•  West Union Creek (WUC-01, WUC-03 and WUC-05). We have assumed that 
one-quarter of all bank erosion results from modifications to stream banks from 
low-density residential development, bridges and roads.  

 
The above human-related contributions are crude estimates and further, detailed 
hydraulic and geomorphic analysis would be required to confirm these quantities.  

BEAR, BEAR GULCH AND WEST UNION CREEKS 

Smith and Harden (2001) describe the reaches of Bear Creek and West Union Creek that 
lie along the San Andreas Fault Zone. They found that Bear and West Union Creeks were 
entrenched, had relatively stable banks, with bedrock exposed in the bed of Bear Creek 
for several miles upstream of the mouth. Bank protection, consisting of riprap, gabions or 
concrete cribbing, has been placed along sections of the stream, primarily on lower West 
Union Creek, presumably where erosion has occurred in the past.  
 
Smith and Harden identify a number of concrete diversion dams and other structures 
along Bear and West Union Creeks as part of their assessment of fish passage. Most of 
these structures show some evidence of incision downstream and filling upstream of the 
structures. Incision appears to be typically a few feet at the structures and such an extent 
of incision may extend along most of Bear and West Union Creeks. The period over 
which this incision occurred is not known but it is estimated to be several decades; little 
of the incision appears recent, based on examining site photographs. Significant incision 
is also observed on Bear Gulch at Highway 84. Removal of coarse sediment that 
accumulates at the water supply diversion dam reduces coarse sediment delivery to 
downstream reaches and contributes to the incision.  
 
One of the more interesting observations by Smith and Harden is the presence of an 11-
foot high falls in West Union Creek, upstream of Huddart Park. They identify this as a 
knickpoint that developed from displacement along the San Andreas Fault Zone during 
the 1906 San Francisco Earthquake. It is unclear how far this knickpoint has migrated 
over the past 100 years, but such deep incision may have been a significant sediment 
source in the past and again in the future, as it migrates upstream.  

SEDIMENT BUDGET FROM 1995 TO 2000 

As noted earlier, the difference between estimated erosion and transport volumes from 
1995 to 2000 has been used to estimate the contribution from small landslides, so the 
transport estimates do not actually reconcile the budget. Table 5-12 adjusts the erosion 
and transport estimates to weights based on suitable densities. 
 
Table 5-12 suggests that estimated erosion is reasonably consistent with measured 
transport, assuming that contribution from small streamside landslides is accurately 
estimated by the difference between erosion and transport. Given the broad uncertainty 
surrounding the erosion and transport estimates, the procedures for estimating erosion 
from the different sources were not adjusted. 
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Table 5-12:  Reconciliation of Bear Sediment Budget, 1995 to 2000 
 Total Volume (yd3) Estimated Density 

(tons/yd3) 
Total Weight 
(tons) 

Erosion adjusted for 
Instream Deposition 

30,000 1.40 42,000 

Estimated Transport at 
Westridge gage 

33,000 1.15 and 1.25 39,000 

 
The total erosion is divided into a bit less than two-thirds sand and coarser sediment and a 
little more than one-third silt and clay (Table 5-10).  This is very inconsistent with the 
breakdown estimated from adjusting sediment transport measures and suggests that either 
the sediment transport data is not accurate (Section 5.4) or that the portion of fine 
sediment in the erosion products has been greatly underestimated. Human-related 
sediment is finer than the overall erosion product. 
 
Table 5-10 summarizes sources of erosion in the Bear watershed for 1995 to 2000, a 
period of unusually high sediment yield that includes the very large flood in 1998. 
Streamside landslides and landslides from slopes account for 34% of the total erosion 
(based on the adjustments discussed in Appendix C); streams accounted for 48% and 
surface erosion for about 18% of total erosion. If the adjustment that added erosion from 
streamside landslides to the total budget were ignored, stream bank erosion would be by 
far the dominant source.  
 
Human-caused erosion in the Bear watershed from 1995 to 2000 accounted for an 
estimated 17% of the total erosion, mostly from indirect impacts on stream erosion 
through modification of banks, incision related to trapping of coarse sediment at the 
diversion dam on Bear Gulch and surface erosion from roads (Appendix C). Note that the 
estimates of human contributions from direct and indirect impacts are only rough 
approximations. It would require detailed investigations to accurately estimate the 
component that is natural and that which is human-caused.  
 
Erosion is spread relatively evenly over the sixteen sub-subwatersheds, with the greatest 
erosion volumes from Bear Gulch (BG-02 and BG-03), which provides about 20% of the 
total (Appendix C). Natural erosion contributions are greatest from the steep tributaries 
that extend into the Santa Cruz Mountains (Figure 14). The sub-subwatersheds that lie 
along the main streams and in the valley of the SAFZ through Woodside typically have 
low natural erosion contributions per unit area. However, they have the greatest human-
related erosion contributions (Figure 15) and these contributions are the greatest 
percentage of total erosion there (Figure 16). The greatest human -related erosion is from 
Bear Gulch, based on the assumed incision rates that occur there because of coarse 
sediment diversion. Natural and human-related erosion per unit area are illustrated in 
Figures 14 and 15. Note that unit erosion rates in the tributaries in the Santa Cruz 
Mountains in Bear Watershed are strongly affected by the assumptions made about 
streamside landsliding there and may not reflect the actual distribution of erosion 
volumes.  



Final Project Report 
Page 61 

San Francisquito Creek Joint Powers Authority  nhc 
Watershed Analysis and Sediment Reduction Plan 

LONGER-TERM SEDIMENT BUDGETS 

Rates of erosion and transport in Bear Creek from 1995 to 2000 are thought to be greater 
than long-term averages. Table 5-13 summarizes our understanding of the importance of 
the main erosion processes during 1995 to 2000 compared to the average estimated for 
1964 to 2002.  
 

Table 5-13. Simplified Bear Watershed Sediment Budget Over  
  Two Different Time Periods 

Annual Erosion (yd3) Over 1 Sediment Source 
1995-2000 1964-2002 

Surface Processes 500 200 to 400 
Gully Erosion 600 200 to 400 
Stream Erosion 3,000 1,000 to 2,000 
Landslide Processes   
- Streambank landslides 2,000 0 to500 
- Landslides from slopes 100 500 to 1,500 
Instream Deposition (200) 0 
   
Average Annual 
Transport to San 
Francisquito Creek 1 

6,000 3,100 

1. Partly from Table 5-10. Italicized numbers are rough estimates. 
 
As discussed for the Searsville Lake budget, surface erosion processes tend to be chronic 
– occurring in most years and during most storms – and their overall annual rate may not 
change greatly from one period to another. Consequently, we have assumed that long-
term average rates would be only a little less than those estimated for 1995 to 2000. Gully 
and bank erosion are also chronic, although they proceed at much lower rates over the 
long-term, with stream bank erosion at about half of the rate estimated for 1995 to 2000.  
 
Stream erosion is the dominant erosion process from 1995 to 2000 and, with landslides 
from slopes, may be the most significant process over the long term. Bear Watershed had 
unusually few landslides from slopes from 1995 to 2000. However, the air photo 
inventory reported in Section 4.3 suggests that average area disturbed by landslides over 
the past thirty to forty years is about the same as in Los Trancos and we have assumed 
that long-term erosion from landslides originating on slopes in Bear Watershed is similar 
to the long term rate in Los Trancos. The contribution of small landslides to the long-term 
budget is not certain and further stream inventory would be needed to address this issue.  
 
Given that stream erosion is one of the dominant process over 1995 to 2000 and over the 
long-term, human impacts on stream banks, sediment transport, and watershed 
hydrographs are probably the most significant factors for sediment management. Gully 
erosion is also important and management of stormwater from roads and developments is 
an important component of sediment management. Other surface erosion processes are 
relatively unimportant, both over the short-term and long-term.  
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6. SAN FRANCISQUITO CREEK SEDIMENT BUDGET 
 
6.1.  Background 
San Francisquito Creek is the most downstream subwatershed and it receives water and 
sediment from the Los Trancos, Bear and Searsville Lake subwatersheds. This 
subwatershed has 12 sub-subwatersheds – including the most urbanized part of San 
Francisquito Watershed – and a total area of about 13.4 mi2 (Figure 2).  
 
Suspended sediment transport was measured at the USGS station at Stanford in the late 
1950s and 1960s (see Porterfield 1980; Brown and Jackson 1973) and a few 
miscellaneous measurements were collected in the 2000 and 2001 (nhc et al 2002; 
Owens, Chartrand and Hecht 2002b). nhc et al (2002) provide detailed bed load transport 
modeling along San Francisquito Creek. However, there are no measurements of erosion 
in the subwatershed for recent years, although erosion estimates can be constructed for 
longer time periods. As for Los Trancos and Bear watersheds, the budget is not closed 
nor verified with the sediment transport estimates, but rather sediment transport is 
balanced with erosion and differences are used to estimate missing quantities.  
 
The budget analysis is restricted to 1964 to 1998 and focuses on identifying the relative 
importance of different sources to total erosion, and the contribution of human activities 
to erosion.  
 
6.2. Sediment Transport 
Porterfield (1980) reports estimates of long-term sediment transport in San Francisquito 
Creek based on applying a suspended-load rating curve developed from measurements at 
the USGS gage at the Stanford Golf Course between 1957 and 1962 to a flow duration 
curve at the gage (Table 6-1). Porterfield also measured the portion of sand in the 
suspended load, developed a separate rating for sand load, and noted that most sand 
appeared to be in suspension at the measurement site.  
 
Brown and Jackson (1973) reported suspended sediment loads measured at the gage at 
Stanford University from 1962 to 1969 (Table 6-1).  Balance Hydrologics, Inc (2001) 
subsequently measured a few suspended sediment loads in 2000 and 2001, confirmed no 
gross changes in their sediment rating curve, and recommended an equation relating 
sediment discharge and stream flow.  Application of their equation to the daily flows 
recorded from 1964 to 1998, predicts an annual suspended sediment transport of 12,000 
tons (9,600 yd3, assuming 1.25 tons/yd3), nearly the same as the long-term load estimated 
by Porterfield.  Grain size distributions of the suspended load are not reported, but it is 
reasonable to assume that sand forms a significant component of the suspended load in 
the steep reach at the gage site.  
 
Annual suspended sediment discharges for 1962 to 1969 are reported by Brown and 
Jackson (1973) and included in the Historic Conditions Memorandum (see Table 6-1). 
They show that annual suspended load varied from 1,100 to 50,600 tons, with the greatest 
transport during years with large peak flows.  
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nhc et al (2002) estimated wash load (silt and clay) transport for current conditions as 
part of their HEC-6 sediment transport model. The wash load, which includes overflow 
from Searsville Dam and contributions from Los Trancos and Bear Creek as well as other 
sources, appear to average about 4,000 tons per year.  This suggests that about two-thirds 
of the average suspended load is sand; about one-third is silt and clay. This is about twice 
as great as that measured by Porterfield (1980).  
 
Table 6-1: Suspended Sediment Transport Measurements in San Francisquito 

Creek 
Source Period Annual Suspended Load (yd3) 1 

  Total Sand Silt and Clay 
Porterfield (1980) 1909-1966 9,000 3,000 6,000 
 1957-1959 13,000 4,000 9,000 
 1957-1966 6,700 - - 
Brown and Jackson (1973) 1962-1969 12,000 - - 
 1964-1998 9,600 - - 
1. Assumes 1.25 tons/yd3 for conversion of weights to volumes 
 
Bed load transport has not been measured on San Francisquito Creek.  Balance 
Hydrologics, Inc suggests that it may be from 10 to 20% of suspended load at the 
Stanford University gage, or about 1,000 to 2,000 yd3. A better estimate can be obtained 
from the HEC-6 model output provided by nhc et al (2002). Their analysis shows an 
average sand component of 600 yd3 and a gravel component of about 1,000 yd3 per year 
near Los Trancos Creek. Bedload transport remains about this value until near El 
Camino, then declines rapidly by Highway 101. The sand component is thought to be 
included in the measured suspended load so only the gravel load is added for total load. 
 
The above analyses suggests that long-term average sediment transport at the Stanford 
University gage is about 10,000 yd3; divided roughly into 6,000 yd3 of silt and clay wash 
load (60%) and 4,000 yd3 of sand and gravel (40%). 
 
6.3.  Sediment Sources 

OVERVIEW 

Under current conditions, sediment is contributed to San Francisquito Creek from the 
following sources: 
 

• Suspended sediment (silt and clay) carried over the Searsville Dam that originates 
in Corte Madera, Alambique and Sausal Creeks. This has been estimated to be 
10% of the volume deposited in Searsville Lake. 

• Los Trancos and Bear Creeks contribute fine and coarse sediment to the upper 
section of San Francisquito Creek.  Previous chapters provide details on the 
sources of the sediment carried by these creeks. 

• Erosion of stream banks along San Francisquito Creek.  
• Incision of San Francisquito Creek into its streambed. 
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• Erosion from small tributaries, gullies and the land surface in the San Francisquito 
subwatershed. 

 
The sources of information on erosion and deposition in the subwatershed are 
summarized in the Historic Conditions and Watershed Sediment Analysis Memoranda. 
Essentially, there is a reasonable understanding of coarse (sand and gravel) sediment 
erosion and deposition along the main creek from 1964 to 1998. However, bank erosion 
volumes along San Francisquito Creek have not been measured, nor have erosion 
contributions from the surrounding urban areas.  
 
nhc et al (2002) were not able to estimate bank erosion volumes by comparing repeated 
surveys, as many of the cross sections had been modified by construction of bank 
protection works. However, bank erosion along San Francisquito Creek is an important 
component of erosion and we estimated its contribution by balancing sediment inflows 
and deposition, assuming that the difference results from bank erosion. The following 
paragraphs describe the methods used to estimate erosion and deposition. Table 6-2 
summarizes erosion and deposition volumes for 1964 to 1998. 

SEARSVILLE LAKE, LOS TRANCOS AND BEAR CREEKS INFLOWS 

Long-term sediment inflows from Searsville Lake are assumed to be 10% of the long-
term reservoir deposition (Table 5-1) or about 1,700 yd3 per year. All this sediment is 
assumed to be silt and clay.  
 
Los Trancos and Bear Creeks are then assumed to contribute a net of 3,800 yd3 per year 
of sand and gravel and 3,500 yd3 per year of silt and clay, based on reducing the 
estimated sediment transport at the gage on San Francisquito Creek by the inflow from 
Searsville Lake and the inflows from sub-subwatersheds SF-10, SF-11 and SF-12. This 
contribution is larger than the long-term loads estimated for Los Trancos and Bear 
subwatersheds (Sections 5.3 and 5.4). Note that part of the load from Bear Creek is 
deposited along upper San Francisquito Creek (Appendix A).  

INCISION OF SAN FRANCISQUITO CREEK 

nhc et al (2002), from comparison of the streambeds on the 1964 and 1998 surveys 
shows relatively slow incision from 1964 to 1998 upstream of Pope-Chaucer Bridge, 
amounting to 0.4 feet when spread over the bed, or a rate of about 0.012 feet/year.  The 
calculated net incision was 4,800 yd3, or an annual erosion of 140 yd3.  

EROSION FROM SUB-SUBWATERSHEDS 

Little is known of erosion sources or transport in the San Francisquito Creek sub-
subwatersheds, particularly the urbanized ones in East Palo Alto, Palo Alto and Menlo 
Park. Instead of estimating erosion by adding sediment sources, we have relied on 
sediment transport measurements. Crippen and Waananen (1969) provide miscellaneous 
measurements of suspended sediment transport on Sharon Creek, Los Trancos tributary, 
and San Francisquito Creek tributary. These small tributaries all lie near the junction of 
San Francisquito and Los Trancos Creeks in the Bay Foothills. Sediment concentrations 
measured during storms ranged from a few hundred to more than 15,000 mg/L with 
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associated sediment transport rates of less than 1 to about 400 tons per day. Storm 
hydrographs were very peaky and actual suspended transport during storms was often 
less than 10 tons (8 yd3), reasonably consistent with storm-based erosion quoted by Knott 
et al (1973) for open space and urban areas in Colma Creek. Assuming that transported 
volumes range from about 1 to 50 tons for storms of varying size, average annual 
transport likely ranged from 100 to 300 yd3/mi2, depending on stream and watershed 
characteristics and the extent of construction.  
 
Table 6-2: Annual Erosion and Annual Erosion by Grain Size to San Francisquito 

Creek from 1964 to 1998 
Sediment Source Annual 

Erosion 
(yd3) 

 

Likely 
Range 

(%) 

Comment Annual 
Coarse 

Sediment 
(yd3) 1 

Annual 
Fine 

Sediment 
(yd3) 1 

Erosion or Sediment Inflows 
Sediment from 
Searsville 

1,700 ±25% Based on a few 
measurements 

0 1,700

Los Trancos and 
Bear Creeks  

7,300 ±25% From SF Creek 
gage 

3,800 3,500

Incision 140 ±25% From surveys 140 0
Sub-
subwatersheds 
SF-10 to SF-12  

1,000 ±75% Very uncertain 200 800

Sub-
subwatersheds 
SF-01 to SF-09 

500 ±75% Very uncertain 200 300

Bank Erosion 0 to 3,000 ±50% Estimated from 
balance 

0 to 1,500 0 to 1,500

Total Erosion 10,600 to 
13,600

  4,300 to 
5,800 

6,300 to 
7,800

Deposition 
To Highway 101 470 ±25% From surveys 470 0
Highway 101 to 
mouth 

1,000 ±50% Section uncertain 750 250

Excavation 900 ±25% Past excavation 
volume unknown 

900 0

Delta 3,100 ±25% Depth of deposit 
uncertain 

2,300 800

To San Francisco 
Bay 

5,200 to 
6,600

±50% From fine 
sediment balance 

0 5,200 to 
6,600

Total Deposition 10,600 to 
13,600

 Based on error 
estimates 

43000 to 
5,800 

6,300 to 
7,800

1. Coarse sediment is sand and larger (>0.063 mm); fine sediment is silt and clay (<0.063 mm).  
 
Grain size analyses show that the suspended load was almost entirely silt and clay at 
moderate flows, increasing to about 40% sand at very high flows. On this basis, sand 
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likely makes up 10 to 20% of the total load. Bed incision and bed load transport does 
occur, as indicated by knickpoints along some of the streams.   
 
Based on the transport analysis, we have assumed that annual contributions in sub-
subwatersheds SF-10, SF-11 and SF-12, which are agricultural and rural residential, are 
about 300 yd3/mi2.  Contributions from the urbanized areas downstream are assumed to 
be much less, about 50 yd3/mi2. These yields are very much less than observed by Knott 
et al (1973) in Colma Creek but seem to be consistent with the measured sediment yields 
in San Francisquito Creek.  
 
The above transport rates, with bank erosion contributions as discussed below are the 
basis of the erosion rates per unit area shown on Figures 14 and 15 for the San 
Francisquito Creek sub-subwatersheds.  

BANK EROSION 

The potential annual contribution of coarse sediment from bank erosion, calculated from 
the difference between the range of deposited sediment and the range of eroded coarse 
sediment or contributions, is from 0 to 1,500 yd3. The fine sediment component of bank 
erosion was estimated from the general nature of the bank materials along San 
Francisquito Creek. Banks are typically composed of sandy clay to clayey sand overlying 
sandy, silty gravels. We have assumed that the banks are about half coarse and half fine 
sediment, so the range of fine sediment eroded from banks is equal to that of coarse 
sediment. As discussed later, we have assumed that annual bank erosion is actually near 
the upper end of the quoted ranges.  

DEPOSITION ALONG SAN FRANCISQUITO CREEK 

Some of the bedload (gravel and sand) delivered by Bear Creek is deposited along San 
Francisquito Creek, with gravel deposited through Jasper Ridge downstream of the mouth 
of Bear Creek and sand deposited through sub-subwatershed SF-11. Only the net 
transport to the San Francisquito Creek gage is included in Table 6-2. Rates or volumes 
of deposition in SF-11 have not been measured (see Appendix A).  
 
nhc et al (2002) calculated net deposition from Pope-Chaucer Bridge downstream to 
Highway 101 of 16,000 yd3 by comparing 1964 and 1998 cross sections. This is roughly 
equivalent to 1.7 feet of deposition when spread over the streambed, or to about 0.06 
yd3/foot of channel per year. Average annual deposition is 470 yd3.  
 
As described in Chapter 4, deposition has also occurred from Highway 101 to the mouth 
of San Francisquito Creek following excavation for increased flood capacity (San 
Francisquito Creek CRMP 1998). We have roughly estimated deposition of 35,000 yd3 
since 1958, roughly three-quarters sand and one-quarter fine sediment carried in from 
San Francisco Bay. Average annual deposition of sand from 1968 to 1994 is roughly 
estimated to be 750 yd3.  
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EXCAVATION FROM SAN FRANCISQUITO CREEK 

Table 4-4 summarizes excavation volumes near Highway 101. Average annual 
excavation from 1984 to 1997 is 900 yd3 per year and we have assumed that this rate is 
appropriate for the 1964 to 1998 period. Such an assumption may overestimate actual 
removals.  

DEPOSITION ON SAN FRANCISQUITO DELTA 

Phillips (2000) reported measurements of the deposition on the delta at the mouth of San 
Francisquito Creek in San Francisco Bay based on detailed coring (Section 4.6). Total 
deposition since the late 1950s appear to be about one foot, or 80,000 yd3. We assumed 
that this sediment is about three-quarters sand, providing an annual deposition rate of 
2,300 yd3.  Some of the fine sediment may be carried to the delta by tidal currents rather 
than deposited from San Francisquito Creek.  
 
6.4. Human Contributions to Erosion 
The San Francisquito subwatershed is the most developed or urbanized watershed. We 
separate natural and human contributions to erosion, as follows: 
 

• Estimated contributions from the land surface in the sub-subwatersheds are all 
assumed to be human-related (see Section 6.3 “Erosion from sub-subwatersheds”) 

• Incision of San Francisquito Creek is assumed to be all a result of human 
modification of hydrographs and from trapping of coarse sediment in Searsville 
Lake. This sediment contribution is divided equally between the SF-04, SF-05, 
SF-08 and SF-09 sub-subwatersheds 

• Bank erosion along San Francisquito Creek is assumed to be half natural and half 
resulting from human modification. We assumed that the annual rate is at the top 
end of the range quoted in Table 6-2 and distributed this equally between sub-
subwatersheds SF-02, SF-03, SF-04, SF-05, SF-08 and SF-09.  This is, at best, a 
rough approximation. Bank erosion is thought to be negligible along San 
Francisquito Creek through SF-11, based on previous reports and field inspections 
(see Appendix A).   

 
The above human-related contributions are crude estimates and further, detailed 
hydraulic and geomorphic analyses would be required to confirm these quantities.  
 
6.5. San Francisquito Creek 
San Francisquito Creek starts at the foot of Searsville Dam and flows to San Francisco 
Bay. The creek is incised into Quaternary and Holocene alluvial fan sediments along 
most of its course. We have divided the creek into four reaches, based primarily on slope 
and bed material. Table 6-4 summarizes the basic characteristics of each reach.   
 

• Reach 1 (Searsville Dam to Sandhill Road): bedrock-dominated reach 
• Reach 2 (Sandhill Road to upstream of El Camino Real): boulder reach 
• Reach 3 (Upstream of El Camino Real to University Avenue): gravel bed 
• Reach 4 (Downstream of Newell Road): sand bed leading to estuary 
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Table 6-4:  San Francisquito Creek Reach Characteristics 
Surface Material (mm) 2 Reach Description Slope 1 

D50 D84 
Subsurface 
Sediment 3 

1 Bedrock reach Not 
surveyed

30 to 120 100 to 200 Mostly fine gravel; 
30% sand (lower 
end of reach) 

2 Boulder reach 0.007 60 200 Assumed similar to 
Reach 1  

3 Gravel bed reach 0.003 10 to 20 30 to 60 Mostly fine gravel; 
30% sand 

4 Sand bed reach 0.001 Sand About 10 Mostly fine gravel; 
20% sand 

1. Slopes averaged from Figure 3-19 of RHAA et al (2000). 
2. Bed material sizes from Figures 7-12 to 7-14 of nhc et al (2002) 
3. Subsurface materials from Appendix B of nhc et al (2002).  Sample weights are 

inadequate to fully characterize the subsurface bed material.  
 
In Reach 1, San Francisquito Creek is incised into the local bedrock, which is exposed in 
the bed and in the lower section of the bank (Appendix C).  Pleistocene fan deposits 
overlie the bedrock throughout much of the reach (see Helley et al 1979).  nhc et al 
(2002) note that the contact with the fan deposits is typically about 5 feet above the 
stream bed in the upper reach, often higher near Los Trancos Creek, and that bedrock is 
no longer visible in the bank by Junipero Serra Boulevard (Pampeyan 1993).  Bed 
material consists of gravel and cobbles near Bear Creek and cobbles and boulders 
downstream of this tributary; apparently, some gravel bars have also formed in the 
channel downstream of the mouth of Los Trancos Creek.  
 
Reach 2 is a short boulder bed section of San Francisquito Creek that extends 
downstream past the bedrock-controlled section, onto the alluvial fan, to near the San 
Mateo Drive Pedestrian Bridge and the Pulgas Fault.  The coarse bed material appears to 
be a stable pavement formed by winnowing of finer sediment from the bed surface; the 
underlying subsurface material appears considerably finer. The bed surface is now 
immobile or mostly immobile under the current flow regime.  Closure of the Searsville 
Dam and reduction of coarse sediment supply, while maintaining peak flows, is likely a 
contributing factor to formation of the pavement.  
  
Reach 3 is incising into coarse, partly indurated, gravels exposed below the sandy 
material that forms the upper banks and fan surface.  Bed material is gravel, with sand in 
the interstices; subsurface materials are fine gravel and sand.  The bed material in Reach 
3 is reasonably mobile during annual peak flows and there is no evidence of formation of 
a stable pavement here. Bed incision is expected to continue at the upstream end of this 
reach, lowering the overall slope closer to a stable slope for the given bed material.  
 
Reach 4 is a deposition reach that extends from University Avenue downstream to the 
estuary and delta of San Francisquito Creek. Bed materials in this reach consist of fine 
gravels and sand; subsurface materials have a similar grain size distribution.  
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6.6. Sediment Budget 1964 to 1998  
Table 6-2 shows that erosion in San Francisquito Creek watershed averaged about 3,600 
yd3 per year, assuming that bank erosion along San Francisquito Creek occurred at the 
top end of the quoted range. If this is correct, bank erosion is the most important source, 
exceeding the estimated contribution from the urbanized landscape. However, there are 
broad uncertainties in the volume contributed by bank erosion because of uncertainties in 
the other sediment inflow and deposition volumes and in the volume eroded from urban 
areas and rural residential areas.  
 
It is worth considering what the erosion volumes that are quoted in Table 6-2 imply for 
bank retreat along San Francisquito Creek. Such an analysis provides a rough check on 
the estimated volumes. Royston, Hanamoto, Alley, and Abbey et al (2000) examined the 
length of eroding bank along San Francisquito Creek in 1999. Table 6-5 summarizes the 
results for their four study reaches, showing that most of the unstable bank now lies from 
Pope-Chaucer Road upstream to Sand Hill Road, where San Francisquito Creek has been 
incising into its bed and increasing bank heights.  
 

Table 6-5. Summary of Eroding Bank Length from RHAA (2000) 
Reach Description Reach Length 

(ft) 
% Severe 
Erosion 1 

Length of Severe 
Erosion 2(ft) 

A Hwy 101 to Pope-
Chaucer 

9,800 1% 200 

B Pope-Chaucer to 
Pedestrian Bridge 

6,600 14% 1,800 

C Pedestrian Bridge to 
Sand Hill Road 

12,800 60% 15,400 

D Sand Hill Road to 
USGS gage 

3,200 0% 0 

Totals  32,400 27% 17,400 
1. Average of “least stable” category for left and right banks 
2. Total bank length, right and left banks 

 
Assuming that the banks are typically about 24 feet high, and have an average slope of 
1.5H:1V, the total area of unstable bank would be about 80,000 yd2. Further assuming 
that a similar bank area has been unstable since 1964, bank retreat at the eroding sites 
would need to average about 1.3 yard (4 feet) normal to the slope (about 6 feet parallel to 
the streambed) since 1964 to account for the estimated erosion volume.  Such a retreat is 
reasonably consistent with that observed between 1964 and 1998 at cross sections where 
stream banks are not protected from erosion, other than by vegetation, where bank retreat 
seems to average about 1.5 to 3 yards (see nhc et al 2002).  This suggests that bank 
erosion may be slightly underestimated or that other sections of vegetated banks between 
these cross sections showed little or no erosion.  
 
It is also of interest to examine the average channel widening associated with the bank 
erosion. For the channel from Highway 101 to the USGS gage, the average bank retreat 
from 1964 to 1998 to match the estimated erosion volume would be about 0.4 yards (1.1 
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feet) normal to the slope, or an average widening of about 1.5 feet at the base of the bank 
slope. Steepening of some banks and construction of protection on other banks may mask 
any effects of the apparent widening of the overall valley. There are no measurements of 
average channel or valley widths over time along San Francisquito Creek but RHAA et al 
(2000) note that bank stability was already an issue in the 1960s and channel widening is 
likely to have occurred along at least part of the creek.  
 
6.7. Budget Without Searsville Dam 
The sediment budget quoted in Table 6-2 is for existing conditions along San 
Francisquito Creek, with the Searsville Dam in place. The dam traps sediment from the 
Searsville Lake Watershed and has reduced the supply of coarse and fine sediment to San 
Francisquito Creek since 1892, when it was closed. Table 6-6 summarizes long-term 
average coarse and fine sediment loads in San Francisquito Creek, for both existing 
conditions and without the dam. Sediment loads without Searsville Dam assume that the 
average annual load from the Searsville Watershed for 1982 to 2000 (Table 5-1) would 
be carried to San Francisquito Creek and that it is half coarse and half fine sediment.  
 
Table 6-6. Average Annual Transport at the San Francisquito Creek gage at 

Stanford with and without Searsville Dam 1 
Sediment 
Source 

Scenario 1 – 
Existing 

Conditions 

Scenario 2 – No 
Searsville Dam 

Scenario 1 
– Existing 
Conditions 

Scenario 2 – 
No Searsville 

Dam 
 Annual Coarse Transport (yd3) 2 Annual Fine Transport (yd3) 2 
Searsville 
Watershed 1 

0 8,500 1,700 8,500 

Los Trancos 
and Bear Cks 

3,800 3,800 3,500 3,500 

Sub-
subwatersheds 
SF-10 to 12 

200 200 800 800 

Bank Erosion 
along upper San 
Francisquito Ck 

minor Increased? Minor Increased? 

     
Transport past 
SF gage 

4,000 12,500 6,000 12,800 

1. Average transport for San Francisquito Creek is from 1964 to 1998; for Searsville 
watershed from 1982 to 2000 

2. Coarse sediment is sand, gravel and cobbles; fine sediment is silt and clay.  
 
Table 6-6 shows that coarse sediment transport past the San Francisquito Creek gage has 
been reduced by about two-thirds and fine sediment transport by about one-half as a 
result of the Searsville Dam and reservoir. Note that the loads calculated with and 
without the dam do not represent “natural” loads as they include a human-related erosion 
component. The coarse sediment transported past the gage is deposited along San 
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Francisquito Creek and on its delta in San Francisco Bay. nhc et al (2002) describe the 
changes that might occur along the creek as a result of increased coarse sediment supply. 
 
Reduction of the coarse load is thought to be responsible for some of the historic changes 
observed along San Francisquito Creek. Incision in upper reaches and deposition in lower 
reaches has likely occurred as part of an overall adjustment to lower bed load transport. 
This incision has increased bank heights, steepened some bank and increased rates of 
erosion. One other response to the reduced coarse sediment supply has been coarsening 
of the bed material and formation of a coarse bed surface pavement along the upper 
reaches of the creek. 
 
On the other hand, trapping of fine sediment has likely resulted in minor improvements to 
water quality (lower average sediment concentration and turbidity) with few 
consequences for the stream channel. This fine sediment is mostly carried through San 
Francisquito Creek to San Francisco Bay.  
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7. MANAGEMENT POLICIES AND PRACTICES 
 
7.1. Background 
The Existing Management Practices Memorandum assessed policies and regulations that 
provided erosion control or channel protection in the San Francisquito watershed, 
identified deficiencies in these policies and regulations, and recommended 
improvements. This Chapter summarizes previous reviews of sediment and erosion 
policies and practices for San Mateo and Santa Clara Counties and the towns and cities in 
the San Francisquito Watershed and discusses some practices that were not included in 
these reviews, either because they have been developed or adopted since the reviews 
were completed or because that particular jurisdiction was not included in the reviews. 
The chapter also summarizes stream and riparian corridor management policies and 
programs, as discussed in the Existing Conditions Memorandum.  
 
7.2. Reviews of Policies and Practices  

FISHNET 4C REVIEW  

Harris et al (2001) completed a detailed assessment of existing management practices in 
Central California Coast Counties for the Fishnet 4C Program. The basic goal of their 
study was to evaluate the effectiveness of policies and practices on minimizing damage to 
salmon and their habitat from county funded or regulated activities and to recommend 
improvements to policies and practices.  It did not focus exclusively on erosion or stream 
management. San Mateo County is the only one of the Central California Coast counties 
that has jurisdiction in San Francisquito Creek.   
 
In summary, Harris et al (2001) found that County plans usually included habitat 
conservation as a goal but that protective policies were often lacking.  San Mateo County 
lacked a riparian buffer policy or floodplain setback requirement, both of which are 
considered key policies and regulations for stream protection. However, the County does 
have sensitive habitat regulations. Harris et al (2001) also found that grading controls and 
erosion control plans were in place for private projects in San Mateo County and that 
permits were required for construction of stream bank protection structures.  However, 
they noted that implementation and effectiveness of erosion controls was uneven, 
particularly during the rainy season.  One particular lack identified in the report was 
policies or standards for rural road and culvert maintenance.   
 
Important sediment sources identified by the study were the recurrence of road failures 
and landslides at certain locations and erosion of stored landslide debris, road spoils, or 
other stored materials. Sheetwash erosion from unpaved roads and trails and ditch erosion 
on paved roads were also considered important sediment sources that were not treated or 
considered directly in policies.  
 
The study also identified specific practices detrimental to salmonids and their habitat. 
Channel maintenance, particularly clearing of woody debris and vegetation was an 
important habitat concern. Stream crossings, including culvert replacements and repairs 
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on streams with anadromous salmonid habitat, were significant concerns as were bank 
stabilization structures, particularly the cumulative impacts from continued local 
construction along unstable reaches where houses are close to the top of bank.  

CALIFORNIA REGIONAL WATER QUALITY CONTROL BOARD (CRWQCB) 

The CRWQCB (2002) provides a summary of non-point source management measures 
that were either in place or under consideration in the cities of East Palo Alto, Menlo 
Park, Palo Alto, the towns of Woodside and Portola Valley, and San Mateo and Santa 
Clara Counties in August 2001 (Table 7-1). Their summary is based on inventories 
prepared by the Santa Clara Valley Urban Runoff Pollution Prevention Program 
(SCVURPPP) and the San Mateo County Storm Water Prevention Program (SM-
STOPPP) -.   
 
Table 7-1: Sediment Management Policies and Regulations Implemented by 

Jurisdictions in San Francisquito Creek Watershed by 2001 
Jurisdiction Management Measure 

EPA MP PA Wood PV SM SC 
Creek Setback Ordinance ●  ● ●    
Heritage Tree Ordinance  ● 2 ● ● ● ● ● 
Non-Stormwater Ordinance  ● 2 ● ●  ● ● 
Grading Standards ● ● ● ● ● ● ● 
Design Standards ●  ● ● ● ● ● 
Road Maintenance Standards ●  ●  ● ● ● 
Impervious Surface Limits    ●    
BMP Inspections  ● ●     
Conservation Easements    ●   ● 
Confined Animal Ordinance      ●  

1. EPA is East Palo Alto, MP is Menlo Park, PA is Palo Alto, Wood is Woodside, PV is 
Portola Valley, SM is San Mateo County, SC is Santa Clara County. 

2. Information provided by City of Menlo Park (Patrick Stone).  
 
Table 7-1 shows that policies and regulations for controlling sediment from construction 
sites, such as grading standards, were broadly implemented throughout San Francisquito 
watershed by 2001, as were road maintenance standards and non-stormwater discharge 
ordinances through countywide NPDES permits. BMP inspections, creek setback 
ordinances and impervious surface limits were much less common.  
 
The CRWQCB report also notes that sediment management measures are underway by 
the Joint Powers Authority on San Francisquito Creek. The JPA is implementing the 
Bank Stabilization and Revegetation Master Plan developed by the cities of Menlo Park, 
Palo Alto, East Palo Alto and San Mateo and Santa Clara Counties and also coordinates 
an annual inspection of the creek as part of assessing vegetation removal plans and 
examining erosion at storm drains.  
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SANTA CLARA MUNICIPAL DEVELOPMENT POLICIES COMPARISON 

SCVURPPP (2003b) provided a comparison of development policies, implementing 
ordinances, regulations and guidelines for their co-permittees. The overall purpose of the 
project was to develop “model” municipal planning principles and then compare existing 
policies and practices to the model principles to identify areas for improvement. 
Regulatory bodies examined in the document that operate in San Francisquito Creek 
watershed are Santa Clara County, Santa Clara Valley Water District, Palo Alto, and 
Menlo Park. Recommendations were not prepared for Menlo Park because it is not a co-
permittee. The report provides a very detailed summary for each jurisdiction.  
 
The report notes that Palo Alto has a comprehensive set of policies and ordinances and 
that water quality issues are addressed through the Comprehensive Plan and guidance or 
standards documents. These documents address water quality and stormwater 
management by recommending suitable design techniques. SCVURPPP (2002) also 
provides a brief description of the sediment management practices of Palo Alto, which 
focus on construction site stormwater pollution prevention programs. SCVURPPP 
(2003b) notes that San Mateo is nearly entirely built out. San Mateo has adopted the 
Model Development Policies of SM-STOPPP that address water quality and maintaining 
stream buffers and native vegetation.  
 
The report identified six general areas where policies or practices are deficient and where 
improvements would be beneficial. While derived for Santa Clara County, these 
recommendations are also thought to be helpful for San Mateo County: 
 

• Erosion and Sediment Control:  Training of municipal engineers and inspectors, 
design engineers and contractors in design, installation and maintenance of 
sediment controls.  

• Limiting Site Imperviousness and Incorporating Post-Construction BMPs: Most 
municipalities lacked ordinances or regulations to limit or reduce site 
imperviousness and instead rely on municipal planners or engineers. 

• Requirements for Drainage Design: Drainage design is addressed by policies and 
regulations but stormwater treatment and limitations on peak flow and volumes 
are not included. 

• Natural Resource Protection or Restoration: Policies, implementation and 
enforcement of buffers or establishing allowable uses within buffers or for 
vegetation maintenance vary widely. Recommendations for specific practices are 
required for many jurisdictions. 

• Promoting Regional or Watershed based Planning and Zoning: Most agencies 
lacked policies that allowed preparation of a joint watershed or subwatershed 
based plan.  

 
7.3. Other Policies or Practices  

SAN MATEO COUNTY 

In 2001, The County of San Mateo summarized their San Francisquito Creek Watershed 
Erosion Control and Prevention Plan (County 2001c). Harris et al (2001) reviewed most 
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of the practices summarized in the plan. The County of San Mateo Department of Public 
Works (2001a) has prepared general policies and procedures and provides recommended 
best management practices (BMP) for their maintenance activities. General guidelines 
and standards are provided for bank stabilization, slide debris, berms, and large woody 
debris management or removal, both for emergency and non-emergency maintenance and 
repair.  
 
San Mateo County Parks and Recreation has begun to assess sediment production from 
their roads and trails. Their initial assessment focused on Pescadero Creek Watershed 
(Pacific Watershed Associates 2003). They recognize that roads and trails in Huddart and 
Wunderlich parks in San Francisquito Creek Watershed are potential sediment sources 
and are attempting to secure funding for assessment and implementation of erosion 
control measures (County 2001b).  

SCVURPPP RURAL PUBLIC WORKS 

SCVURPPP (2003a) and Santa Clara County have also prepared a Performance Standard 
for their Rural Public Works Maintenance and Support Activities document. The 
document provides policy statements, implementation procedures, and model BMP for 
removal of large woody debris, stream bank stabilization, road construction, maintenance 
and repairs for erosion control, as well as road planning and design.  SCVURPPP also 
provides performance standards for planning procedures for control of pollutants related 
to development or redevelopment projects. The County also manages a grading ordinance 
that provides best management practices for erosion prevention and sediment control 
(SCVURPPP 2002).  

SCVURPPP HYDROMODIFICATION MANAGEMENT PROGRAM 

As part of the NPDES permit requirements, GeoSyntec Consultants have developed a 
Hydromodification Management Program (HMP) for the SCVURPPP. The HMP is 
intended to manage runoff from new development and significant redevelopment to 
protect streams, as required under the NPDES permit.  To date, a literature review has 
been completed, an assessment method developed (GeoSyntec 2002a & 2002b) and the 
program has been applied to the Lower Silver-Thompson Creek subwatershed 
(GeoSyntec 2003).  
 
Application of the HMP requires continuous hydrologic simulation and detailed analysis 
of stream hydraulics, based on cross section surveys and geomorphic analysis. GeoSyntec 
(2003) provides details on methods.  

SCVWD (SANTA CLARA VALLEY WATER DISTRICT) 

The sediment management practices of the Santa Clara Valley Water District (SCVWD) 
are described in their Stream Maintenance Program and consist of sediment removal, 
vegetation management and bank protection. The Existing Conditions Memorandum 
provides further details, as does the Santa Clara Valley Urban Runoff Pollution 
Prevention Program (SCVURPPP 2002).  The Stream Maintenance Program and Best 
Management Practices are designed to effectively implement their routine maintenance 
(SCVWD 2001; 2002).  
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The District currently removes sediment from San Francisquito Creek upstream of 
Highway 101 to maintain the bridge opening. This sediment removal is not thought to 
have any consequences for local or downstream stream erosion.  
 
SCVWD participates in the annual inspections of San Francisquito Creek downstream of 
Los Trancos Creek and are responsible for vegetation and sediment management. They 
also identify concerns for bank protection works in their right-of-way and maintain a list 
for priority maintenance. Through their Ordinance 83-2 they are responsible for the fifty-
foot riparian buffer, in collaboration with Palo Alto and Santa Clara County, and for 
review of construction and drainage plans to ensure flood conveyance and bank 
protection.  

STANFORD UNIVERSITY 

Stanford University has “Special Conditions for Stormwater Pollution Prevention 
(Revision 4)” that apply to construction projects. The special conditions that are available 
on their water resources website or through Facilities Operation. Their document 
provides policies and best management practices that are then incorporated in Storm 
Water Pollution Prevention Plans (SWPPP) for grading and construction. The contractor, 
Stanford, or the governing City or County inspects installed BMP daily or weekly, 
depending on weather.  
 
Stanford has also developed a “Recommended Best Management Practices for 
Management of Animal Waste, Compost and Sediment on Creeks” that is implemented 
by their agricultural tenants. Their tenants maintain the private roads on Stanford lands 
following practices outlined in the Handbook for Forest and Ranch Roads (Weaver and 
Hagans 1994).  

PALO ALTO OPEN SPACES 

Palo Alto’s Open Space Group manages their Baylands and Arastradero Preserves and 
Foothills Park. Old roads in Arastradero Park have been closed and revegetated; existing 
utility roads have been re-surfaced with soil cement to reduce surface erosion. Foothills 
Park primarily has dirt paths constructed for recreation and openings constructed for 
firebreaks. An annual program identifies maintenance concerns and rehabilitates or closes 
trails and roads that appear to be eroding (Greg Betts; personal communication). We have 
not reviewed any documents that describe their policies or practices.  

MIDPENINSULA REGIONAL OPEN SPACE DISTRICT 

The policies of the MROSD are described in their Resource Management Five-Year 
Strategic Plan (MROSD 2003). Their overall polices are to protect natural ecosystems 
and restore disturbed or degraded sites. Their specific practices as applied to roads and 
trails in their jurisdiction are not known.  

GEOLOGICAL HAZARDS (PORTOLA VALLEY, WOODSIDE, SAN MATEO COUNTY) 

In the mid-1970s, geologic maps and interpreted movement potential or hazards maps 
were prepared for the three jurisdictions that manage development on the eastern slopes 
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of the Santa Cruz Mountains. Portola Valley and Woodside have incorporated these maps 
in their development policies and municipal codes. These maps are used as screening for 
assessing geological hazards and for identifying sites where site-specific geotechnical or 
geological investigations are required prior to development.  

PORTOLA VALLEY CREEKSIDE CORRIDOR 

As part of Portola Valley’s initiatives related to erosion control on Corte Madera Creek, 
Cotton, Shires & Associates (2001) updated their 1984 inventory of bank erosion and 
bank protection structures through the town. Spangle Associates (2001) also 
recommended specific regulations for creek protection – these are presently under 
consideration by the Town Council. As a follow-up to these two studies, Portola Valley 
and the JPA have contracted for a “Bank Stabilization and Revegetation 
Recommendations Report” to guide future bank protection works.  

SAN FRANCISQUITO CREEK JOINT POWERS AUTHORITY (JPA) 

In 2000, the Cities of Menlo Park, Palo Alto, East Palo Alto, the Santa Clara Valley 
Water District, and the County of San Mateo co-sponsored the San Francisquito Creek 
Master Plan to provide guidance for future bank stabilization and revegetation projects 
(RHAA 2000). Subsequently, the Joint Powers Authority (JPA) was charged with 
management of San Francisquito Creek and the development of demonstration projects, 
based on the Master Plan. As part of this obligation, they conduct annual creek walks to 
inspect vegetation growth in the channel and bank erosion.   
 
A contract that developed concept designs for future bank stabilization and revegetation 
projects at selected sites on San Francisquito Creek between Junipero Serra Boulevard 
and US Highway 101 (nhc et al 2003).  The report describes the selection of 
demonstration sites, the development of design concepts and the permitting process for 
implementing the projects.  
 
7.4. Stream Corridor Policies and Practices 

RIPARIAN CORRIDORS 

The riparian corridors that border streams throughout the watershed provide habitat for a 
number of special-status and common wildlife and plant species.  The Existing 
Conditions Memorandum examined riparian corridors in detail, overlaying the WMI 
riparian corridors, defined as in the City of San Jose’s Riparian Restoration Action Plan, 
with the ABAG 1995 land use data. This analysis showed that about half of riparian 
corridors are protected and support natural land uses, including wetlands, forest, range, 
and freshwater habitats.  The other half of the riparian habitat is located in residential, 
urban recreation, agricultural, and urban land uses.  For this reason, a number of studies 
and policies have been developed local government agencies to guide future planning and 
development near these sensitive areas, which are described below. 
 
A CRMP process has been under way since 1993 for the entire San Francisquito 
watershed.  This process includes over 30 organizations that are dedicated to preserving 
the natural resources, and in particular riparian corridors, throughout the watershed.  The 
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CRMP Draft Management Plan and Reconnaissance Investigation Report identified 
alternatives for addressing flood and erosion issues throughout the watershed.  This 
process is continuing as local fisheries, wildlife resources, and land uses are identified 
and studied throughout the watershed. 

STREAM MAINTENANCE AND MANAGEMENT 

The management and maintenance of the streams and local drainage systems within the 
San Francisquito watershed is the responsibility of several local agencies including the 
SCVWD, the San Mateo County Flood Management District, and the cities of Palo Alto, 
Menlo Park, and East Palo Alto.  In 1999 these entities formed the San Francisquito 
Creek Joint Powers Authority (JPA) to coordinate flood protection, creek maintenance, 
habitat protection, and restoration activities along the creek and within the watershed.     
 
The SCVWD is a special purpose governmental agency responsible for providing water 
supply and flood protection for Santa Clara County in an environmentally responsible 
manner.  The District manages streams, canals, reservoirs, dams, pipelines, groundwater 
percolation facilities, and water treatment plants throughout the county.  The District’s 
jurisdiction on a stream begins at the point where 320 acres (1/2 square mile) of 
watershed drain to the stream, and continues downstream to San Francisco Bay.    
 
The District routinely conducts maintenance activities (e.g., sediment and vegetation 
removal, bank protection) on streams and canals within its jurisdiction to meet flood 
protection and water supply mandates, provide access and flood protection, and protect 
property.  Recently, the District developed the Stream Maintenance Program (SMP), 
which was approved by regulatory and resource agencies, to provide specific programs to 
effectively implement individual routine stream maintenance projects.  The SMP 
specifies procedures for maintenance design, field operations and Best Management 
Practices (BMP), and includes a regional mitigation program to mitigate cumulative 
wetland and riparian impacts (SCVWD 2001; 2002).   
 
Routine stream maintenance activities addressed in the SMP include: 
 

• Sediment Removal:  The District typically removes sediment in areas where 
sediment deposition has: 1) reduced flood conveyance capacity; 2) impeded 
function of facilities and/or structures (e.g., flap gates, culverts); or 3) impede 
fish passage and/or access to fish passage structures. 

• Vegetation Management:  The District typically removes vegetation in and 
adjacent to streams and canals to: 1) maintain flood conveyance capacity; 2) 
maintain water conveyance for supply purposes; 3) reduce fuel loads on 
adjacent banks to meet local fire code requirements; and 4) control invasive 
nonnative vegetation.  Specific vegetation management activities conducted 
the District are based on site-specific environmental conditions, but generally 
include mowing, discing, hand clearing, or herbicide application. 

• Bank Protection:  Bank protection activities are typically conducted by the 
District to repair eroding stream banks or to implement preventative erosion 
protection.  The District implements bank protection in areas where erosion 
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and bank failure could: 1) cause significant property damage; 2) pose a public 
safety concern; 3) negatively affect transportation; 4) negatively affect 
beneficial use of surface water; or 5) negatively affects riparian habitat.  Bank 
protection measures implemented by the District are based on site-specific 
conditions and range from the installation of “hard” structures (e.g., rock, 
concrete, sack concrete, gabion baskets) to the use of “soft” structures (e.g., 
brush mattresses, root wads, crib walls). 

 
Within the San Francisquito watershed, stream maintenance activities routinely 
conducted by the District are limited to the main stem of San Francisquito Creek and 
primarily include vegetation removal and herbicide application.   

NON-NATIVE SPECIES CONTROL 

Because nonnative species dominate much of the watershed, particularly in the lower 
portion of the watershed, a number of plans and policies have been developed by local 
entities to control further invasion by these species.  Invasive, nonnative plant species 
have come to dominate many of the riparian corridors throughout the watershed.  These 
include blue gum eucalyptus, acacia, giant reed, fennel, periwinkle, English ivy, French 
broom, black locust, Algerian ivy and Cape ivy.  In order to control these species, the 
CRMP process have produced the Streamside Planting Guide for San Mateo and Santa 
Clara County Streams (STOPPP undated) to guide local landowners with planting 
selection, highlighting the benefits of incorporating native species into local landscapes.  
In addition, the District routinely removes non-native vegetation, in conjunction with the 
SMP. 
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8. SEDIMENT REDUCTION PLAN 
 
8.1. Background 
The basic objectives of the sediment reduction plan are to identify the sediment sources 
or groups of sources that are to be managed to reduce sediment loads, recommend 
measures to manage erosion of these sources and estimate the sediment load reduction 
that can be achieved by these measures. The measures focus on sediment control or 
reduction, rather than treatment, and include measures applied during siting, design, 
construction and post-development phases and those measures applied to existing 
developments.  
 
The sediment reduction plan only addresses human-related sediment sources.  Also, we 
have considered the Searsville Lake subwatershed separately from the rest of the San 
Francisquito watershed. Sediment eroded in the Searsville Watershed is now mostly 
deposited in Searsville Lake and is only a small part of the overall budget for San 
Francisquito Creek. However, as Searsville Lake fills over the next few decades, erosion 
in this subwatershed will become a major component of the sediment supply to San 
Francisquito Creek and the sediment reduction measures proposed for Searsville Lake 
will become more significant to aquatic habitat in San Francisquito Creek.  
 
8.2. Sources of Human-Related Erosion  

SAN FRANCISQUITO (EXCLUDING SEARSVILLE LAKE) 

Table 8.1 summarizes human-related erosion in the San Francisquito watershed 
(excluding Searsville Lake) based on the sediment budgets reported in Chapters 5 and 6. 
The broad ranges around the contributions from individual groups of sources indicate the 
considerable uncertainty in the estimated contribution of human activities to erosion.  
 
Table 8.1 indicates that the greatest potential reductions in human-related erosion can be 
achieved in the San Francisquito Creek subwatershed. This subwatershed includes a large 
total human-related contribution from erosion from urban and rural development and 
from bank erosion along San Francisquito Creek, half of which is assumed to be human-
related (see Section 6.4 for details). Potential sediment load reductions in Los Trancos 
and Bear subwatersheds are about half of that which might be achieved in San 
Francisquito subwatershed. While the greatest benefits to sediment reduction may be 
obtained by treatments in the San Francisquito subwatershed, the greatest benefits to 
habitat are likely achieved by concentrating first on erosion in the upper watershed 
because such an approach benefits aquatic habitat over the greatest length of stream and 
may also benefit the most significant or valuable habitat.  
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Table 8-1: Human-related Annual Erosion in the San Francisquito Watershed (excluding Searsville Lake) 
 

Annual Erosion (yd3) by Subwatershed Annual Erosion (yd3) by Grain 
Size 

Sediment Source Assumed Grain 
Sizes 3 

 Los Trancos 1 Bear 1 SF Creek 2 Coarse 
Sediment 

(yd3) 3 

Fine Sediment 
(yd3) 3 

Landslide Erosion     
 - Hillslope Landslides About ¾ coarse 600 to 1,000 0 4 0 600 200 
      
Stream Erosion      
 - Streamside landslides About ¾ coarse 0 0 0 0 0 
 - Bank Erosion About ½ coarse 20 to 60 230 to 690 0 to 1,500 650 650 
 - Incision Nearly all coarse Included 

above 
Included 

above 
120 to 160 140 0 

      
Surface Erosion      
 - Road Erosion  About ¾ fine 125 to 375 180 to 540 
 - Gully Erosion About ¾ fine 30 to 210 30 to 210 
 - Other  About ¾ fine 20 to 140 25 to 175 

750 to 2,250 600 1,900 

  
Total Human-Related  1,300 ± 500 1,000 ±700 2,400 ±1,500 2,000 ±1,000 2,700 ±1,400 
Total Erosion 5 3,600 6,100 3,100 7,500 5,500 
%Human-Related 6 40% 20% 80% 25% 50% 

1. Annual erosion from 1995 to 2000; see Table 5-6 for Los Trancos and 5-11 for Bear Subwatershed. 
2. Annual erosion for 1964 to 1998; see Table 6-2 and explanation in Section 6.4. 
3. Coarse sediment is sand and larger (>0.063 mm); fine sediment is silt and clay (<0.063 mm).  
4. Long-term rate is assumed to be greater than zero. 
5. See Table 5-5 for Los Trancos, Table 5-9 for Bear, and Table 6-2 for San Francisquito Creek. 
6. Total human-related erosion divided by total erosion, expressed as a percentage and rounded to nearest 10%.  
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Table 8.1 also indicates that there is a greater potential to reduce contributions of fine 
sediments (silt and clay) than coarse sediments (sand, gravel and cobbles).  As noted 
earlier, reduced fine sediment erosion mostly benefits water quality because these grain 
sizes are wash load that moves through San Francisquito Creek to San Francisco Bay, 
with little deposition in the streambed. On the other hand, reduced coarse sediment 
erosion, particularly of sand, benefits aquatic habitat by reducing sedimentation in pools 
and by reducing potential impacts on substrate quality.  
 
Table 8.1 indicates that the greatest reductions of coarse sediment erosion can be 
achieved by addressing human-related landsliding in the upper Los Trancos Watershed, 
reducing bank erosion along San Francisquito Creek, incision on Bear Gulch and, to a 
lesser extent, bank erosion on Bear, Bear Gulch and West Union Creeks.   
 
Reducing land surface erosion in tributaries to upper San Francisquito Creek, road 
erosion in upper Los Trancos and Bear, and gully erosion in Los Trancos and Bear 
subwatersheds are thought to provide the greatest reductions in fine sediment erosion. 

SEARSVILLE LAKE SUBWATERSHED 

Table 5.3 summarizes human-related erosion for the Searsville Lake subwatershed from 
1995 to 2000. Human-related erosion is dominated by landslides originating at roads or 
from drainage diversion and by stream erosion, including bank erosion, incision and 
small streamside landslides resulting from human modifications from stream banks or 
from floodplain encroachments. Surface erosion from roads and trails contributes less 
than 10% of the total for 1995 to 2000. Over the longer term, landsliding is expected to 
still be the dominant process; however, road erosion is likely to be a much larger 
contributor to the total (Table 5-5). As noted in Section 5.2, the human-related erosion is 
only an estimate; further detailed studies would be required to confirm the quoted values.    
 
The greatest potential reductions in coarse sediment would result from addressing 
human-related hillslope landsliding in upper Corte Madera Creek, followed by reducing 
bank erosion and channel incision along Corte Madera Creek; the greatest reductions in 
fine sediment would be achieved by rehabilitation or deactivation of unpaved roads and 
trails throughout the upper watershed.  
 
8.3. Human-Related Erosion by Jurisdiction 
Figure 15 shows the contribution of human-related erosion to streams by sub-
subwatershed, either for the period from 1995 to 2000 or from 1964 to 1998 (San 
Francisquito subwatershed). Average erosion rates for the jurisdictions responsible for a 
significant area in the San Francisquito Watershed were estimated by overlaying 
boundaries onto the sub-subwatershed erosion map, assuming that the erosion rate in 
portions of a sub-subwatershed is the same as for the entire sub-subwatershed. Table 8-2 
summarizes the results of the GIS analysis.  
 
The estimates of human-related erosion in Table 8-2 required a number of assumptions 
that are described in earlier chapters and in the Watershed Sediment Analysis 
Memorandum.  While there are considerable uncertainties in the erosion rates quoted 
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above, the table does indicate that San Mateo County and the MROSD have had the 
greatest recent human-related erosion. Table 8-2 also indicates that relatively little 
sediment arrives from the urban areas in the lower watershed and that only small benefits 
can be achieved by sediment reduction practices there. Long-term erosion rates from the 
different jurisdictions are not known and the relative contributions from the jurisdictions 
may differ when considered over several decades, particularly because of the very active 
erosion in Corte Madera Creek that occurred during the 1997-98 El Nino storms. 
 

Table 8-2: Recent Human-related Sediment Contributions by Jurisdiction 
Jurisdiction Erosion to Streams 

(yd3/acre per year) 
Comment 

East Palo Alto 0.1  
Palo Alto 0.2 Includes Foothills and 

Arastradero Parks 
Woodside 0.3  
Stanford 0.3 Includes Jasper Ridge 
Menlo Park 0.4 Mostly San Francisquito 

Creek bank erosion 
Portola Valley 0.6  
San Mateo County 
(Unincorporated) 

1.0 Includes Huddart and 
Wunderlich Parks 

MROSD 1.1  
 
8.4. Human Impacts on Erosion Processes  
An earlier section of this chapter identified the sediment sources or groups of sources that 
dominate human-related erosion in the four major subwatersheds. These are summarized 
in Table 8-3 following.  
 
Table 8-3: Human-Related Erosion in the San Francisquito Creek Subwatersheds 
Subwatershed Dominant Processes Less Significant Processes 
Searsville Lake Development-related 

landslides 
Road erosion and stream 
bank modification also 
important 

Los Trancos Development-related 
landslides 

Component of road erosion 
and gully erosion 

Bear Bank erosion in developed 
areas; incision on Bear 
Gulch 

Gully erosion; component 
of road erosion and 
landslides 

San Francisquito Creek Bank erosion and incision 
along SF Creek from 
sediment trapping and bank 
modification 

Erosion of developed lands 
in the upper subwatershed  

 
The following sections describe human impacts on the main erosion processes, where 
these processes occur or are most significant in the San Francisquito Watershed, and 
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which jurisdictions may require management measures to control the contributions from 
different human-related sources.   

SLOPE FAILURES OR LANDSLIDES 

As discussed earlier, landslides in San Francisquito Creek are typically of two types – 
deep-seated landslides in bedrock and shallow debris slides and flows in surficial 
materials. Urban development and road construction on potentially unstable slopes can 
accelerate deep-seated landslides; road construction, drainage diversion, or clearing of 
vegetation or development on steep slopes may initiate debris slides and flows. While 
records are not complete, historic landslides associated with development have occurred 
in Woodside, Portola Valley, Ladera, subdivisions in upper Corte Madera Creek (Los 
Trancos Woods and Vista Verde), and along Alpine Road and Highway 84, roads in Los 
Trancos Woods, and along roads and trails in the upper Corte Madera and Los Trancos 
subwatersheds (Historic Conditions Memorandum). Observed human-related landslides 
from 1995 to 2000 were mostly in upper Corte Madera and Los Trancos watersheds and 
appeared to be caused by drainage diversion from roads and trails, often from private 
roads. Design and as-built drawings held by the County of San Mateo and Portola Valley 
indicate the extent of the failures on public lands and their contributions of sediment to 
streams.   
 
Figure 17 shows the distribution of debris flow source areas by jurisdiction based on 
overlaying the jurisdictional boundaries onto the USGS map of source areas in San 
Francisquito Creek included as Figure 12 (Historic Conditions Report; nhc and JSA 
2003a). Figure 18 shows the distribution of areas that are mostly landslide deposits, by 
jurisdiction, following a similar approach. Figure 17 shows that the debris flow hazard 
areas are concentrated in San Mateo County, Midpeninsula Regional Open Space 
District, Portola Valley, and Palo Alto (Foothills Park), although any jurisdictions that 
extend into the Santa Cruz Mountains typically have some debris flow source areas in 
steep portions of tributary watersheds. Large areas of landslide deposits, which are often 
associated with streamside landslides and sediment supply to streams (see Frey 2001), are 
mostly in San Mateo County, Portola Valley, MROSD and Woodside (Figure 18).   
 
The above suggests that the greatest potential for impacts of new development on 
landslides lie in unincorporated San Mateo County, Portola Valley and Woodside. While 
there are large source areas in MROSD and San Mateo County Parks, little or no 
development is expected in these areas, eliminating the risk of human-related failure. An 
indication of the potential for landslides from existing development can be developed 
from the network of paved roads and unpaved roads and trails that lie in the jurisdictions 
with significant risk of debris flows or landslides. Table 8-4 summarizes the lengths of 
paved road and unpaved road and trail that cross steep slopes (greater than 35o) and, as 
such, are thought to have the greatest potential to initiate landslides either by slope 
loading or by drainage diversion. The analysis is based on querying the San Francisquito 
Watershed GIS layers that include slopes, road networks, and the jurisdiction boundaries 
(see definitions and description in nhc and JSA 2003a).  
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Table 8-4: Length of Paved Road and Unpaved Road and Trail Crossing Steep 
Slopes  

Road and Trail on Steep Slopes (miles)  Jurisdiction 
Unpaved Roads 

and Trails 
Paved Roads 

San Mateo (Unincorporated) 1.97 0.91 
Huddart Park 0.88 0.36 
Wunderlich Park 3.65 0 
MROSD 2.07 2.19 
Portola Valley 1.65 1.20 
Palo Alto (Foothills Park) 0.65 0.11 
Woodside 0.74 2.49 
Totals 11.61 7.26 

 
Table 8-4 only expresses part of the landslide risk from existing development because it 
does not include structures other than roads. However, it does suggest that the unpaved 
roads and trails with the greatest risk of landsliding are concentrated in San Mateo 
County and the MROSD. Paved roads with landslide risk are in Woodside and MROSD, 
including Skyline Boulevard. The risk of initiating landslides may be concentrated along 
a total of about 19 miles of paved and unpaved road and trail. 

STREAM EROSION 

Stream erosion can be accelerated through at least five different human-related activities, 
as follows: 
 

• Altering hydrology through creation of impervious area or other development 
modifications 

• Modifying stream banks, particularly removing vegetation 
• Encroaching onto floodplains or stream channels and altering local velocities and 

shear stresses 
• Removing vegetation and woody debris from streams 
• Trapping or removing coarse sediment.  

 
Stream erosion, particularly bank erosion and channel incision, occurs throughout the San 
Francisquito Watershed. Particularly significant human-related incision, bank erosion or 
streamside landsliding has occurred in the upper Searsville Lake watershed along Corte 
Madera, along San Francisquito Creek and, to a lesser extent, in the Bear Creek 
subwatershed.  
 
Hydromodification (Peak Flows) 
Increased peak flows from urban development or roads appear to play only a minor role 
in stream erosion in the Searsville Lake, Bear and Los Trancos subwatersheds. 
Impervious area created by development appears to be too low to affect major streams in 
the Santa Cruz Mountains; however, some smaller watersheds may be affected. 
Westridge Creek in Portola Valley likely has increased peak flows from low-density 
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residential development and Bull Run in Portola Valley and Martin Creek in Woodside 
may also be affected.  
 
Urban development has almost assuredly increased peak flows in San Francisquito Creek. 
Detailed modeling would be required to evaluate the magnitude and significance of the 
altered flows to bank erosion and stream adjustments. Small tributaries to the upper part 
of San Francisquito Creek also have more frequent peak flows following development in 
the 1960s, as documented by Crippen and Waananen (1969), with subsequent stream 
adjustments. It is not known if adjustments still continue in these small streams or 
whether accelerated sediment yields have returned to pre-disturbance levels.  
 
Hydromodification (Bank and Floodplain Disturbance) 
The Existing Conditions Analysis Memorandum indicates that about half of the area of 
riparian corridors in San Francisquito Creek is affected by residential or other 
development, primarily concentrated along streams in the lower part of the watershed. 
Bank erosion along San Francisquito Creek is thought to be partly or largely human-
related, as a result of the peak flow modification discussed above, clearing of riparian 
vegetation or other bank modifications, construction of houses on top of the stream 
banks, and the sediment trapping discussed in the next section. San Francisquito Creek 
appears to be the greatest source of human-related bank erosion in the watershed. Even 
greater contributions may have occurred in past years, before the construction of the 
extensive bank protection works now seen along much of the creek.  
 
Floodplain encroachments along Alpine Road and development in Portola Valley 
contribute to incision, bank erosion, and streamside landslides along Corte Madera Creek. 
Bridges and culverts also contribute to bank erosion and cause local channel incision by 
trapping bed material; knickpoints migrate upstream through Portola Valley when aprons 
below these structures fail. Poorly designed bank protection structures result in erosion of 
nearby banks and also contribute to sediment loads when they fail (see Cotton, Shires & 
Associates 2001).  Corte Madera Creek through Portola Valley seems to be the most 
important source of human-related bank erosion in the upper watershed, although erosion 
along Alpine Road is also important. Human-related stream erosion also appears to be 
significant in Martin and Bull Run Creeks. 
 
 Human-related erosion also occurs in Bear Creek and Los Trancos subwatershed, as a 
result of clearing of riparian vegetation, modification of stream banks, and development 
along stream banks or in the floodplain. Overall bank erosion rates in Bear Creek and Los 
Trancos subwatersheds are much less than in Corte Madera Creek, particularly in 
Woodside and along the San Andreas Fault Zone, apparently because of lower stream 
gradients and less supply of coarse sediment. Consequently the human-related 
contributions are much less from Bear and Los Trancos than from Corte Madera. 
  
Channel Incision 
Incision also occurs throughout the San Francisquito Watershed. As discussed in the 
following section, incision may result from reduced sediment supply. In other reaches, 
incision may be part of a process of long-term channel adjustment to both natural and 
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human-related changes in the watershed. The extent of incision is generally indicated by 
“knickpoints” along stream channels, which often become fixed at stream crossings or 
other instream structures by protective works such as concrete aprons. Failure or removal 
of the protective works ultimately allows incision to proceed upstream. 
 
Smith and Harden (2001) describe knickpoints at some structures in the Bear watershed, 
which often create difficult fish passage. Knickpoints or recent incision have also been 
observed on Corte Madera Creek, Bear Creek at Olive Drive, Martin Creek near old La 
Honda Road and on Bull Run Creek during field investigations (Appendix A). Without 
surveys, it is difficult to determine when incision began, what caused the incision, and 
what the typical annual sediment contribution from bed lowering has been. However, 
annual sediment contributions may not be large and the material is usually cobbles, 
gravel and sand. The main concerns may be bank erosion from undercutting, fish passage 
and habitat modification, and deposition at downstream structures, rather than erosion 
and sediment contributions from incision.  
 
Impaired fish passage created by incision is difficult to treat. If knickpoints are fixed at 
bridge structures, removal of the aprons or other protective structures may result in 
damage or failure of the bridge and lead to upstream channel incision and bank erosion – 
where it may damage private property – and downstream deposition that blocks culverts 
or other structures. 
 
Sediment Trapping or Removal  
Trapping of the coarse sediment load of Corte Madera Creek and other tributaries in the 
reservoir behind Searsville Dam is an important component of the incision, bank erosion 
and channel adjustments observed along San Francisquito Creek over the past century. 
The overall volumes contributed by incision are not large, but lowering of the streambed 
and steepening of stream banks is thought to be important in accelerating bank erosion 
rates. Lowering of the streambed of San Francisquito Creek has also resulted in a cycle of 
incision in the lower reaches of its major tributaries that is particularly obvious along 
lower Los Trancos Creek.  
 
Bear Gulch is apparently affected by trapping and removal of coarse sediment at the 
California Water Service (CalWater) diversion weir (Smith and Harden 2001). The extent 
of downstream incision and bank erosion on Bear Creek has not been documented as it 
has been on San Francisquito Creek by surveys or other measurements. However, very 
rough estimates of incision rates suggest that this may be one of the most important 
sources of human-related erosion along streams in the Bear subwatershed.  

SURFACE AND GULLY EROSION 

Surface erosion primarily occurs where vegetation is removed and mineral soils are 
exposed. Human development causes surface erosion at the following sites: 
 

• Construction or development sites 
• Agricultural fields 
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• Roads and trails, including cut and fill slopes, ditches, and gravel-surfaced or 
native surfaces 

• Human-related landslide scars or bank erosion sites  
• Human-caused fire damaged sites 

 
Construction or Development 
In urban centers such as East Palo Alto, Menlo Park, and Palo Alto, residential areas 
provided increased sediment delivery during their construction years ago, but they are 
now mostly built out with stormwater carried to San Francisquito Creek by storm drains. 
Little sediment is now contributed to San Francisquito Creek or small tributaries other 
than some fine sediment and sand washed from gardens and roads into storm drains. 
 
In these urban areas, clearing and grading for re-development projects are the greatest 
potential sources of surface erosion and delivery of sediment to streams. These sources 
are not thought to be very significant contributors to the human-related sediment yield 
because of their small area and because of erosion control practices applied to grading 
and construction.  
 
Prior to development, natural levees along the creek and the shape of the alluvial fan 
restricted the contribution of sediment eroded from the fan surface to San Francisquito 
Creek (Helley et al 1979). Consequently, although small, the sediment delivery from the 
urban areas may be greater than that before development.  
 
In rural areas, clearing and grading for new development also potentially provide short-
term pulses of sediment that disappear when construction is finished and revegetation 
complete. Again, erosion control practices are thought to often reduce the significance of 
construction as a sediment source.  
 
Agricultural Fields 
Agricultural fields were not treated as a separate source in the Watershed Sediment 
Analysis Memorandum. The total area of agricultural land use was estimated to be 490 
acres in 1995 (Existing Conditions Memorandum), nearly all on Stanford Lands in upper 
San Francisquito and Los Trancos subwatersheds. The breakdown into different types of 
agriculture, the actual use of this agricultural land, and its potential sediment contribution 
to streams is not known, but agriculture is expected to contribute fine sediment to San 
Francisquito Creek.  
 
Roads and Trails 
In rural areas, roads and trails are often the major source of surface erosion. Native or 
gravel-surfaced roads are usually the most significant contributors of sediment; their 
yields depend on road slope, road and drainage design, road maintenance practices and 
traffic volumes. Old roads that are incorporated into trail networks in the Santa Cruz 
Mountains may also be important sediment sources. The overview of the road network 
provided in the Watershed Sediment Analysis Memorandum indicates that unpaved road 
and trail erosion was ubiquitous throughout the Santa Cruz Mountains but was 
particularly significant in upper Corte Madera Creek (San Mateo County and MROSD), 
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Alambique Creek (Woodside and San Mateo Parks), Bear Gulch and some of the upper 
tributaries to West Union Creek in Huddart Park. The Assessment of Existing 
Management Practices Memorandum provides details on the distribution of unpaved 
roads and trails by jurisdiction. The jurisdictions with the greatest length of unpaved road 
and trail are San Mateo County (23.4 miles), Stanford University including Jasper Ridge 
(19.5 miles), MROSD (12.4 miles), Portola Valley (11.4 miles) and Woodside (10.1 
miles). 
 
It is fairly certain that the estimated erosion rates applied to the roads and trails 
exaggerate their actual contribution to streams. Field inspection of some trails shows that 
most are distant from streams, narrow, and well maintained and appear to contribute little 
sediment to streams; their narrow prism means that they contribute much less sediment 
per unit length than maintenance or utility roads (Appendix B; see also Pacific Watershed 
Associates 2003). In some parks, maintenance roads are either gravel-surfaced or treated 
with soil cement (Arastradero Park, Palo Alto) to reduce erosion.  
 
However, specific problem sites remain. These include ditches and cut banks that erode 
when there are insufficient cross drains, stream crossings with inadequate culverts that 
block or fail during floods resulting in erosion of the road or trail prism, and severe 
erosion of the road surface. Such features have been observed in Martin Creek near Old 
La Honda Road and in Huddart County Park. There are relatively few stream crossings in 
the Santa Cruz Mountains (see Figure 8) but failures may still occasionally contribute 
significant quantities of sediment (Pacific Watershed Associates 2003). 
 
Landslides and Fire Scars 
Erosion of human-related landslide scars and bank erosion sites provides a small but 
consistent volume of sediment to streams each year. Vegetative treatments immediately 
after failure might reduce the yield from these sources. Fire scars are a very important 
potential source of surface erosion but none were identified in the land use analysis and 
they are not included as a separate source in the Watershed Sediment Analysis 
Memorandum.  
 
Gully Erosion 
Human-related gully erosion primarily occurs in existing swales or zero order channels 
rather than from rilling and gully development on previously unaffected slopes. Diversion 
of local drainage or surface flows from roads, re-development of rural lots with larger 
homes, or creation of impermeable areas seem to be the main causes of erosion. The 
erosion caused by incision and bank erosion in gullies or zero-order channels may well 
continue to provide sediment to streams long after direct impacts from development 
(clearing and grading) are recovered.   
 
The number or length of gullies disturbed by flow diversion from roads or other 
developments is not well known and has not been mapped or identified in detail. 
However, field inspections showed such features in Woodside, Portola Valley and Los 
Trancos Woods and they may occur on moderately steep developed lands throughout the 
watershed.  
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8.5. Management Measures  
The Environmental Protection Agency defines management measures as “economically 
achievable measures that reflect the best available technology for reducing pollutants”. 
The EPA has developed measures to address a range of human activities, including urban 
development, agriculture, forestry and marinas. The most relevant measures for sediment 
management in San Francisquito Creek are those that address urban and 
hydromodification non point source erosion.  
 
The State Water Resources Control Board (SWRCB) and California Coastal Commission 
(CCC) (2000) developed an urban management measures strategy that addresses source 
control throughout the development process, under the following general headings (those 
not relevant to this project are not included): 
 

• Runoff from developing areas (watershed protection, site development and new 
development) 

• Runoff from construction sites (site erosion and sediment control) 
• Runoff from existing development 
• Transportation Development (planning, siting, construction, operation and 

maintenance and runoff systems for roads, highways and bridges) 
 
Hydromodification is also significant for erosion in the San Francisquito watershed and 
the EPA describes management measures under the following headings: 
 

• Channelization and channel modification (manage planning and operation and 
maintenance to reduce impacts; stream and riparian habitat restoration in modified 
channels) 

• Dams (erosion and sediment control during construction and improvements to 
operating procedures to reduce water quality impacts) 

• Streambank erosion (stabilization of eroding banks, focusing on bioengineering 
and vegetative practices)  

 
The following sections describe management measures for the major human-related 
sediment sources. We have also identified information needs to implement the measures, 
where data gaps have been identified. The section also briefly describes the benefit and 
potential effectiveness of the measures in addressing erosion in the Searsville Lake and 
San Francisquito (excluding Searsville Lake) subwatersheds and which jurisdictions 
would implement the measures.  
 
Table 8-5, on the following pages, summarizes the discussion, identifying information 
gaps and data needs and the potential measures for management of sediment for both new 
and existing developments. 
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SLOPE FAILURES OR LANDSLIDES 

Overview 
In a broad sense, the least stable geologic formations and the greatest risk of accelerated 
landsliding from development lie in the Santa Cruz Mountains west of the San Andreas 
Fault Zone, although historic and recent slope failures have also occurred in the Bay 
Foothills just east of the fault zone. Typically, land use planning for new developments 
either avoids these landslide hazards by identifying and mapping potentially unstable 
areas or mitigates them through detailed geologic and geotechnical studies completed for 
individual developments.  
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Table 8-5:  Summary of Recommendations for Sediment Management Measures 
Potential Management Measures for Issue Information Gaps and Data 

Needs New Development Existing Development 
Landslide Erosion 
Initiation of 
Landslides and 
Debris flows 

- Centralized database of slope 
failures in the watershed 
- Updated maps of potential 
landslide hazards areas 

New development in landslide 
susceptible areas is managed 
through site-specific 
geotechnical studies; updated 
hazard maps for east slopes of 
Santa Cruz Mountains may be 
beneficial 

- Studies to identify potential 
landslide hazards along public and 
private roads and trails  
- Repair or decommissioning of 
sensitive sites 
- Treatment of chronic sources, such 
as Alpine Road  

Emergency 
Planning for Major 
Storms/Fires 

- No coordinated emergency 
planning to minimize sediment 
impacts 
 

Not applicable Not applicable 

Stream Erosion 
Hydromodification - Hydrologic models to assess 

cumulative impacts and manage 
new development 
- Standards for control of urban 
stormwater runoff 
 

- Watershed-based coordinated 
planning for new development 
- Adopt policies and regulations 
for management of impervious 
area in most jurisdictions 
- Hydromodification Mgmt 
Plans (SCVURPPP 2003) 

- Retrofit stormwater management 
(detention or retention storage) 
where cumulative impacts occur? 

Bank Erosion - Centralized database of bank 
erosion and bank structures 
- Field inventory of bank erosion 
and structures in Bear and Los 
Trancos Watersheds 

- Adopt streamside buffer 
regulations 
- Review cumulative impacts of 
development on stream banks as 
part of permitting 

- Adopt Bank Stabilization and 
Revegetation Programs  
- Review impacts of encroachments 
on stream erosion; consider 
floodplain mitigation 
- Develop methods to repair or 
prevent erosion at existing crossings 
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Potential Management Measures for Issue Information Gaps and Data 
Needs New Development Existing Development 

Channel Incision - Centralized database of 
“knickpoints” and incised 
reaches in the watershed 

- Review plans for stream 
crossing to ensure they 
accommodate potential channel 
incision and avoid barriers 

- Develop methods to repair or 
prevent erosion and incision at 
existing crossings 
- Develop programs to add large 
woody debris or structure to streams 
to slow incision or re-build the bed 

Sediment Trapping 
or Removal 

- Recommend surveys of Bear 
Gulch to document channel 
incision 

- SCVWD removes sediment at 
Highway 101. Removals have no 
implications for erosion. 

- Work with agencies to restore 
coarse sediment to Bear Gulch 
- Continued planning for Searsville 
Dam filling 

Surface Erosion 
Roads and Trails - Studies to identify priority 

erosion sites at crossings, ditches 
and road surfaces.  
- Prescriptions for repair or 
rehabilitation consistent with 
access and recreation 

- Develop consistent standards 
for trails and private roads for 
the watershed 
- Develop best management 
practices for erosion control 

- Repair existing erosion concerns 
on trails and unpaved roads 
- Repair erosion concerns on paved 
road prisms crossing the Santa Cruz 
Mountains  

Grading and 
Construction 

- None identified - Well addressed by existing 
policies and regulations 
- Training in sediment 
management practices for 
municipal staff and developers 

- Not applicable 

Gully Erosion - Extent of problem is not well 
known. Inventory and inspection 
to identify sediment contributions 
and causes 

- Adopt policies and regulations 
for on-site management of 
stormwater for new 
developments 

- Develop policies for gully 
rehabilitation or retrofit of 
stormwater management where 
gully erosion is significant 
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Information Gaps and Data Needs 
The USGS inspects landslides and slope failures following major storms in the Bay area, 
focusing on those that damage property. San Mateo and Santa Clara Counties record 
failures along roads and on public property and often prepare engineering plans to restore 
landslide damage. Other failures that do not directly damage property are usually not 
inventoried or described.  
 
At present, there is no organization that maintains a record or database of recent 
landslides and debris slides and flows in the San Francisquito Watershed, estimates the 
volumes of sediment delivered to streams, or identifies their causes. Such a database 
would be helpful in developing a detailed understanding of the factors that control slope 
failures, the effect of development on these failures, and in allocating funds for remedial 
work or erosion protection works.  
 
The role of large storms in initiation of landslides in the Santa Cruz Mountains is 
reasonably well understood from studies by the USGS. The role of fire in slope stability 
in the Santa Cruz Mountains is not well understood but, based on studies elsewhere, is 
likely to greatly accelerate landsliding and sediment supply to streams. We did not find a 
plan or an organization that is responsible for coordinated emergency planning to address 
landslide erosion. Such planning might include removal of debris from streams, 
revegetation or treatment of landslide scars, diversion of flow from deep-seated 
landslides, or treatment of fire scars to reduce future erosion and sediment contributions 
to streams.   
 
Management of New Development 
The towns of Woodside and Portola Valley and the County of San Mateo base their 
development approvals on maps of geologic hazards prepared in the mid-1970s, policies 
and ordinances based on these maps, and site-specific geologic and geotechnical studies. 
San Mateo County is responsible for development in the most active sediment producing 
areas in the San Francisquito watershed in upper Corte Madera Creek (see Figure 15). 
The MROSD, Palo Alto (Foothills Park), San Mateo County Parks and Recreation, 
Peninsula Open Space Trust, CalWater, and Golden Gate National Recreational Area also 
manage areas that include landslide or debris flow hazards. These jurisdictions are parks 
or open spaces and new developments are not expected.  
 
It may be advantageous to update the existing geologic and geologic hazard maps to a 
common standard for all jurisdictions along the eastern edge of the Santa Cruz 
Mountains. Such an approach is not likely to greatly alter development approvals, which 
are generally based on site-specific studies, but may be helpful in regional planning or in 
emergency response to major storms or fires. 
 
Management of Existing Development 
Reports and inspection of recent air photos suggests that existing roads and trails are the 
main cause of development-related landslides. These landslides appear to result from 
failure of cut and fill slopes and, potentially, from diversion and concentration of flow 
onto marginally stable slopes. Recent human-related landslides have been concentrated in 
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a small area in upper Corte Madera and Los Trancos watersheds along the active and 
inactive sections of Alpine Road, on private roads and driveways, and along trails. 
Highways 84 and 35 (Skyline Boulevard) may also contribute to failures and drainage 
diversion. Reduction of sediment contributions from these sources requires the following 
steps: 
 

• Studies to map potential landslide hazards along public and private roads and 
trails and identification of significant factors contributing to instability 

• Design of road prism, road drainage or other improvements to address potentially 
unstable sections of roads. De-activation or re-routing may be required for some 
road and trail sections. 

• Treatment of chronic landsliding sources, such as the Alpine Road failure in 
upper Corte Madera Creek.  

 
San Mateo County, Portola Valley, MROSD, and Palo Alto are the main jurisdictions that 
would be required to organize, participate in, or sponsor such studies.  
 
Sediment Reduction and Implementation 
Landsliding is the dominant human-related source of coarse sediment to streams in the 
Searsville Watershed from 1995 to 2000 and, likely, over the long term. Hillslope 
landslides are also thought to be dominant in Los Trancos subwatershed from 1995 to 
2000 and over the long-term and also important in Bear subwatersheds. It is our view that 
the greatest potential benefit to streams and aquatic habitat would be achieved by 
addressing potential human-related landslide erosion related to existing roads and trails in 
the upper watersheds of Los Trancos and Corte Madera Creeks and, to a lesser extent, in 
Bear Creek.  The jurisdictions that require such a program are San Mateo County, 
MROSD, Portola Valley, Palo Alto (Foothills Park) and Woodside (Table 8-4) and it 
would be best coordinated with an overall assessment of road-related erosion and 
sediment issues in the San Francisquito watershed.  

STREAM EROSION 

Overview 
Stream incision, bank erosion, and streamside landsliding occur throughout the San 
Francisquito watershed. These processes can be accelerated by urban developments that 
alter hydrology, by modifications of stream banks, by encroachments onto floodplains or 
into stream channels, by removal of vegetation and woody debris from streams, or 
trapping or removal of coarse sediment. Particularly significant human-related incision, 
bank erosion and streamside landsliding appear to occur along Corte Madera Creek, San 
Francisquito, and Bear Creeks.   
 
Information Gaps or Data Needs 
The extent that stream hydrographs have been or will be modified by urban development 
in San Francisquito Creek is an important part of managing new and existing 
development but it is not well understood. A continuous hydrologic model for San 
Francisquito watershed that uses rainfall and other meteorological records to track soil 
moisture and compute continuous flow hydrographs would allow assessment of 
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cumulative impacts and help plan and manage new development. The hydrologic model 
would incorporate watershed characteristics such as vegetation, soils and land use, as part 
of the simulation. By adjusting land use or other characteristics, pre-urban, existing and 
future or built-out conditions can be simulated.  
 
Continuous modeling is particularly helpful if watershed-based planning is adopted. 
Watershed-based planning would consist of collaborative development planning by 
different agencies within subwatersheds, allowing implementation of appropriate 
stormwater treatment or flow control. The continuous hydrologic model would eventually 
be incorporated in a Hydromodification Management Plan (HMP) when such an 
approach is adopted for San Francisquito Creek.  
 
Bank erosion inventories have been prepared for much of the Searsville Watershed and 
bank structure inventories have been prepared for part of Corte Madera and much of San 
Francisquito Creek (see Frey 2000; RHAA 2000; Cotton, Shires and Associates 2001). 
Engineering plans also document recent erosion protection work along Alpine Road and 
upper Corte Madera Creek. Bear and Los Trancos have not been examined in detail.  
 
It would be valuable if an organization maintained a central database of stream erosion in 
the San Francisquito Creek watershed, similar to that discussed for landslides. An 
inventory of erosion and bank structures in Bear and Los Trancos watersheds would be 
required, with the highest priority for the Town of Woodside. Inventories in upper 
tributaries of Bear and Los Trancos Creeks would also be valuable, as they would 
indicate where the most significant sources of sediment are found. A detailed record of 
knickpoints, indicating reaches that have been incising, would be helpful in projecting 
future damage to structures and banks.  
 
Management of New Development 
The primary management measures for stream protection from new development are 
control or management of impervious areas, establishment of buffer zones, and control 
and management of bank stabilization works.  Altered hydrology from urban impervious 
areas is not thought to be an important contributor to bank instability or stream incision 
on Bear, Corte Madera or Los Trancos Creeks now, but peak flows in San Francisquito 
Creek, Westridge Creek, Bull Run and Martin Creeks, and small tributaries in the Bay 
Foothills appear to have been altered by development.  
 
The town of Woodside seems to be the only jurisdiction with regulations to manage 
impervious area (CRWQCB 2002); however, it is not known how these regulations are 
implemented or whether they implemented on a watershed basis. One issue is that many 
watersheds lie in more than one jurisdiction, making it difficult to manage cumulative 
hydrologic impacts. Regulations to manage hydromodification seem to be particularly 
important for Portola Valley and Woodside and for the urban areas that lie along San 
Francisquito Creek. Again, these regulations would be most effective if a watershed-
based planning process is considered.  
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Few of the jurisdictions in San Francisquito Creek have regulations for streamside buffers 
although they are being considered in the town of Portola Valley (Spangle Associates 
2001) and San Mateo County (CRWQCB 2002) but have not been adopted yet. These 
regulations are most beneficial where riparian corridors are not already built out.   
 
All the major jurisdictions have a stream permitting process to control construction of 
bank stabilization work. As noted by Harris et al (2001) these permitting regulations 
generally do not consider cumulative impacts of development and works built during or 
immediately after flood emergencies often circumvent them (see also Cotton, Shires & 
Associates 2001). Best management practices for stream bank stabilization that 
incorporate restoration of riparian vegetation and habitat features would be beneficial if 
adopted by the various jurisdictions, particularly where riparian zones are substantially 
developed.  
 
Management of Existing Development 
The Bank Stabilization and Revegetation planning process that has been adopted by the 
Joint Powers Authority for San Francisquito Creek provide a proactive approach that 
identifies appropriate practices and develops feasible plans for stabilizing eroding banks 
and upgrading existing protection to incorporate environmental features. Portola Valley is 
developing a similar process and such an approach is also recommended for Woodside 
(West Union and Bear Creeks and tributaries) and San Mateo County (Upper Corte 
Madera Creek).  
 
Floodplain and stream encroachments by roads and stream crossings may contribute to 
bank erosion and channel incision. Channel erosion along Corte Madera Creek is an 
important contributor to sediment production in the Searsville Lake watershed and it 
appears to be aggravated by encroachment of Alpine Road on the stream and its 
floodplain. Recent upgrades to Alpine Road by Portola Valley document the bank 
protection structures placed there (see Wilsey Ham 2000). Older engineering plans 
document past repairs and indicate the general areas of bank erosion and landsliding. 
Restoration of floodplain would reduce erosion, where this is practical.  
 
Roads and Bridges 
Undersized culverts or bridges and other instream structures contribute to channel 
adjustments. Trapping of bed material upstream of these structures and scour and bed 
adjustments downstream contribute to overall sediment loads and impair fish passage. 
Often, knickpoints in the streams are fixed at crossing structures by concrete aprons or 
other instream works. Failure of bridge protection aprons may initiate stream incision that 
undermines bank protection structures, leading to their failure and contribution of 
sediment to downstream reaches (Cotton, Shires & Associates 2001). Private as well as 
public structures contribute to this problem (see Smith and Harden 2001; Cotton, Shires 
& Associates 2001). 
 
No jurisdictions seem to have policies or practices for treatment of existing culverts and 
bridges to restore fish passage while managing or preventing channel incision. While 



Final Project Report 
Page 98 

San Francisquito Creek Joint Powers Authority  nhc 
Watershed Analysis and Sediment Reduction Plan 

these treatments are likely to be complex and difficult to design and construct, such a 
program might be valuable for nearly all jurisdictions in the San Francisquito Watershed.  
 
Most jurisdictions have a process for permitting stream crossing structures; these 
applications are also referred to other agencies for review. However, it is not clear if 
adequate standards for culverts and bridges have been adopted that address the potential 
for channel incision or other channel adjustments at these structures. Founding abutments 
on piles and avoiding instream piers seem to be key design practices for the San 
Francisquito Watershed (see Cotton, Shires & Associates 2001). There is a legacy of 
older, inadequate structures in the San Francisquito Creek watershed that require 
assessment and upgrading. Counties, towns and cities regularly replace old bridges and 
culverts and we recommend a review of their design and approval practices to ensure that 
they provide adequate stream protection.  
 
Large Woody Debris 
Similarly, most jurisdictions now have a process for permitting or managing vegetation 
and large woody debris removal from streams. Santa Clara and San Mateo Counties and 
their co-permittees have recently adopted best management practices (BMP) for debris 
removal (SCVURPPP 2003b; County of San Mateo 2001a). Past practices may have left 
many streams lacking in large woody debris and instream vegetation, reducing their 
ability to resist channel incision. Adding large woody debris may be a suitable restoration 
process in many streams that may help reduce channel incision during large floods and 
benefit fish habitat. Such programs need to consider local flood levels as part of their 
design.  
 
Dams and Stream Impacts 
Trapping of coarse sediment also affects stream incision and bank erosion. The most 
significant issue is the trapping of bed material from Corte Madera Creek in Searsville 
Lake. Planning associated with the filling of Searsville Lake and decommissioning of the 
Searsville Dam is underway by Stanford University and others.  
 
Sediment removals from Bear Gulch at the California Water Service (CalWater) 
Diversion Dam (see Smith and Harden 2001) are thought to contribute to downstream 
channel incision on West Union and Bear Creeks; however, it is not clear what the actual 
practices are at this site. Such removals do not appear to be under the control of 
Woodside or San Mateo County; however, it would be beneficial if this sediment was 
placed downstream of the weir rather than removed from the stream. At least, a 
monitoring program for Bear Gulch is recommended. 
 
Sediment Reduction and Implementation 
The most immediate sediment load reduction would be achieved by addressing the legacy 
of existing, eroding banks and poor stream crossing structures. Thee greatest reduction in 
the Searsville Watershed would be from bank and bed stabilization and revegetation 
along Corte Madera Creek, within Portola Valley, further upstream along Alpine Road in 
San Mateo County, and in Martin (Woodside) and Bull Run (Portola Valley) Creeks. 
Stormwater (hydromodification) control may be required as part of the implementation of 



Final Project Report 
Page 99 

San Francisquito Creek Joint Powers Authority  nhc 
Watershed Analysis and Sediment Reduction Plan 

stream erosion control in Martin and Bull Run Creeks. Policies that provide streamside 
buffers or stream protection will provide long-term benefits but little short-term reduction 
of human-related sediment loads. 
 
In the San Francisquito Watershed (excluding Searsville), stabilization and revegetation 
of stream banks along San Francisquito Creek would provide the greatest reduction of 
coarse sediment loads. Treatments along San Francisquito Creek are the responsibility of 
the JPA, are likely to be expensive, and mostly benefit the lower reaches of San 
Francisquito Creek, which are often thought to provide the least valuable aquatic habitat 
(see nhc et al 2003).  
 
Bank stabilization and treatment of streambed incision (possibly including adding coarse 
sediment to Bear Gulch) in Bear subwatershed reduces coarse sediment load less than 
treatments along San Francisquito Creek but may provide a much greater benefit to 
downstream aquatic habitat. Other practices, particularly measures to treat new 
development, are expected to reduce sediment loads to a lesser extent in the short term.  

SURFACE EROSION (ROADS AND TRAILS) 

Overview 
Roads, particularly rural roads, are widespread sediment sources in the Searsville Lake 
subwatershed and in Los Trancos and Bear subwatersheds that may contribute as much as 
bank erosion, but mostly fine sediment instead of coarse (see Table 8-1). Erosion is 
chronic and, in dry years, may be the most important human-related source.  
 
Erosion occurs on cut and fill slopes, in ditches and from unpaved road surfaces, either 
gravel-surfaced or native. Road crossings, particularly culverts on trails and native roads, 
are also potential sediment sources, if they fail. Culvert blockage, overflow of the road 
surface, and failure of the road prism can contribute occasional, large quantities of 
sediment during large storms (Pacific Watershed Associates 2003).  
 
Information Gaps and Data Needs 
The road and trail network is well represented in the GIS of San Francisquito Creek; 
however, sediment contributions have been estimated from average values applied to the 
network. Typically, road erosion is concentrated at relatively few sites. Field inspections 
indicated erosion problems in Huddart County Park, on the closed section of Alpine 
Road, and along sections of trails in Foothills Park and through the MROSD.  
 
A detailed assessment and erosion control program seems to be required for all the 
unpaved roads and trails in the San Francisquito Watershed, such as has been started in 
the GGNRA (Alvarez et al 2002). While such a program could be undertaken by the 
individual jurisdictions it might be best if coordinated by a central authority in order to 
best assign priorities for the expenditures of funds.  Such a program would include: 
 

• Inventory of stream crossing of roads and trails, identifying existing erosion 
problems and the adequacy of crossing structures 
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• Inventory of areas of ditch and road surface erosion that contribute sediment to 
streams 

• Development of prescriptions and costs for rehabilitation of stream crossings and 
eroding roads consistent with access requirements and recreation use.  

• BMP (prescriptions) for road and trail erosion management 
 
Some paved roads in the Santa Cruz Mountains, such as Kings Mountain Road and 
Highway 84, experience ditch erosion, cut slope slides, and “slip-outs (fill failures)” 
during major storms. It would be valuable to extend the inventory to include paved roads 
and develop potential prescriptions for reducing erosion, in cooperation with other 
responsible agencies such as CalTrans.  
 
Management of New Development 
SCVURPPP (2003b) provides standards for design, construction and maintenance of 
rural public roads, both paved and unpaved. These standards have been adopted by all the 
political jurisdictions in San Francisquito Creek and appear to be adequate to minimize 
sediment from construction and maintenance. However, erosion from native or gravel 
road surfaces will continue during use, unless the road surfaces are sealed or paved. A 
policy that minimized or eliminated native or gravel-surfaced roads would provide the 
best overall protection to streams. 
 
Private roads and driveways and trails – including trails that occupy old roads – are not 
covered by these standards. These include trails and old roads in San Mateo County Parks 
(Huddart and Wunderlich), Palo Alto (Foothills Park and Arastradero Preserve) and in 
the Midpeninsula Regional Open Space District (Los Trancos, Coal Creek, Windy Hill, 
Thornewood and Teague Hill) and Stanford University (Jasper Ridge Preserve). Based on 
limited discussions and field inspections, construction and maintenance practices differ 
considerably from one jurisdiction to another and it would be beneficial to adopt uniform 
trail standards or best management practices that could be applied across the watershed.  
 
Management of Existing Development 
The steps in managing sediment contributions from existing trails and roads are described 
under “Information Gaps and Data Needs”.  
 
Sediment Reduction and Implementation 
The most immediate sediment reduction benefit would be achieved by assessment and 
rehabilitation of existing unpaved roads and trails. Section 8.4 and the Assessment of 
Existing Management Measures Memorandum summarize the length of road in different 
jurisdictions; San Mateo County and Stanford University have the greatest overall length 
of unpaved road and trails. Adoption of trail standards and paving or sealing of roads are 
thought to provide the greatest benefit once the backlog of eroding road segments is 
treated.  
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SURFACE EROSION (GRADING AND CONSTRUCTION) 

Overview and Information Gaps 
Grading for new construction typically exposes mineral soil that may be eroded during 
storms. The actual quantities delivered to streams from this process are thought to be very 
small, primarily because of the policies and best management practices already adopted 
by the jurisdictions in San Francisquito Creek. We see no need for studies to better 
evaluate actual sediment contributions from this process.  
 
Management of New Development 
All the jurisdictions in San Francisquito Creek have policies and regulations that manage 
grading for new construction.  Palo Alto also provides guidelines for suitable design 
techniques for water quality and stormwater management that might be adopted 
elsewhere. The primary issue or concern noted in previous reviews has been uneven 
enforcement and maintenance of erosion controls. SCVURPPP (2003a) recommends 
training programs for municipal engineers and inspectors and design engineers and 
contractors in sediment management practices.  
 
Sediment Reduction and Implementation 
Relatively minor reductions in sediment loads, primarily of fine sediments, are 
anticipated from increased enforcement and training programs. The most significant 
jurisdictions for implementation are those experiencing the greatest number of 
development or re-development applications. 

GULLY EROSION 

Overview 
Human-related gully erosion primarily occurs from incision or bank erosion in existing 
swales or zero order channels rather than from rilling and gully development on 
previously unaffected lands. Diversion of local drainage or surface flows from roads, 
development of rural lots with large homes, and creation of impermeable areas seem to 
be the main sources of increased flows that cause erosion. The erosion caused by incision 
and bank erosion in gullies or zero-order channels often provides sediment to streams 
long after direct surface erosion from development (clearing and grading) has recovered.   
 
Information Gaps and Data Needs 
The overall number and length of gullies in San Francisquito Creek has only been very 
roughly estimated and the gullies disturbed by flow diversion from roads or other 
developments have neither been measured nor mapped. However, field inspections 
identified eroding gullies in Woodside, Portola Valley and Los Trancos Woods and they 
may be fairly widespread in the watershed. Further inventory and inspection is 
recommended to identify the potential extent and sediment contribution of human-related 
gully erosion.  
 
Management of New Development 
In Palo Alto, the provisions of their Grading and Erosion and Sediment Control require 
management of the quality and quantity of stormwater flows from new development or 
re-development sites. Zoning regulations that manage the total impervious area that can 
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be developed on a lot also help control stormwater flows. Other rural jurisdictions such as 
Portola Valley, Woodside, and unincorporated San Mateo County do not seem to have 
similar policies or practices and we recommend that they be adopted in these 
jurisdictions.    
 
Management of Existing Development  
No jurisdictions seem to have policies for rehabilitating or restoring eroding gullies or 
zero order stream channels, although some repairs may be undertaken as part of public 
works maintenance. Various best management practices are available to reduce erosion in 
the gullies, ranging from in-gully bed and bank stabilization to retrofitting stormwater 
management BMP.  
 
Sediment Reduction and Implementation 
The overall contribution from gully erosion to the human-related sediment budget is not 
well known; however, it may be significant if as widespread as estimated in Chapter 5. 
BMP may be required to treat erosion at some sites, but the best overall treatment is to 
manage stormwater drainage from new and existing rural developments in Portola 
Valley, Woodside and San Mateo County.  
 
8.6. Management Practices 
Appendix D summarizes management practices suitable for implementing or addressing 
the measures described in the previous section. The practices are those that are typically 
suitable but different practices or combination of practices may be applied depending on 
local conditions, such as slope, geological materials or climate.  
 
8.7. Monitoring Program 
Further sediment data collection and sediment source analysis is an important part of the 
Sediment Reduction Plan, both to address existing data gaps and to confirm the benefits 
that might result from adopting the measures discussed in the Sediment Reduction Plan.  
 
The program for sediment data collection would consist of maintaining the existing 
sediment gages on Los Trancos and Corte Madera Creeks, re-activating the sediment 
gage on San Francisquito Creek, and expanding the network to include Bear Creek.  The 
gage on San Francisquito Creek is thought to be particularly important to document the 
existing regime and the changes that are expected to occur as Searsville Lake fills with 
sediment.  
 
There are some significant gaps in our understanding of erosion that are important to 
implementing any sediment reduction plan The quantities of erosion from some human-
related sources are not well known, particularly the human-related contribution from 
bank erosion. For instance, bank erosion rates along San Francisquito Creek are not well 
known, but may be the largest erosion source along the lower creek. Bank erosion rates, 
particularly the human-related component are also not well known along Bear Creek. 
Monitoring programs, consisting of inventory, surveys and other observations, would 
assist in selecting options or practices to manage this source, evaluating priorities for 
remediation and evaluating benefits. Sediment contributions from urban areas are not 
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well known and monitoring of storm outfalls is recommended, both to better define 
sediment loads and the implementation of various measures to manage them. Section 8.5, 
above, identifies other data gaps and information needs.  
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9. RESULTS AND CONCLUSIONS 

EROSION AND SEDIMENT TRANSPORT 

The San Francisquito Creek watershed has an area of about 47 mi2, most of which lies in 
the Santa Cruz Mountains southwest of Palo Alto. The San Andreas Fault Zone (SAFZ) 
is the most prominent feature in the San Francisquito Creek watershed, bisecting the 
watershed along a northwest-southeast direction. The steep, upper watershed lies 
southwest of the SAFZ in the northern Santa Cruz Mountains, whereas more gradually 
sloping areas lie to the northeast.  
 
The main tributaries of San Francisquito Creek are Bear, Los Trancos and Corte Madera 
Creeks. Corte Madera Creek, plus smaller tributaries such as Alambique, Sausal, Martin 
and Westridge Creeks flow into Searsville Lake, a reservoir behind Searsville Dam. The 
reservoir has trapped nearly all the sediment transported by these streams since 1892; it is 
expected to fill over the next few decades, increasing the sediment transport from the 
Searsville Lake watersheds to San Francisquito Creek.  
 
Separate sediment budgets were prepared for Searsville Lake, Bear and Los Trancos 
subwatersheds and for the San Francisquito Creek watershed, incorporating inflows from 
Bear and Los Trancos Creeks. Detailed budgets were prepared for 1995 to 2000, and 
were also extended over as long a time period as possible. The budgets separated coarse – 
sand, gravel, cobbles and boulders  – and fine – silt and clay – sediments contributions 
and focused on identifying the human-related component of erosion.  
 
Unusually high erosion and sediment transport appeared to occur in the Searsville Lake, 
Los Trancos and Bear subwatersheds from 1995 to 2000, particularly in Corte Madera 
Creek. During this period, about half of the sediment transported in the Searsville 
Watershed was eroded from two sub-subwatersheds in upper Corte Madera Creek; nearly 
all of the sediment carried to Searsville Lake came from Corte Madera Creek. Landslides 
that originated along the stream channel were the greatest contributors to the total 
erosion; landslides originating on upper and mid-valley slopes were next most important. 
Both stream bank erosion and surface erosion were relatively insignificant to the total 
erosion during this period. Human-related erosion accounted for about 16% of the total, 
primarily from human-related landslides and surface erosion along roads. 
 
The relative importance of different sources changes during the long-term. Landslides 
from mid- and upper slopes appear to be the important contributor. Human activities, 
such as road construction or drainage diversion, can be important in initiating these 
landslides. Chronic sources, such as surface erosion and bank erosion, become significant 
during dry years. The main human contributions to surface erosion are erosion along 
paved and unpaved roads and drainage modification of gullies. Human impacts on long-
term erosion are not as well known as for 1995 to 2000 but may amount to 20 to 50%, 
depending on the impact of human activities or development on landsliding. They likely 
lie near the lower end of this range. 
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The sediment budgets for Los Trancos and Bear subwatersheds for 1995 to 2000 and for 
the long-term are less certain than that for Corte Madera Creek. However, both short-
term and long-term erosion rates in these subwatersheds are very much lower than from 
Searsville Lake watershed. Long-term erosion from Los Trancos and Bear Creek 
watersheds is only about one-quarter of that from Searsville Lake watershed, despite their 
much larger areas. The greater erosion in Searsville Lake subwatershed seems to result 
from a combination of erosive geologies (particularly the Santa Cruz formation), steep 
stream slopes, and plentiful historic deep-seated landslides, which accelerate colluvial 
transport (creep) to stream margins.  
 
Los Trancos Creek shows little channel incision or bank erosion along the main channel 
and landslides in the upper subwatershed dominate the sediment budget. Development 
impacts on landsliding and surface erosion from roads seem to be the main human-related 
sediment sources.  In Bear subwatershed, bank erosion and streamside landslides are the 
dominant processes from 1995 to 2000. Over the long-term landslides from slopes 
become an important erosion process. Few such landslides were observed between 1995 
and 2000, possibly as a result of areal variations in rainfall intensity, but the longer-term 
inventory shows reasonably frequent shallow landslides in the watershed.  

SAN FRANCISQUITO WATERSHED AND SEARSVILLE DAM 

Sediment eroded in the Searsville Lake Watershed, other than some of the silt and clay 
carried over the dam, has been mostly deposited in the Searsville Reservoir for the past 
century. Over this period, the sediment transported by San Francisquito Creek has only 
been eroded from the Los Trancos, Bear and San Francisquito subwatersheds.  
 
In San Francisquito subwatershed, erosion from human impacts dominates natural 
sources. The main sediment sources are bank erosion and, to a lesser extent, incision 
along San Francisquito Creek that is partly caused by trapping of sediment behind 
Searsville Dam and increased peak flows from development. Land and stream erosion 
from agriculture and development in the upper part of the subwatershed may also be 
important. Unfortunately, neither rates of bank erosion along San Francisquito Creek or 
rates of erosion in small tributaries are accurately known.  
 
Prior to construction of Searsville Dam, the long-term average coarse sediment transport 
through San Francisquito Creek was likely three times greater than it is now, based on 
constructing a sediment budget that includes contributions from Searsville Lake 
subwatershed; fine sediment transport was likely twice as great. It is our view that this 
reduction of coarse sediment transport has contributed to the historic changes observed 
along San Francisquito Creek. Slope adjustments in response to the lowered sediment 
transport are thought to be an important cause of the incision that has occurred along the 
upper part and the deposition along the lower part of San Francisquito Creek. Other 
impacts on channel morphology include coarsening of the streambed from winnowing 
and armoring during incision. 
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HUMAN IMPACTS ON EROSION  

Urban development, including clearing of land, impervious areas, and roads is now 
thought to be the most important human activity affecting erosion in the San Francisquito 
Watershed. Other land uses, such as intensive forest harvesting, agriculture and grazing 
may have been very significant in the past and may still be locally important. Vegetation 
removal and soil disturbance directly affect rates of shallow landsliding and surface 
erosion. Roads and trails are particularly significant, as they may cause shallow or deep-
seated landslides through failure of the road prism, cause downslope instability by re-
distributing surface and groundwater flows, and their unpaved or gravel road surfaces, 
cutslopes and ditches erode.  
 
Changes to stream hydrographs that result from creation of impervious area are also 
important to erosion and sediment transport. Typically more frequent small to moderate 
peak flows increase sediment transport and stresses on banks, often leading to channel 
incision, bank erosion, and widening. In addition to stream erosion that results from 
altered hydrology, there may also be erosion that results from direct impacts on streams. 
These include removal of riparian vegetation, bank protection or instream structures, 
bridges and culverts, gravel removal or other activities in the stream environment zone. 
Long encroachments in the channel or floodplain by roads, levees or other features can 
concentrate flows in the main channel, resulting in channel incision and bank erosion.  
 
Estimated total impervious area in the San Francisquito watershed, derived from land use, 
suggests that the frequency and duration of peak flows in San Francisquito Creek have 
been significantly modified but that the hydrographs in the large tributaries in the upper 
watershed are relatively unaffected. Low-density residential development and roads may 
modify peak flows in some sub-subwatersheds, particularly Westridge Creek and 
possibly Dennis Martin and Bull Run Creeks. Development does not seem to have altered 
stream hydrographs in tributaries to Los Trancos or Bear subwatersheds.  
 
In the watershed contributing to San Francisquito Watershed, the greatest human-related 
erosion is from San Francisquito subwatershed; erosion in Los Trancos and Bear 
subwatersheds are about half of that in San Francisquito. While the greatest benefits to 
sediment reduction may be obtained by treatments in the San Francisquito subwatershed, 
the greatest benefits to habitat are likely achieved by concentrating first on erosion in the 
upper watershed because such an approach benefits aquatic habitat over the greatest 
length of stream and may also benefit the most significant or valuable habitat.  
 
The greatest reductions of coarse sediment transport can be achieved by managing 
human-related landsliding in the upper Los Trancos Watershed, bank erosion along San 
Francisquito Creek, channel incision on Bear Gulch and, to a lesser extent, bank erosion 
on Bear, Bear Gulch and West Union Creeks.  The greatest reductions in fine sediment 
transport would be from managing land surface erosion in tributaries to upper San 
Francisquito Creek, road erosion in upper Los Trancos and Bear, and gully erosion in Los 
Trancos and Bear subwatersheds. 
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In Searsville Lake subwatershed, the greatest reductions in coarse sediment would result 
from managing human-related hillslope landsliding in upper Corte Madera Creek, 
followed by bank erosion and channel incision along Corte Madera Creek; the greatest 
reductions in fine sediment transport would be from rehabilitation or deactivation of 
unpaved roads and trails throughout the upper watershed.  

EXISTING SEDIMENT MANAGEMENT POLICIES 

San Francisquito Watershed lies partly in Santa Clara but mostly in San Mateo County. 
East Palo Alto, Palo Alto, Menlo Park, Woodside and Portola Valley also have 
jurisdiction over land development. Much of the upper watershed lies in the 
Midpeninsula Regional Open Space District, San Mateo County Parks, Palo Alto Open 
Spaces or other preserves, parks or recreation areas. Stanford University is the largest 
private landowner in the watershed.  
 
The Santa Clara Valley Urban Runoff Pollution Prevention Program (SCVURPPP) and 
San Mateo Countywide Stormwater Pollution Prevention Program (SM-STOPPP) 
administer the National Pollution Discharge Elimination System (NPDES) permits for the 
two counties. Both organizations are very involved in reviewing existing water quality 
management policies and regulations in the watershed and active in developing and 
promoting policies, regulations and best management practices.  
 
Most of the existing policies and regulations and the recommendations for improvements 
focus on managing new private and public development, particularly on grading and 
erosion and sediment control for construction. Most jurisdictions have effective policies 
in place to address construction; the main issues now are training of municipal engineers, 
developers and contractors and enforcement. Fewer jurisdictions have policies that 
address watershed based planning, management of impervious area, or creek setback 
ordinances or buffers.  
 
New development in San Francisquito Creek is limited by the lack of available land. 
While polices and regulations to manage new development are important to control 
sediment contributions to streams, over the next few decades existing development is 
expected to be the more significant contributor to erosion. Few jurisdictions have policies 
or regulations that address rehabilitation or restoration to reduce sediment impacts of 
existing development.  

MANAGEMENT MEASURES 

Our management measures focused on urban development and hydromodification, as 
these seemed to be the main human-related sources of non point source erosion. 
Management measures are proposed for the three main groups of sources – landslides, 
streams and surface processes, both for new and for existing development. Monitoring, 
both continued sediment data collection and further sediment source analysis, is 
important to confirm the benefits from the measures and to complete our understanding 
of erosion. The quantities of erosion from some human-related sources are not well 
known and improving our understanding may be important to implementing any 
sediment reduction plans.   
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One important issue that arose from the review was a need for an overall planning or 
coordinating agency for sediment management in the San Francisquito Watershed. Such 
an agency would coordinate the different jurisdictions and help develop common 
standards. The agency would develop watershed-wide databases of landslides, and 
stream, road, and gully erosion and organize field inspections to complete databases, as 
part of developing priorities for rehabilitation or restoration. It would also develop and 
coordinate emergency planning for sediment management following storms or fires, and 
coordinate watershed-based planning and assessment studies for development.  
 
The areas with significant risks of deep-seated landslides and debris flows are San Mateo 
County, MROSD, Portola Valley, Woodside and Palo Alto (Foothills Park). San Mateo 
County, Portola Valley and Woodside base development approvals on hazard maps, 
policies and ordinances, and site-specific geologic and geotechnical studies. Updating of 
hazard maps throughout the Santa Cruz Mountains might be helpful to regional planning 
but would not likely alter development approvals.  
 
Recent human-related landslides appear to be mostly shallow slides and flows that 
originate from drainage diversion at roads and trails or on cutslopes on roads and trails 
crossing steep terrain. Mapping of potential hazards, identification of factors contributing 
to instability, and design of improvements to address unstable sections or de-activation or 
re-routing of road, driveway or trail sections are the necessary steps to manage existing 
development. There are about 19 miles of roads and trails crossing steep terrain that 
might potentially cause slope failures. Treatment of chronic sources, such as the Alpine 
Road failure, would also significantly reduce sediment contributions to streams. San 
Mateo County, MPRSOD, Portola Valley, and Palo Alto would be the main jurisdictions 
contributing to such rehabilitation works.  
 
The extent that stream hydrographs have been modified by urban development is an 
important part of managing new development but it is not well understood. Certainly, a 
continuous hydrologic model would be required to assess cumulative impacts from 
existing development and impacts from new development and implement watershed-
based planning. The hydrologic model would be an important component of a 
Hydromodification Management Plan, when such an approach is adopted for the 
watershed. Management of new development would require policies and regulations 
regarding stormwater management. Streamside buffers or setbacks are also required to 
manage sediment impacts of urban development.  
 
Bank erosion and channel incision are also affected by human modifications of stream 
banks, stream crossing structures and encroachments on floodplains and streams. 
Adoption of streamside buffer regulations would benefit bank erosion where riparian 
areas are not developed; however, many riparian areas are already developed and the 
buffers will provide limited benefit there. Instead, bank stabilization and revegetation 
programs that provide standards to reduce erosion and restore habitat features seem to be 
the most beneficial to reducing erosion. Such programs also will help reduce the number 
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of poorly designed and constructed emergency bank protection works that result in 
erosion opposite or downstream or ultimately fail.  
 
Bank stabilization and revegetation programs are underway on San Francisquito Creek 
and Corte Madera Creek through Portola Valley. These are two of the significant human-
related bank erosion sites and addressing erosion would provide an immediate reduction 
of human-related erosion. However, construction of the bank stabilization works will be 
expensive. Such programs should be extended next to upper Corte Madera Creek, 
through San Mateo County, and Bear and West Union Creeks through Woodside.  
 
Bridges, culverts and stream crossings are also important contributors to human-related 
stream erosion. Careful review of proposed crossing designs to ensure that they can 
accommodate channel incision or other adjustments is a priority, structures with 
abutments founded on piles and no instream piers seem to be required. We found no 
policies or programs to address existing barriers. The problem is complex as removal of 
aprons or other structures may result in failure of the structure and upstream incision, 
bank erosion and property damage, however it is a component of stream erosion.  
 
Unpaved roads and trails are the major source of chronic surface erosion in the upper 
watershed and they also contribute to initiation of landslides in susceptible areas. 
Adequate standards are now available for the design, construction and maintenance of 
rural roads. However, erosion of the running surface will continue during use, unless the 
road is paved or sealed. A policy to minimize or eliminate native or gravel surfaced roads 
would provide the best overall protection to streams. Development of common standards 
for trail construction and erosion control best management practices is also 
recommended. 
 
A coordinated study of existing roads and trails in the Santa Cruz Mountains is required 
to address existing development. Such a program would identify erosion areas, priorize 
and rehabilitate them within San Mateo County, MROSD, Portola Valley, Woodside and 
other preserves in the Santa Cruz Mountains.  
 
Human-related gully erosion also contributes sediment to streams. While not well 
documented, this erosion appears to result from stormwater from roads and developments 
that is diverted into swales, gullies, or zero-order streams. Adoption of policies and 
regulations for on-site stormwater management is recommended for all rural 
jurisdictions, particularly San Mateo County, Woodside and Portola Valley. Gully 
rehabilitation or retrofit of stormwater management practices may be required for a few 
of the most significant erosion sites.  
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Acronyms and Abbreviations 
 

AHALFA Aquatic Habitat Assessment and Limiting Factors 
Analysis 

Bay Area San Francisco Bay Area 

BMI benthic macroinvertebrate 

cfs cubic feet per second 

cm centimeters 

cm/hr centimeters per hour 

Corps U.S. Army Corps of Engineers 

CSBP California Stream Bioassessment Procedure 

DFG California Department of Fish and Game 

EAP Expert Advisory Panel 

GIS geographic information system 

GPS global positioning system 

MDT mean daily temperature 

mg/L milligrams per liter 

ml/s milliliters per second 

mm millimeter 

nhc Northwest Hydraulic Consultants 

NMFS National Marine Fisheries Service 

RWQCB Regional Water Quality Control Board 

RWQCB San Francisco Bay Regional Water Quality Control 
Board 

SAFZ San Andreas Fault Zone 

SCBWMI Santa Clara Basin Water Management Initiative 

SCVWD Santa Clara Valley Water District 

SFEI San Francisco Estuary Institute 

SRA shaded riverine aquatic 

TMDL Total Maximum Daily Load 

USFWS U.S. Fish and Wildlife Service 

USGS U.S. Geological Survey 
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Glossary 
 
Acclimation Temperature.  The temperature to which an organism has been 
previously exposed over a period of time suitable for the organism to reach 
metabolic equilibrium.  Acclimation temperatures are usually considered to be 
within the normal range of suitable temperatures for a species. 

Anthropogenic.  Caused or produced through human agency. 

Barrier.  A physical blockage or impediment to the movement or migration of 
fish; such as a waterfall (natural barrier) or a dam (man-made barrier).  

Base flow.  The sustained portion of stream discharge that is drawn from natural 
storage sources, and not affected by human activity or regulation.  

Bed material.  The sediment mixture that a streambed is composed of.  

Bed material load. That portion of the total sediment load with sediments of a 
size found in the streambed.  

Beneficial Use.  Uses of water of the state designated in the Basin Plan as being 
beneficial.  Beneficial uses that may be protected against quality degradation 
include, but are not limited to: municipal, domestic, industrial, and agricultural 
supply; recreation; shellfish harvesting; and the preservation and enhancement of 
fish, wildlife and other aquatic resources or preserves. 

Benthic macroinvertebrate.  aquatic insects or the larval form of many common 
terrestrial insects that live on the bottom of the streambed (benthic); are visible 
without the use of a microscope (macro); and do not have a backbone 
(invertebrate). 

Carrying capacity.  The maximum population of a given organism that a 
particular environment or habitat can sustain; implies continuing yield in the 
absence of environmental damage; often denoted as K. 

Channel.  An area that contains continuously or periodically flowing water that 
is confined by banks and a streambed.  

Channelization.  The process of changing (usually straightening) the natural 
path of a waterway.  

Channel incision.  A condition where the local transport capacity of the stream 
is greater than the sediment load supplied from upstream sources resulting in a 
net removal of bed material in the channel.  

COLD.  a Basin Plan Beneficial use designation for Cold Freshwater Habitat.  
This includes uses of water that support cold water ecosystems, including, bit not 
limited to, preservation or enhancement of aquatic habitats, vegetation, fish, or 
wildlife, including invertebrates. 
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Confluence.  (1) The act of flowing together; the meeting or junction of two or 
more streams; also, the place where these streams meet. (2) The stream or body 
of water formed by the junction of two or more streams; a combined flood.  

Dissolved oxygen (DO).  The amount of free (not chemically combined) oxygen 
dissolved in water, wastewater, or other liquid, usually expressed in milligrams 
per liter, parts per million, or percent of saturation. 

Embeddedness.  The degree that larger streambed sediment particles (boulders, 
cobble or gravel) are surrounded or covered by fine sediment.  It is usually 
visually estimated in classes (<25%, 25-50%, 50-75%, and >75%) according to 
percentage of random large particles that are covered by fine sediment. 

Fine Sediment.  Sediment comprising fine-grained material, less than 2 
millimeters in size, such as mud, clay, or sand particles. 

Fry.  Newly hatched larvae that have used their yolk and are actively feeding. In 
steelhead, more narrowly defined as individuals that have emerged from gravel 
and are up to one month of age, or any cultured individual from the time of 
hatching through fourteen days after being placed in rearing ponds. 

Glide.  A shallow, slow flowing section of water characterized by a low gradient, 
of small currents, and an unbroken and smooth water surface with no defined 
hydraulic control. 

Hydraulic Control.  A generally sinuous line at the downstream end of a pool or 
run where flow is constricted and stream depth decreases.  The top of any 
channel spanning obstruction may also be a hydraulic control if streambed 
substrate has accumulated upstream of the obstruction forcing flow to crest the 
obstruction (e.g. bedrock outcrops, bars, log weirs, or beaver dams). 

Impaired waterbody.  A water body in which water quality does not meet 
applicable water quality standards and/or is not expected to meet water quality 
standards, even after the application of technology based pollution controls 
required by the Clean Water Act. 

Inter-specific interactions.  Interactions between different species—are 
numerous, and usually described according to their beneficial, detrimental or 
neutral effect (e.g. mutualism, competition, predation). 

Large woody debris.  A piece of woody material generally having a diameter 
greater than 30 cm (12 inches) and a length greater than 2 m (6 feet) located in a 
position where it is in or may enter the watercourse channel. 

Larvae.  The early life history stage of many invertebrates, amphibians and 
fishes, that is unlike its adult form and must metamorphose before assuming 
adult characteristics. 
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Limiting Factor.  An environmental factor that limits the growth, abundance, or 
distribution of a population of organisms in an ecosystem (e.g., water, nutrients, 
sunlight, prey, etc.).  

Off channel habitat.  A stable secondary channel from the main flow that 
contains less than 50% of the total flow and is separated from the main channel 
by an island or bar that has woody vegetation at least five years old (in forested 
areas) or has a well developed layer of soil (in unforested conditions).  

Outmigration.  The migration of fish down a river system to a large body of 
water, usually the ocean. 

Permeability.  The capacity of a porous rock, sediment, or soil for transmitting a 
fluid; it is a measure of the relative ease of fluid flow under unequal pressure. 

Pool.  A portion of a stream channel that usually has reduced surface turbulence, 
increased surface area, and has an average residual depth that is greater than 5% 
of the bankfull width of the channel. 

Redd.  A gravel nest or depression in the stream substrate formed by a female 
salmonid in which eggs are laid, fertilized and covered with gravel for a period of 
incubation. 

Residual depth.  The difference in depth or bed elevation between the maximum 
depth of a pool and the downstream hydraulic control. 

Riffle.  A segment of stream where water flow is rapid and usually shallower 
than the reaches immediately upstream and downstream of the segment. Also, the 
topographic high points on a streambed profile composed of the coarsest bed 
material being transported by the stream. 

Run.  A reach of stream characterized by fast flowing, low turbulence water that 
lacks the residual depth to be classified as a pool and is too deep to be classified 
as a riffle. 

Sediment.  Fragmented material that originates from weathering of rocks and 
decomposed organic material that is transported by, suspended in, and eventually 
deposited by water or air. 
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Sediment 
Type 

Particle Size (mm) Particle Size (inches) 

Clay <0.005 <0.0002 

Silt 0.005 – 0.05 0.0002 – 0.002 

Fine sand 0.05 – 0.25 0.002 – 0.01 

Medium sand 0.25 – 0.5 0.01 – 0.02 

Coarse sand 0.5 – 2.0 0.02 – 0.08 

Gravel 1.0 – 20 0.08 – 0.8 

Cobbles 20 – 250 0.8 – 10 

Boulders > 250 > 10 
 

Smolt.  Juvenile salmonid one or more years old that have undergone 
physiological changes to cope with a marine environment: the seaward migration 
stage of an anadromous salmonid. 

SPAWN.  a Basin Plan Beneficial use designation for Fish Spawning.  Use of 
water that support high quality aquatic habitats suitable for reproduction and 
early development of fish. 

Substrate.  The composition of a streambed, including either mineral or organic 
materials. 

Superimposition.  An event that occurs when later arriving adult spawners 
spawn in the same places as earlier arriving adult spawners, in effect, digging up 
redds constructed by previous spawners.   

TMDL.  Total Maximum Daily Load, as defined under section 303(d) of the 
Federal Clean Water Act, and regulations at 40 Code of Federal Regulations 
Section 130. 

Total Load.  1) In sediment transport equations, the sediment load in a channel 
exclusive of washload. 2) Otherwise, all sediment load in a channel, including 
bed-material load and washload.  3) For a TMDL the sum of sediment loads 
contributed by point sources, non-point sources and natural background. 
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Executive Summary 

The overall objective of the San Francisquito Creek Aquatic Habitat Assessment 
and Limiting Factors Analysis is to provide an evaluation of steelhead 
(Oncorhyncus mykiss) habitat within the lower watershed that is pertinent to the 
San Francisco Regional Water Quality Control Board’s (RWQCB) Sediment 
Total Maximum Daily Load (TMDL) development process. The TMDL process 
is a requirement of the RWQCB’s 303(d) listing of the San Francisquito Creek 
watershed that is predicated on the hypothesis that steelhead populations have 
declined due to anthropogenic sediment impairment associated with European 
settlement of the area in the late 18th century.  

This Aquatic Habitat Assessment and Limiting Factors Analysis (AHALFA), 
funded by the Santa Clara Valley Water District, characterizes channel and 
habitat conditions with respect to factors that may limit the steelhead population 
in the San Francisquito Creek watershed.  Studies have already been conducted 
throughout the San Francisco Bay Area (Bay Area) and within the watershed that 
provide a basis for study design.  Information from these studies is incorporated 
with new data from the current aquatic habitat assessment.  Data collection and 
analyses evaluate stressors that limit (1) aquatic habitat, (2) steelhead (O. mykiss) 
production, and (3) development of individuals in specific steelhead life history 
stages within the lower San Francisquito Creek Watershed.  This aquatic habitat 
assessment describes the habitat requirements of steelhead, the existing habitat 
conditions within the watershed, the methodology for acquiring and processing 
data, a synopsis of the results that illuminates the limiting factors for steelhead in 
the watershed, and a discussion of recommended next steps.  Methodologies 
followed are consistent with those used in previous analyses (i.e., Napa, Sonoma, 
and Stevens Creek limiting factors analyses) in order to facilitate consistency 
within the RWQCB’s TMDL process and to define the watershed within the 
context of the greater San Francisco Bay Area. 

The assessment feeds directly into the limiting factors analysis for the watershed.  
Each parameter of the habitat assessment is designed to be qualitatively or 
quantitatively linked to steelhead mortality during all freshwater life history 
stages of the population (within the context of the lower San Francisquito Creek 
watershed).  The study area includes the lower mainstem of San Francisquito 
Creek and the Los Trancos Creek sub-watershed within Santa Clara County.  The 
tributaries of the upper San Francisquito Creek watershed and the Bear Creek 
watershed within San Mateo County are not part of the geographic scope of this 
study because the jurisdiction of the funding agency is limited to Santa Clara 
County.  

This study has ultimately concluded that a lack of suitable winter refuge in pools 
and other habitats is the key factor limiting smolt production within the study 
area and potentially throughout the watershed.  While sediment can functionally 
limit habitat availability via the filling of cobble interstices and pools, the greater 
impact within the San Francisquito Creek watershed is the lack of overwintering 
habitat due to the disconnection of upstream sources of material and the loss of 
material heading out of the watershed due to hydraulic simplification of the 
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watershed.  Lack of cobble and boulder aggregations of sufficient density and 
thickness, low amounts of unembedded cobble and boulder substrate, and a lack 
of other key habitat features such as large woody debris jams, root wads, and off-
channel habitat appear to result in relatively low winter carrying capacity for 
juvenile steelhead.  Thus, an increase in the quantity of winter habitat would 
likely result in an increase in smolt production.  However, it is important to note, 
given the geology of the watershed, that overwintering habitat was also 
historically a limiting factor within the San Francisquito Creek watershed and 
may always be the key limiting factor for steelhead production. 

Juvenile summer rearing habitat is not limiting capacity within the study area, but 
is degraded within the current study area.  A lack of key habitat features such as 
deep pools, large woody debris jams, root wads, and backwater habitat appear to 
result in impaired summer carrying capacity for juvenile steelhead.  An increase 
in the quantity of summer rearing habitat would not likely increase smolt 
production without commensurate increases in winter rearing habitat.  Survival 
of steelhead eggs and larvae is likely reduced by low permeability of spawning 
gravels within the study area and potentially throughout the watershed.  
However, large changes in smolt production would not be expected if egg-to-
emergence survival were increased by improving spawning gravel permeability. 

Steelhead outmigration success is limited by seasonal drying of the channel 
(occurring roughly between May and October, depending on the extent of the wet 
season), and this impact may be exacerbated when habitat connectivity is 
interrupted by passage impediments.  In years when flows of sufficient 
magnitude, duration, or timing fail to occur, outmigrating smolts are subject to 
mortality caused by desiccation, predation, elevated water temperatures, and 
other factors.  Although seasonal drying is most likely a natural phenomenon in 
San Francisquito Creek, the problem is exacerbated by the presence of passage 
impediments, and we believe it to be a potential limiting factor of current 
importance.  Summer water temperature data, although limited to observations 
from only one year, suggest that temperatures are generally suitable for steelhead 
in Los Trancos Creek and unsuitable during the summer months in the mainstem 
of San Francisquito Creek.  The degree to which temperatures may limit juvenile 
growth during warmer periods in the lower watershed is unknown.  However, if 
other factors such as food availability, turbidity, and flow are affecting growth, 
elevated temperatures may exacerbate such effects. 

Future studies are necessary to extend the temporal and geographic strength of 
the data on which this analysis is based.  Definitive information on steelhead 
production within the watershed will remain incomplete until similar studies are 
carried out in the San Mateo County portion of the watershed.  It is expected that 
a variety of individual stakeholders may participate in and/or carry out specific 
aspects of these studies, including Stanford University, the Santa Clara Valley 
Water District, the Joint Powers Authority, the San Francisquito Creek Steelhead 
Task Force, and applicable agencies in San Mateo County.  Coordination among 
these agencies will be key in the success of continuing efforts within the 
watershed. 
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Ultimately, while exerting negative pressures on many life history stages of 
steelhead habitat within the San Francisquito Creek watershed, including 
overwintering habitat, this study concludes that fine sediment is not the key 
factor limiting steelhead production in the watershed.  Overwintering habitat, the 
key factor limiting steelhead production, is the result of the following factors. 

 Simplification of the channel as the result of removal of floodplain areas and 
off-channel habitat. 

 Impacts to hydrology as a result of channel simplification that have resulted 
in the mobilization and loss of larger substrates that provide refuge for 
juvenile rearing. 

 Removal of upstream sources of refuge habitat, such as larger bed material 
and large woody debris that could provide overwintering habitat for juvenile 
steelhead. 

Although, as mentioned above, it is likely that overwintering habitat is a 
historically limiting factor in the watershed, it is obvious that pressures resulting 
from the urbanization and development of the watershed have further reduced the 
amount of available overwintering habitat in the San Francisquito Creek 
watershed. 

1 Introduction 

The fundamental focus of this study is the 303(d) listing by the San Francisco 
Bay Regional Water Quality Control Board (RWQCB) of San Francisquito Creek 
as impaired for sediment.  Based on a California Department of Fish and Game 
1998 recommendation, San Francisquito Creek was considered for inclusion in 
the RWQCB’s 1998 Clean Water Act 303(d) list of impaired water bodies.  
Based on RWQCB staff interviews with local experts, the RWQCB concurred 
with DFG’s recommendation and San Francisquito Creek was listed as impaired 
by sediment in 1998.  The listing is “based primarily on a decline in native fish 
populations” (RWQCB 2004).   

Steelhead, having one of the most restrictive habitat needs of any of the native 
fishes in the watershed, are considered to be the indicator species for the 
presumed decline in native fish populations.  If the basis for the listing is true, 
steelhead, which are sensitive to the impacts of excess turbidity and 
sedimentation, would should increased mortality.  Thus, a decline in the 
steelhead population in the watershed would be expected.  However, no historical 
steelhead population data is available to directly refute or substantiate a fish 
population decline. Consequently this study had to focus on identifying habitat 
factors that limit steelhead populations and determining likely linkages, if any, to 
anthropogenic sedimentation.  

Studies have already been conducted throughout the Bay Area and within the 
watershed that provide a basis for study design.  Information from these studies 
was collected during the literature review phase of this project and is 
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incorporated with new data from the current aquatic habitat assessment.  Data 
collection and analyses evaluate stressors that limit (1) aquatic habitat, 
(2) steelhead (O. mykiss), and (3) development of individuals in specific 
steelhead life history stages within the lower San Francisquito Creek watershed.  
This limiting factors analysis describes the habitat requirements of steelhead, the 
existing habitat conditions within the watershed, the methodology for acquiring 
and processing data, a synopsis of the results that illuminates the limiting factors 
for steelhead in the watershed, and a discussion of recommended next steps. 

While significant work has been done on sediment supply and transport within 
the watershed, no focused assessment of steelhead habitat for indications of 
biological consequences due to sediment has been completed.  The connection 
between sediment and steelhead habitat is important in defining the basis and 
potential extent of sediment impairment in the San Francisquito Creek watershed. 

Thus, one of the primary elements of this study is to evaluate the impact of 
sediment on aquatic habitat attributes (i.e., pool volume and filling, permeability 
of spawning gravels, stream bed and bank stability, streambed morphology, 
sediment storage, etc.) and to characterize streamflow, temperature, habitat 
structure, and water quality as they relate to steelhead life history needs.  Key 
questions to be answered by this study include the following. 

 What is the present status of habitat in the system? 

 Where has steelhead habitat been impaired? 

 What aspects of the aquatic habitat have changed and what caused those 
changes? 

 Do any factors other than sediment limit steelhead habitat and productivity in 
the San Francisquito Creek watershed? 

 What is the relative importance of habitat changes to steelhead?  

 Is it valid to list San Francisquito Creek as impaired for sediment? 

1.1 Study Objective 

The overall objective of the Lower San Francisquito Creek AHALFA is to, as 
much as possible given its geographic and temporal constraints, identify the 
limiting habitat factor/s for steelhead and determine associated relationships with 
anthropogenic sedimentation such that the findings may be incorporated into the 
San Francisco RWQCB’s Sediment (TMDL) development process.  The study 
was conducted to identify the bottleneck steelhead life stage and associated 
habitat attribute(s) that exerts the most significant influence(s) on smolt 
production in the Lower San Francisquito Creek and Los Trancos Creek 
watersheds.  The study is framed within the context of relating production to 
erosion, sedimentation, and other stressors that may influence the quantity and 
quality of habitat that is available within the study area at each life stage.  The 
expectation is that this approach will allow for a determination of whether or not 
sediment is limiting steelhead productivity within the study area. 
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1.2 Study Approach 

The limiting factors analysis is based on data from existing studies (see Existing 
Information Review below) collected during the literature review phase of the 
project in the summer of 2004 and from data collected during field studies 
conducted by nhc and Jones & Stokes (see Focused Studies below) between 
October 2004 and July 2005. 

The literature review phase of the project was intended to determine the extent to 
which available data on the watershed could be used in the AHALFA, and data 
gaps could be filled through focused studies.  To assist in this process, an Expert 
Advisory Panel (EAP) of local experts and stakeholders was assembled to review 
the Literature Review, Data Gap Analysis, Field Survey Plan, and this AHALFA 
at each step in the process.   

Each portion of the field survey period focused on the time of year appropriate 
for the affected life history stage of steelhead (e.g., gravel permeability during 
the spawning period to determine effects on trout redds).  The following is a 
synopsis of the fieldwork, funded by Santa Clara Valley Water Agency, which 
was completed within four field survey periods over the course of the year 
(September 2004–May 2005). 

September–October (Initial Reconnaissance and Rearing Conditions):  The 
initial reconnaissance effort focused on (1) field verification of the selected 
survey reaches selected, and (2) recording (using global positioning system 
[GPS]) of the beginning and end of each survey reach.  During each reach 
survey, temperature loggers were checked for damage and replaced if necessary, 
basic stream morphology was recorded, and flow measurements were taken.  
Photo points were selected for their ability to show distinct geomorphic features, 
eroding banks, and refugia, and these locations were documented with 
photographs.  All photo points included a stable point of reference and a defined 
scale to facilitate comparison with future photo points.  All identified passage 
barriers in the surveyed reaches were verified and re-assessed.  

Rearing studies included a qualitative assessment of refuge features, 
characterization of available pool habitat, measurements of gravel embeddedness, 
and a vegetative cover survey.  An assessment of the mainstem from the Los 
Trancos Creek confluence to San Francisco Bay was completed for dry reaches 
and isolated pools.  The dry reach assessment was conducted by vehicle at 
accessible crossings of the channel and will be recorded in digital photos. 

November–December (Overwintering Conditions):  The overwintering survey 
focused on obtaining embeddedness and pool-filling measurements in all of the 
survey reaches.  Additionally, all of the temperature loggers were checked for 
damage and data was collected, photo points were revisited to update the 
photographic record, and additional flow measurements were taken. 

January–March (Adult Migration and Spawning):  The spawning period 
surveys focused on gravel permeability measurements and redd identification in 
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all survey reaches.  All temperature loggers were checked for damage and 
additional photographs were taken.  Additional flow and embeddedness 
measurements were taken during the spawning period surveys.   

March–May (Juvenile Migration):  The juvenile survey focused on 
embeddedness and pool filling measurements in all of the survey reaches.  All 
identified barriers in the watershed were reassessed to ensure passage for 
outmigrating juvenile steelhead.  Additionally, all of the temperature loggers 
were removed from the field and additional photographs were taken.  Additional 
flow measurements were also taken and a second assessment of dry reaches and 
potential stranding points was conducted using the assessment methodology 
conducted during the summer.  A macroinvertebrate survey was completed using 
a methodology consistent with the previous USGS (Carter and Fend 2000) 
survey of San Francisquito Creek watershed.   

1.3 Geographic Scope 

The geographic scope of this study includes the lower mainstem of San 
Francisquito Creek and the Los Trancos Creek sub-watershed within Santa Clara 
County as shown in Figure 1 (10.8 square miles or roughly 25% of the 43-
square-mile total watershed area).  San Francisquito Creek was surveyed from 
the channel area adjacent to the eastern edge of the Oak Creek Apartment 
Complex (the downstream end of summer 2004 flows) upstream to the Santa 
Clara County Line at Alpine Road, covering 2.53 miles of stream channel.  Los 
Trancos Creek was surveyed from the confluence with San Francisquito Creek 
upstream to the Arastadero Road crossing, covering 1.97 miles of stream 
channel.  The tributaries of the upper San Francisquito Creek watershed and the 
Bear Creek watershed within San Mateo County are not part of the geographic 
scope of this study because the jurisdiction of the funding agency is limited to 
Santa Clara County. 

1.4 Analysis Species 

Under guidance from the RWQCB, steelhead trout was selected as the primary 
analysis species, as an indicator species for this study, for several reasons: 

 the listing of the San Francisquito Creek watershed impairment to cold-water 
habitat beneficial use; 

 the species’ threatened status and declining populations in northern 
California; and 

 the sensitivity of the COLD and SPAWN impairment listings, as defined by 
the Santa Clara Basin Water Management Initiative, and their relevance to 
San Francisquito Creek (SCBWMI 2003). 

The aquatic habitat assessment addresses both habitat conditions and the specific 
needs of steelhead trout throughout life stages. 
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A key element in using a species as an indicator for impairment is the presence of 
that species.  Fish occurrence data from the California Department of Fish and 
Game (DFG), Santa Clara Valley Water District (SCVWD), Stanford University, 
and the San Francisco Estuary Institute (SFEI) database of salmonid presence 
(Leidy 1994) were reviewed to determine the presence or absence of steelhead in 
the study reaches.  Data collected were mapped directly into a geographic 
information systems (GIS) database developed specifically for this assessment.  
The extent and rigor in each survey was highly variable.  Many surveys were 
limited to collecting specimens from a trap at a specific point during a short 
period of time and thus may not be wholly representative of conditions at the 
time or may be weighted to skew results one direction.  Further, Leidy collected 
information on presence from several sources (including DFG, USFWS, and 
other scientific surveys).   

Thus, due to variability in the ways the surveys were conducted, fish occurrence 
was characterized assessment on a presence/absence basis rather than specific 
reach utilization.  This means that effectively all accessible stream reaches that 
contain points where fish were found in surveys were considered to be utilized 
habitat for steelhead.  While these data are sufficient to characterize the 
population, they were not found to provide additional spatial value when mapped 
on the field survey map sheets and are not included in the final map sheets 
(Appendices A-1 and A-2). 

2 Study Parameters 

A wide range of factors may limit the size and growth potential of a population 
of organisms.  Potential limiting factors for steelhead include migration barriers, 
spawning gravel quality and quantity, and availability of habitat, among other 
potential factors.  While each factor may serve as the primary limiting factor 
under specific circumstances, the goal of this analysis was to identify the primary 
factor or factors that appear to be currently limiting the steelhead population in 
the lower San Francisquito Creek watershed.  This analysis applied knowledge of 
potential limiting factors to information gathered from focused studies, in order 
to compare the importance of sediment-related impacts to other potential limiting 
factors. 

Steelhead spend a considerable portion of their life cycle in fresh water (Figure 
2).  This period includes several vulnerable life stages.  During this time the 
species is subject to a variety of physical and biological factors that may cause 
direct or indirect mortality, thereby limiting the size and health of the population.  
Because environmental requirements change for each salmonid life stage, 
different factors are important during different life stages. 

This study focuses on the freshwater phase of the O. mykiss life cycle.  Factors 
affecting the amount and quality of available estuary rearing habitat and ocean 
harvesting and other factors affecting growth and survival of steelhead during the 
ocean phase of their life cycle may be very important limiting factors, but are 
also beyond the scope of this study. 
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The analysis is organized by the potential limiting factors within each stage of 
the O. mykiss life cycle.  The following list includes the factors believed to be 
potentially limiting during one or more steelhead life stages.  See Table 1 for a 
list of potential limiting factors according to steelhead life stages.  Potential 
limiting factors are discussed in the following sections and indicated by italics. 

Several potential protocols and parameters were considered and not included as 
part of this analysis due to the existence of data, irrelevance to the study needs, 
and/or level of complexity.  The following study parameters were omitted from 
the limiting factors analysis. 

 Due to the lack of historic mining, intense agricultural use, or similar other 
activities, some water quality parameters (pH, turbidity, salinity, nutrient 
load, contaminants) were excluded.  These parameters were all considered to 
be of minimal direct consequence within the San Francisquito Creek 
watershed, given the existing condition of the watershed.  The only sources 
of potential contaminent inflow in the watershed would be directly related to 
Stanford Golf Course and private landscaping maintenance.  These sources 
were not determined to be significant enough to warrant further investigation. 

 Many large-scale sediment parameters (e.g., slope stability, erosion potential, 
gross bedload movement, and channel geometry) are adequately covered in 
previous sediment analysis studies and do not easily translate to biological 
consequences. 

 Surveys of long profile, channel cross section, and longitudinal profile 
surveys, including development of hydraulic geometry regression 
relationships, is not covered within the scope of this analysis, but may be 
conducted in future studies.  These studies would likely be considered to 
understand processes found to result in negative impacts to potential limiting 
factors.  If limiting factors are determined to be the result of hydraulic and 
geomorphic processes, these surveys should be considered before any type of 
restoration activities are implemented. 

2.1 Adult Upstream Migration 

The initiation of upstream migration by adult steelhead generally requires an 
environmental cue in the form of an “attraction flow,” which provides a chemical 
or other type of signal to the fish that upstream conditions are suitable for 
migration and spawning.  Alterations in the timing, duration, or magnitude of 
attraction flows may delay or prevent the spawning migration by steelhead. 

As adult steelhead migrate upstream to spawn, they frequently must overcome a 
variety of natural and anthropogenic obstacles before reaching suitable spawning 
areas.  These include the following. 

 Physical migration barriers.  Natural or man-made features such as dams, 
inadequate flows, “hanging” tributaries, natural falls, or culverts may 
compromise the spawning success steelhead by preventing access to 
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Table 1.  Life History stages of O. mykiss, Known Data for the San Francisquito Creek Watershed, and 
Applicable Field Studies 

Life Cycle Potential Limiting Factors Data Availability Applicable Field Surveys 

Environmental Migration Barriers SCVWD 2004 and Owens 
et al. 2003, 2004, 2005 

Additional temperature 
measurements 

Physical Migration barriers (e.g., 
dams, channel braiding, natural 
falls, culverts, and road crossings) 

Smith and Harden 2001, 
USGS 2004 

None 

Adult Upstream Migration 

Migration corridor hazards (e.g., 
bypasses, poaching) 

Launer and Holtgreive 
1999 

None proposed.  Surveys noted 
additional barriers. 

Spawning gravel quantity/redd 
superimposition 

No known data Redd identification, 
embeddedness, and gravel 
permeability 

Spawning gravel quality (e.g., 
intergravel flow, sedimentation, 
armoring) 

No known data Gravel permeability, 
embeddedness 

Water quality and temperature SCVWD 2004 and Owens 
et al. 2003, 2004, 2005 

Additional temperature 
measurements 

Substrate mobility and scouring nhc et al. 2003 Visual observations 

Spawning and Incubation 

Redd dewatering No known data Visual analysis and 
permeability measurements 

Availability of summer habitat 
(e.g., pools, temperature refugia, 
shaded riverine aquatic) 

SCVWD 2004 Sample reach assessment and 
pool filling measurements 

Availability of winter habitat 
(e.g., in-channel LARGE 
WOODY DEBRIS, interstitial 
habitat) 

No known data Embeddedness measurements 

Stranding by low flows Metzger 2002 None 

Displacement by high flows No known data None 

Predation No known data None  

Food availability Carter and Fend 2000 Macroinvertebrate survey 

Interspecific interactions with 
native species 

Launer and Holtgrieve 
2000 

None  

Competition with introduced 
species 

Launer and Holtgrieve 
2000 

None  

Juvenile Rearing 

Water quality/temperature SCVWD 2004 and Owens 
et al. 2003, 2004, 2005 

Temperature measurements 

Adequate flows for outmigration No known data None 

Water quality and temperature SCVWD 2004 and Owens 
et al. 2003, 2004, 2005 

Temperature measurements 

Smolting and 
Outmigration 

Predation, poaching No known data None  

 
Sources:  Carter and Fend 2000, Owens et al. 2003, 2004, 2005, Launer and Holtgreive 1999, Launer and Holtgrieve 
2000, Metzger 2002, nhc et al. 2003, SCVWD 2004, Smith and Harden 2001, USGS 2004. 
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spawning habitats, or, in the case of partial barriers, by compromising the 
fish’s fitness as it attempts to overcome the obstacle. 

 Environmental migration barriers.  Upstream migration by adult salmonids 
to their spawning habitats may also be blocked or curtailed by environmental 
conditions, such as poor water quality or elevated water temperatures.  If 
water temperatures remain prohibitively high, spawning may not occur or 
may take place in suboptimal habitats. 

 Migration corridor hazards.  Other hazards that may be encountered by adult 
salmonids as they migrate upstream include poaching and false migration 
pathways presented by bypasses and diversions.  These hazards can interfere 
with spawning migrations and limit the success of salmonid populations. 

Physical migration barriers were determined to be potential limiting factors.  
Land in the San Francisquito Creek watershed is developed from the Felt Lake 
Diversion to San Francisco Bay and is heavily developed between the Bay and 
Interstate 280.  Thus, the study area is impacted by many in-channel structures 
such as bridges, grade and erosion control structures, road crossings, and weirs 
that have the potential to form physical migration barriers.  To address these 
issues, a comprehensive review of available information on artificial barriers was 
performed. 

In contrast, environmental migration barriers and migration corridor hazards 
were determined to be unlikely significant issues in San Francisquito Creek.  A 
review of existing information indicated that water temperatures during the late 
fall and winter are typically within a range considered to be suitable for adult 
steelhead immigration (SCVWD 2004).  A lack of reports of serious water 
pollution further suggests that environmental migration barriers, such as high 
levels of pollution or acutely lethal temperatures during the migration periods, 
are not likely to be significant issues in San Francisquito Creek.  While several 
flow diversions have been constructed in the San Francisquito Creek watershed, 
these activities have not significantly altered the route that fish must follow to 
complete their upstream migration; thus migration corridor hazards, with the 
exception of potential passage barriers, to adult upstream migration were not 
considered further. 

2.2 Spawning and Incubation 

Environmental conditions play a crucial role in successful steelhead spawning, 
egg incubation, and survival to emergence.  The range of environmental 
tolerance of steelhead during this life stage is narrow, and many factors may limit 
survival.  These factors include the following. 

 Spawning gravel quantity and redd superimposition.  Limited spawning 
gravel quantity may occur naturally or where access to spawning habitat has 
been blocked or suitable substrates have been dewatered via hydraulic 
alteration of the channel (e.g., diversions, pumping).  This problem can be 
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further exacerbated in areas where limited habitat availability can result in 
competition for space and leads to redd superimposition. 

 Spawning gravel quality.  Suboptimal spawning gravel quality (related to 
gravel size distribution and/or presence of fine sediment) can limit spawning 
and incubation success by rendering gravel unusable by spawning fish, 
creating unsuitable incubation conditions, or preventing fry from emerging 
after hatching. 

 Water quality and temperature.  Survival to emergence is dependent on 
successful incubation of eggs, which are especially vulnerable to low 
dissolved oxygen levels and high water temperature.  Excessive sediment 
deposition during incubation can reduce egg survival by inhibiting gravel 
permeability (thereby reducing both oxygen delivery and removal of 
metabolic wastes), and can trap (or “entomb”) emerging alevins. 

 Substrate mobility/scouring.  Successful hatching and emergence require 
stable gravels in and around the egg pocket.  Scouring of redd gravels can 
alter redd hydraulics resulting in reduced egg survival rates or cause abrasion 
and displacement of eggs resulting in direct mortality. 

 Redd dewatering.  Partial or complete dewatering of redds can result in low 
survival rates due to reduced delivery of water and oxygen and buildup of 
toxic metabolic byproducts, and may cause egg mortality due to desiccation. 

The quantity and quality of spawning gravel, substrate mobility/scouring, and 
redd dewatering were determined to be potential limiting factors in the San 
Francisquito Creek watershed.  The quantity and quality of spawning gravel are 
important factors in the success of salmonids.  Spawning gravel permeability, a 
direct measure of the effects of fine sediment intrusion into spawning gravels, 
was assessed at six sites within the watershed and spawning gravel quantity was 
surveyed throughout the study area.  The issue of substrate mobility/scouring was 
evaluated qualitatively based on information collected during reconnaissance 
surveys and data collected by nhc during the sediment budget analysis.  The 
potential for redd dewatering was evaluated qualitatively based on previous 
hydrologic studies of the watershed. 

A review of existing information indicated that water temperatures in San 
Francisquito are typically within a range considered to be suitable for steelhead 
spawning and egg incubation (SCVWD 2004).  While water quality issues other 
than those related to sediment and temperature, such as potential high nutrient 
loading, are theoretically important, they are not generally considered to be a 
limiting factor for steelhead and thus, not considered in the scope of this project. 

2.3 Juvenile Rearing 

Following emergence from the gravel, juvenile steelhead must begin feeding and 
competing for resources under varying environmental conditions.  Factors that 
may limit survival of rearing juveniles include the following. 
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 Availability of summer rearing habitat.  During summer, when flows are 
typically lowest and water temperatures highest, pools, substrate interstices, 
and other complex habitats provide rearing steelhead with important refugia 
from high temperatures and predation.  A lack of summer rearing habitat can 
reduce the growth and fitness of juvenile steelhead, increasing competition 
for food and space, and increasing the risk of predation. 

 Availability of overwintering habitat.  Displacement or mortality caused by 
high winter flows frequently limits production of juvenile steelhead that do 
not have access to refuge habitat associated with large woody debris, large 
substrates such as boulders, interstitial spaces, off-channel habitat, or other 
features that provide velocity refuges.  Certain habitat elements, such as 
substrate interstices, may also increase winter survival by providing resting 
or hiding sites for fish when water temperatures are coldest. 

 Stranding by low flows.  Stranding can cause direct mortality of juvenile 
steelhead when low flows or rapidly receding water levels isolate fish in 
disconnected or dewatered habitats, subjecting them to predation, 
desiccation, or other hazards. 

 Displacement by high flows.  Extremely high flows, especially in areas 
devoid of bed or bank roughness elements, can displace rearing steelhead and 
lead to mortality. 

 Predation.  Predation limits population success through direct mortality.  
Predation pressure on rearing steelhead may be increased by removal of 
instream and overhead cover, low flows, migration barriers, and changes in 
channel geometry. 

 Food availability.  An inadequate food supply can cause increased 
interspecific and intraspecific competition, and may lead to reduced fitness 
and, in some cases, mortality. 

 Interspecific interactions between native and non-native species.  
Interspecific interactions between native species, which include competition 
for food and space, are usually related to reduced availability of food and 
suitable habitat.  Non-native (introduced) species may be better suited to 
compete for food and space with native steelhead, especially in compromised 
habitats, reducing access to important resources that can limit fitness and 
survival.  These interactions may result in reduced fitness or survival. 

 Water quality/ temperature.  The quality and temperature of stream water has 
a direct impact on the success of rearing juvenile steelhead.  Short term 
exposure to lethal or near lethal temperatures or prolonged periods of 
elevated water temperature, as well as acute or chronic water pollution, can 
lead to direct and indirect mortality of juvenile steelhead. 

The availability of summer rearing and overwintering habitat, displacement by 
high flows, stranding by low flows, water temperature, and food availability were 
determined to be potential limiting factors in the San Francisquito Creek 
watershed.  In the San Francisquito Creek watershed, lack of perennial snowmelt 
runoff and naturally low summer flows result in elevated water temperatures in 
the lower watershed.  Seasonal drying of San Francisquito Creek below Oak 
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Creek Court interrupts habitat connectivity and reduces the amount of available 
summer rearing habitat.  As a result, availability of summer rearing habitat and 
water temperature were major concerns.  To determine the quality of summer 
rearing habitat, we conducted a review of available information to determine the 
availability of rearing habitat and extent of channel drying within the watershed.  
We also examined the potential effects of stranding by low flows (i.e., channel 
drying and restricted passage at structural barriers) on the ability of rearing 
juveniles to access suitable habitat, or become trapped in unsuitable habitat, and 
the potential for mortality due to stranding.  To determine whether water 
temperatures reach levels harmful to juvenile salmonids, we analyzed the 
available temperature monitoring data for the basin.  Since the effects of 
temperature on juveniles is partly dependent on food availability it was suspected 
that insufficient food availability may reduce growth of juvenile fish due to a 
compound effect of low flows and high temperatures.  A macroinvertebrate 
survey was conducted to determine the extent of prey available in the study area. 

Preliminary data also suggested that fine sediment has substantially filled coarse 
substrate interstices used as key winter refuge habitat by juvenile steelhead.  
Additionally, channel incision and a general lack of large woody debris has 
resulted in fewer off-channel winter refugia for steelhead and reduced in-channel 
habitat complexity relative to presumed historical conditions.  The availability 
and quality of overwintering habitat and potential displacement by high flows of 
juveniles was assessed through a review of existing information and focused field 
studies. 

Based on our review of the historical fish survey data, we determined that 
predation on steelhead is likely limited due to the low occurrence of non-native 
predators as well as the near absence of native piscivorous fish and was not 
studied in this analysis.  Based on our review of historical fish survey data, we 
determined that steelhead are the only salmonid currently or historically present 
in the San Francisquito Creek watershed and that habitat preferences of other 
native fish species are sufficiently different to minimize interspecific interactions 
between native species (i.e., competition for food and space).  Based on our 
review of the historical fish survey data, we determined that competition between 
steelhead and introduced species is likely limited by the low occurrence and 
restricted distribution of non-native fish to the reach of San Francisquito Creek 
just downstream of Searsville Dam. 

2.4 Smolt Outmigration 

A variety of environmental factors may serve as outmigration cues to juvenile 
steelhead in streams.  Outmigrating fish are subject to a range of conditions that 
influence their ability to successfully reach the ocean.  These include the 
following. 

 Adequate flows for outmigration.  After undergoing physical changes 
(“smoltification”), juvenile steelhead initiate outmigration at adequate river 
flows, usually during spring.  Reduced flow duration or magnitude during the 
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outmigration period can render some portions of the river corridor impassible 
and may subject emigrating juveniles to increased predation, stress, or 
mortality due to high temperatures, thereby reducing the chances of 
successful outmigration.  Steelhead, unlike many salmonids, do have the 
plasticity in the species life history to not outmigrate if conditions are 
unsuitable or key cues for outmigration do not occur (thus living a non-
anadromous life history and referred to as rainbow trout). 

 Water quality and temperature.  Water quality and temperature may be 
especially important to outmigrating salmonids during low-flow periods.  
Lethal or sub-lethal effects may result from pollutants or prolonged exposure 
to high water temperatures. 

 Predation.  Predation, especially by introduced warm-water, piscivorous fish, 
is believed to be a significant source of mortality of outmigrating salmonids 
in some rivers.  Outmigrant juveniles may also be subject to predation by 
terrestrial or avian predators. 

 Diversion hazards.  Water diversions, such as canals, pumps, and bypasses, 
can act as “blind pathways,” preventing fish from reaching the ocean.  They 
may also be directly lethal to fish or may expose them to high water 
temperatures, pollutants, predation, or desiccation. 

Water temperature, adequate flows for outmigration, and diversion hazards were 
determined to be potential limiting factors in the San Francisquito Creek 
watershed.  Based on existing information on warm surface water temperatures in 
the spring, water temperature during the period of smolt outmigration was 
addressed in this study by analyzing available water temperature data from 
several locations on Los Trancos Creek and San Francisquito Creek.  Whether 
adequate flows for outmigration would be available for juvenile outmigration 
was determined through a review of previous studies of stream flow patterns 
within the watershed and an qualitative assessment of the potential effects of 
diversion hazards and flow-related barriers on habitat connectivity during 
outmigration. 

As discussed above, predation on steelhead by non-native fish was not 
considered further in study.  Although predation risk from non-native fish such as 
striped bass (Morone saxatilis) may be a threat to smolts once they enter San 
Francisco Bay, this was beyond the scope of our analysis. 

 

3 Aquatic Habitat Assessment 

The following section of this analysis discusses the specific methodologies that 
were considered to assess each potential limiting factor for the Aquatic Habitat 
Assessment and the results of each focused study, and draws preliminary 
conclusions based on the results of the focused studies.  Methodologies followed 
are consistent with those used in previous analyses (i.e., Napa, Sonoma, and 
Stevens Creek Limiting Factors Analyses) in order to facilitate consistency 
within the RWQCB’s TMDL process and to define the watershed within the 
context of the greater San Francisco Bay Area. 
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Each individual assessment protocol used in the Habitat Assessment is designed 
to address a potential limiting factor within the San Francisquito Creek watershed 
and its potential for impact on one or more life history stages of O. mykiss (Table 
1).  The data collected will be qualitatively or quantitatively linked to the survival 
of O. mykiss at the appropriate life history stage(s).  The survival of steelhead 
under each potential limiting factor is assessed to determine the limiting factors 
with greatest impact on steelhead production in the San Francisquito Creek 
watershed in the Limiting Factors Analysis section of the document. 

Initial reconnaissance surveys of stream morphology in the watershed and of 
specific sites that were identified for analysis took place in October of 2004.  The 
survey began in the fall of 2004 to characterize the geomorphic attributes of 
overwintering habitat, the survey of spawning habitat took place from February 
through April of 2005, and the final assessment of juvenile outmigration and 
rearing habitat was conducted from April though early July of 2005. 

3.1 Habitat Characterization 

The San Francisquito Creek watershed spans the eastern Santa Cruz Mountains 
between Kings Mountain and Russian Ridge.  The watershed drains an area of 
approximately 43 square miles.  San Francisquito Creek flows from Searsville 
Dam downstream to the South San Francisco Bay, a distance of approximately 
13 miles (Saah 1978).  The elevation ranges from 2,500 feet at the top of the 
watershed to sea level at the San Francisco Bay. 

Major tributaries of San Francisquito Creek downstream of Searsville Dam 
include Los Trancos Creek and Bear Creek.  The Los Trancos Creek watershed 
has an area of approximately 7.6 square miles and joins the mainstem of San 
Francisquito Creek about a half mile east of Highway 280 (Saah 1978).  The Felt 
Lake Diversion, part of Stanford University’s operations, is located on Los 
Trancos Creek at Arastradero Road.  The Bear Creek watershed has an area of 
approximately 11.7 square miles and joins the mainstem of San Francisquito 
Creek about 0.3 miles below Searsville Dam. 

The San Francisquito watershed supports a wide variety of aquatic resources, 
including a central California coast steelhead run recorded as early as 1905 by 
Snyder.  The studies that best represent the occurrence and extent of steelhead in 
the watershed are the following. 

 Vogel 2002.  An extensive snorkel survey of juvenile O. mykiss in Los 
Trancos Creek, funded by Stanford University.  The survey covered 2.3 
miles of channel downstream and 1.6 miles upstream of the Felt Lake 
Diversion Dam in the spring of 2002.  Fry and yearling trout were identified 
upstream and downstream of the diversion dam. 

 Launer and Holtgreive 2000.  A Stanford University study, in the summers of 
1998 and 1999, of all fish populations in San Francisquito Creek and Los 
Trancos Creek.  The survey started at the confluence of San Francisquito and 
Los Trancos creeks, continued upstream to Searsville Dam on San 
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Francisquito Creek, and terminated at the Felt Lake Diversion fish ladder on 
Los Trancos Creek.  A small portion of Bear Creek was also surveyed in 
1998.  The study found that non-native fishes supported by Searsville Lake 
were not expanding their range into the rest of the watershed and that 
“moderate to high” densities (i.e. encounter rates of greater than 0.61 
individuals per minute) of steelhead/trout, including yearlings, were 
prevalent in the surveyed reaches. 

 Anderson 1995 and DFG 1976.  Summer electrofishing surveys of Bear, Los 
Trancos, and San Francisquito Creeks in 1976 and in 1992–1993.  The effort 
was more extensive in 1992–1993, but steelhead were found in all streams 
during both surveys.  However, more young of year O. mykiss were found 
upstream of the Felt Lake Diversion.  Because the survey was conducted 
before the installation of a fish ladder in 1995, this suggests a self-sustaining 
rainbow trout population upstream of the diversion.  However, it does not 
confirm a rainbow trout population because the diversion barrier was not a 
complete barrier to movement. 

The long-term, consistent finding of juveniles and evidence of spawning clearly 
imply an ongoing steelhead/rainbow trout population.  However, there exists very 
little escapement information or data on returning adults and minimal 
information on the timing of outmigration and returning adults (although this 
information can be assumed from juvenile presence studies and spawning data). 

3.1.1 Introduction 

The purpose of the habitat characterization was to document existing habitat 
conditions for steelhead in the study area.  Habitat mapping documents the 
occurrence and the lengths of riffles, runs, and pools, and the occurrence and 
linear distance of shaded riverine aquatic (SRA) cover, including undercut banks, 
overhead vegetation, and in-stream woody material in the study area.  A diversity 
of habitat types provides spawning, resting, and feeding areas for fish.  Riffles 
provide important fish-spawning habitat and food-producing areas, pools provide 
cover and moderate variability in water temperature, and runs provide habitat 
values intermediate between those of riffles and pools.  SRA cover provides fish 
with escape cover from predators, and shade from overwater vegetation helps to 
moderate water temperatures. 

3.1.2 Existing Conditions 

The only basic habitat information that has been collected in the study area 
consists of survey data collected in the spring of 2003 (SCVWD 2004) during 
preliminary field studies for the AHALFA studies.  Habitat units in Los Trancos 
Creek consisted largely of riffle (49%) and run (47%), with a few pools (4%) 
based on the 2003 surveys.  Habitat units recorded within the surveyed reach of 
San Francisquito Creek consisted largely of run (59%), with some riffles (21%) 
and deep pools (20%).   
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3.1.3 Methods 

Habitat-specific information for the population modeling exercise was collected 
in early October of 2004, before the onset of winter rains.  San Francisquito 
Creek was surveyed from the channel area adjacent to the eastern edge of the 
Oak Creek Apartment Complex (the downstream end of summer 2004 flows) 
upstream to the Santa Clara County Line at Alpine Road, covering 2.53 miles of 
stream channel.  Los Trancos Creek was surveyed from the confluence with San 
Francisquito Creek upstream to the Arastadero Road crossing, covering 1.97 
miles of stream channel.  Basic habitat types (pool, riffle, and run) were 
delineated within the surveyed area according to standard habitat mapping 
descriptions.  Length, mean width, and depth were estimated for each habitat 
unit.  For aerial maps with noted habitat units, see Appendix A-1 (San 
Francisquito Creek ) and Appendix A-2 (Los Trancos Creek).  

3.1.4 Results  

Based on the results of the 2004 surveys, habitat units in Los Trancos Creek 
consisted largely of an even amount of riffle (44%) and pool (37%), with a 
smaller proportion of runs (19%) based on the 2003 surveys.  Habitat units 
recorded within the surveyed reach of San Francisquito Creek consisted almost 
entirely of large pools with distinct hydraulic controls (84%), separated by highly 
defined riffles (11%) with few areas of run (5%).   

Table 2.  Habitat Availability for Each Surveyed Reach 

Habitat type 
San Francisquito
Habitat area (ft²) 

Percent of total
area surveyed 

Los Tancos 
Habitat area (ft²) 

Percent of total
area surveyed 

Pool 224,625 84% 43,001 37% 

Riffle 30,027 11% 50,850 44% 

Run 13,130 5% 21,765 19% 

Total Area 267,782 100% 115,616 100% 
 

3.1.5 Discussion 

The information collected in the habitat characterization is focused on habitat 
units that provide key functions within each or various life history stage for 
steelhead.  This information will be input into the population model discussed at 
the end of this document, and the area of each habitat type will be characterized 
in terms of potential steelhead production.  However, this information can also be 
directly translated into qualitative assumptions based on known trends inherent in 
the makeup of habitat types within a given watershed. 
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Pool frequency and quality has been shown to decrease with increasing 
urbanization; in addition, riffles tend to be replaced with run habitat in 
channelized reaches (May 1997).  This trend toward development of run habitat 
appears to be occurring in San Francisquito Creek, but in the resulting pools are 
long and scoured pools (i.e. what in the past might have been categorized as a 
glide), with abrupt short riffles that provide distinct hydraulic controls where 
material settles out.  In the summer these pools become stagnant or dry out, while 
flow continues in the subsurface of the short riffles between the pools.  The 
difference is likely found in that May’s study looked specifically at watersheds in 
the Pacific Northwest, which, given a more consistent and pronounced rainfall, 
do not suffer from seasonal flow changes as is seen in central California steams.  
This factor could be the determinant that is causing the channel morphology seen 
in the lower reaches (i.e., below Sand Hill Road) of San Francisquito Creek.  In 
contrast, Los Trancos Creek is in a less developed area and does not lose 
streamflow as rapidly as the lower reaches of San Francisquito Creek; thus, the 
stream does not show a distinct reduction in pools, nor a noticeable increase in 
run frequency. 

Some studies indicate that the optimum pool to riffle ratio for salmonid 
production and overwinter survival is approximately 1:1 (Nickelson et al. 1992). 
With the supposition being that this is indicative of a balanced geomorphology 
with suitable habitats for all life history stages of steelhead and a broad range of 
winter flow refuge.  This suggests that San Francisquito Creek within the study 
area may not provide enough suitable winter rearing habitat relative to other 
available habitats, whereas suitable winter rearing habitat may exist in Los 
Trancos Creek in suitable proportions. 

3.1.6 Conclusions 

The lack of a 1:1 ratio between pool and riffle habitat suggests degradation of 
winter rearing habitat in San Francisquito Creek.  This is potentially the result 
of altered hydrology in San Francisquito Creek, not specifically fine sediment. 
Winter rearing does not appear to be compromised in Los Trancos Creek based 
on the Nicholson ratio, which shows almost an exact 1:1 ratio between pool and 
riffle habitat.  While these results are an indicator of potential habitat 
degradation, the 1:1 ratio, in itself, does not provide a direct correlation to winter 
rearing habitat quality.   

3.2 Physical Barriers 

3.2.1 Introduction 

Physical barriers (dams, improperly sized weirs, etc.) can cause significant 
adverse impacts on steelhead populations within the lower San Francisquito 
Creek watershed by restricting the ability of steelhead to leave and return to the 
watershed and by limiting the ability of rearing juveniles and resident adults to 
access habitat and track resources within the watershed.  By disrupting habitat 
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connectivity, even a small number of barriers can have a disproportionately large 
impact on a population if the barriers obstruct access to large amounts of habitat 
or habitat of critical importance. 

3.2.2 Existing Conditions 

Genetic microsatellite analysis of trout from Los Trancos Creek confirms the 
presence of steelhead genetically tied to central coast steelhead populations, 
which in turn confirms the lack of complete barriers within the lower watershed 
(Nielsen 2000).  This implies that barriers may only intermittently be a limiting 
factor.  Many studies have been completed throughout the watershed to identify 
potential barriers to migration (Smith and Harden 2001; nhc et al. 2002; nhc 
and Jones & Stokes 2004; USGS 2004).  Additionally, impaired passage 
conditions have been observed in the Felt Lake and Lagunita Dam fish ladders 
(Matt Stoecker pers. obsv. 1998-2006.   

3.2.3 Methods 

Many studies have been completed throughout the watershed to identify potential 
barriers to migration (Smith and Harden 2001; nhc et al. 2002; nhc and Jones & 
Stokes 2004; USGS 2004).  However, barrier analysis within the watershed has 
been limited to upstream passage for adults, not for outmigrating juveniles.  As 
part of the outmigration analysis, we visually assessed known existing barriers 
downstream of spawning reaches to determine the extent of passability for 
juveniles during the period of outmigration (March–May).  Reaches of the 
system that are dry in the summer months were also visually assessed during this 
period. 

Existing barriers at the following locations were reassessed as part of the current 
study. 

 Two notched weirs upstream of Sunset Magazine building. 

 Bonde weir at El Camino Real. 

 Stanford Golf Course low flow crossing. 

 Series of three weirs at Stanford Golf Course. 

 USGS gage (11164500) weir. 

 Broken weir behind Homer Lane neighborhood. 

 Lagunitas Dam. 

 Four notched weirs under Interstate-280. 

 Old USGS gage weir near Piers Lane. 

 Felt Lake Diversion structure. 
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It has also been identified, that while the reach is not what would be commonly 
be considered a rearing reach, because of barriers within the system that can limit 
juvenile mobility, it does appear that some juveniles are trapped in the lower 
watershed and rearing during the summer months (D.W. Alley and Associates 
2004).  D.W. Alley and Associates found juveniles rearing in the lower 
watershed throughout the summer while monitoring the construction of the new 
crossing of San Francisquito Creek at Sand Hill Road. Thus, habitat conditions 
for juveniles rearing in the lower watershed could limit productivity as long as 
barriers are not appropriately modified to facilitate juvenile passage. 

3.2.4 Results  

While only one of the assessed barriers was removed during the study period, 
none of the barriers in the system is a complete barrier to upstream passage for 
adults migrating upstream to spawn.  Additionally, all of the barriers assessed 
appear to be passable for outmigrating juveniles during the March to May period 
during which outmigration would be expected.  The low flow crossing at the 
Stanford Golf Course was removed during the summer of 2004.  The site has 
been restored to a more natural stream channel with large woody debris keyed 
into the banks to maintain the grade.  The other series of three weirs at the golf 
course are now so dilapidated and worn that they are submerged most of the year, 
and only the most downstream of the weirs would be impassable to juveniles 
trying to move back upstream.  The former USGS gage weir on Los Trancos 
Creek upstream of Piers Lane is also severely degraded and is likely to be 
undercut in the next few years, if not sooner.  The old gage weir will remain an 
upstream impediment to juvenile movement until it is undercut and could remain 
problematic for passage of juveniles even after it is undercut. 

3.2.5 Discussion 

All of the remaining barriers in the watershed appear to be problematic in terms 
of juvenile outmigration in late spring and are severe barriers to juvenile 
movement within the watershed during summer rearing when flows are severely 
reduced.  The main reason for this problem is that most of the barriers in the 
watershed have been modified specifically for adult, not juvenile passage.  This 
is proven by the presence of juveniles holding in warn, sub-optimal rearing pools 
in the lower sections of San Francisquito Creek, below Sand Hill Road during the 
summer months (D.W. Alley and Associates 2004). While barriers were passable 
under the conditions observed in the spring of 2005, it is not expected that all of 
the barriers in the system would be passable during below average flow years.  It 
also seems plausible that many of the barriers would not be passable for juveniles 
in the later outmigration window (i.e., Late April to May).   

Steelhead potentially adapt to lower late spring flows in the San Francisquito 
Creek watershed by timing outmigration earlier in spring when flows are still 
sufficient for safe movement.  Given that the stream is naturally a losing stream, 
it is likely that San Francisquito Creek would have historically dried out before 
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the completion of “normal” timing of juvenile steelhead outmigration during 
below average water years.  Further studies are necessary to determine what 
flows are critical for outmigration in the watershed.  A smolt trap in the 
watershed would be beneficial in establishing the exact windows of outmigration 
in the San Francisquito Creek watershed. 

3.2.6 Conclusions 

In years with above average flows, all barriers in the system are passable to 
upstream adult migration and juvenile outmigration during the appropriate times 
of year.  However, in years with below average flows, adult passage is 
potentially compromised and juvenile passage is compromised throughout the 
study area due to the presence of barriers that are impassable during the 
summer months.  Future studies are required to determine if juveniles have 
adapted to natural low-flow conditions that prevent migration by altering the 
timing of outmigration, and whether this adaptation to natural low-flow 
conditions is being employed for anthropogenic barriers. 

3.3 Hydrology 

3.3.1 Introduction 

In addition to structural barriers, natural variations in precipitation and runoff 
together with natural steamflow losses and human inputs and withdrawals of 
water from the system, influence the amount of flow available for fish passage in 
San Francisquito Creek and Los Trancos Creek.  While upstream spawning 
migration by anadromous salmonids typically occurs during the wet season when 
flows are generally sufficient (unless the onset of rains is late), inadequate flows 
in the spring can pose a potentially significant barrier to fish movement within 
the stream and to smolts emigrating to the ocean.  Dry reaches can impact 
juvenile steelhead at other times of the year by eliminating or restricting access to 
habitat during the rearing period. 

Flow influences the degree to which structural impediments are passable by 
adults moving upstream and by smolts and juveniles moving downstream.  High 
flows may pose problems for upstream migration if water velocity at artificial 
structures and fish passage facilities exceeds that which can be overcome by the 
fish.  Low flows may render structures impassible if water depth is too shallow to 
allow movement of fish over or through the impediment.  Fish ladders can 
become impassible if flow is not sufficient to provide flow through the steps, or 
if resting pools or downstream jump pools are too shallow. 

Minimum passage requirements for adult steelhead is usually set at a minuimum 
passage depth of 0.8 feet with a water velocity not exceeding 6 feet per second 
(fps) over a distance no greater than 60 feet (Taylor and Love 2003, WDFW 
2003).  The combination of distance and water velocity is crucial, as this 
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accounts for the maximum distance and water velocity an adult can overcome 
before exhaustion.   

3.3.2 Existing Conditions 

3.3.2.1 Surface Water Hydrology 

The “San Francisquito Creek at Stanford University” gage (11164500), located 
on the Stanford Golf Course upstream of Junipero Serra Boulevard, provides the 
best long-term record of flow in San Francisquito Creek, with measurements 
from 1931 to 1941 and then from 1951 to present.  This gage has a watershed 
area of 37.5 square miles and measures the flow from the Santa Cruz Mountains 
and Bay foothills. 

Balance Hydrologics, Inc operates stations on the tributaries of San Francisquito 
Creek for Stanford University.  Data collection from these stations began in 1997 
on Corte Madera Creek at Westridge Road and in 1995 on Los Trancos Creek at 
Arastradero Road (Owens, Chartrand, and Hecht 2002). 

Crippen and Waananen (1969) report measurements on three small tributaries in 
the Bay foothills, from 1959 to 1965, showing the effect of suburban 
development on their hydrologic regime.  Their study included the Los Trancos 
Creek Tributary.  They identified increases in storm and annual runoff, a more 
rapid response to precipitation, an increase in the occurrence of frequent floods, 
and a change from ephemeral to perennial flow as a result of golf course 
irrigation resulting from conversion of rural lands. 

The stream gages operated on San Francisquito Creek and its tributaries are 
summarized in Table 3. 

3.3.2.1.1 Annual Flows 
San Francisquito Creek is in an area with a Mediterranean climate characterized 
by warm, dry summers and mild, wet winters.  Average annual precipitation 
varies from 15 inches at Palo Alto (Metzger 2002) to about 40 inches in the 
upper watershed (Rantz 1971).  The U.S. Army Corps of Engineers (Corps) 
(1972) estimated an average annual precipitation over the watershed of about 32 
inches.  The average annual flow at the Stanford University gage is 20.7 cubic 
feet per second (cfs) for the period of 1931–2005, with a median annual flow of 
28 cfs.  However, the average flow is not what characterizes actual conditions in 
the watershed.  Only 18% of annual flows over the last 65 years were within 5 
cfs of the median annual flow (i.e, between 23 and 33 cfs).  More 
characteristically, nearly 63% of annual flows were either below 10 cfs (43%) or 
above 35 cfs (20%).  . Hence, the most important characteristic of the watershed 
is not the average season, but the drought and flood seasons.  In the context of 
central California steelhead, this is not surprising, as the species life history is 
attuned to taking advantage of wet seasons, while being able to survive drought 
seasons.  This aspect is key to steelhead, who, when unable to outmigrate from 
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watersheds in drought conditions, can readily take on a non-anadromous life 
history and remain in their natal streams. 

nhc et al. (2002) extended the record of annual flows from 1899 to 2000 water 
years at the Stanford gage, filling in missing years of the recorded flow record 
through correlation with nearby long-term gages.  Examination of this record 
shows distinct periods of high and low annual flows, with periods of high flows 
spaced roughly 15 to 20 years apart.  Streamflow was particularly high from 
1995 to 2000; other periods of consistent high flows include 1899 to 1911 and 
1937 to 1945. 

3.3.2.1.2 Peak Flows 
The flood of record on San Francisquito Creek at the Stanford University gage 
occurred in 1998, with a peak of 7,200 cfs.  Other notable floods⎯those 
exceeding 5,000 cfs based on reconstructed records⎯occurred in 1894, 1895, 
1911, 1955, and 1982 (Kittleson et al. 1996). 

The Corps (1972) also notes that between 1910 and 1972 San Francisquito Creek 
overflowed its banks eight times⎯in 1911, 1916, 1919, 1940, 1943, 1950, 1955, 
and 1958.  It also overflowed its banks in 1982 and then again in 1998 (Cushing 
2000).  Levees and channel modifications now contain the flows that overtopped 
the banks earlier in the twentieth century.  As described by the Corps (1972) and 
Cushing (2000), overflow now mostly occurs along the lower part of the creek, 
downstream of Middlefield Road, during extreme floods. 

The tributaries to San Francisquito Creek in the upper watershed are all deeply 
incised, and flooding had not been reported along them as of 1972 (Corps 1972).  
However, aggradation on the fan of Corte Madera Creek at the head of Searsville 
Lake now results in periodic flooding along Family Farm Road and adjacent 
properties (nhc and JSA 2000). 

3.3.2.1.3 Low Flows 
Low flows on San Francisquito Creek at the Stanford University gage typically 
occur in the late summer or early fall, before winter rains begin.  Downstream of 
this gage, the channel substrate over the fan deposits is highly permeable and low 
flows infiltrate to groundwater, leaving much of the streambed dry for about six 
months of the year (Metzger 2002).  Upstream of the gage, where San 
Francisquito Creek commonly flows over bedrock, streamflow losses appear to 
be negligible at all flow conditions. 

Most of the streamflow losses (i.e., infiltration to groundwater) occur 
downstream of the Pulgas Fault (near the intersection of Alpine and Sand Hill 
Roads) and peak between San Mateo Drive and Middlefield Road.  Further 
downstream, losses are minimal and groundwater returns may supplement stream 
flows near Woodland Road.  Storm drains also supplement natural flow at 
various sites along the reach, and water chemistry measurements indicate that 
during moderate and low flows, streamflow downstream of San Mateo Drive is a 
mix of natural flows from the upper watershed and urban runoff (Metzger 2002). 
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Many small tributaries in the Bay foothills and plains that drain into San 
Francisquito Creek were ephemeral prior to development (Crippen and 
Waananen 1969).  Irrigation and landscape watering following urbanization have 
resulted in perennial flows in some small tributaries to San Francisquito Creek, 
maintaining low flows when previously there were none.  However, most of the 
steep tributaries currently appear to have intermittent flows. 

3.3.2.1.4 Water Management Structures 
The Corps (1972) identified four major water management structures (reservoirs) 
in the San Francisquito watershed: Searsville Lake, Felt Lake, Lagunita Lake, 
and Bear Gulch Reservoir.  These four reservoirs are thought to have only a 
minor effect on flood flows, as their volumes are not very large compared to 
inflows, these reservoirs are often full when large floods occur, and flood flows 
are diverted around some reservoirs to avoid siltation (Corps 1972).  A number of 
small reservoirs and water diversion structures in the watershed have not been 
inventoried. 

During spring months, several acre-feet per day (roughly less than 10 cfs) are 
diverted from San Francisquito Creek, just upstream of the Stanford gage, to fill 
Lagunita Lake and maintain its water level.  After commencement ceremonies, 
the lake is drained and water returned to San Francisquito Creek in mid-June 
(Metzger 2002). 

Searsville Dam is no longer operated but, in the past, flashboards were installed 
in the spring to raise the elevation 4.5 feet to provide water for irrigation; these 
flashboards were removed in the fall to lower winter water levels in Searsville 
Lake.  The Felt Lake diversion is still in operation as of 2005 and a new fish 
ladder at the structure is under discussion between Stanford University and the 
services (i.e., National Marine Fisheries Service [NMFS] and DFG).  The 
operation of Bear Gulch Reservoir is not known.  Lagunita Dam has not been 
operated in over a decade.  However, it is likely that water utilization, 
evaporation, and diversion of flow to maintain summer reservoir levels has 
reduced spring, summer and fall flows to some extent in the San Francisquito 
watershed.  Considerable further analysis would be required to evaluate the 
extent to which natural flows have been reduced. 

3.3.2.2 Groundwater Hydrology 

3.3.2.2.1 Lower Watershed 
The aquifer that underlies the San Francisquito alluvial fan is an arbitrarily 
defined subbasin of the larger aquifer that extends into the Santa Clara Valley 
(Sokol 1964; Fio and Leighton 1994).  The sub-basin beneath the fan includes 
both a shallow aquifer in the sandy deposits that lie beneath San Francisquito 
Creek and a deeper one with water bearing strata at depths greater than 200 feet 
below the local ground surface. 

The shallow aquifer extends to depths of up to 100 feet and lies above a layer of 
clayey bay deposits.  This aquiclude, or confining bed, ends near San Mateo 
Drive.  Upstream of this point, the shallow aquifer is apparently connected to the 
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deeper one (Sokol 1964; Metzger 2002).  Water levels in the shallow aquifer are 
below the stream bottom, particularly upstream of San Mateo Drive where they 
are more than 20 feet below the ground surface.  Groundwater levels may be near 
the streambed just downstream of Middlefield Road and then again in the tidal 
reach, downstream of Highway 101, and through East Palo Alto. 

As discussed above, stream flows from San Francisquito Creek infiltrate the 
streambed and recharge the aquifers.  Metzger (2002) estimated annual 
streamflow losses of about 1,000 acre-feet, with most of the loss between San 
Mateo Drive and Middlefield Road.  This is equivalent to about 9% of the long-
term mean annual flow.  Sokol (1964) estimated slightly smaller losses by 
comparing flows at the various gaging stations that operated on San Francisquito 
Creek in the 1930s.  Seepage from Lake Lagunita, infiltration of runoff from the 
foothills, over-irrigation, and leakage from water distribution and stormwater 
systems also contribute to the aquifer recharge. 

Groundwater exploitation prior to the mid-1960s resulted in lowered 
groundwater elevations in Palo Alto, Menlo Park and Atherton (Metzger 2002), 
movement of saline water inland from San Francisco Bay (Iwamura 1980), and 
land subsidence in parts of Palo Alto and East Palo Alto (Poland and Ireland 
1988)1.  Groundwater levels are thought to have recovered since the mid-1960s.  
However, current groundwater elevation data are limited near San Francisquito 
Creek and it is difficult to assess whether elevations are now similar to those at 
the end of the nineteenth century or whether they remain depressed.  The limited 
information available (see maps in Fio and Leighton 1994) suggest that historic 
ground water elevations were below the local streambed on the upper part of the 
fan, resulting in similar losses of streamflow to groundwater to those observed 
now. 

Groundwater elevations may have been closer to the streambed along the lower 
part of San Francisquito Creek, resulting in more frequent surface flows in the 
past than occur there now.  Note that streambed incision in the upper end of San 
Francisquito Creek and aggradation along the lower reaches over the past century 
may have also affected the extent of infiltration and groundwater influence along 
San Francisquito Creek. 

3.3.2.2.2 Upper Watershed 
Much less is known of groundwater levels in the upper watershed.  Crippen and 
Waananen (1969) note that groundwater elevations are typically well below the 
surface in small tributaries to San Francisquito Creek in the Bay foothills, 
although they may rise to streambed levels following intense winter storms.  
Here, shallow soils over bedrock on the valley slopes limit the extent of 
groundwater storage and its influence on streamflow.  However, groundwater 
may be an important component of streamflow along the valleys of the San 

                                                      

 

1 Metzger (2002), Metzger and Fio (1997), and Fio and Leighton (1994) indicate that groundwater pumping was an 
important water source for communities on the San Francisquito fan until the mid-1960s, when purchased water 
became the primary source. Groundwater still remains a significant water source in some communities on the San 
Francisquito fan. 
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Andreas Fault Zone where deep alluvial deposits may store considerable volumes 
of water. 

3.3.3 Methods 

The impact of flow on steelhead in San Francisquito was analyzed via a 
qualitative assessment of existing literature.  Stanford University has 
commissioned a flow study (currently in progress), which may provide additional 
information at a future date.  Fairly extensive data is available on flow 
characteristics of the watershed (Sokol 1964; Corps 1972; Metzger 2002; nhc et 
al. 2002). 

3.3.4 Results 

Streamflow in San Francisquito Creek is variable owing to its dependence on 
rainfall.  The variability of rainfall is reflected by the variability of monthly and 
annual streamflow records.  The mean annual streamflow for the 59 years of 
available records, water years 1932–41 and 1951–2005, for USGS stream gage 
11164500 is 21.4 cfs (Figure 3).  The annual mean streamflow for the period of 
this study, water year 2005, was 30 cfs, as of September 30, 2005 (water year 
2005 ends on September 30, 2005).  Because approximately 90% of annual 
rainfall in the study area occurs during November through April, most reaches of 
the creek on the San Francisquito Creek alluvial fan are dry about 6 months of 
the year.  During the survey period, San Francisquito Creek was dry from 
Highway 101 upstream to the Oak Creek Apartments until the start of fall rains 
on October 16, 2004, and then was intermittently dry until December 7 2004, and 
dry again by early July of 2005.   
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Figure 3 
Streamflow on San Francisquito Creek at Stanford University (USGS stream gage 11164500).  

Water Years 1932–1941 and 1951–2005 

 

Figure 4 
January Mean Monthly Streamflow on San Francisquito Creek at Stanford University (USGS 

stream gage 11164500).  Water Years 1932–1941 and 1951–2005 

Mean monthly streamflows for the study period were also reviewed to determine 
seasonal changes in flow over the historical period and are represented in Figures 
4-7.  The alterations to winter flows, as represented by January mean monthly 
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flows in Figure 4 is consistent with the alterations in hydrology commonly seen 
in an urbanized watershed.  Increased impervious surfaces (e.g. asphalt, concrete, 
building roofs, etc.) results in increased runoff and decreased natural detention of 
flows.  This is seen in that mean monthly flows have increased over the historical 
period in January as winter rains are quickly moved out of the watershed at the 
time of the storm with, presumably, reduced amounts of rainfall being retained in 
soils and aquifers to gradually released following the initial storm. 

Spring flows are represented by the April hydrograph, as shown in Figure 5.  By 
this point in the water year rainfall inputs are greatly reduced.  Additionally, 
winter storm rainfall that was cumulatively not retained in the winter has left the 
system.  It is also known that during this portion of the year, flow withdrawals 
are still occurring via diversion structures and wells throughout the lower 
watershed, thus reducing flows, even if only minimally, over the historical 
period.  It is important to note, that these conditions have resulted in only a slight 
reduction of mean monthly flows for April.  For all of the other spring months, 
mean monthly flows have remained stable or have minimally increased over the 
historical period.   

 

Figure 5 
April Mean Monthly Streamflow on San Francisquito Creek at Stanford University (USGS stream 

gage 11164500).  Water Years 1932–1941 and 1951–2005 
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Figure 6 
July Mean Monthly Streamflow on San Francisquito Creek at Stanford University (USGS stream 

gage 11164500).  Water Years 1932–1941 and 1951–2005 

Summer flows are represented by the July hydrograph, as shown in Figure 6.  By 
this point in the water year rainfall inputs are negligible.  However, the 
groundwater level, in an average or wet year, is still close to the surface or above 
the surface in many portions of the watershed.  These base flow levels are now 
being supplemented by summer runoff created by commercial and residential 
irrigation and other forms of anthropogenic runoff that maintain streamflows in 
the watershed.  While, in comparison to winter flows, the scale is greatly 
reduced, it is important to note that mean monthly flows have greatly increased 
over the historical period as a result of human induced runoff 

Fall flows are represented by the October hydrograph, as shown in Figure 7.  At 
this point in the water year rainfall continues to be negligible.  As a result, 
baseflows are greatly reduced, as anthropogenic flow inputs are unable to keep 
pace with stream flow losses and evaporation within the system.  This is seen in 
very low mean monthly flows during late summer and early fall that have 
remained stable over the period of record (i.e. the historical period). 

Flow records, from Stanford University funded flow studies performed by 
Balance Hydrologics, Inc. (Owens et al. 2003, 2004, 2005), cannot confirm the 
changes over the longer period of record available from the USGS gage.  Flow 
records from those studies do indicate that flow on San Francisquito Creek and 
Los Trancos Creek at Piers Lane (upstream of the USGS gage) were consistent 
with the conclusions of increased mean monthly flows.   
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Figure 7 
October Mean Monthly Streamflow on San Francisquito Creek at Stanford University (USGS 

stream gage 11164500).  Water Years 1932–1941 and 1951–2005 

However, conclusions from the Balance Hydrologics flow studies did show 
interesting results for the Bear Creek Watershed in Water Year 2004, upstream of 
the study area.  Flows on Bear Creek showed noticeable drops and increases in 
summer base flow at times when no rainfall events were recorded (Owens et al, 
2005).  These events are also not observed in flows lower in the watershed (as 
average base flows during late summer in Bear Creek are less than 1 cfs and thus 
not noticeable in flows lower in the watershed).  This is attributable to 
withdrawals and inputs into the watershed that Balance Hydrologics was not able 
to identify during the study period. 

3.3.5 Discussion 

Flow conditions that were excellent for steelhead passage and rearing in water 
year 2005 (a mean annual streamflow of 30 cfs), this was an above-average water 
year for the system compared to the mean annual streamflow. This is especially 
true when compared to the previous four water years, which saw mean annual 
streamflows of 10.3, 12.5, 17.6, and 13.8 cfs in water years 2001, 2002, 2003, 
and 2004, respectively.  In all four of the previous water years, the lower 
mainstem of San Francisquito Creek was likely dry six months of the year (i.e., 
May through October) or more. 

The wet-winter/dry-summer seasonal pattern in central California results in 
summer conditions in San Francisquito Creek that are warmer and characterized 
by less flow than for what may be the common perception of trout bearing 
streams in Northern California and the Pacific Northwest which receive flows 

 
San Francisquito Creek 
Aquatic Habitat Assessment:  
Limiting Factors Analysis 

 
29 

June 2006

J&S 04262.04

 



Santa Clara Valley Water District  Limiting Factors Analysis

 

commonly an order of magnitude greater than that of San Francisquito Creek and 
are not dry at any point in the year.  Steelhead in San Francisquito Creek are 
likely adapted to these natural summer conditions of low summer flows and 
warmer water.   

Available information indicates that, aside from partial impediments due to 
manmade barriers, low spring and summer flows do not substantially limit 
rearing and outmigration success of steelhead in the San Francisquito Creek 
watershed, because anthropogenic runoff flows in recent years have increased the 
availability of water within the watershed during outmigration periods.  
However, given the presence of several partial barriers in the lower watershed, it 
is likely that higher winter flows can displace smolts into the lower watershed, 
where they can become trapped in the lower mainstem reaches of San 
Francisquito Creek that have reduced flows during the summer months.  Not 
enough is known, however, about steelhead life history in San Francisquito 
Creek (particularly the timing of movement of juveniles throughout the 
watershed) to understand how channel drying specifically affects steelhead 
population dynamics.  Additional information on steelhead population ecology 
(including run size, outmigration timing, smolt size, food availability, thermal 
tolerances, and other factors) is needed to determine the effects of flow related 
barriers on steelhead production.  Despite the presumed adaptation of steelhead 
to high temperatures and annual variation in flows in southern portions of their 
range, the degree to which San Francisquito Creek steelhead share these 
adaptations and can tolerate conditions such as prolonged increases in water 
temperature and reduced access to preferred habitat is unknown. 

Despite overall increases in mean summer flows, local alterations of hydrology 
may have an effect on the population.  Localized flow withdrawals, observed 
outside of the study area, but possible throughout the watershed, could 
significantly impact late summer / early fall survival of juveniles in the watershed 
as the result of increased stream temperatures that are associated with low base 
flows. 

3.3.6 Conclusions 

Anthropogenic modification of the watershed has resulted in alterations to the 
timing and duration of seasonal flows necessary for steelhead movement and 
spawning.  The result is that seasonal flows have increased or remained stable 
over the recorded period during almost all life history stages of the species and is 
not considered a limiting factor for steelhead in the watershed.   
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3.4 Water Quality 

3.4.1 Introduction 

Temperatures in excess of 24°C (75°F) can cause direct physiological impacts to 
O. mykiss and create a barrier to the movement of steelhead in and out of the 
watershed.  Even when acclimation temperatures are high, temperatures of 
24-27°C (75–80°F) are invariably lethal to trout, except for very short exposures 
(Moyle 2002).  As temperatures increase, more food is required for steelhead to 
maintain physiological functions.  Additionally, studies have shown that optimal 
temperatures for juvenile trout growth are in the range of 15-18°C (59-64°F) 
(Baltz et al. 1987).  However, temperatures suitable for egg incubation are below 
14°C (Moyle 2002). 

Dissolved oxygen is critical to the development of eggs and juveniles and is 
obviously necessary for any life history stage of steelhead.  However, optimal 
dissolved oxygen levels for egg development and alevin growth is at or close to 
saturation (9.0-12.0 milligrams per liter [mg/L]) (Moyle 2002).  Changes in water 
temperature may also have substantial indirect effects on fish by altering the 
physical properties of the water on which the fish depend.  For coldwater fish 
such as steelhead, reduced dissolved oxygen associated with high water 
temperatures is frequently a serious problem (the dissolved oxygen capacity of 
water is inversely related to temperature).  Other indirect temperature-related 
issues include temperature-dependent changes in the biological activity of a 
pollutant and changes in behavior or physiology that affect the competitive 
balance among species and hence may result in a shift in fish species 
composition or relative abundance. 

3.4.2 Methods 

The impact of temperature on steelhead in San Francisquito Creek and Los 
Trancos Creek was analyzed via a qualitative assessment of existing literature 
given that the current study was not able to acquire a full data set of spring 
temperature due to the loss of temperature monitoring units.  The current analysis 
is based on the work of SCVWD in Los Trancos Creek during the spring of 2003 
and was focused on the survival of eggs and alevin.  Temperature stations were 
established on Los Trancos Creek at the confluence with San Francisquito Creek, 
the Arastradero Bridge crossing, adjacent to Oak Forest Court (upstream of the 
current study area), on San Francisquito Creek upstream of the confluence with 
Los Trancos Creek, and downstream of the Sand Hill Road crossing. 

3.4.3 Results 

For each of the 3 on Los Trancos Creek stations, mean daily temperature (MDT) 
did not exceed 14.0°C for the period of March 14 to April 30 of 2003 (Table 3).  
Maximum MDT during this period was 13.9°C.  By May 2003 the MDT 
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exceeded 14°C more than half the days, with a maximum MDT of 16.7°C.  
Steelhead spawning later in spring (late April and May) would have had a 
significant increase in egg mortality.  Using temperature units for estimation, a 
redd constructed in San Francisquito Creek in mid March 2003 would have had 
emergent fry in 54 days and avoided the detrimental temperatures in May. 

The average estimated canopy cover on Los Trancos Creek at the time of the 
survey was greater than 60%.  In-stream cover was recorded as a mix of large 
woody debris, root wad, undercut bank, vegetation, boulders, large cobble, depth, 
and turbulence.  As a comparison, by the spring of 2005, much of the stream 
channel lacked instream woody debris due to high flows in the winter of 2005, 
thus reducing instream cover. 

Table 3.  Los Trancos and San Francisquito Creek Temperatures:  14 March–31 May, 2003 

Site 
Los Trancos U/S 

Oak Forest 
Los Trancos U/S 

Arastradero 
Los Trancos U/S 

Confluence 
San Francisquito 
U/S Confluence 

San Francisquito 
D/S Sand Hill 

Date  

14 Mar–
30 Apr 
2003 

1 May–
31 May 

2003 

14 Mar–
30 Apr 
2003 

1 May–
31 May 

2003 

14 Mar–
30 Apr 
2003 

1 May–
31 May 

2003 

14 Mar–
30 Apr 
2003 

1 May–
31 May 

2003 

14 Mar–
30 Apr 
2003 

1 May–
31 May 

2003 

Maximum Mean Daily 
Temperature °C  

12.3 15.6 13.5 15.8 13.9 16.7 14.3 19.3 14.2 19.1 

Maximum Hourly 
Temperature°C  

15.4 18.7 15.3 16.4 17.7 18.5 15.5 20.4 15.7 20.7 

Days Mean Daily 
Temperature >/= 14°C 

0 11 0 12 0 13 3 23 3 20 

Days Mean Daily 
Temperature <14°C  

48 20 48 19 48 18 45 8 45 11 

 

For the stations, MDT exceeded 14°C for 3 out of 48 days between March 14 and 
April 31, 2003 (Table 3).  Maximum MDT at this time was 14.3°C.  Using 
temperature units (Behnke 1992), a redd constructed in San Francisquito Creek in 
mid March 2003 would have fry emergence in approximately 49 days.  In May 
2003, the MDT exceeded 14°C for 70% of the month, with the maximum MDT 
in May of 19.3°C.  Hence, temperature of San Francisquito Creek in May 2003 
would be deleterious for eggs and alevins.  Average canopy cover on San 
Francisquito Creek was less than 30%. 

Additionally, monitoring of stream temperature conducted by Balance 
Hydrologics on both San Francisquito and Los Trancos Creeks from water year 
2003 to the present, have shown similar results for Los Trancos Creek of periods 
with temperatures that are potentially stressful for eggs and alevins throughout 
the months of incubation (March-May).  For San Francisquito Creek, results 
confirm periods with temperatures that are potentially stressful for eggs and 
alevins in early spring (March-April) and potentially lethal to eggs and alevins by 
mid May (Owens et al. 2004 and 2005).  The Balance Hydrologics results did not 
find summer mean daily temperatures that would be stressful to juveniles in San 
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Francisquito Creek or Los Trancos Creek during water year 2003 and 2004  
(Owens et al. 2004 and 2005).   

3.4.4 Discussion 

The in-stream temperatures for Los Trancos Creek appear to be within the 
optimal range for salmonid egg incubation and smolt outmigration during the 
early spring.  Temperatures for San Francisquito Creek during the spring are just 
outside of the optimal range for steelhead spawning.  Temperatures in May could 
potentially impair steelhead spawning success in both San Francisquito and Los 
Trancos Creeks.  Much of the successful spawning in the system likely occurs 
when flow events allow early season up-migration and steelhead encounter 
favorable temperatures, which was not the case at the time of the survey in 2003, 
which was a poor water year with significantly reduced flows.  However, given 
the prevalence of high winter flows within the system in 2005, conditions were 
likely more favorable during the current study year.   

Additionally, there is less potential that steelhead would spawn in San 
Francisquito Creek within Santa Clara County.  Spawning on San Francisquito 
Creek almost certainly does not occur below Sand Hill Road.  Spawning may 
occur upstream of Sand Hill Road, but is not likely until upstream of the 
Lagunitas diversion dam. The portion of the creek downstream of the Lagunitas 
diversion is more consistent with a migratory reach than a spawning and rearing 
reach.  This conclusion is consistent with the lack of redds seen in the study area 
in April of 2005.  For this reason, commensurate monitoring of stream 
temperatures in the San Mateo County portion of the watershed are necessary in 
order to make a full determination of the effects of temperature on spawning.  In 
terms of rearing, while the reach is not what would be commonly be considered a 
rearing reach, because of barriers within the system that can limit juvenile 
mobility, it does appear that some juveniles are trapped in the lower watershed 
and rearing during the summer months (D.W. Alley and Associates 2004).  Thus, 
temperatures for juveniles rearing in lower San Francisquito Creek may be 
stressful, as long as barriers are not appropriately modified to facilitate juvenile 
passage. 

3.4.5 Conclusions 

Late spring spawning success is significantly impaired in Lower San 
Francisquito and slightly impaired in Los Trancos Creek.  This is not 
considered to be a limiting factor within the current study area, as the surveyed 
reach of San Francisquito is a migratory reach, not a spawning reach.  Surveys of 
San Mateo County reaches, specifically including Bear Creek, are necessary 
before impairment of spawning due to temperature can be fully evaluated.  
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3.5 Sediment 

Sediment can have a variety of effects on steelhead during all life history stages, 
influencing turbidity, gravel permeability, embeddedness, pool filling, and bed 
mobility.  Turbid water can impact O. mykiss by “clogging” or damaging the 
gills.  The accumulation of fine sediment in gravels used for spawning can reduce 
gravel permeability and the ability of dissolved oxygen to reach redds.  The 
filling of interstices of stream gravels (embeddedness) and the filling of pools 
that provide temperature and flow refuge for young of year and yearling trout can 
reduce the availability and/or quality of rearing habitat.  Bed mobility, a function 
of flow regime and erosion potential, can result in the scouring of redds, as 
discussed in the Hydrology section above.  Gravel quality for spawning and 
rearing is largely a function of gravel permeability and embeddedness.  None of 
these habitat characteristics had been extensively studied within the San 
Francisquito Creek watershed. 

3.5.1 Existing Conditions 

3.5.1.1 Erosion 

The San Andreas Fault Zone (SAFZ) is the most prominent geological feature in 
the San Francisquito Creek watershed, dividing it along a northwest-southwest 
alignment.  The Santa Cruz Mountains are roughly west of the SAFZ; the more 
gradually sloped Bay Hills and Foothills are east.  The Santa Cruz Mountains are 
steep and rugged and underlain by tertiary sedimentary rocks⎯primarily 
sandstone, mudstone and shale.  Tertiary sedimentary rock and the Franciscan 
Complex underlie the foothills east of the SAFZ, with large areas of greenstone 
and mélange in the southern Los Trancos Watershed.  Extensive Holocene stream 
deposits fill the SAFZ and the bottom of the Los Trancos Valley (Brabb et al. 
2000). 

Landslides appear to be the dominant erosion process in the Santa Cruz 
Mountains.  Abundant landslides occur every five or ten years during severe 
storms (see Brown and Jackson 1973, Ellen and Weiczorek 1988) or following 
infrequent, intense earthquakes (Keefer 1998).  Landslides include slow moving, 
deep-seated failures and the rapid soil slips and debris flows that originate on 
steep slopes and in gullies.  Bank erosion and surface erosion are also important 
contributors to the overall erosion.  Bank erosion and stream incision during 
severe storms undermine the toes of steep slopes, contributing to shallow 
landsliding and also accelerating deep-seated landsliding.  Human contributions 
to erosion are significant in the Santa Cruz Mountains and occur as a result of 
landslides associated with development and with roads, bank erosion, surface 
erosion from roads and trails, and gully erosion associated with development. 

Landslides are much less common in the Bay Hills and Foothills.  Here, erosion 
is primarily from deep-seated landslides, bank erosion, and surface erosion and 
gullying.  Human contributions to erosion are often triggered by modifications to 
local hydrology that occur during development.  
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nhc and Jones & Stokes (2004) have provided maps of recent erosion rates for 
the San Francisquito Creek watershed.  The greatest overall rates are in the Santa 
Cruz Mountains, with very high rates in upper Corte Madera Creek.  There is a 
general trend to less intense erosion to the north⎯erosion rates are much lower 
in West Union Creek⎯and to the east.  Erosion rates in the upper Los Trancos 
subwatershed are about one-tenth of those in the neighboring upper Corte 
Madera Creek, and the erosion rates in the lower Los Trancos subwatershed and 
the San Francisquito Creek subwatershed are among the lowest observed. 

Human contributions to overall erosion are significant in Los Trancos Creek and 
along San Francisquito Creek.  Overall erosion rates are low, but a large portion 
of the sediment eroded from these landscapes seems to be a result of human 
activities (nhc and Jones & Stokes 2004). 

3.5.1.2 Sediment Transport 

Sediment transport has been measured on both San Francisquito and Los Trancos 
Creeks.  Porterfield (1980) estimated long-term suspended sediment transport in 
San Francisquito Creek from measurements at the “San Francisquito Creek at 
Stanford University” gage between 1957 and 1962.  Brown and Jackson (1973) 
reported suspended transport measurements from 1962 to 1969 at this gage.  
Subsequently, nhc and Jones & Stokes (2004) applied Brown and Jackson’s 
sediment rating curve to measured flows at the gage and estimated an average 
annual load of 12,000 tons, composed of about one-third sand and two-thirds silt 
and clay.  Suspended sediment loads vary greatly from year to year, and 
measured annual suspended loads have varied from 1,100 to 50,600 tons (Brown 
and Jackson 1973).  Average annual gravel (bedload) transport is estimated to be 
about 1,300 tons near the gage, declining rapidly below El Camino to zero by 
Highway 101 (nhc and Jones & Stokes 2004). 

Balance Hydrologics, Inc has measured suspended sediment and bedload 
transport at their gage on Los Trancos Creek at Arastradero Road since 1995 
(Owens et al. 2002).  Average annual suspended sediment discharge in 2001 was 
1,800 tons; average annual bedload discharge was 2,000 tons.  The extreme flood 
in the 1998 water year greatly elevated sediment discharges during the above 
period. 

The longest record of sediment transport in the San Francisquito watershed is that 
derived from deposition in Searsville Lake by Corte Madera, Sausal and 
Alambique Creeks.  These records show general patterns of erosion and sediment 
transport over the past 100 years that likely also apply to Los Trancos and Bear 
Creeks.  Rates of deposition have varied widely since the dam was constructed in 
1892, but have averaged about 17,000 cubic yards per year.  Unusually large 
volumes⎯two to three times the average⎯were deposited between 1892 and 
1913 and between 1995 and 2000.  The sediment deposited from 1892 to 1913 is 
thought to result from landsliding during the 1908 San Francisco earthquake and 
from several notably large floods during this period (see previous section).  The 
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sediment deposited from 1995 to 2000 resulted from erosion and sediment 
transport during the flood of record in 1998. 

Little is known of erosion and sediment transport prior to 1892 in the San 
Francisquito Creek watershed.  Kittleson, Hecht and Holmes (1996) note that 
cattle grazing and the use of fire to convert chaparral to grassland were 
widespread prior to the mid-1800s, likely increasing erosion in the lower foothills 
of the watershed.  Commercial logging began in the eastern Santa Cruz 
Mountains of San Francisquito Creek before 1850 and ended by about 1860, 
when redwood trees became scarce (Stanger 1967).  Roads, slope disturbance 
and slash burning likely increased erosion and sediment transport in the 
watershed and also may have contributed to landsliding, particularly during the 
severe storms in the winter of 1861-62 (see Kittleson et al. 1996). 

3.5.1.2.1 San Francisquito Creek 
The construction of Searsville Dam in 1892 and the capture of sediment from 
Corte Madera, Sausal and Alambique Creeks in the reservoir together represent 
the major historic impact on sediment transport in San Francisquito Creek.  The 
following table summarizes average annual sediment transport with and without 
Searsville Dam (nhc and Jones & Stokes 2004).  

Table 4.  Average Annual Sediment Transport at the San Francisquito Gage  
at Stanford 

 Coarse Sediment (yd3)* Fine Sediment (yd3)*

Existing Conditions 4,000 6,000 

Without Searsville Dam 12,500 12,800 

________________ 

Note:  Coarse sediment is sand, gravel and cobbles; fine sediment is silt and clay.  

 

Sand and gravel transport past the San Francisquito gage has been reduced by 
about two-thirds and silt and clay transport by about one-half since construction 
of the Searsville Dam.  The reduced sand and gravel transport is thought to be 
responsible for some of the observed historic changes along San Francisquito 
Creek.  The incision in the upper reaches and deposition in the lower reaches are 
thought to have occurred in response to slope adjustments resulting from the 
reduced coarse sediment supply.  This incision has increased bank heights, 
steepened some banks, and increased rates of erosion.   

With the Searsville Dam in place, the major sediment sources to San Francisquito 
Creek have been the fine sediment carried over Searsville Dam and the sediments 
contributed by Los Trancos and Bear Creeks, stream bank erosion, channel 
incision, and erosion in small tributaries and gullies.  Bear and Los Trancos 
Creeks contribute the majority the sediment carried through San Francisquito 
Creek; erosion of creek banks and in agricultural areas along the upper creek are 
also important sources of sediment. 
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3.5.1.2.2 Los Trancos Creek 
nhc and Jones & Stokes (2004) adjusted the sediment transport for 1995 and 
2001, estimating that long term annual sediment transport in Los Trancos Creek 
was about 1,500 cubic yards, with sand and gravel making up about half of this 
total.  Sediment transport during the large storms in the winter of 1997–1998 was 
about 8,800 cubic yards, or about six times the long-term average.  Some of the 
sediment eroded during the 1997–1998 storms was stored along Los Trancos 
Creek and transported in subsequent years.  Apparently, relatively little of this 
sediment now remains in the creek.   

The most important contributor of sediment to Los Trancos Creek is hillslope 
landslides in the upper watershed; bank erosion and surface (sheetwash) erosion 
from roads also provide significant contributions.  Direct and indirect human 
contributions to erosion are important in Los Trancos Creek, and nhc and Jones 
& Stokes (2004) estimated that development-related landslides, road erosion and 
gully erosion contributed about one-third of the total erosion from 1995 to 2000.  

The lower 500 feet or so of Los Trancos Creek is steep and incised into bedrock.  
The incision has apparently occurred in response to bed adjustments in San 
Francisquito Creek and has not yet proceeded past the small weir at the head of 
this section.  Further upstream, Los Trancos Creek lies in a moderately broad 
valley that is filled with alluvial deposits and partly lined with terraces.  Erosion 
and debris flows from the gullies along the west valley wall near Los Trancos 
Woods are important sediment sources to the creek, and there is evidence of 
recent bank failures.  

3.5.2 Pool Filling 

3.5.2.1 Introduction 

Deposits of fine bed material (predominantly sand and very fine gravels) may 
accumulate in pools when the fine sediment load of a stream is high relative to 
transport capacity (Lisle and Hilton 1991, 1992; Hilton and Lisle 1993).  These 
deposits reduce pool volume and potentially reduce the amount of juvenile 
summer rearing habitat for steelhead, as well as for other fish and aquatic 
species.  In addition, reductions in pool depth may adversely affect thermal and 
velocity refugia and reduce areas used for cover to avoid predators. 

Pool filling often occurs when sediment supply is increased relative to the 
equilibrium conditions in which the pool formed.  The degree that pool filling 
will affect aquatic biota depends on several factors.  Pools in steeper channels are 
less likely to be filled with sediment because of their high sediment transport 
capacity.  Fine sediment deposition in pools, however, has been observed in 
streams with gradients as high as 0.065 (6.5%) in areas with high sediment loads 
(Montgomery and Buffington 1993, 1997).  For aquatic organisms using pools as 
habitat, the depth of the pool is more important than the proportion of the pool 
filled with fine sediment.  Thus, larger pools with greater average depths can 
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usually bear a greater proportion of pool filling without loss of summer rearing 
habitat.  Filling of interstitial spaces in pool bottom substrates, however, could 
still diminish summer habitat quality by reducing available cover for juvenile 
steelhead. 

If the total and/or fine sediment load is high relative to transport capacity of a 
channel, large deposits of fine bed material may accumulate in pools.  Reduction 
in pool volume caused by fine sediment deposition is biologically important 
because it has the potential to reduce the quality and quantity of summer juvenile 
rearing habitat for salmonids and other native fish and aquatic wildlife. 

3.5.2.2 Methodology 

To determine the impact of pool filling by fine sediment in the study reaches, the 
V* technique developed by Hilton and Lisle (1993) will be used.  The technique 
estimates the proportion of the residual pool filled by fine sediment, where 
“residual pool” is defined as the scoured volume of the pool lying below the 
downstream grade control.  V* (“the fraction of pool volume filled with fine 
sediment” [Hilton and Lisle 1993]) is estimated in a study reach within a stream 
channel by measuring the water and fine sediment volume in the residual pool in 
all of the pools in that reach and then calculating the weighted average value of 
V* for the reach. 

All pool habitats were identified and recorded during the stream morphology 
reconnaissance surveys.  (Four pools in San Francisquito Creek and 22 pools in 
Los Trancos Creek were surveyed).  A measuring tape was stretched along the 
length of the pool, from the upstream end to the furthest point on the riffle crest 
or along the longest dimension of the pool.  If the pool shape was irregular and a 
bend could not be avoided, the pool was divided into sections and measured 
separately.  A sketch of the pool was drawn, showing locations of the upstream 
end of the pool, riffle crest, areas of fine-sediment deposition, and major features 
of the pool, such as logs and outcrops.  Four to 10 cross sections were taken in 
each pool.  The distance was set between depth locations to provide 7 to 16 
points across the widest cross section.  The locations of the cross sections and 
depth-measurement points were determined by dividing the total length of the 
pool by the number of cross sections to find the distance between sections.  A 
measuring tape was run perpendicular to the lengthwise tape at each cross-
section location.  The thickness of any fine sediment present at each 
measurement point was measured with a graduated rod.  Fines depth was 
recorded at regular intervals across the pool.  Photographs of each pool were 
taken. 

It should be noted that the summer V* measurement for a given pool can vary 
from year to year in response to changes in sediment supply relative to transport 
capacity.  Local mass wasting such as landslides and bank failures can also fill 
pools temporarily until a sufficiently high flow scours the sediment.  Lisle and 
Hilton (1992) indicate that values of V* greater than 0.3 (30% pool filling) 
reflect high sediment supply, whereas V* values less than 0.1 (10% pool filling) 
indicate a relatively low fine sediment supply (Lisle and Hilton 1992). 
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3.5.2.3 Results 

The V* assessment reveals that the median level of pool filling in the perennial 
reach of San Francisquito Creek was 11.4%, a low value consistent with the 
natural amount of sediment mobilized within the watershed.  However, the 
median level of pool filling in Los Trancos Creek was 34.2%, likely partially 
influenced by bank instability in the stream corridor (see Bank Instability below).  
A summary of the results of the pool filling surveys is shown in Tables 5 and 6. 

Table 5.  San Francisquito Creek—Pool Filling Results 

Pool Number 
Water Volume (in 

cubic feet) Volume of Fines V* 
21 1,617.7 439.1 0.213487 
41 3,190 305.2 0.08732 
104 2,919.75 477.375 0.140523 
108 470.05 28.825 0.05778 
Mean 2,049.375 312.625 0.124778 
  Variance V*: 0.000818 
  Standard Error V*: 0.028604 
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Table 6.  Los Trancos Creek—Pool Filling Results 

Pool Number 
Water Volume (in 

cubic feet) Volume of Fines V* 
6 470.1 28.8 0.05778 
25 144.6 42.5 0.227274 
35 71.9 16.4 0.185374 
56 224.6 60.7 0.212602 
73 70.9 29.7 0.295565 
100 69.5 21.5 0.236184 
117 109.9 81.9 0.427036 
130 46.0 120.3 0.723308 
160 32.9 21.3 0.39294 
172 77.5 115.5 0.598368 
185 111.0 70.5 0.38843 
200 94.6 137.3 0.591914 
211 43.4 39.6 0.477095 
225 72.7 27.6 0.274994 
235 84.7 85.1 0.501178 
254 111.0 90.6 0.449281 
269 112.4 43.2 0.277635 
283 124.7 85.1 0.405682 
297 67.8 17.9 0.209099 
315 188.5 49.8 0.209002 
326 68.7 26.8 0.280775 
344 169.1 153.4 0.475733 
Mean 116.6 62.1 0.347276 
  Variance V*: 0.002539 
  Standard Error V*: 0.05039 

 

3.5.2.4 Discussion 

The findings indicate that steelhead summer rearing habitat in Los Trancos Creek 
is degraded as a result of pool filling by fine sediment.  San Francisquito Creek 
shows no such degradation within the surveyed reach.  While the number of 
samples for San Francisquito Creek is low, due to inaccessibility during high 
winter flows, the pools surveyed are visually consistent with other pools in San 
Francisquito Creek that were not surveyed.  The sources of sediment in Los 
Trancos Creek are clearly evident and the lower flow regime along with a low 
slope provides ample areas for deposition of fine sediments. 

Given that several active sources of fine sediment delivery to the creek were 
observed during all field survey periods in San Francisquito Creek, the low 
incidence of pool filling is probably due to the high transport capacity of the 
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stream.  Urbanization has resulted in a runoff hydrograph in San Francisquito 
Creek characterized by flow peaks of a higher magnitude and shorter duration 
than under pre-settlement conditions (see Hydrology section above).  Thus, while 
there are many significant sources of fine sediment to San Francisquito Creek 
(including Los Trancos Creek), most fine sediment is efficiently transported 
downstream by low- to mid-level flows that occur relatively frequently; this 
transport would have been even more efficient during the high flows that 
occurred during the winter of 2004-2005. 

3.5.2.5 Conclusions 

Steelhead summer rearing habitat is degraded in Los Trancos Creek due to 
pool filling as a result of localized fine sediment inputs.  While fine sediment is 
filling pools in San Francisquito Creek, the percentage of the pools being filled is 
10-20% less than in Los Trancos Creek.  Thus, summer rearing habitat is not 
impaired as the result of fine sediment filling pools. 

3.5.3 Permeability 

3.5.3.1 Introduction 

Substrate size and quality influence steelhead spawning success.  In general, 
adult steelhead require relatively clean gravels in which to lay their eggs.  
Gravels containing a high proportion of fines, sand- and silt-sized particles can 
affect spawning success by reducing the flow of water (and dissolved oxygen) 
around the eggs in the gravel, thereby reducing hatching success.  Sufficient 
water must circulate past the eggs in the redd to supply the developing embryos 
with oxygen and to carry away waste products generated by the developing 
embryos.  Circulation of water through the redds is a function of the pore space 
of the substrate particles in the redd, hydraulic gradient at the redd, and 
temperature of the water (Bjornn and Reiser 1991). 

Two commonly measured parameters related to water circulation in the redd are 
permeability and apparent velocity.  Permeability is the ability of particles in the 
redd to transmit water per unit time, while apparent velocity refers to the volume 
of water passing through the redd per unit of time (Bjornn and Reiser 1991).  In 
general, higher permeabilities and apparent velocities in spawning gravels result 
in an increased ability of a redd to successfully incubate salmonid embryos. 

Spawning gravel permeability measurements are an effective and cost efficient 
method for estimating egg survival in redds.  Because direct relationships 
between percent fines and egg to emergence success for salmonids have been 
observed, gravel permeability also provides an indirect measure of the percentage 
of fines in spawning gravels. 
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3.5.3.2 Methods 

Permeability was measured following the methods of Barnard and McBain 
(1994).  A 1.3 m-long standpipe was driven into the gravel substrate to a depth of 
approximately 20 centimeters (cm).  This depth resulted in the screened 
perforations in the standpipe to approximate the expected depth of an egg pocket 
within a redd.  Once the standpipe was in place, a meter long, 6.3 millimeter 
(mm) diameter stainless steel collection tube was inserted into the standpipe to 
depth of 2.54 cm below the surface of the water in the standpipe.  After the 
collection tube was secured to the inside of the standpipe, water was pumped out 
of the standpipe using an electric pump and reservoir to collect the water 
evacuated from the standpipe.  Inflow rate of water from the gravel into the 
standpipe was determined by measuring the volume of water collected in the 
reservoir (minus the initial volume of water contained within the upper 2.54 cm 
of the standpipe) over a measured time period.  The inflow rate (milliliters per 
second [ml/s]) was then converted into a permeability rate (centimeters per hour 
[cm/hr]) using a calibration curve as described by Terhune (1958).  An adjusted 
permeability rate was then calculated to account for differences in water viscosity 
at different temperatures based on standard tables (Daugherty et al. 1985).  
Modified methodologies (e.g. that simulate redd construction before the 
measurement of permeability) were not used in this study in order to reduce the 
potential for variability due to the technician.   

Permeability measurements were conducted at 4 pool tail-outs on Los Trancos 
Creek and 2 pool tail-outs on San Francisquito Creek on May 23 and 25, 2005 
(nhc 2005).  At each of the six sample sites, up to 21 standpipe locations were 
systematically sampled in a grid pattern.  Distances between standpipe locations 
varied from 5–25 feet, although most were from 5–10 feet apart.  Six replicate 
inflow rates were measured at each standpipe location.  These six inflow rates 
were then converted to an adjusted permeability rate as described above and 
averaged to characterize the permeability at each standpipe location.  The median 
inflow rates for each sample site was then computed to calculate an overall 
median permeability rate for the sample site (nhc 2005). 

3.5.3.2.1 Estimates of Egg Survival to Emergence 
Egg survival to emergence was estimated for measured permeabilities based on 
data collected by Tagart (1976) and McCuddin (1977).  Tagart (1976) and 
McCuddin (1977) observed a relationship between survival-to-emergence and 
gravel permeability based on their independent studies of coho salmon and 
chinook salmon, respectively.  Estimates of survival for Los Trancos were 
calculated for each sample site based on the median of the measured 
permeabilities and were converted to estimates of survival using the following 
equation based on their pooled data: 

Survival = 0.1488 * ln(Permeability) - 0.8253, where permeability is in units of 
cm/hr. 
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3.5.3.3 Results 

Permeability for all standpipe locations on Los Trancos Creek varied from 
1 cm/hr to 28,905 cm/hr, and from 265 cm/hr to 25,849 cm/hr on San 
Francisquito Creek (Table 7).  Median permeabilities for samples collected on 
Los Trancos Creek varied from 802 cm/hr (LT-03) to 2,038 cm/hr (LT-04).  The 
median permeabilities for the 2 sample sites on San Francisquito Creek were 
1,626 cm/hr and 5,240 cm/hr. 

Table 7.  Permeability measurements for San Francisquito and Los Trancos Creeks (in 
cm/hour) 

Sample SF-01 SF-02 LT-01 LT-02 LT-03 LT-04 

1 6,436 880 747 591 725 1 

2 1,476 4,508 1,970 1,101 4,127 2,854 

3 3,165 4,842 2,771 2,897 96 3,531 

4 5,043 2,987 2,159 28,905 1 2,635 

5 2,412 3,868 2,265 3,834 1,351 618 

6 1,243 1,807 566 2,394 1,610 3,048 

7 892 17,129 635 3,173 388 4,038 

8 8,434 1,637 1486 859 1 239 

9 3,347 11,588 1 1,580 213 63 

10 1,423 3,531 9,596 1,652 790 2,894 

11 1,639 5,639 831 1,738 109 2,073 

12 2,701 11,167 400 630 1,045 1,083 

13 888 25,849 1 1 674 63 

14 1,393 6,634 1 221 1,572 1,469 

15 432 4,191 2,467 1,158 5,758 1 

16 948 24,623 1,728 1,104 1,484 674 

17 265 7,023 2,872 557 399 233 

18 1,998 6,472 7,004 269 974 5,719 

19 734 9,010 3,611 546 813 5,155 

20 1,626 2,506 736 800 2,739 2,038 

21 3,676     9,085 

Median 1,626 5,240.5 1,607 1,102.5 801.5 2,038 

Mean 2,389.095 7,794.55 2,092.35 2,700.5 1,243.45 2,262.571 

Survival 0.274909 0.449049 0.27316 0.217094 0.169649 0.308515 
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3.5.3.4 Discussion 

Based on the permeability measurements, survival estimates of eggs to 
emergence in Los Trancos Creek varies from 17–31%, and from 27–45% on San 
Francisquito Creek.  However, it can reasonably be expected that potential egg 
survival of steelhead could actually be greater than predicted, as the survival 
correlations are based on chinook and coho salmon, both of which have more 
narrow habitat requirements for survival than steelhead.  Also, all salmonids alter 
the compositions of substrates during redd building such that many fine 
sediments are winnowed out of the redd, which may result in improved survival 
to emergence.  Cordon et al. 1961 showed that survival under optimal conditions 
ranges from 65% to 85%, but those survival estimates drop significantly to 
roughly 40% in areas with greater amounts of fine sediment and, thus, lowered 
permeability.  Thus it is obvious that permeabilities and survival are reduced 
versus optimal conditions, but the percent of which this impact can be attributed 
to anthropogenic inputs is unknown. 

The survival correlation does provide a concept of the existing quality of 
spawning habitat in the mainstem of San Francisquito and Los Trancos Creeks 
and can provide an indication of potential issues that may also exist in the upper 
tributaries of the watershed.  The quality of these spawning beds provides some 
explanation of why known observations of spawning/redds occur higher in the 
watershed and not within the project area.  It is highly unlikely that sampling 
location SF-02 (the tailout of pool SF-94 and riffle SF-93) provides the best 
spawning habitat in the watershed, despite the excellent quality of spawnable 
gravel at the site, given the flow conditions at the site and the location of the bed 
within the context of watershed. 

3.5.3.5 Conclusions 

Gravel permeability in both San Francisquito and Los Trancos Creek results in 
potentially reduced estimates for survival of eggs to emergence and is 
considered to be a potential factor for reduced steelhead production in the 
study area.  Completion of commensurate studies in the San Mateo portion of the 
watershed in order to gain a better understanding of spawning success throughout 
the entire watershed is recommended. 

3.5.4 Spawning Habitat Quantity  

3.5.4.1 Introduction 

Gravel quantity data can indicate the proportion of fine sediments in spawning 
gravel.  Steelhead and chinook salmon require relatively clean gravel in which to 
spawn.  Particle size has been defined as one of the main factors that affect 
embryo survival, time of emergence, and size of emergent fry (Bjornn and Reiser 
1991).  Silt and sand filling the gravel spaces (i.e., an increase in embeddedness) 
can reduce the flow of water and oxygen to eggs and larvae and reduce or 
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prevent emergence of young fish after they have hatched.  Relationships among 
particle size, permeability, intragravel flow, hydraulic gradients, and embryo 
survival are not fully understood.  In general, a high percentage of fines 
decreases permeability and reduces flow velocity for a given pressure gradient.  
The rate of intragravel flow is related to, in addition to particle size, the 
permeability of the substrate, substrate compaction, and hydraulic pressure 
(Vyverberg et al. 1997). 

3.5.4.2 Methods 

The area of potential steelhead spawning habitat (if present) was estimated.  
Spawning habitat area estimates were based on Minimum Criteria for Spawning 
Gravel (Moyle 2002): 

 gravels are rounded and are 0.25 to 4.0 inches in diameter, 

 gravel bar has a minimum area of 10.0 square feet, 

 gravel area is not armored by cobbles greater than 6.0 inches in diameter, and 

 gravels are not filled with silt and/or sand. 

The average length and width of the gravel patch were measured in feet and 
recorded on the data collection form.  The percentage of gravel within each foot 
of contour elevation (elevation unit) was visually estimated.  An elevation unit is 
used to determine the portion of a gravel patch potentially inundated during 
anadromous fish spawning periods.  Elevation units are relative to the stream 
water surface and describe the elevation of the gravel in 1-foot increments.  
Negative numbers designate elevation units below the water surface, positive 
numbers designate elevation units above the water surface, and 0 is the water 
surface.  For example, elevation unit -3 to -2 is between 2 and 3 feet below the 
water surface, and elevation unit 0 to +1 is between 0 and 1 foot above the water 
surface. 

For this evaluation, fine sediment is defined as particles less than 2 mm 
(Category 1), which affects embryo survival, and less than 5 mm (Categories 1 
and 2), which affects fry emergence.  The threshold value at which embryo 
survival is significantly reduced is fines exceeding 30% to 40% by volume 
(Raleigh et al. 1986).  Gravel was removed from a 6-inch-diameter area in the 
deepest (thickest) part of the gravel patch.  The gravel excavated from the hole 
was placed in a bucket.  Gravel bed depth was estimated from the excavation.  
The gravel patch identification number was recorded on the data collection form.  
Excavated gravel was spread evenly over a tarp.  A sampling grid was placed 
over the gravel that was spread on the tarp.  The size of each particle that was 
located under each intersection of the grid lines was recorded by size category 
(Table 8).  A tally of the number of particles in each size category was kept, and 
the total number of particles within each size category was summed.  At least 84 
particle measurements were recorded.  The gravel sample was photographed and 
the photograph number recorded on the data collection form.  See Appendix B 
for raw data sheets. 
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Table 8.  Numeric Categories of Substrate Particle Size for Steelhead 

Particle Size  

Inches Millimeters Category 

<0.08 <2 1 

0.08–0.2 2–5 2 

0.3–1.0 5–25 3 

1.1–4.0 25–102 4 

4.1–6.0 102–152 5 

Source: 
Modified from Crouse et al. 1981. 

 

Gravel surveys were conducted on Los Trancos Creek and on San Francisquito 
Creek.  A total of six spawning gravel beds were identified and assessed in Los 
Trancos, three in October and three in May.  Two spawning gravel beds in San 
Francisquito Creek were assessed in May for gravel quality. 

3.5.4.3 Results 

In San Francisquito Creek, gravel bed length ranged from 39 to 88 feet, and the 
average width ranged from 17 to 38 feet (Table 9).  The majority of the gravel 
was classified as fine (i.e. Category 1 and 2), indicating suboptimal spawning 
gravel (Table 11).  Despite the fact that these beds are sub-optimal, they do 
provide potential spawning opportunities in the lower watershed. 

In Los Trancos Creek, gravel bed length ranged from 22 to 101 feet, and the 
average width ranged from 11 to 22 feet (Table 9).  The majority of the gravel 
was classified as fine, indicating suboptimal spawning gravel (Table 10). 
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Table 9.  Gravel Bed Lengths and Widths 

Gravel Bed 
Identification Number 

Gravel Bed  
Average Length (feet) 

Gravel Bed  
Average Width (feet) 

SF-001 (riffle 88) 39 17 

SF-002 (riffle 58) 89 38 

LT-001 (riffle 199) 55 22 

LT-002 (riffle 224) 82 14 

LT-003 (riffle 234) 101 16 

LT-004 (riffle 38) 27 13 

LT-005 (riffle 48) 36 11 

LT-006 (riffle 75) 22 18 
 

All surveyed reaches had some amount of material in class 1 and 2, which could 
impact emergence, but only three sites in Los Trancos showed any fine sediment 
which could degrade spawning success (Table 9).  San Francisquito and Los 
Trancos had a nearly equal amount of small particles (Categories 1 and 2) that 
could impact emergence.  The percentage of particles in each size category was 
identified for eight potential spawning sites (Table 10).  Particles in category 1 (<2 
mm) were observed in the lower section of Los Trancos Creek ranging from 30% 
to 54%.  This lower section was surveyed in October before the winter flows 
occurred; this may explain why sand and silt were not seen in the other riffles 
surveyed in May after winter and spring flows moved the finer materials.  The 
percentages for both creeks combined ranged from 8% to 48% for category 2 (2–5 
mm), 16% to 62% for category 3 (5–25 mm), and 7% to 26% for category 4 (25–
102 mm).  Neither creek had large particles classified in category 5 (102–152 mm). 

Consideration was given to using reduced patch size standards in order to capture 
smaller gravel patches that may provide additional spawning habitat within the 
system, but based on visual observation by field staff, it was determined that 
modifying the methodology would not have resulted in a appreciable increase in 
spawning gravel beds identified.  In Los Trancos, this was a consequence of the 
amount of fine sediments and smaller gravels in beds, not the size of patches, was 
the overriding factor in the exclusion of potential spawning beds.  In San 
Francisquito Creek, suitable gravels were only found behind anthropogenic 
structures such as Lagunita Dam and the USGS gage weir. 
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Table 10.  Percentage of Substrate in Each Particle Size Category for Each Gravel Site 

Creek Site Number 
Category 1 

(<2mm) 
Category 2 

(2–5mm) 
Category 3 
(5–25mm) 

Category 4  
(25–102mm) 

Category 5 
(102–152mm) 

San Francisquito SF-001 (riffle 88) 0% 31% 62% 7% 0% 

San Francisquito SF-002 (riffle 58) 0% 42% 44% 14% 0% 

Los Trancos LT-001 (riffle 199) 0% 48% 35% 17% 0% 

Los Trancos LT-002 (riffle 224) 0% 25% 56% 19% 0% 

Los Trancos LT-003 (riffle 234) 0% 46% 40% 14% 0% 

Los Trancos LT-004 (riffle 38) 30% 26% 19% 25% 0% 

Los Trancos LT-005 (riffle 48) 36% 9% 29% 26% 0% 

Los Trancos LT-006 (riffle 75) 54% 8% 16% 22% 0% 
 

3.5.4.4 Discussion 

The percentage of fines is one of the main factors that affects embryo survival, 
time of emergence, and size of emergent fry (Bjornn and Reiser 1991).  Embryo 
survival is significantly reduced when the percentage of Category 1 fines exceeds 
30% to 40%.  Fines reduce the supply of oxygen to the embryos and impede 
emergence of fry from redds (Tappel and Bjornn 1983; Waters 1995).  Particles 
less than 2 mm reduce the supply of oxygen and impede emergence.  Particles 
between 2 mm and 5 mm have less effect on flow through a redd and on oxygen 
supply, but may impede emergence. 

The relatively high percentage of class 1 and 2 particles in the surveyed reaches 
of the creeks indicates potentially low availability of productive spawning 
habitat, primarily affecting emergence.  The high percentage of fines within the 
three lower Los Trancos reaches surveyed could result in low survival of eggs 
and emergent fry.  The high level of fines less than 2 mm at these three sites 
indicates potentially poor spawning habitat and possibly low production of fry. 

Additionally, and of greatest concern, is the potential of the sampling regime 
being flawed, not properly conducted, or subject to random variations.  The lack 
of class 1 material (i.e., true fines less than 2 mm) suggests a potential error in 
the sampling protocol, especially when looked at in comparison to the 
permeability results which suggest low survival to emergence based on gravel 
permeability.  Low permeability in both San Francisquito and all of Los Trancos 
Creek firmly implies the presence of fines, which do not turn up in these samples.  
Future studies should consider replicating this work in order to confirm these 
results within the context of the permeability results. 
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3.5.4.5 Conclusions 

Fry emergence may be impaired in all reaches surveyed and is potentially 
limiting production within the within the study area.  Egg survival is impaired 
in parts of Los Trancos Creek according to these samples and the results of the 
gravel permeability studies.  The lack of fines (<2 mm) in some samples suggests 
that a portion of the samples may be corrupt or incorrectly recorded.  Results in 
San Francisquito Creek are inconclusive based on concerns over the validity of 
the samples. 

3.5.5 Dominant Substrate 

3.5.5.1 Introduction 

The dominant substrate composition of a channel bed can have significant effects 
on habitat availability and usage of a given habitat unit.  Streambed substrate is 
commonly representative of the geology of the watershed, the slope and 
hydrology of the stream segment, and the position of the reach in the context of 
the watershed.  Streams utilized by steelhead often can be characterized by the 
presences of particular substrates that are utilized for spawning (gravels at pool 
tailouts relatively free of fine sediment) and rearing (cobble and boulder substrate 
in riffles, runs, and pools).  Productivity of steelhead reaches can be 
characterized by the degree of appropriate substrates in the appropriate stream 
habitats (discussed further under Habitat Characterization/Population 
Modeling). 

3.5.5.2 Methods 

Dominant substrate composition was determined for every mapped habitat unit in 
San Francisquito and Los Trancos Creeks.  On San Francisquito Creek, there are 
111 total habitat units, 57 of which are pools, 50 of which are riffles, and 4 of 
which are runs.  On Los Trancos Creek, there are 340 total habitat units, 124 of 
which are pools, 148 of which are riffles, and 68 of which are runs.  Dominant 
substrate composition was determined by visually examining the relative 
abundance of each substrate type in each habitat unit.  The substrate type with the 
highest abundance was recorded and a percentage of the total area it comprised 
within the given habitat unit was derived. 

Dominant substrate composition was visually determined by looking at substrate 
throughout the entire habitat unit; however, particular attention was given to the 
low-flow channel.  Dominant substrate composition fell into one of six classes: 
sand (0.0625–2 mm), very fine gravel to medium gravel (2–16 mm), coarse 
gravel to very coarse gravel (17–64 mm), small cobble to large cobble (65–256 
mm), boulder (> 256 mm), and bedrock (Table 11).   
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No line samples (i.e., Wolman pebble counts) were performed to determine the 
dominant substrate composition; however, substrate embeddeddness (see below) 
was measured at the same time and provided another opportunity to visually 
inspect the dominant substrate (at least 100 embeddedness values were collected 
at each site) and calibrate field personnel.  On San Francisquito creek, one 
embeddedness transect or grid was established every 10th riffle, providing a total 
of five sampling points.  On Los Trancos creek, one embeddedness grid was 
established every sixth riffle, providing a total of 26 sampling points.  
Furthermore, the same field personnel were responsible for collection of all 
dominant substrate data, thereby providing consistency in evaluation.   

Table 11.  Substrate Type and Size Range   

Substrate type Substrate size range 

Sand 0.0625-2 mm 

Very fine gravel to 
medium gravel 

2–16 mm 

Coarse gravel to very 
coarse gravel 

17–64 mm 

Small cobble to large 
cobble 

65–256 mm 

Boulder/bedrock >256 mm 
 

3.5.5.3 Results 

Dominant substrate composition was measured between June 21 and June 27, 
2005 in both creeks.  The dominant substrate type and percentage of the substrate 
in the habitat unit was recorded.  Pools, riffles, and runs were then graphed for 
each creek showing the percentage of dominant substrate.  Dominant substrate 
composition was described and compared using frequency distributions (Figures 
8and 9). 

In San Francisquito Creek, very fine gravel to medium gravel (2–16 mm) 
dominated 72% of pool habitat, and small cobble to large cobble (65–256 mm) 
dominated 56% of riffle and 75% of run habitat (Figure 8).  In Los Trancos 
Creek, very fine gravel to medium gravel (2–16 mm) dominated 89% of pool 
habitat and 66% of run habitat and coarse gravel to very coarse gravel (17–64 
mm) dominated 51% of riffle habitat (Figure 9). 
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Figure 8 
Dominant Substrate Types for Habitat Units in San Francisquito Creek 

 

 

Figure 9 
Dominant Substrate Types for Habitat Units in Los Trancos Creek 
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In San Francisquito Creek, the dominant substrate was very fine gravel to 
medium gravel, which comprised 40% of the substrate, followed by small cobble 
to large cobble (35%), coarse gravel to very coarse gravel (17%), boulder (5%), 
and sand (2%) (Figure 10). 

Los Trancos Creek consisted mostly of very fine gravel to medium gravel (51%), 
followed by coarse gravel to very coarse gravel (30%), small cobble to large 
cobble (14%), sand (2%), bedrock (2%), and boulder (1%) (Figure 10). 

 

 

Figure 10 
Dominant Substrate Types for Los Trancos and San Francisquito Creeks 

3.5.5.4 Discussion 

For both creeks, very fine gravel to medium gravel was the dominant substrate 
(Figure 10) due primarily to its occurrence in pools.  Very fine gravel to medium 
gravel is defined as being in the 2–16 mm range, which is considered small sized 
substrate for steelhead spawning (see Spawning Gravel discussion).  
Additionally, very fine gravel to medium gravel occurred mostly in pools, and 
may result in the reduction of juvenile steelhead habitat by the filling of pools in 
Los Trancos Creek (See Pool Filling discussion).  Small cobble to large cobble 
was the second most dominant substrate in San Francisquito Creek (Figure 10).  
The small cobble to large cobble occurred mostly in runs and riffles.  This 
corresponds to the higher value of embeddedness in San Francisquito Creek 
versus Los Trancos Creek (see Embeddedness – section 3.5.6).  Coarse gravel to 
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very coarse gravel was the second most dominant substrate in Los Trancos 
(Figure 10), occurring mostly in riffles.   

San Francisquito Creek has a larger distribution of measured sediment sizes and a 
higher abundance of larger sediment sizes (small cobble to large cobble and 
bedrock).  Differences in the dominant substrate between the two creeks is most 
likely related to a variety of factors, including the sediment transport capacity, 
sediment sources, and sediment storage properties of each respective creek.  San 
Francisquito Creek has a larger drainage area (and thus a larger sediment supply) 
and, most likely, a higher sediment transport capacity than that of Los Trancos 
Creek.  As such, it receives and has the ability to mobilize larger sediments than 
does Los Trancos Creek, although the hydrology of the system is such that these 
sediments are mobilized out of the watershed and are not commonly found in 
lower San Francisquito Creek where deposition of larger sediments would be 
expected. 

3.5.5.5 Conclusions 

The measurement is a proportion of material within the study area and is not 
linked to any specific habitat type or life history stage.  This data is used to 
provide the base measurements for making the embeddedness calculations and as 
a general characterization of the watershed 

3.5.6 Embeddedness 

3.5.6.1 Introduction 

The degree to which fine sediments fill interstices of stream gravels and coarse 
substrates on the surface of a streambed is referred to as embeddedness.  Within 
the context of this study, the term and its measurement address winter rearing 
habitat space for juvenile steelhead trout.   

An influential factor in embeddedness is fine sediment delivery from upstream 
sources and from surrounding stream banks.  If fine sediment supply exceeds 
sediment transport capacity, then a buildup of sediment occurs.  Pool-filling and 
high riffle substrate embeddedness are common effects.  Gravels, which are not 
subject to mobilization, decrease in quality over time due to sedimentation of 
fines or growth of organics on the gravels.  In essence, there is fine balance 
between the sediment delivered to a river system and the ability of the river to 
transport the sediment through the system, and this balance directly influences 
substrate embeddedness values. 

Initial observations from experiments conducted by Redwood Sciences 
Laboratory and Stillwater Sciences in artificial stream channels indicate that 
juvenile steelhead respond to high flows by seeking cover deep within cobble and 
boulder substrate (Stillwater Sciences 2004).  The experiments suggest that 
steelhead seek refuge at least 1–2 times the depth of the median particle size 
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(D50) in unembedded cobble/boulder substrate.  Therefore, in streams subject to 
frequent winter storm events, such as San Francisquito Creek, the area and depth 
of unembedded substrate may be a primary determinant of the winter carrying 
capacity of juvenile steelhead. 

3.5.6.2 Methods 

Substrate embeddedness was measured at pre-determined riffle sampling points 
to characterize substrate embeddedness conditions in San Francisquito and Los 
Trancos Creeks.  Only riffles were sampled in order to provide a consistent 
geomorphic sampling location throughout the watershed and riffles with high 
embeddedness were presumed to be a key habitat for overwintering juveniles.  
On San Francisquito Creek, one embeddedness transect or grid was established 
every 10th riffle, providing a total of five sampling points (Table 12).  On Los 
Trancos Creek, one embeddedness grid was established every sixth riffle, 
providing a total of 26 sampling points (Table 13).  Substrate embeddedness was 
measured using the methods described by Bunte and Abt (2001).  This method, a 
component of the pebble count method, provides an objective, repeatable method 
that is more sensitive to changes in fine sediment than others, such as the Bain 
(1999) method (Jones & Stokes 2003). 

Table 12.  Substrate Embeddedness Riffle Locations on San Francisquito and Los 
Trancos Creeks 

Creek Riffles Total 

San Francisquito 22, 33, 71, 88, 103 5 

Los Trancos 13, 28, 43, 59, 72, 85, 99, 109, 122, 140, 150, 165, 177, 188, 
202, 218, 226, 230, 245, 253, 268, 280, 293, 308, 321, 334 

26 

 

Two sampling methods were used for determining embeddedness.  If the active 
wetted channel was 20 ft or longer, a transect was established and individual 
particle embeddedness was measured at regular intervals along the transect 
extending the width of the active wetted channel in each riffle.  If the wetted 
channel was less than 20 ft, a 5 by 5 ft grid was established, typically in the 
middle of the riffle.  For both methods, a metal pin, held vertically above a 
sampling point, was lowered until it contacted the substrate.  The first particle 
touched by the metal pin was selected.  The selected particle was picked up and 
its embeddedness was measured.  The embeddedness of gravel-sized and larger 
particles (>2 mm) was measured as the percentage of the total vertical extent of a 
particle below the bed surface.  Embeddedness was scored as negligible (<5%), 
low (5–25%), moderate (25–50%), high (50–75%), or very high (>75%).  Each 
sampling method collected at least 100 embeddedness values. 

Embeddedness was described and compared using frequency distributions and 
embeddedness scores.  Table 13 describes the relationship between substrate 
embeddedness and embeddedness score. 
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Table 13.  Substrate Embeddedness Percentage and Embeddedness Score 
Relationship 

Embeddedness Percentage Description Embeddedness Score 

<5% Negligible 1 

5–25% Low 2 

25–50% Moderate 3 

50–75% High 4 

>75% Very high 5 
 

3.5.6.3 Results 

Substrate embeddedness was measured at the riffles between June 21 and June 
27, 2005.  Low embeddedness of riffle substrates was evident throughout the 
project area (Figure 11).  Embeddedness was generally characterized by 
predominantly negligible values (<5% embedded) in both San Francisquito and 
Los Trancos Creeks.  In San Francisquito Creek, particles with negligible, low, 
moderate, high, and very high values made up 47%, 15%, 10%, 16%, and 13%, 
respectively, of riffle substrates.  In Los Trancos Creek, particles with negligible, 
low, moderate, high, and very high values made up 67%, 14%, 9%, 8%, and 2%, 
respectively, of riffle substrates. 

 

Figure 11 
Substrate Embeddedness 
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Substrate embeddedness values, however, differed between the two creeks.  In 
general, San Francisquito Creek had a higher overall embeddedness score (2.33) 
than Los Trancos Creek (1.64).  Furthermore, San Francisquito Creek had a more 
even distribution of low to very high embeddedness values than Los Trancos 
Creek, the latter showing a steady downward trend in embeddedness. 

3.5.6.4 Discussion 

The local channel bed slope did not seem to be a determining factor in 
determining embeddedness; rather, substrate size was more critical.  Most riffles 
with pebble- and gravel-sized substrate lacked significant embeddedness; 
however, cobble- and boulder-sized substrate had higher embeddedness values.  
Based on the embeddedness results and the results from the Dominant Substrate 
Composition Analysis (see Dominant Substrate section), it is clear that San 
Francisquito Creek has larger sized riffle substrate material than Los Trancos 
Creek.  Furthermore, based on the behavior of other similar river systems, well-
developed (i.e., older) and less mobile (i.e., not as readily entrained) riffles tend 
to have higher embeddedness values (Kondolf and Willcock 1996).  Larger 
substrate materials are typically harder to entrain and tend to get embedded by 
smaller gravel- and sand-sized particles, especially in a system with an abundant 
sediment supply (Knighton 1998).  Based on field observations, Los Trancos 
Creek appears to have a more mobile channel bed.  This, combined with the 
smaller-sized riffle substrate material, suggests that embeddedness values in Los 
Trancos Creek are lower than San Francisquito Creek due to the differences in 
sediment size and bed mobility. 

San Francisquito Creek had a higher overall embeddedness score (2.33) than Los 
Trancos Creek (1.64).  Lower embeddedness values in San Francisquito Creek 
could be related to its ability to transport sediment during a variety of flow 
regimes, itself a function of a steep channel bed slope. 

It is important to note that these observations were produced from only one 
sampling period.  Sediment is typically moved in pulses and sediment deposition 
is spatially and temporally variable.  Only long-term monitoring would fully 
characterize riffle substrate embeddedness trends throughout the project area.  
Furthermore, substrate embeddedness usually refers to the largest particles on the 
channel bed.  Most of the substrate in San Francisquito and Los Trancos Creeks 
where substrate embeddeddness was measured was quite small (very fine gravel 
to medium gravel [2–16 mm] and coarse gravel to very coarse gravel [17–
64 mm]).   

3.5.6.5 Conclusions 

Embeddedness measurements ranged from negligible/low in San Francisquito 
Creek to low/moderate in Los Trancos Creek.  When considered in conjunction 
with the dominant substrate analysis, which found much of the material in 
both creeks to be within smaller size classes, there is a strong inference that 
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material and interstitial spaces common in unembedded large material are 
lacking within the watershed and thus limit winter rearing within the 
watershed.  The cause of the problem is not that the materials are embedded, 
but that the larger substrates do not exist in significant quantities within the 
study area.  The extent to which embeddedness is affecting winter rearing habitat 
will be assessed in the population model and compared to the other potential 
limiting factors. 

3.5.7 Bank Instability  

3.5.7.1 Introduction 

The term bank instability characterizes stream banks that are either actively 
retreating or have the potential to retreat in the near future.  Bank instability was 
measured on both stream banks in San Francisquito and Los Trancos Creeks.  
The purpose of monitoring this indicator was to identify fluvial erosion (erosion 
associated with water) and bank failure (erosion associated with gravitational 
forces and weakening processes) in both creeks.  In brief, weakening processes 
are any bank or near-bank processes that act to erode or prepare banks for further 
erosion (Lawler 1992).  Fluvial erosion is closely related to boundary shear 
stress, which can be loosely approximated by unit stream power variations, and 
bank failure is collapse of all or part of the bank in situ and is closely related to 
stream bank material and stream bank height (Lawler 1995).  High bank 
instability adversely affects fish habitat, including direct effects on fish survival, 
such as smothering of eggs and effects on food availability.  It also results in a 
loss of land area, presents danger to riparian and floodplain structures, and results 
in increased downstream sedimentation. 

One of the main factors that influences bank instability in systems such as San 
Francisquito and Los Trancos Creeks is incision.  Incision into the local bedrock 
has influenced the morphology of both creeks.  Channel incision has several 
consequences for stream bank instability.  First, incision has led to deepened 
channels.  Deepening by incision increases hydrologic variables such as shear 
stress and unit stream power.  Brizga and Finlayson (1990) state that active 
channels within incised areas have high unit stream power values during flow 
events.  Conversely, rivers that flood over their banks onto floodplains dissipate 
the energy of flow, thereby lowering unit stream power.  An increase in unit 
stream power not only has the potential to further increase the instability of 
stream banks through fluvial erosion, but also has the secondary effects of 
weakening banks resulting in future instability.  Second, incised channels 
increase the flashy response of channels through increased flood conveyance 
(Wolman 1988).  This too has the potential to increase the instability of stream 
banks.  Specifically, temporal variability of discharge is reduced as the flow is 
quickly and efficiently routed through the channel.  Lastly, bank heights are 
increased as the channel bed elevation decreases; this typically promotes bank 
failure processes beyond exceedance of a critical height, as observed on San 
Francisquito Creek. 
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Bend morphology is another important control on bank instability.  Hooke (1980) 
concludes that bank instability is more likely to occur at bends in the channel 
where flow is deflected and stream power and shear stress are increased.  
Schumm (1977) and Thorne and Osman (1987) also suggest that unstable areas 
commonly occur at bends in the channel, and stable areas are more often found in 
straighter reaches.   

Though not examined as part of this study, other factors that contribute to bank 
instability include anthropogenic activities such as road and housing 
developments.  These activities contribute to bank instability through removal of 
vegetation, compaction of natural surfaces, and deliverance of excess sediment 
into a stream system (Bull 1997).  Finally, infrequent, large-magnitude events, 
such flooding events, may be partly responsible for much of the bank instability 
over a period of several decades. 

3.5.7.2 Methods 

Bank stability characterizes the natural streambank that has stable groundcover.  
Stable ground cover includes rooted trees, shrubs, herbaceous plants, and 
naturally occurring rocky substrates.  The terms defined in Table 14 were used to 
describe observed bank stability conditions.  As shown in Table 14, bank stability 
was initially evaluated based on the amount of bank vegetation present.  If the 
stream bank had a vegetative cover of greater than 75%, it was deemed stable or 
potentially unstable, depending on whether it possessed an instability element.  If 
the stream bank had a vegetative cover of less than 75%, it was deemed unstable.  
Only unstable stream banks were recorded in the field and analyzed. 

Once a stream bank was determined as unstable, the following information was 
collected: 

 stream bank location (left or right translated to south and north), 

 length of unstable area (horizontal distance), 

 height of unstable area (defined as height from point of deepest scour 
adjacent to bank to top of the bank), 

 reference photographs (Appendix C), and 

 GPS coordinates and comments. 
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Table 14.  Terms Used to Describe Bank Stability Conditionsa

Category Term Definition 

Banks Stable bank Has 75% or more cover of live plants and/or other stability 
elements that are not easily eroded and has no instability elements 

 Potentially unstable 
bank 

Has 75% or more cover but has 1 or more instability element(s)b 

 Unstable bank Has less than 75% cover of live plants and/or other stability 
elements and/or 1 or more instability element(s) (unstable banks are 
often bare or nearly bare banks composed of noncohesive soil that 
is susceptible to fluvial erosion; particle size may vary depending 
on bank material) 

Stability elements Live plants Perennial herbaceous species, such as grasses, sedges, rushes; 
woody shrubs, such as willows; broadleaf trees, such as 
cottonwood and alder; conifer trees; and plant roots that are on or 
near the surface of the bank and provide substantial binding 
strength to the bank material 

 Rock Boulders, bedrock, and cobble/boulder aggregates that are 
combined to form a stable mass 

 Downed wood Logs firmly embedded in banks 

 Erosion-resistant soil Hardened conglomerate or cohesive clay/silt banks 

Instability 
elements 

Bank height Moderately high to high bank height relative to surrounding banks 

 Fracturing, blocking, 
or slumping 

Cracks near the top of the bank, slumping banks, and blocks of 
soil/plant material that have fallen off or slid down the bank 

 Mass movement Bank failure from landslides and gravity erosion of oversteepened 
bank slopes 

 Undercutting Frequent or continuous scour; significant to severe undercutting 

Notes: 
a Based on definitions of bank conditions in the U.S. Forest Service Region 5 Stream Condition Inventory 

Guidebook. 
b Exception:  Bank will be classified as stable if bank height is the only instability element present. 

 

3.5.7.3 Results 

Bank instability was measured between June 21 and June 27, 2005.  In San 
Francisquito Creek, approximately 7% of the stream bank the study area were 
deemed unstable.  Of these, the average length of an unstable bank was 
approximately 87 ft and the average height of an unstable bank was 
approximately 18 ft.  In Los Trancos Creek, approximately 36% of the stream 
banks surveyed were unstable.  Of these, the average length of an unstable bank 
was approximately 92 ft and the average height of an unstable bank was 
approximately 10 ft. 
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Of the 7% of unstable stream banks observed in San Francisquito Creek, most of 
the instability stems from bank failure processes.  Seven percent of the unstable 
stream banks were less than 50 ft in length; 48% of the unstable stream banks 
were between 50 and 100 ft; and 45% of the unstable stream banks were greater 
than 100 ft (Figure 12).  Bank height values are considerable in San Francisquito 
Creek.  Thirty-nine percent of the unstable stream banks were less than 10 ft in 
height; 11% of the unstable stream banks were between 10 and 24 ft; and 50% of 
the unstable stream banks were greater than 25 ft (Figure 12).  Bank stability was 
generally equally present on both left and right banks.  Bank protection is 
significant along San Francisquito Creek.  

 

Figure 12 
Bank Instability as a Function of Bank Length and Height (San Francisquito Creek) 

 

Of the 36% of unstable stream banks observed in Los Trancos Creek, most of the 
instability stems from bank failure processes; however, fluvial erosion plays a 
significant role in destabilizing stream banks, especially at channel bends (see 
below).  Twelve percent of the unstable stream banks were less than 50 ft in 
length; 25% of the unstable stream banks were between 50 and 100 ft; and 63% 
of the unstable stream banks were greater than 100 ft (Figure 13).  Bank height 
values in Los Trancos Creek are less than those in San Francisquito Creek.  Fifty-
four percent of the unstable stream banks were less than 10 ft in height; 42% of 
the unstable stream banks were between 10 and 24 ft; and 4% of the unstable 
stream banks were greater than 25 ft (Figure 13).  Bank instability was generally 
equally present on both left and right banks. 
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Figure 13 
Bank Instability as a Function of Bank Length and Height (Los Trancos Creek) 

3.5.7.4 Discussion 

The dominant mechanism of bank instability in San Francisquito Creek is bank 
failure (erosion associated with gravitational forces and weakening processes); in 
Los Trancos Creek, both bank failure and fluvial erosion play a significant role in 
destabilizing the stream banks.  Landslides from nearby slopes also contribute to 
bank instability in Los Trancos Creek.  Incision into the local bedrock has 
influenced the morphology of both creeks.  As mentioned previously, channel 
incision has several consequences for stream bank instability.  In both San 
Francisquito Creek and Los Trancos creeks, incision has led to deepened 
channels contributed to bank instability.   

Bend morphology is another important control on bank instability, especially in 
Los Trancos Creek where a regular pattern occurs, characterized by bends with 
cut banks followed by depositional bars with low floodplain surfaces.  Almost 
every cut bank on Los Trancos Creek is experiencing bank instability to some 
degree.  Lack of cohesive bank material, incision, and resultant steep bank 
heights, as described above, combined with erosive flows affecting the channel 
bends, influence bank instability in Los Trancos Creek. 

Though San Francisquito Creek did not have as high a percentage of unstable 
banks as Los Trancos Creek, it is noteworthy that many of the stream banks in 
San Francisquito Creek were potentially unstable.  San Francisquito Creek’s 
bank height values are influential in determining the amount of erosion present 
along the creek.  Anecdotal evidence from landowners attests to this; several 
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people mentioned that the stream banks adjacent to their houses were failing, 
even though there was riparian cover to hold the soils. 

Many of the stream banks in the study area lack cohesive bank material.  
However, in both San Francisquito Creek and Los Trancos Creek, there are 
lenses of cohesive clays and bedrock.  Cohesive and non-cohesive banks were 
failing in different ways.  Cohesive bank materials were failing along discrete 
surfaces deep within the bank.  Typical types of failures in cohesive materials 
included rotational and translational slides and slumps.  Non-cohesive bank 
materials were often characterized by mass movements such as shallow and 
planar failures, falls, and some topples.  

3.5.7.5 Conclusions 

In San Francisquito Creek, approximately 7% of the stream banks surveyed were 
unstable.  In Los Trancos Creek, approximately 36% of the stream banks 
surveyed were unstable.  Of the 7% of unstable stream banks observed in San 
Francisquito Creek, most of the instability stems from bank failure processes.  Of 
the 36% of unstable stream banks observed in Los Trancos Creek, most of the 
instability stems from bank failure processes; however, fluvial erosion plays a 
significant role in destabilizing stream banks, especially at channel bends.  Bank 
instability was generally equally present on both left and right banks of each 
creek.  Excessive bank instability in Los Trancos Creek is contributing to both 
pool filling is limiting steelhead production. 

3.6 Food Availability 

3.6.1 Introduction 

The following metrics were used to characterize the BMI communities of San 
Francisquito and Los Trancos Creeks in April 2005.  A summary of the metrics 
used and their expected response to increased levels of human impairment is 
provided in Table 15. 
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Table 15.  Summary of Benthic Macroinvertebrate Metrics 

BMI Metric Description 
Response to 
Impairment 

Richness Measure   

Taxa Richness Total number of individual taxa Decrease 

Composition Measures   

EPT Index (%) Percent composition of mayfly, stonefly, and caddisfly larvae Decrease 

Percent Baetidae Percent composition of mayfly family nymphs Decrease 

Percent Chironomidae Percent composition of midge larvae Increase 

Tolerance/Intolerance Measures  

Tolerance Value Value between 0 and 10 weighted for abundance of taxa 
designated as pollution-tolerant (higher values) or -intolerant 
(lower values) 

Increase 

Functional Feeding Groups  

Percent Collectors Percent of macrobenthos that collect fine particulate matter Increase 

Percent Filterers Percent of macrobenthos that filter fine particulate matter Increase 

Percent Scrapers Percent of macrobenthos that graze upon periphyton Variable 

Percent Predators Percent of macrobenthos that feed on other organisms Variable 

Percent Shredders Percent of macrobenthos that shred coarse particulate matter Decrease 

Abundance Measure   

Abundance 
(number/sample) 

Estimated number of BMI in sample Variable 

 

BMI Density:  BMI density is calculated by dividing the total number of 
invertebrates in a sample by the area of streambed sampled (number of 
individuals per square meter).  Although this metric is highly variable and 
difficult to interpret, Karr and Chu (1999), this metric may be helpful in 
interpreting trends or changes in other variables (e.g., California tolerance 
values). 

Taxa Richness:  Taxa richness describes the number of distinct taxonomic units 
(i.e., family, genus etc.) identified in a sample and is a measurement of 
community structure.  It is used in bioassessment monitoring because it has been 
found to vary consistently and systematically with human influence (Karr and 
Chu 1999). 

EPT Index:  EPT stands for Ephemeroptera (mayflies), Plecoptera (stoneflies), 
and Trichoptera (caddisflies).  The EPT index is calculated by dividing the 
combined number of individuals in these three orders by the total number of 
individuals in the sample.  The orders included in the EPT index were selected 
because of their relative intolerance to human disturbance.  Two common genera, 
Hydropsyche (Trichoptera) and Baetis (Ephemeroptera), demonstrate high 
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tolerance to human influence that is uncharacteristic of their respective orders.  
Thus, Hydropsyche and Baetis are not included in the calculation of the EPT 
Index metric. 

California Tolerance Value:  The California tolerance value is a metric based 
on the Hilsenhoff Biotic Index, which uses a set of taxon-specific tolerance 
values to calculate a community level tolerance (DFG 2003).  The tolerance 
value is used as a general index of tolerance to pollution and disturbance.  
Tolerance values range from 0 (highly intolerant) to 10 (highly tolerant); higher 
tolerance values indicate a greater amount of environmental disturbance.  Like 
taxa richness, the percentages of tolerant and intolerant individuals in a sample 
have been found to vary consistently and systematically with human influence 
(Karr and Chu 1999).  The tolerance value metric is found by calculating a 
weighted average of the known tolerance values based on the relative abundance 
of each taxon. 

Dominant Taxa:  Dominant taxa are taxonomic groups (family, genus, etc.) that 
are highly abundant in a community relative to other taxa.  Dominant taxa are 
typically generalists that occur in greater abundance throughout their range.  The 
level of dominance of these taxa can be an indicator of the level of disturbance in 
aquatic systems.  The abundance of the most dominant taxon in a habitat is 
expected to increase in response to environmental disturbance or impairment.  A 
relatively undisturbed habitat would be expected to have a more even distribution 
of taxa in the community.  The relative abundance of the five most dominant 
taxa, calculated by dividing the number of individuals in each taxon by the total 
number of individuals in the sample, was calculated for both creeks. 

Functional Feeding Groups:  Functional feeding groups are groups of taxa that 
use similar methods to obtain food.  The relative abundance of each functional 
feeding group is a measure the community structure and composition.  DFG 
developed a list of California taxa and grouped them into the following major 
categories: predator, collector-gatherer, collector-filterer, scraper, shredder, and 
others.  The category “others” includes parasites, macrophyte herbivores, 
piercing herbivores, omnivores, and wood eaters. 

3.6.2 Existing Conditions 

Benthic invertebrate communities of the San Francisquito Creek watershed were 
sampled by the U.S. Geological Survey (USGS) in 1997 as part of a regional 
inventory of lotic macroinvertebrates of the Santa Clara Valley (Carter and Fend 
2000).  Included in the study were macroinvertebrate samples collected from 
both San Francisquito Creek and Los Trancos Creek.  The results of these studies 
provide some general conclusions that apply to all reaches of the San 
Francisquito Creek watershed, despite the geographic limitations of the study.  In 
addition, students of Stanford University have conducted five years of citizen-
level monitoring in the San Francisquito Creek watershed. 
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A pattern of decreasing abundance and diversity (in the downstream direction) 
among sensitive invertebrate groups like Ephemeroptera (mayflies), Plecoptera 
(stoneflies), and Trichoptera (caddisflies) is seen in the lotic waterways of the 
Santa Clara Valley.  The inverse pattern is true for groups of invertebrates that 
are tolerant of human influences, including Chironomidae (non-biting midges) 
and Oligochaeta (earthworms), which were found in greater abundance and 
diversity in low land areas than farther upstream.  Macroinvertebrate densities 
were generally lower at the most upstream and downstream sites and higher at 
mid-elevation sites. 

Large bodied invertebrates that occur in great abundance would be the most 
important components of the benthic invertebrate community to food availability 
for salmonid fish.  Food prey items could therefore consist of both tolerant 
groups like earthworms or relatively intolerant groups like stoneflies and 
caddisflies. 

3.6.3 Methods 

Food availability for salmonid fish was assessed through direct benthic 
macroinvertebrate (BMI) sampling.  BMI samples were collected and analyzed 
according to the California Stream Bioassessment Procedure (CSBP) in order to 
assess and describe the BMI community composition present in the San 
Francisquito Creek watershed.  The CSBP, a regional adaptation of the National 
E.P.A. Rapid Bioassessment Procedure, is a standardized protocol for assessing 
the biological conditions of wadeable streams in California (DFG 1999, 2003). 

BMI samples were collected from two study reaches on April 20, 2005.  Each 
reach consisted of at least five riffles features and three riffles were randomly 
selected for each reach to represent the benthic communities.  In each reach, a 
square-frame kick net with 500-micrometer Nitex mesh was used to collect 
benthic macroinvertebrates from three 1-foot by 1-foot areas of streambed.  
Material collected from the three representative riffles was combined into a 
single composite sample representing 3 square feet of substrate surface area.  
Samples were placed into 300-milliliter Corning Snap-Seal™ containers and 
filled with 90% ethanol.  Containers were labeled in the field with stream, reach, 
transect, and date information.  Samples were then transported to Sacramento, 
California for analysis. 

Each BMI sample was processed according to the CSBP laboratory procedures 
and the Jones & Stokes laboratory standard operating procedures.  Sample 
material was evenly distributed in an 8-inch by 12-inch tray inscribed with a 2-
inch by 2-inch square grid.  Material from randomly selected grid squares was 
removed from the sample and macroinvertebrates were sorted from the debris.  
Grids were sorted in this fashion until 300 individuals had been counted.  When 
300 invertebrates were obtained before the last grid was completely processed, 
the remaining invertebrates were totaled and preserved separately from the 300-
invertebrate subsample.  These invertebrates were used to calculate abundance, 
but were not identified.  Subsample portions were stored in 70% ethanol and 
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labeled with all original sample information.  Each invertebrate in the 300-
invertebrate subsample was identified to the required standard taxonomic level 
(CSBP level 1) (DFG 2003).  Taxonomic data were recorded on standardized 
laboratory benchsheets and included the following information: all original field 
sample data, date subsampled, date identified, total number of grids, number of 
grid squares sorted, and number of invertebrates sorted from each grid square. 

3.6.4 Results 

BMI densities in both San Francisquito and Los Trancos Creeks were relatively 
low.  Los Trancos Creek had a notably low BMI Density at 9 invertebrates per 
square foot.  San Francisquito Creek had a higher density at 123 invertebrates per 
square foot; thus, prey availability was greater in San Francisquito Creek in 
comparison with Los Trancos Creek. 

3.6.5 Discussion 

According to Moyle (2002), O. mykiss is an opportunistic feeder and will 
generally feed on available aquatic organisms, including insects, crustaceans, and 
snails, and drifting terrestrial insects.  Bioassessment sampling performed in 
April 2005 focused on benthic invertebrates; drifting terrestrial prey items were 
not quantified. 

Taxa richness in Los Trancos Creek was lower, at 17 taxa, relative to 26 taxa 
recovered from San Francisquito Creek.  EPT index for both creeks hovered near 
10%, with San Francisquito Creek at 8.27% and Los Trancos Creek at 11.11%.  
Merz (2002) notes that the postyearling O. mykiss in his Mokelumne River study 
fed largely on hydropsychid larvae, chironimid pupae, daphniid cladocera (water 
fleas), and baetid subimagos and nymphs.  Analysis of BMI samples collected in 
April 2005 found that hydropsychid larvae composed less than 1%, and 
chironomid pupae composed approximately 4% of invertebrates recovered from 
both San Francisquito and Los Trancos Creeks.  Baetid nymphs composed a 
substantially larger proportion of the BMI community, composing over 30% of 
invertebrates from San Francisquito Creek and nearly 50% of invertebrates 
recovered from Los Trancos Creek.  Cladocera are more often found to inhabit 
pools within streams and are rarely found in high gradient stream bioassessment 
samples since typically riffle habitats are sampled.  No cladocerans were 
recovered in any of the samples. 

Dominant taxa are presented in Table 16; Chironomidae includes both larval and 
pupal life stages.  Aquatic oligochaetes (earthworms), Simulium blackfly larvae, 
and Lepidostoma caddisfly larvae round out the five most dominant taxa, 
comprising 22.9% of the taxa in San Francisquito Creek and 19.8% in Los 
Trancos Creek. 
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Table 16.  Dominant Taxa Abundance 

San Francisquito Creek Reach 1 Taxa Abundance 

Total # of Individuals:  774 1 Chironomidae 35.14% 

 2 Baetis 31.27% 

 3 Oligochaeta 11.11% 

 4 Simulium 9.04% 

 5 Lepidostoma 2.71% 

Los Trancos Creek Reach 2 Taxa Abundance 

Total # of Individuals:  81 1 Baetis 49.38% 

 2 Chironomidae 11.11% 

 3 Oligochaeta 8.64% 

 4 Lepidostoma 7.41% 

 5 Simulium 3.70% 
 

While BMI Density in Los Trancos Creek was very low, O. mykiss may be 
supplementing their diet on prey items that were not included in the 
bioassessment study.  A study of O. mykiss foraging selectivity in Japan indicates 
the potential importance of terrestrial invertebrate prey items.  Nakano et al. 
(1999) found that 77% of the total organisms consumed by O. mykiss were 
terrestrial invertebrates.  The study indicates that terrestrial invertebrate input 
peaked near dusk and O. mykiss, feeding primarily at dawn and dusk, were 
consuming terrestrial invertebrates that were falling into and drifting in the 
stream.  Feeding in O. mykiss decreases toward midnight, coinciding with the 
nocturnal drift of benthic macroinvertebrates. 

Taking Baetis nymphs and chironomid larvae and pupae together, the taxa 
comprise just over 60% of the invertebrates recovered from Los Trancos Creek, 
and over 66% from San Francisquito Creek.  Both of these taxa have multivotine 
lifecycles (having more than one generation per year), and likely both aquatic 
and adult life stages are present year round.  The adult life stages along with 
other terrestrial invertebrates may largely supplement the diet of O. mykiss 
present in both Los Trancos and San Francisquito Creeks. 

It is also possible that higher concentrations of localized fine sediments in Los 
Trancos Creek may be contributing to the lower densities of benthic 
macroinvertebrates and thus negatively influencing steelhead survival in this 
stream. 

3.6.6 Conclusions 

While known prey items for steelhead occur throughout the study area, 
invertebrate densities are extremely low.  Despite the potential for other prey 
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items, low invertebrate densities in Los Trancos Creek may be impairing 
steelhead growth and survival and thus is a potential limiting factor for the 
population.  Invertebrate densities in San Francisquito Creek appear to be 
sufficient to currently support the population and are not considered limiting.  
Whether or not food availability is a limiting factor is dependant on the results of 
similar studies in the San Mateo County portion of the watershed. Fine sediment 
load in Los Trancos Creek may be responsible for low benthic macroinvertebrate 
densities by degrading habitat quality for those invertebrate species. 

4 Population Modeling 

The lack of detailed historical information on fish populations and habitat 
conditions and the extensive period of habitat alterations in San Francisquito 
Creek make it difficult to identify pre-European settlement conditions in the 
watershed.  Studies of historical ecology of several local watersheds, including 
San Francisquito Creek, are currently being conducted by SFEI.  The results of 
these studies, however, were not available during this analysis.  Hence, modeling 
of the current status of the steelhead population in the San Francisquito Creek 
watershed to fill in gaps in knowledge is useful in determining the current state of 
the watershed.  It can also help to determine potential habitat characteristics of 
the watershed that may be beneficial to the steelhead for protection and/or 
restoration. 

A preliminary assessment of current habitat conditions for steelhead populations 
in the San Francisquito Creek watershed was conducted within the framework of 
a population dynamics model.  This assessment relies on fundamental concepts in 
population dynamics, particularly stock production analysis.  The assessment 
performed here was based on a combination of results from field studies 
conducted by Jones & Stokes and existing habitat data from the San Francisquito 
Creek watershed (SCVWD 2004) and is only intended to provide a preliminary 
and conservative indication of the degree to which steelhead smolt production 
might be limited by current watershed habitat conditions. 

The population modeling exercise involved three basic steps:  (1) collecting 
habitat-specific information regarding habitat quality and quantity from a suitable 
reach within the area of interest; (2) assigning density-independent survival and 
habitat-specific carrying capacity values for each steelhead life stage; and 
(3) integrating these values into a system of equations to express the impact of 
current salmonid habitat conditions on potential steelhead production.  These 
three steps are described in further detail below and the full analysis is described 
in detail in Appendix B.  

4.1 Collecting Habitat-Specific Information 

As discussed in Habitat Characterization, habitat specific information was 
collected during the early fall of 2005 in order to characterize the habitat types 
available within the study area.  Additionally, results of some of the other 
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focused studies, such as permeability, substrate analyses, and embeddedness 
measurements, were used in the population model.  This was done to focus the 
analysis not just on carrying capacity of specific habitat units, but the carrying 
capacity associated with the quantity and quality of sub habitat characteristics 
(e.g., substrate composition, embeddedness, etc.). 

4.2 Model Framework 

4.2.1 Potential Steelhead Production 

The salmonid population modeling approach used in this analysis is based on 
stock production theory (Ricker 1976).  Stock-production theory characterizes 
the number of individuals of one life stage at one time (the production) as a 
function of the number in the same cohort of an earlier life stage at an earlier 
time (the stock).  This approach is particularly well suited to situations in which 
(1) physical habitat is believed to be limiting, and (2) population dynamics can be 
plausibly separated into density-independent and density-dependent components, 
such as productivity (the ratio of stock to production that would be expected if 
there were no limits on population density) and carrying capacity (the maximum 
number of individuals of a given life stage that the habitat can support for the 
duration of that life stage). 

The population model uses the following relationships between a stock S and a 
production P.  The parameter r can generally be interpreted as the intrinsic 
productivity (e.g., a density-independent survival rate, or, in the case of 
reproduction, a fecundity).  The parameter K is interpreted as the carrying 
capacity for the production stage.  In practice, both of these can vary from year to 
year in response to environmental conditions, although such refinements were 
not used in the present analysis.  All of these relationships are asymptotic to the 
two lines P = rS and P = K.  The following three basic types of functional 
relationships are used in this model.   

Truncated Linear: P = max(rS, K) 

Modified Beverton-Holt: P =
( )( ) γγγ 1

KrS

rKS

+
 

Superimposition: P = K(1–exp(–rS/K) 

The truncated linear relationship is often used when no natural carrying capacity 
is evident; in this case K is set to some very large value, or simply omitted.  The 
parameter γ of the modified Beverton-Holt relationship controls the “stiffness” of 
the relationship⎯γ = 1 is the usual Beverton-Holt relationship; larger values 
yield curves which make more abrupt transitions between the two asymptotes P = 
rS and P = K.  The superimposition relationship was derived from analytical 
models of habitat selection. 
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4.2.2 Assigning Steelhead Life History Parameters 

Steelhead life history was separated into discrete stages having identifiable, and 
to some extent overlapping, habitat requirements.  As discussed above, the 
population dynamics modeling approach that we used requires two biological 
parameters for each stage: (1) a carrying capacity (K), which describes the 
ultimate limits imposed by crowding and competition; and (2) an intrinsic 
productivity (r), which describes the expected dynamics under conditions for 
which the effects of crowding and competition can be ignored.   

Carrying capacity derivations multiply the habitat area for each specific habitat 
unit used at each life history stage by the predicted density of steelhead within 
that habitat unit at that specific life history stage.  (Predicted densities are from 
Connors 1996).  The resulting carrying capacity derivation results in a production 
value associated with each life history stage (expressed in numbers of fish).  
While habitat for early fry rearing is less discretionary, thus resulting in a high 
production figure, the other life history stage capacities diminish greatly as the 
specific needs of steelhead within each life history stage become more evident.  
Winter rearing derivations are based on the availability of cobble/boulder 
substrates in determining habitat and based on unembedded interstitial space 
when looking at the predicted densities of first and second year rearing steelhead.  
When looking at summer rearing, all runs and pools with a depth of at least 2 feet 
were considered as providing potential rearing habitat during summer, as 
temperatures rise in the water column, and depths decrease with reduced summer 
flows.  These numbers intrinsically provide carrying capacity values based on 
available space and quality to support a given number of steelhead at each life 
history stage.  These derivations are further explained in Appendix B. 

4.2.3 Limitations 

While the carrying capacity model does provide a good estimation of production 
based on habitat quantity and quality, as with any model, there are certain  
limitations in the model.  These limitations are inherent in any biological model 
where there are many factors involved and not all of the factors can be plugged 
into the model. The key limitations inherent in this model can be summarized as 
follows: 

1. Density correlations – The predicted densities used in the model are 
derived from Connors 1996.  While these derivations provide some 
inherent rigor in that they all were derived from the same study (instead 
of having unique densities derived for each habitat unit from many 
studies, each with their own inherent limitations), it is limited in that the 
study was conducted within coastal northern California watersheds, 
which are less densely populated, receive greater rainfall amounts, and 
have many other minor habitat level differences (geology, 
geomorphology, hydrology, etc.) from the streams of the San 
Francisquito Creek watershed.  However, the rigor of the study and the 
general unit level utilizations are very similar for all trout bearing 
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streams and thus the correlation is relevant.  While it was not feasible 
within the scope of this study to determine habitat specific densities 
within the San Francisquito Creek watershed, such a study could be 
retroactively used in this model and would obviously reduce the level of 
error in the current model. 

2. Factors not modeled – Factors such as stream temperature, stream flow 
levels, passage impediments, and food availability were not incorporated 
into the model.  Thus, the results must be considered within the context 
of factors not modeled, which have relevance to the output.  Temperature 
and Flow fluctuations within the watershed may shift steelhead 
utilization away from modeled habitat densities.  Additionally, stranding 
of juveniles lower in the watershed and isolated away from key rearing 
habitats would influence steelhead densities in those habitats.   

3. Limited Study Area – The limitation of the study area to the mainstem of 
San Francisquito Creek and Los Trancos Creek, below Arastadero Road 
(roughly 23% of the entire watershed) means that the conclusions are 
keyed to the surveyed areas and thus, potentially not representative of 
upper watershed conditions.  Los Trancos, above Arastadero Road, may 
contain additional rearing habitats not captured in this study and may 
influence the confidence level of the results.  Additionally, the results, 
while potentially indicative of conditions, are likely not fully 
representative of upper watershed conditions in the San Mateo portion of 
the watershed. 

Thus, the model output cannot be taken as a stand-alone result and must be 
considered along with additional study results that do not factor directly into the 
model.  Despite these limitations, the model does provide a rigorous 
interpretation of the population dynamics of steelhead within the San 
Francisquito Creek watershed. 

4.3 Results 

The model output (see Appendix B for full description of model output) provides 
the following interpretation of population dynamics and theoretical mortality 
among steelhead based on the quantity and quality of habitat available for 
spawning, emergence, and rearing within the watershed.  General trands were 
found to be that: 

• Carrying capacity for emerging fry is 25% the capacity for spawning.  

• Carrying capacity for 1st winter rearing is 2% of the capacity for 
emerging fry. 

• Carrying capacity for 2nd year summer rearing is more than double the 
capacity for 1st year winter rearing. 
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• Carrying capacity for 2nd year winter rearing is 16% of the capacity for 
2nd year summer rearing. 

Thus, even with the inherent limitations of the model, it is clear that winter 
rearing habitat is degraded in comparison with other life history stages. 

4.4 Discussion 

Based on these model results, lack of suitable winter refuge in pools and other 
habitats appears to be limiting capacity within the study area and of lower San 
Francisquito Creek and Los Trancos Creek.  Lack of cobble and boulder 
aggregations of sufficient density and thickness (as discussed in Dominant 
Substrate); low amounts of unembedded cobble and boulder substrate (as 
discussed in Embeddedness); and a lack of other key habitat features such as 
large woody debris jams, root wads, and backwater habitat (as discussed in 
Habitat Characterization) appear to result in relatively low summer and winter 
carrying capacity for juvenile steelhead, with winter capacity more impaired than 
summer.  An increase in the quantity of winter habitat would likely increase 
smolt production. 

Juvenile summer rearing habitat is not the limiting capacity within the study area, 
but is degraded within the current study area.  A lack of other key habitat features 
such as deep pools, large woody debris jams, root wads, and backwater habitat, 
do appear to result in relatively low summer carrying capacity for juvenile 
steelhead.  However, an increase in the quantity of summer rearing habitat would 
not likely increase smolt production without commensurate increases winter 
rearing habitat. 

Survival of steelhead eggs and larvae may be due to low permeability of 
spawning gravels throughout the study area combined with the overall lack of 
available spawning habitat within the study area.  However, unless there were 
commensurate increases in rearing habitat – especially for winter flows - large 
changes in smolt production would not be expected even if egg-to-emergence 
survival were increased by improving spawning gravel permeability. 

4.5 Conclusions 

Based on the conclusions of the population model, winter rearing habitat is the 
primary factor limiting steelhead production within the study area. 

 

5 Limiting Factors Analysis 

This limiting factors analysis (1) systematically reviews the life history 
requirements of the analysis species, (2) identifies the full range of factors that 
might be operating to limit these populations in the lower San Francisquito Creek 
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watershed, (3) screens these potential limiting factors using available information 
and reconnaissance observations to define the factors thought to be of greatest 
importance in the watershed, and then (4) develops focused studies in order to 
characterize the extent and intensity of each factor’s impact on the population.  
Various degrees of uncertainty are associated with the identification and ranking 
of key limiting factors for steelhead, because of limitations in the information 
about current conditions, the limited geographic scope of this assessment, and 
uncertainty regarding how limiting factors have historically operated in the 
watershed.  Future studies, including continuing this study into the San Mateo 
portion of the watershed, have been proposed to address what we feel are the 
most important uncertainties related to the management of steelhead habitat in 
the San Francisquito Creek watershed.  The key results of studies that have 
factors associated with specific benchmarks are summarized in Table 17 as 
applicable to each steelhead life history stage.   

The potential limiting factors identified by this study are summarized in the 
following sections in terms of the impact on each life history stage and in the 
context of the population model. 

5.1 Adult Upstream Migration 

None of the barriers in the system is a complete barrier to passage for adults 
migrating upstream to spawn.  Physical migration barriers may impair the 
spawning success of steelhead by compromising the steelhead fitness as 
individuals attempt to overcome obstacles.  Steelhead may alter the timing of 
their runs based on flow cues in San Francisquito Creek in order to best negotiate 
existing partial barriers.  

5.2 Spawning and Incubation 

Limited spawning gravel quantity may occur naturally or where access to 
spawning habitat has been blocked or suitable substrates have been dewatered.  
This problem can be further exacerbated in areas where limited habitat 
availability results in competition for space and leads to redd superimposition.  
The relatively high percentage of fine sediment in the surveyed reaches of the 
creeks indicates potentially low availability of productive spawning habitat.  The 
high percentage of fines within all stream reaches surveyed could result in low 
survival of eggs and emergent fry.  The high level of fines less than 5 mm 
indicates potentially poor spawning habitat and possibly low production of fry. 

Suboptimal spawning gravel quality (related to gravel size distribution and/or 
presence of fine sediment) can limit spawning and incubation success by 
rendering gravel unusable by spawning fish, creating unsuitable incubation 
conditions, or preventing fry from emerging after hatching.  Based on the 
permeability measurements, survival of eggs to emergence in Los Trancos Creek 
varies from 17–31%, and from 27–45% on San Francisquito Creek.  However, it 
can reasonably be expected that potential egg survival of steelhead may actually 
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Table 17.  Key Limiting Factors by Life History Stage  

Current Condition 
Stream Feature Stream Elements Habitat Parameters Page Ref Optimal Range 

LTC  SFC

December through April Winter - Spring Incubation: Egg to Alevin 

Hydrology      Velocity 20-27 30-70 cm/sec NM NM

Temperature (Mean Daily 
Temperature) 

27-30 4-14°C  12.3–16.7°C 14.3-19.3°C 
Water Quality 

Dissolved Oxygen 27-30 9-12 mg/l In range In range 

Permeability Rates 37-41 No benchmark 
802-2038 
cm/hr 

1626-
5240cm/hr 

Survival Rates 37-41 No benchmark 17-31% 27-45% 

Substrate Size 46-50 0.3” to 4.0” (5 mm to 102 mm) 38-75% 58-69% 

Gravel Area 41-46 10 sq ft for each spawning bed. 
6 beds met 
Criteria 

2 beds met 
Criteria 

Substrate 

Fines Content (< 5 mm) 41-46  < 30-40%  25-62% 31-42% 

Riffle/Run 

Bed Mobility / 
Redd Scour 

Embeddedness 51-54 
Rated 1-5 with higher number indicative 
of better habitat 

1.64 (negl) 2.33 (low) 

February through May Rearing: Fry to Juvenile 

Habitat Frequency 15-17 1:1 pool-riffle frequency 1:1 8:1 

Flow    20-27 No benchmark
Hydrology 

Velocity 20-27 8-12 cm/sec (0.26-0.39 ft/sec) NM NM 

Temperature   27-30 15-20°C 12.3–16.7°C 14.3-19.3°C 
Water Quality 

Dissolved Oxygen 27-30 9-12 mg/L In range In range 

Pool Filling Habitat Loss 34-37 10%-30% 34.2% 11.4% 

Food BMI 60-66 No benchmark 9 BMI/sf 123 BMI/sf 

Pool/Riffle /Run 

Substrate   Embeddedness 51-54
Rated 1-5 with higher number indicative 
of better habitat 

1.64 (negl) 2.33 (low) 



Table 20, continued. 

March through May Outmigration: Smolt 

Pool/Riffle/Run      Water Quality Temperature 27-30 4-18°C 12.3–16.7°C 14.3-19.3°C 

December through March Migration: Adult 

 Hydrology Flow Velocity 20-27 10-14 cm/sec NM NM 

Pool/Riffle/Run      Water Quality Temperature 27-30 4-18°C 12.3–16.7°C 14.3-19.3°C 

________________ 

Sources: Bash et al 2001, McCullough 1999, Raleigh et al 1984. 
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be greater than predicted, as the survival correlations are based on Chinook and 
coho salmon, both of which have more narrow habitat requirements for survival 
than steelhead.  The survival correlation does provide a concept of the existing 
quality of spawning habitat in the mainstem of San Francisquito and Los Trancos 
Creeks and can provide an indication of potential issues that may also exist in the 
upper tributaries of the watershed.  However, additional studies of permeability 
in the upper watershed are necessary. 

Partial or complete dewatering of redds can result in low survival rates due to 
reduced delivery of water and oxygen and buildup of toxic metabolic byproducts, 
and may cause egg mortality due to desiccation.  While large segments of San 
Francisquito Creek go dry in the summer, dry reaches are not within areas where 
spawning gravels are present in quantities that would suggest spawning occurs in 
these reaches. 

5.3 Juvenile Rearing 

During summer, when flows are typically lowest and water temperatures highest, 
pools, substrate interstices, and other complex habitats provide rearing steelhead 
with important refugia from high temperatures and predation.  A lack of summer 
rearing habitat can reduce the growth and fitness of juvenile steelhead, increasing 
competition for food and space and increasing the risk of predation.  The findings 
indicate that pool filling by fine sediment is likely adversely impacting steelhead 
rearing habitat in Los Trancos Creek but not within San Francisquito Creek.  An 
increase in the quantity of summer rearing habitat may increase smolt production, 
but not without a commensurate increase in winter rearing habitat.  Low densities 
of benthic macroinvertebrates in Los Trancos Creek may result in even higher 
mortality of juveniles than predicted in the population model as higher metabolic 
costs are incurred by steelhead as temperatures increase into the stressful range 
for juveniles in late summer. 

Displacement or mortality caused by high winter flows frequently limits 
production of juvenile steelhead that do not have access to refuge habitat 
associated with large woody debris, large substrates such as boulders, interstitial 
spaces, off-channel habitat, or other features that provide velocity refuges 
(represented in Figure 14).  Certain habitat elements, such as substrate interstices, 
may also increase winter survival by providing resting or hiding sites for fish 
when water temperatures are coldest.  Lack of cobble and boulder aggregations 
of sufficient density and thickness, low amounts of unembedded cobble and 
boulder substrate, and a lack of other key habitat features such as large woody 
debris jams, root wads, and backwater habitat appear to result in relatively low 
winter carrying capacity for juvenile steelhead in the San Francisquito Creek 
watershed.  Thus, an increase in the quantity of winter habitat would likely 
increase smolt production within the study area.  However, it is important to note 
that given the existing geology of the watershed, there may have always been a 
premium on winter rearing habitat, and the quantity and quality of winter 
rearing habitat may always have been and may always be the primary limiting 
factor for steelhead within the study area.  Additional studies are needed to 
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quantify the type and quality of available overwintering habitat throughout the 
upper watershed. 

Available information indicates that low spring and summer flows do not 
substantially limit rearing habitat, as seasonal flows have increased over the 
period of record (Since the 1930’s).  Not enough is known, however, about 
steelhead life history in San Francisquito Creek to understand how channel 
drying specifically affects steelhead population dynamics.  Stranding can cause 
direct mortality of juvenile steelhead when low flows or receding water levels 
isolate fish in disconnected or dewatered habitats, subjecting them to predation, 
desiccation, or other hazards.  Additional information on steelhead population 
ecology (including run size, outmigration timing, smolt size, food availability, 
thermal tolerances, and other factors) is needed to determine the effects of flow 
related barriers on steelhead production.  Despite the presumed adaptation of 
steelhead to high temperatures and annual variation in flows in southern portions 
of their range, the degree to which San Francisquito Creek steelhead share these 
adaptations and can tolerate conditions such as prolonged increases in water 
temperature and reduced access to preferred habitat is unknown.  However, given 
the presence of several partial barriers in the lower watershed, it is likely that 
higher winter flows can displace smolts into the lower watershed, where they 
have been shown to become trapped in the lower mainstem reaches of San 
Francisquito Creek, potentially leading to mortality in habitat that is not suitable 
for summer rearing. 

An inadequate food supply can cause increased interspecific and intraspecific 
competition and may lead to reduced fitness and, in some cases, mortality.  The 
study indicates BMI Density in Los Trancos Creek was very low.  While 
O. mykiss may be supplementing their diet on prey items that were not included 
in the bioassessment study, prey availability may be a concern in the watershed 
and further macroinvertebrate work is required to fully characterize the 
population of the San Mateo portion of the watershed. 

5.4 Smolt Outmigration 

Available information indicates that low spring and summer flows do not 
substantially limit outmigration success of steelhead in the San Francisquito 
Creek watershed, as seasonal flows have increased over the period of record 
(Since the 1930’s).  Additionally, steelhead, unlike many salmonids, have the 
plasticity in the species life history to not outmigrate if conditions are unsuitable 
or if key cues for outmigration do not occur (thus living a non-anadromous life 
history and referred to as rainbow trout).  However, given the presence of several 
partial barriers in the lower watershed, it has been shown that higher winter flows 
do displace smolts into the lower watershed, where they become trapped in the 
lower mainstem reaches of San Francisquito Creek that have temperatures in the 
stressful range for juveniles and dry out during the summer months.  Not enough 
is known, however, about steelhead life history in San Francisquito Creek 
(particularly the timing of movement of juveniles) to understand how channel 
drying specifically affects steelhead population dynamics.   
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Additional information on steelhead population ecology (including run size, 
outmigration timing, smolt size, food availability, thermal tolerances, and other 
factors) is needed to determine the effects of flow related barriers on steelhead 
production.  Despite the presumed adaptation of steelhead to high temperatures 
and annual variation in flows in southern portions of their range, the degree to 
which San Francisquito Creek steelhead share these adaptations and can tolerate 
conditions such as prolonged increases in water temperature and reduced access 
to preferred habitat is unknown 

All of the remaining barriers in the watershed appear to be problematic in terms 
of juvenile outmigration in late spring and have been shown to be severe barriers 
to juvenile movement within the watershed during summer rearing when flows 
are severely reduced.  Steelhead potentially adapt to altered late spring flows by 
timing outmigration earlier in spring when flows are still sufficient for safe 
movement.  Given that the stream is naturally a losing stream that would have 
historically dried out before the completion of “normal” timing of juvenile 
steelhead outmigration, this is a reasonable assumption.  Migration barriers may 
act as “blind pathways,” preventing fish from reaching the ocean.  They may also 
be directly lethal to fish or may trap them in habitats that expose them to high 
water temperatures, pollutants, predation, or desiccation.  Further studies are 
necessary to determine what flows are critical for outmigration in the watershed.  
A smolt trap in the watershed would be beneficial in establishing the exact 
windows of outmigration in the San Francisquito Creek watershed. 

5.5 Conclusions 

In the Executive Summary for this document, six key questions to be answered 
by this study were posed.  To bring the report full circle, these questions will be 
posed again and answered within the context of the results of this study. 

1.  What is the present status of habitat in the study area? 

Within the study area, the lower San Francisquito Creek watershed is degraded 
due to many of the conditions typical of any urbanized watershed.  While 
changes in hydrology, channel morphology, and sediment transport have 
occurred that degrade the quality of the San Francisquito Creek Steelhead run, 
the watershed does still retain habitat features that still allows an existing 
steelhead run to occur.  Given that the presumed size of the population is small 
compared to steelhead runs elsewhere, even minor reductions in survival can 
have significant impacts on the population and the productivity of future 
generations. 

2.  Where has steelhead habitat been impaired within the study area? 

As much of the study area lies within an urbanized area, all of the study area has 
been modified to some extent, whether intentionally or as the result of 
anthropogenic actions that resulted in secondary effects to the stream channel.  
Many of these impacts and alterations are long standing features of the watershed 
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and extend well beyond the initiation point of each specific problem.  In general, 
specific habitat functions have been altered in the following areas: 

 In the lower mainstem of San Francisquito Creek (below Sand Hill Road) 
adult and juvenile fish passage is problematic due to partial barriers 
throughout the study area. Juveniles trapped in the lower watershed during 
summer low flows are subject to increased water temperatures and reduced 
deep pool habitat that provides refuge from increased summer temperatures.  
Winter rearing habitat in the reach is also degraded due to the lack of larger 
substrates and other in stream or off channel features that could provide 
refuge from high winter flows. 

 On the mainstem of San Francisquito Creek, from Sand Hill Road upstream 
to the Santa Clara County line at Alpine Road, winter and summer rearing 
habitat is reduced due to a lack of larger substrates and pool filling, 
respectively.  Amounts of spawnable gravels are minimal and identified 
suitable spawning areas have high levels of fine sediment and reduced 
permeability.  Stream temperatures also reach the lethal range for eggs and 
alevins in late spring, which reduces survival to emergence.  Partial barriers 
are problematic for the passage of both upstream migrating adult spawners 
and rearing juveniles moving throughout the watershed.   

 In Los Trancos Creek, from the confluence with San Francisquito Creek 
upstream to Arastradero Road, winter and summer rearing habitat is reduced 
due to a lack of larger substrates and pool filling, respectively.  Amounts of 
spawnable gravels are minimal and identified suitable spawning areas have 
high levels of fine sediment and reduced permeability.  Stream temperatures 
also reach the stressful range for eggs and alevins in late spring, which 
reduces potential survival to emergence.  Partial barriers are problematic for 
the passage of both upstream migrating adult spawners and rearing juveniles 
moving throughout the watershed.  Additionally, low invertebrate densities 
may contribute to reduced growth and consequently increase juvenile 
mortality. 

3.  What aspects of the aquatic habitat have changed and what caused 
those changes within the study area? 

This question was posed within the context of sediment related factors. Key 
findings from studies conducted to evaluate the relative importance of sediment-
related factors are summarized below. 

 Lack of suitable winter refuge in pools and other habitats appears to be 
limiting capacity within the study area and is, to some degree, impacted by 
the presence of increased fine sediment load in the watershed.  Lack of 
cobble and boulder aggregations of sufficient density and thickness, low 
amounts of unembedded cobble and boulder substrate, and a lack of other 
key habitat features such as large woody debris jams, root wads, and 
backwater habitat appear to result in relatively low summer and winter 
carrying capacity for juvenile steelhead, with winter capacity more impaired 
than summer.  An increase in the quantity of winter habitat could increase 
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smolt production.  However, as discussed above, the geology of the 
watershed is such that cobble/boulder source material is naturally limited 
within the watershed and has likely always been one limiting factor, if not 
the primary limiting factor within the watershed. 

 Juvenile summer rearing habitat is likely not as affected by fine sediment in 
pools throughout the watershed, but is degraded within the current study 
area.  A lack of other key habitat features such as large woody debris jams, 
root wads, and backwater habitat do appear to result in relatively low 
summer carrying capacity for juvenile steelhead.   

 Survival of steelhead eggs and larvae is likely reduced by low permeability 
of spawning gravels throughout the watershed, but is clearly evident in 
gravels within the study area.  However, large changes in smolt production 
would not be expected if egg-to-emergence survival were increased by 
improving spawning gravel permeability without commensurate increases in 
summer and winter rearing habitat. 

The findings described above suggest that, of the sediment-related impacts 
investigated as part of this study, it is the lack of sufficiently dense and thick 
aggregations of cobbles and boulders that results in limited overwintering habitat.  
Availability of winter rearing habitat is the key factor limiting the steelhead 
population in San Francisquito Creek.  Embeddedness of the existing coarse 
substrates by finer sediment further reduces the quality of overwintering habitat. 

The geologic setting of the watershed dictates that this lack of larger substrate 
will almost always be the limiting factor for production in the watershed.  The 
long-term lack of material is very evident in San Francisquito Creek and, in Los 
Trancos Creek, is probably closer to what can realistically be expected in the 
watershed.  Thus, while an increase in the quantity of winter habitat could 
increase smolt production, projects that increase winter rearing habitat through 
the restoration of natural processes (such as reconnecting upstream sources 
disconnected by barriers) may be difficult to implement, if not impossible.  Thus, 
winter habitat creation in the watershed, such as creation of off-channel habitat or 
the installation of refuge material, may be more effective in terms of improving 
winter rearing conditions. 

Spawning habitat quality and quantity appear to be suitable for the existing 
steelhead population in the San Francisquito Creek watershed, despite the lower 
survival correlation as compared to the presumed historic condition.  
Furthermore, while the low quality of pools may be limiting the amount of 
juvenile steelhead habitat, filling of pools by fine sediment does not appear to be 
a key factor limiting summer rearing habitat.  Additionally, localized fine 
sediment load in Los Trancos Creek may be responsible for low benthic 
macroinvertebrate densities. 
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4.  Do any factors other than sediment limit steelhead habitat and 
productivity in the San Francisquito Creek watershed? 

Results from the other focused studies indicate that factors associated with fish 
passage likely have a substantial influence on the steelhead population within the 
study area.  Passage impediments, both structural and flow-related, are 
substantially limiting smolt outmigration success.  Water temperature is not 
likely a key limiting factor for juvenile steelhead growth, although other 
synergistic factors, including low macroinvertebrate densities and diversity, may 
be important determinants of juvenile growth.  The key findings from these 
studies are as follows. 

 Lack of suitable winter refuge in pools and other habitats appears to one of 
the primary factors limiting capacity within the study area.  Lack of cobble 
and boulder aggregations of sufficient density and thickness, low amounts of 
unembedded cobble and boulder substrate, and a lack of other key habitat 
features such as large woody debris jams, root wads, and backwater habitat 
appear to result in relatively low summer and winter carrying capacity for 
juvenile steelhead, with winter capacity more impaired than summer.  An 
increase in the quantity of winter habitat could increase smolt production.  
However, as discussed above, the geology of the watershed is such that 
cobble/boulder source material is naturally limited within the watershed and 
has likely always been one limiting factor, if not the primary limiting factor 
within the watershed. 

 Steelhead outmigration success is likely limited by seasonal drying of the 
channel, and this impact may be exacerbated when habitat connectivity is 
interrupted by passage impediments.  In years when flows of sufficient 
magnitude, duration, or timing fail to occur, outmigrating smolts are subject 
to mortality caused by desiccation, predation, elevated water temperatures, or 
other factors.  Although seasonal drying is most likely a natural phenomenon 
in San Francisquito Creek, the problem is exacerbated by the presence of 
passage impediments, and it is likely a potential limiting factor of current 
importance. 

 Summer water temperature data, although observations are limited to only 
one year, suggest that temperatures are generally suitable for steelhead in Los 
Trancos Creek and unsuitable during the summer months in the mainstem of 
San Francisquito Creek.  The degree to which temperatures may limit 
juvenile growth during warmer periods in the lower watershed is unknown.  
However, if other factors such as food availability, turbidity, and flow are 
affecting growth, elevated temperatures may exacerbate such effects. 

5.  What is the relative importance of habitat changes to steelhead?  

As discussed above, changes in habitat conditions are to some degree influenced 
by the historic condition.  As in the case of reduced winter rearing conditions, the 
geology of the watershed strongly suggests that winter rearing impairment is a 
natural limiting factor within the watershed, despite anthropogenic influences 
since the settlement of the region that have further degraded habitat. 
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Overall, alterations of habitat within the study area have reduced the amount of 
suitable habitat and, thus, the productivity of steelhead in the study area, but it is 
unclear on what scale these reductions in productivity have occurred.  Currently, 
a project looking at the historical ecology of the watershed is underway that may 
be able to tease out the pre-settlement conditions of the watershed and allow for a 
better comparison of current productivity to historical productivity.  However, 
without excellent historical sources of data, such extrapolations are speculative at 
best.  In most cases, pre-settlement conditions are based on anecdotal evidence or 
come from potentially biased sources.  Thus, any analysis that compares current 
with historical conditions is fraught with potential pitfalls and errors. 

For these reasons, it commonly makes more sense to look at the existing habitat 
and productivity conditions within the watershed and determine what is desirable 
and feasible with the current context of the watershed. 

6.  Is it valid to list San Francisquito Creek as impaired for sediment? 

While fine sediment is not the key element limiting winter rearing habitat in the 
lower San Francisquito Creek watershed, it is a contributing factor to habitat 
degradation throughout all phases of the steelhead life cycle.  Without 
commensurate studies to assess the conditions studied in this report within the 
San Mateo portion of the watershed, it would be premature to say the listing is 
invalid at this time. 

5.6 Recommendations 

Future studies would be beneficial in extending the temporal and geographic 
strength of the data on which this analysis is based.  Because this was only a one-
year study within the context of an above average water year, further work would 
enable characterization of habitat conditions during less favorable water years 
and definition of long term trends in the watershed.  Additionally, the study was 
geographically restricted to lower San Francisquito Creek and Los Trancos Creek 
within the confines of Santa Clara County.  As evidence points to significant 
spawning and rearing opportunities in the San Mateo portion of the watershed, 
including the upper mainstem of San Francisquito Creek and the Bear Creek sub-
watershed, these areas should be surveyed in a manner consistent with this 
analysis to gain a complete picture of steelhead production in the watershed.   

We have identified the following key information needs and studies, listed in 
order of recommended priority. 

1. Extend the analysis into the upper reaches of the watershed in San Mateo 
County, with emphasis on the mainstem of San Francisquito Creek, the Bear 
Creek sub-watershed, and the Corte Madera Creek sub-watershed.  The 
current study is geographically limited to the mainstem of San Francisquito 
Creek, up to the Santa Clara county line, and Los Trancos Creek, up to 
Arastadero Road.   Additionally, collect detailed habitat data to document the 
location and carrying capacity of critical steelhead habitat throughout the 
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entire watershed, including the extent of suitable winter habitat (e.g., 
unembedded cobble and boulder substrate, large woody debris jams, root 
wads, off-channel habitat) throughout the perennial reach of San Francisquito 
Creek and the Bear Creek sub-watershed. 

2. Conduct smolt trapping during the primary outmigration period (February–
June) to determine smolt size, abundance, and outmigration timing.  Conduct 
a detailed analysis to determine the timing and magnitude of flows necessary 
for downstream passage by smolts. 

3. Monitor juvenile steelhead populations in established sample reaches at least 
once annually during fall to collect habitat-specific population data and 
preferably twice annually (fall and spring) to better determine winter and 
summer utilization. 

4. Determine the feasibility of adding coarse substrate such as large cobbles and 
boulders to the stream channel to increase winter habitat. 

5. Conduct seasonal fish growth studies to determine whether summer growth 
is limited by water temperatures, food, and flow, and whether potential low 
or negative summer growth can be offset by growth during the spring and 
fall. 

6. Conduct additional studies to determine baseflow persistence throughout the 
watershed. 

The recommended studies are intended to further elucidate conditions in the 
watershed and determine whether factors limiting production in the lower 
watershed are applicable in the context of the entire watershed.  The 
recommended additional studies may be implemented as individual studies or 
integrated with existing and/or proposed programs.  It is expected that a variety 
of individual stakeholders may carry out specific aspects of these studies, 
including San Mateo County agencies, Stanford University, the Santa Clara 
Valley Water District, the Joint Powers Authority, and the San Francisquito 
Creek Steelhead Task Force.  Coordination among these agencies will be key in 
the success of continuing efforts within the watershed.   

Additionally, ongoing efforts, such as the San Francisco Estuary Institute’s 
Historical Ecology Program, Balance Hydrologics ongoing flow and sediment 
analyses for Stanford University and the Long-Term Monitoring Assessment 
Program (LTMAP) data, should become part of the knowledge base used to 
further refine the conclusions of this report and extend them into the portions of 
the watershed not covered in this analysis. 
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Introduction 
This memo is intended to accompany the GIS layers developed by SFEI to document historical 
changes in habitat and hydrology on lower San Francisquito Creek. Information about the 
timing, extent, and character of major landscape changes will contribute to the selection and 
design of flood protection alternatives. 
 
The primary goal of this phase was to produce GIS layers and georeferenced imagery for use by 
the planning and engineering team of the San Francisquito Creek Joint Powers Authority. The 
memo will serve as metadata for the GIS, helping explain the interpretation of original historical 
documents. 
 
Phase 1 was also intended to explore the potential value of historical ecology in a broader social 
context, towards developing community understanding of the history of changes to the 
watershed, and the challenges and opportunities this history presents. Accordingly, we carried 
out some limited initial data collection efforts as part of this phase, but much more local 
information remains to be collected. We present here a very brief summary of information to-
date. 
 
The complex stream and floodplain changes over the past 150 years are relevant to contemporary 
management. The timeseries mapping presented here documents the natural location of 
floodplain elements such as willow groves, tidal marsh, and tidal channels. Elements of these 
features might be considered for natural flood storage capacity and ecosystem benefits. Of 
interest may also be the history of sedimentation in the lower stream reaches, where sediment 
aggradation has tended to exceed the stream's ability to maintain a channel. Apparent 
management of this sediment by local farmers to raise marsh levels may be a practice of 
contemporary relevance, given concerns about shoreline erosion and limited sediment supply. 
Rates of shoreline change, which have been dynamic and variable along the shore (with a recent 
erosive trend), are also an area of potential further exploration. 
 
Landscape Changes on Lower San Francisquito Creek, 1857-2004 
In the last 150 years, lower San Francisquito Creek has undergone dramatic modification. This 
history is illustrated by a series of exceptional early maps and aerial photographs. 

 
In 1857, the US Coast Survey (USCS), a federal mapping agency renowned for its accuracy, 
surveyed the lower stream reaches and surrounding baylands (Figure 1A). At this time, tidal 
marsh habitat covered 1142 acres. The tidal marshes were dotted with small pannes and larger, 
salt-producing salinas.  Also surveyed on this T-sheet are two large (63 and 118 acres) willow 
groves adjacent to the tidal marsh associated with high groundwater tables and seasonal flooding.   
San Francisquito Creek maintains a sinuous stream course with several major meanders in the 
reach between current day Highway 101 and the backshore extent of historical tidal marsh. The 
shoreline on the 1857 T-sheet shows tidal marsh accreting, developing a chain of small marsh 
patches out into the Estuary.   
 
By the 1897 resurvey of the area around San Francisquito Creek by same agency (now called the 
US Coast and Geodetic Survey), the creek mouth was mapped much further inland, at the present 
day Highway 101 crossing (Figure 1B). High sediment load apparently caused the creek to fill its 
channel, creating a distributary pattern about a half mile from the former tidal mouth. The willow 
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groves have changed size, shape and position due to changes in land use and characteristics of 
San Francisquito Creek. At this time, there are only limited modifications to the broad tidal 
marsh area. While some levees are visible, they were apparently not successful (Westdahl 1897). 
Wilson’s Landing and Clarke’s Landing are clearly visible by 1897, apparently creating small 
areas of landfill.  However, tidal marsh habitat acreage remains roughly the same as in 1857 at 
1109 acres (1142 acres in 1857).  Interestingly, loss of tidal marsh can be seen along the 
backshore boundary as San Francisquito Creek appears to have deposited significant amounts of 
sediment over the marsh surface. We referred to this process as "alluvial fill." Over the same 
period -- presumably due to large sediment supply -- the shoreline continued to build out north of 
the San Francisquito tidal slough, offsetting the loss in the upland transition.  
 
Much more rapid human modification of marshlands occurs during 1900-1920. By this time, 
extensive levees have removed tidal action from much of the former marshland, extending the 
backshore further east (Figure 1C).  Diked bayland becomes a significant portion of the study 
area, encompassing approximately 574 acres while tidal marshes have shrunk to 428 acres.  
Numerous tidal flats and channels have been cut off, changed course, or otherwise altered in this 
time period.  The first significant dredging of tidal channels begins at this time and dredged 
materials can be seen filling areas of former marshland around the area where main tidal 
channels enter the tidal marsh.  The dredged channels are notably widened; discarded bay fill 
begins to cover surrounding tidal marsh areas.  In the 1921 view, as in the 1897 picture, San 
Francisquito Creek does not maintain a well-defined channel through the baylands, but rather 
appears to spread broadly. There is evidence of continued alluvial deposition over the baylands, 
in the form of distinct splay deposits. This may have been the result, in part or in full, of local 
efforts to increase the marsh surface level for agricultural use by directing stream sediments 
(Clark 1924). Shoreline erosion is evident by this time. 
 
Major re-routing of the San Francisquito Creek takes place in the late 1920’s and can be seen in 
the 1960 image (Figure 1D).  Controlled by two levees each side of the channel, the creek now 
has a well-defined, excavated channel. It turns sharply north near the site of its former mouth, 
runs north for a length of approximately half a mile, turns to the northeast and exits to the bay 
through areas of former tidal marsh and diked bayland.  Areas of fill have grown substantially, 
subsuming areas of former tidal marsh, diked bayland and alluvial fill.  Filled areas allowed 
development such as a golf course and the Palo Alto Airport.  Total area composed of fill, 
including bay fill and alluvial fill, is 370 acres.  By this time, the Palo Alto Harbor has been fully 
excavated from surrounding marshlands and includes a back pool, 24 acres in size that was 
formerly tidal marsh, tidal flat and channel.  Tidal marsh extent has been reduced to 270 acres.  
The shoreline continues to erode south of the creek outlet to the Estuary.  

 
Landscape alterations continue in 2004 (Figure 1E). The imagery shows more extensive fill but 
there is also an increase in tidal marsh area since 1960.  Total tidal marsh habitat contains 352 
acres. This increase has resulted from a restoration project south of Cooley’s Landing, where a 
breached levee opened up tidal action to diked bayland.  Fill now encompasses 685 acres of the 
study area.  At the same time, a larger area of fill is now evident in an eastern portion of the 
study area where Mayfield Slough formerly passed.  The creek channel remains in its re-routed 
position.   
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Figure 1:  Changes in lower San Francisquito 
Creek habitats and hydrology, 1857-2004. 
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 Figure 2:  Shifts in landscape functions in lower San Francisquito Creek.  Total area approximately 1300 acres.   



Figure 3: Change in Shoreline Position, 1857--2004 (background image true-color 2005 NAIP imagery)
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         Figure 4:  US Coast Survey T-sheet 676, 1857 (courtesy NOAA) 
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      Figure 5:  US Coast Survey T-sheet 2312, 1897 (courtesy NOAA) 
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  Figure 6:  National Ocean Survey Photograph, 1921 (courtesy Alan K. Brown) 
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Figure 7:  US Air Force Photograph, 1960 (courtesy UC Berkeley Earth Sciences and Map 
Library) 



 
 
Figure 8:  Color Infrared IKONOS Satellite Imagery, 2004 (courtesy City of San Jose) 
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APPENDIX: Methods 
 
Data Sources 
Habitat and land use figures were generated from a variety of sources collected for this project.  
1857 and 1897 data were digitized into a GIS from the USCS/USCGS Topographic Data Sheets 
(T-sheets). These maps were surveyed using the most sophisticated geographic tools of the time, 
etched onto printing plates and printed on woven paper. Aerial photography was used to map 
1921 and 1960 features.  2004 data were mapped from IKONOS color infrared satellite imagery. 
We obtained electronic copies of each dataset, accurately tied them to points on the ground 
during the georectification process and vectorized into a Geographic Information System.     
 
Data Source Details 
1857 and 1897 
These years were mapped based on the T-sheets.  Variations in detail exist between the two 
years.  It appears that the earlier T-sheet shows pannes in the tidal marshes with much greater 
detail and accuracy.  The 1897 T-sheet shows very few pannes despite few other major changes.  
It is possible, but unlikely that such a large number of pannes disappeared in that time period.  
For this reason, it is important to note that the number of pannes in the 1897 maps is likely to be 
greater than that depicted.   
 
1921 
The map of 1921 habitats was produced based on aerial imagery obtained by Alan K. Brown 
from the National Ocean Survey, and provided to SFEI.  This imagery contains a gap in the far 
northern portion of the study area.  This lack of information occurs in an area of tidal marsh that 
has remained undisturbed throughout our analysis.  For this reason, we have retained tidal 
channels from the previous era and assumed no significant change when surrounding areas also 
showed no significant change.  Pannes and salinas were not mapped due to difficulties in 
distinguishing these features from aerial imagery, but these features likely existed on the ground. 
 
1960 
Data and maps were generated based on aerial imagery of this year, flown by the US Air Force 
and obtained from UC Berkeley.  A single image covered the extent of the study area and 
presented few difficulties for mapping.  Like 1921, pannes and salinas were not mapped from the 
aerial imagery. This habitat is excluded in the mapping, but believed to exist on the ground.      
 
2004 
IKONOS color infrared satellite imagery was used for this year.  A greater level of detail was 
mapped for the tidal marshes so that levees are distinct as areas of fill.  Pannes were included in 
this data as they were readily apparent, visible in the imagery and indicate a recent configuration 
for tidal wetlands.  
  
Georectification 
Before digitization of habitats, the T-sheets and imagery required georectification, or tying points 
on the map or image to points on the ground.  Georectification was completed in ArcGIS 9.2 
using standard Arc toolsets.  Persistent features, street crossings and large trees, for example, 
were preferred.  However, because of the small size of the study site and lack of such features in 
early coastal maps, points on small tidal channels that are believed to be fairly spatially stable 
were used to geo-reference parts of some images and maps.  Where the study area required two  
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images for complete coverage the adjoining photo was georectfied to the first image of the same 
year.  Care was taken to ensure consistency among the data sets. Overall accuracy for the images 
is believed to be approximately 15 meters. 
 
Classification 
Habitat and land use classifications were determined based on map symbology, feature shape and 
relationship to other landscape features.  Pixel values, or color signature, were also used for 
classifying from aerial and satellite imagery.  Accommodations were made to address the 
differences between maps and images.  For example, tidal channels were not altered from earlier 
mapped sources if they showed a similar shape; width, curvature and length, and met the 15 
meter accuracy standard in the image being mapped.  This is due to the great difficulty in relating 
visible features (as in a photograph) to drawn historical features.  As a result, greater change in 
channel width and alignment occurred in some places than is shown in the GIS. If of interest, 
these details can be examined in the original sources. 
 
Feature Definition 

Tidal Marsh 
Habitat characterized by tidal wetland vegetation that was not 
impounded or otherwise enclosed by levees, dikes, ditches or any 
other restriction that prevented tidal inundation.    

Tidal Channel/Flat 

Linear and sinuous water courses in and around tidal marsh through 
which waters of the San Francisco Bay Estuary pass freely with the 
natural action of the tides.  We included associated mudflats in this 
class as the datasets represented different tidal stages, making 
comparison of the lower tidal flat boundary difficult.  The size and 
shape of these channels were not altered if they appeared to retain a 
similar shape to the previously mapped year.   

Bay Fill 
Bay sediments manually dredged from tidal channels to allow for 
boat passage.  This material was placed on surrounding baylands.  

Alluvial Fill 

Creek sediment deposited by San Francisquito Creek over historic 
baylands since 1857. The shape of the feature in 1897 has a 
characteristic fan shape, inferred from landscape shapes and 
characteristic striation patterns evident in imagery.  Alluvial Fill 
can include agriculture but was not classified as such once 
development took place.  The southern boundary of the fan feature 
was not clearly evident. 

Fill 
Deposited material of unknown origin.  All developments were 
assumed to have been built on Fill. 

Diked Bayland 
Areas of former tidal marsh that no longer receive tidal action, 
usually due to a barrier such as a levee or dike.  A functioning dike 
or levee had to be present and visible for this classification. 

Panne 

Natural, shallow ponds within tidal marsh habitat that fill and 
recede with high tidal waters. Pannes contain little to no vegetation 
within the basin. Very detailed pannes were mapped for the 1857 T-
sheet.   

Salina 

Elongated, panne-like features that develop parallel to the marsh 
backshore and are inundated infrequently by very, very high tides. 
Salinas can have varying salinity levels due to micro-topography 
and freshwater influence.   
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1.  INTRODUCTION 

1.1 Background  
The San Francisquito Creek Joint Powers Authority (JPA) is the local partner of the US Army 
Corps of Engineers, San Francisco District, in the General Investigations Program for the “San 
Francisquito Creek Flood Damage Reduction & Ecosystem Restoration in San Mateo and Santa 
Clara Counties, CA”. As part of their contribution, the JPA is completing specific studies or 
tasks identified in the project management plan for the Feasibility Report (USACE 2005). This 
particular study addresses Section 5.2.3 of the Water Resources Section, which is titled 
“Geomorphic and Sediment Yield Analysis”.  
 
The Geomorphic and Sediment Yield Analysis Section has been prepared by summarizing 
existing studies, particularly the “San Francisquito Creek Watershed Analysis and Sediment 
Reduction Plan” final report and various technical memoranda and reports prepared for the JPA 
by Northwest Hydraulic Consultants (NHC) and Jones & Stokes Associates (JSA) in 2004, 
updating them as required. Where new measurements or additional studies relevant to 
geomorphology or sediment yield have been prepared since the 2004 studies were completed, 
they are summarized in the text, tables or figures and have been added to the references section.  

1.2 Report Objectives and Organization 
The basic objectives of the Geomorphic and Sediment Yield Analysis Section are to summarize 
existing information on erosion, deposition and transport of sediment in the San Francisquito 
Watershed in the form of sediment budgets and discuss the implications for San Francisquito 
Creek and for potential flood damage reduction and environmental restoration programs.  
 
Based on the scope of work included for Section 5.2.3 in the Project Management Plan (USACE 
2005), the following chapter headings have been adopted to organize the reporting:  

 
 Existing Information and Reports 
 Sediment Transport 
 Sediment Sources and Sinks 
 Subwatershed Sediment Budgets 
 San Francisquito Creek  

o General Description 
o Historical Trends 
o Future Trends 

 References 
 

Section 1.3 provides the context for the later chapters by dividing the watershed into 
subwatersheds and describing and summarizing those aspects of the watershed that influence 
erosion and sediment yield. The remainder of the report follows the chapter headings and 
subheadings above. The list of references or bibliography was complied during the NHC and 
JSA (2004) study and added to as required.  
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1.3 Watershed Description 
1.3.1 Watershed Subdivisions 
The San Francisquito Creek watershed has an area of about 47 mi2, most of which is on the east 
slopes of the Northern Santa Cruz Mountains southwest of Palo Alto (Figure 1). The San 
Andreas Fault Zone (SAFZ) is the most prominent feature in the San Francisquito Creek 
watershed and it bisects the watershed along a northwest-southeast direction. The steep, upper 
watershed lies southwest of the SAFZ in the Santa Cruz Mountains, whereas the more gradually 
sloping lower watershed lies to the northeast. Unstable slopes and active landsliding are mostly 
found southwest of the SAFZ (Wentworth et al 1997).  
 
Tributaries in the upper watershed either drain to Searsville Lake, which was created by 
Searsville Dam, or into Bear Creek. Los Trancos Creek is the other major tributary of San 
Francisquito Creek and it drains the foothills northeast of the SAFZ. San Francisquito Creek 
begins just downstream of Searsville Lake Dam and flows about 13 miles to San Francisco Bay. 
Bear Creek joins San Francisquito Creek from the north just downstream of Searsville Dam and 
Los Trancos joins from the south just downstream of Interstate 280.  
 
The geomorphology and sediment yield analysis focuses on the four main subwatersheds of San 
Francisquito Creek, described as follows (Figure 1):  
 

 Searsville Subwatershed, including Corte Madera, Alambique, Martin, Sausal and 
Westridge Creeks 

 Bear Subwatershed, including Bear Creek, Bear Gulch and West Union Creek 
 Los Trancos Subwatershed 
 San Francisquito subwatershed, including the area draining to the creek from Searsville 

Dam to San Francisco Bay but excluding the Los Trancos and Bear Creek subwatersheds.  
 
The “Historic Conditions Analysis” report (NHC and JSA 2003a) summarizes areas, stream 
lengths, average slopes, elevations, lengths of roads, geologic formations and other pertinent 
information for the four main subwatersheds, the watersheds of the 10 largest tributaries, and for 
55 sub-subwatersheds. 
 
1.3.2 Geology 
The upper San Francisquito watershed lies east of the crest of the Northern Santa Cruz 
Mountains and southwest of the SAFZ.  The geologic formations in this part of the Santa Cruz 
Mountains consist of Tertiary sedimentary rocks (primarily sandstone, mudstone and shale), 
poorly indurated Quaternary-Tertiary sedimentary rocks (Santa Cruz Formation) and Holocene 
stream and fan deposits along the SAFZ (Brabb et al 2000).  The various formations differ in 
their resistance to erosion and their importance to sediment production.  
 
The Northern Santa Cruz Mountains have had an average uplift rate of about 0.1 to 0.4 mm/year 
during the Quaternary, significantly less than the Southern Santa Cruz Mountains but still active 
(Burgmann et al 1994; Anderson 1994).  Stream incision into the bedrock has been an important 
component of the development of these mountains and the broad alluvial fans and alluvial plain 
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deposited along the shore of San Francisco Bay provide a record of the considerable erosion that 
has occurred (Anderson 1994).   
 
The lower San Francisquito watershed lies northeast of the SAFZ. The foothills in this part of the 
watershed are underlain by Tertiary sedimentary rocks and the Franciscan Complex. Large areas 
of greenstone and mélange, part of the Franciscan complex, underlie the southern part of the Los 
Trancos watershed.  
 
The boundary or contact between the bedrock in the San Francisquito watershed and the 
unconsolidated materials around San Francisco Bay lies close to Alameda de Las Pulgas Road, 
along the Pulgas Fault (Fio and Leighton 1994; Metzger 2002). The unconsolidated material is 
an alluvial apron formed of coalesced sediments from the tributaries draining to San Francisco 
Bay that were deposited during the Pleistocene and Holocene epochs.  It is thick near San 
Francisquito Creek (more than 1,000 feet) and includes lenses or layers of Bay Mud deposited 
during marine transgressions in the Pleistocene and Holocene (Helley et al 1979).   
 
Pleistocene and Holocene stream and fan deposits fill the broad valleys along the SAFZ in the 
upper watershed, particularly through Portola Valley and Woodside.  Los Trancos Creek flows 
through coarse Pleistocene fan and stream terrace deposits along much of its course, as does the 
upper part of San Francisquito Creek (Helley et al 1979).   
 
Metzger (2002) prepared a geological section along the San Francisquito fan downstream of 
Alameda de Las Pulgas Road. It shows a thick layer of coarse stream deposits near the head of 
the fan that thins and then disappears by Middlefield Road.  The coarse deposits overly a 
medium-grained alluvium (fine sand and silt) that extends beneath the creek from Middlefield 
Road to the Palo Alto Municipal Golf Course, where Bay sediments cover it. A thick layer of 
Bay sediments with lenses of alluvium extends at depth beneath the sand upstream to about San 
Mateo Drive forming a shallow aquifer beneath the fan (Metzger 2002). These bay sediments are 
underlain at depth by older, more consolidated alluvium.  
 
1.3.3 Land Use 
In the San Francisquito watershed, about 8,800 acres (29%) are protected by public agencies, 
property easements, or private land trusts. The west side of the watershed is largely unpopulated, 
consisting primarily of forest and grasslands.  The lower watershed is highly urbanized, and 
supports residential and commercial development.   
 
The Santa Clara Basin Watershed Management Initiative (2000) notes a broad trend of 
agricultural development on valley bottoms starting in the 1850s, followed by intensive 
agriculture, with urban growth and industrial development replacing agriculture following World 
War II.  Most highways were built by the mid-1940s with freeway construction in the 1950s and 
1960s.  Brown (1966) and Stanger (1967) provide a history of early logging on the San Francisco 
Peninsula around San Francisquito Creek.  
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2. EXISTING INFORMATION AND REPORTS 

2.1 Introduction 
The following sections describe flow and sediment transport measurement programs that are 
operating or have operated in the San Francisquito Watershed, sediment source investigations 
and sediment deposition investigations.  The results of these programs are discussed in the later 
“Sediment Transport”, Sediment Sources and Sinks” and “Subwatershed Sediment Budget” 
chapters. The following sections do not discuss water quality measurements programs that have 
been collected by the US Geological Survey (USGS), Stanford University or the San 
Francisquito Creek Watershed Council or the water level records for San Francisquito Creek 
reported on the City of Palo Alto webpage.  

2.2 Flow and Sediment Transport Gages 
2.2.1 USGS Gaging Stations 
The “San Francisquito Creek at Stanford University (11164500)” gage, located on the Stanford 
Golf Course upstream of Junipero Serra Boulevard, provides the best long-term record of flow in 
San Francisquito Creek with measurements from 1931 to 1941 and then from 1951 to present.  
This gage has a watershed area of 37.5 mi2 and measures the flow from the Santa Cruz 
Mountains and Bay Foothills erosion provinces (Figure 1).   
 
The stream gages that have been operated on San Francisquito Creek and its tributaries by the 
USGS are summarized in Table 2-1 (see Figure 1 for gage locations). 
 

Table 2-1:  USGS Stream Gages on San Francisquito Creek and Tributaries 
Gage Name Gage Number Period of 

Record 
Area (mi2) River Mile 1 

At Searsville Dam (staff 
gage on spillway crest) 

None 1892-1913 – 
 

12.7 

At Stanford University 11164500 1931-41; 1950 
to present 

37.5 7.6 

At Menlo Park 11165000 1931-1941 38.3 5.4 
At Palo Alto 11165500 1934-36 38.4 4.6 
Los Trancos Ck near 
Stanford University 

11163000 1930-41 – 
 

– 
 

Los Trancos Tributary 
near Stanford University 

11163200 1958-66 0.42 – 
 

Los Trancos Ck at 
Stanford University 

11163500 1930-41 7.46 – 
 

1. River mileage along San Francisquito Creek from Corps of Engineers (1972) 
 
2.2.2 USGS Suspended Sediment Transport Estimates 
Suspended sediment yield estimates for the gage at Stanford University (11164500) have been 
prepared by several authors from suspended sediment rating curves applied to the flow 
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measurements. Porterfield (1980) reported estimates of long-term suspended sediment yield from 
San Francisquito Creek based on applying a suspended-load rating curve developed from 
measurements at the USGS gage at the gage between 1957 and 1962 to a flow duration curve. He 
also measured the portion of sand in the suspended load, developed a separate rating for sand 
load, and noted that most sand appeared to be in suspension at the gage measurement site. Brown 
and Jackson (1973) reported on a suspended-sediment sampling program that operated at this 
gage from 1962 to 1969. During the 1998 water year, as part of a sediment transport study by 
NHC et al (2002), Balance Hydrologics, Inc collected a few suspended sediment measurements 
that generally confirmed the Brown and Jackson (1973) sediment-rating curve.    
 
2.2.3 USGS Bedload Transport Estimates 
There are no bedload transport measurements at the USGS gages.  
 
2.2.4 Stanford University Gaging Stations  
Balance Hydrologics, Inc operates flow and sediment gaging stations on tributaries to San 
Francisquito Creek for Stanford University.  Their gaging programs include flow, suspended 
sediment transport, and bedload transport measurements. The main stations are summarized in 
Table 2-2 (see Figure 1 for locations). Details on data collection and analysis procedures to 2002 
were provided in Owens et al (2002). Reports on their gaging programs since 2002 were 
requested from Stanford University but were not provided.  
 

Table 2-2:  Stanford Stream Gages on San Francisquito Creek and Tributaries 
Gage Name Gage Number Period of 

Record (WY) 
Area (mi2) Gaging 

Programs 1 
Los Trancos Creek at 
Arastradero Road 

None 1995-2002 5.27 
 

SS, BL 

Corte Madera Creek at 
Westridge Road 

None 1997-2002 6.0 SS, BL 

1. SS, suspended sediment transport measurements; BL, bedload transport measurements 
 
Balance Hydrologics, Inc have also collected miscellaneous measurements of flow and 
suspended sediment discharge on Searsville Dam, Bear, Sausal, Dennis Martin, Westridge and 
Alambique Creeks during the 1998 water year (reported in NHC et al 2002).  They have also 
completed water quality monitoring program for Stanford University and the San Francisquito 
Watershed Council that include suspended solids measurements.   
 
2.2.5 Stanford University Suspended Sediment Transport Estimates 
Daily suspended sediment discharges (tons) are reported for the Los Trancos at Arastradero 
Road and the Corte Madera Creek at Westridge Road stations based on application of suspended 
sediment rating curves to the daily flows.  
 
2.2.6 Stanford Bedload Transport Estimates 
Daily bedload discharges (tons) are reported for the Los Trancos at Arastradero Road and the 
Corte Madera Creek at Westridge Road stations based on application of bedload rating curves to 
the daily flows.  
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2.3 Sediment Transport Models 
A HEC-6T numerical sediment transport model was developed by NHC et al (2002) to quantify 
the sedimentation regime of San Francisquito Creek and to predict future sedimentation regimes 
under scenarios that included filling of Searsville Lake by sediment and lowering of the dam 
crest. The model was calibrated to measured sediment inflows and to the channel incision and 
aggradation along San Francisquito Creek from 1964 to 1998, obtained by comparing stream 
cross section surveys. Model results are discussed in the “San Francisquito Creek” chapter.  

2.4 Sediment Sources  
2.4.1 Definitions 
Sediment sources, particularly large or damaging landslides, have been documented in the San 
Francisquito watershed since the late 1800s. Detailed studies, including inventories and hazard 
assessments, began in the 1960s, as development spread into the foothills and mountains around 
San Francisco Bay. Since then, the US Geological Survey and other researchers have completed 
a number of significant studies, which are summarized in Ellen and Weiczorek (1988), Kittleson 
et al (1996), NHC et al (2002), and NHC and JSA (2003a and 2003b) among other publications. 
Based on these reports, sediment is delivered to creeks and streams in San Francisquito 
watershed by three broad classes of erosion processes (see NHC and JSA 2003b for details):  
 

 Landslides or slope failures 
 Stream or Gully erosion 
 Surface Erosion  

 
The chapter titled “Sediment Sources and Sinks” describes the erosion processes in more detail 
and summarizes the information available for preparing sediment budgets. 
  
2.4.2 Distribution in Watershed 
Brown and Jackson (1973) provided a useful overview of erosion processes around the South 
and Central San Francisco Bay. They identified six erosional provinces, each with characteristic 
sediment erosion and transport processes. Based on their overview, the main erosion process in 
the Santa Cruz Mountains is channel incision that leads to undercutting and failure of steep 
valley slopes (see also Kittleson et al 1996). Unpaved roads and trails, bare soils, eroding 
ditches, cultivated areas, trails and construction and grading are also sources of sediment.  In the 
Bay Hills province, northeast of the SAFZ, soils are often deep and erosion occurs through 
movement of colluvium and bedrock by creep, deep-seated landslides and earthflows. Sheet 
erosion and gullying are common and can provide large quantities of sediment when vegetation 
is removed by development, fire or other activities. The Bay Plain, between the Foothills and San 
Francisco Bay, is primarily a depositional area.  Steep slopes occur along San Francisquito Creek 
and its tributaries and lateral erosion of unprotected stream banks is thought to be the dominant 
erosion mechanism. Hydrologic modifications from suburban development increase peak flows 
in small tributaries, further aggravating bed and bank erosion.  Surface erosion of areas under 
development can be a significant, but short-lived sediment source (Crippen and Waananen 1969; 
Knott 1973).  Figure 2 shows estimates of erosion by sub-subwatershed.  
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2.5   Sediment Deposition 
2.5.1 Definition 
Sediment deposition, also called “sedimentation”, refers to the deposition or storage of sediment 
eroded in the San Francisquito watershed on the streambed or floodplain of creeks, in lakes or 
reservoirs or, ultimately, in San Francisco Bay. Sediment deposition or storage may be 
temporary, as occurs along the streambed between floods, or it may be long-term, as occurs in 
lakes and reservoirs or in San Francisco Bay. Figure 3 shows those areas or sites where sediment 
deposition presently occurs.  
 
2.5.2 Deposition in the Upper Watershed 
The steep tributaries in the Santa Cruz Mountains are deeply incised and often confined. Little of 
the sediment that enters streams from erosion on hillslopes is deposited along the stream or on 
floodplains. This occurs because of the relatively fine sediments contributed from the hillslopes, 
efficient transport, and limited areas where deposition might occur. Nolan (1988; also Nolan and 
Marron 1985) described a typical pattern in the Santa Cruz Mountains where scour occurs in 
steep, upper reaches and minor aggradation occurs in lower reaches during large floods. The 
aggraded sediments are then removed by small floods over the next few months.  
 
Frey (2001) measured the portion of stream reaches in the Searsville Lake subwatershed where 
deposition or sediment storage had occurred following the 1998 El Nino flood.  She observed 
deposition primarily in the lower-gradient reaches of streams where they flow along the San 
Andreas Fault Zone and at the head of Searsville Lake, although some sediment was stored in 
steep tributary reaches behind logjams and debris slide deposits.  
 
Kittleson et al (1996), NHC and JSA (1999), NHC et al (2002) and NHC (2006) describe 
deposition and aggradation along the fan of lower Corte Madera Creek upstream of the head of 
Searsville Lake.  NHC et al (2002) and NHC (2006) measured the volume of recent sediments 
deposited on the Corte Madera fan and also summarized the historical deposition in Searsville 
Lake, based on reservoir capacity surveys.  The results of these surveys are discussed further in 
the “Sediment Sources and Sinks” chapter. 
 
Smith and Harden (2001) provided a description of the streams in the Bear Creek subwatershed 
as part of their evaluation of barriers to adult steelhead passage.  They noted storage of coarse 
sediment behind dams, weirs, and logjams and deposition of (seasonal) fine sediment in pools 
along low-gradient reaches.   
  
2.5.3 Deposition in Lakes and Reservoirs 
The Corps of Engineers (1972) identified four major water management structures in the San 
Francisquito watershed, which are described in Table 2-3 (locations in Figure 1). There are also a 
number of small intakes, weirs, lakes and reservoirs that are not included in this table. 
 
Significant sediment deposition is only reported in Searsville Lake, which has a long history of 
surveys that measure deposition rates. The diversion dam for Bear Gulch Reservoir, which is on 
Bear Gulch Creek upstream of the Highway 84 crossing, traps coarse sediment from the upper 



 
 
San Francisquito Creek  nhc  
Geomorphic and Sediment Yield Analysis 8 January 5, 2010 

watershed. This sediment is removed annually but the volumes trapped and removed are not 
known (Smith and Harden 2001).  

 
Table 2-3: Water Management Structures in San Francisquito Watershed 

Structure 
Name 

Purpose Capacity 
(acre-feet) 

Year 
Built 

Comment 

Searsville Lake Irrigation; 
fire 
protection 

146 1 1890 
 

Long history of sediment filling 
and reservoir capacity surveys 

Felt Lake Irrigation 1,000 1930 Off-stream reservoir from Los 
Trancos Creek 

Lagunita Lake Recreation 360 1880s Water diverted from San 
Francisquito Ck in spring; 
drained in summer 

Bear Gulch 
Reservoir 

Domestic 600 1896 Off-stream reservoir in SAFZ 

1. Remaining capacity below normal pool elevation from nhc (2006). 
 
2.5.4 Deposition along San Francisquito Creek 
NHC et al (2002) estimated recent incision and deposition along the streambed of San 
Francisquito Creek by comparing 1964 and 1998 channel surveys. This comparison showed that 
incision had occurred from San Hill Road to Pope-Chaucer Bridge with deposition or 
aggradation further downstream. San Francisquito Creek was re-surveyed in 2008 but these new 
surveys have not been compared to the 1998 surveys.  
 
Field inspections (NHC and JSA 2003b) also identified deposition in the bedrock-controlled 
channel upstream of Sand Hill Road, including a substantial gravel fan downstream of Bear 
Creek. Volumes stored along the upper part of San Francisquito Creek have not been quantified. 
 
2.5.5 Deposition on lower San Francisquito Creek and Delta 
Deposition starts on San Francisquito Creek below the Pope-Chaucer Bridge and there has been 
a long history of sediment removal by the Santa Clara Valley Water District (SCVWD) near the 
Highway 101 Bridge to maintain capacity. Deposition has also occurred from Highway 101 to 
the mouth of San Francisquito Creek, a distance of some 7,500 feet. In 1958, this reach was 
lowered to an elevation of -3 to -4 feet and widened (San Francisquito Creek CRMP 1998). The 
excavated channel has since re-filled and has bars or berms of silty clay along the channel 
margins.  
 
Phillips (2000) examined deposition on the delta at the mouth of San Francisquito Creek in San 
Francisco Bay based on detailed coring. His studies show five distinct fining-upward layers that 
were spread extensively over the delta, which he associated with the five largest floods since 
1930, when the mouth of the creek was moved north to its present location (Grossinger 2009). 
The individual layers are not dated; however, the uppermost layer is certainly a result of the 1998 
flood.  
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3. SEDIMENT TRANSPORT 

3.1 Introduction 
The following sections summarize sediment transport measurements near the mouths or outlets 
of the four main subwatersheds of San Francisquito Creek and estimate mean annual yields or 
mean annual transport past the gages for various time periods. These yields are then applied to 
close or balance the sediment budgets in a later chapter.  

3.2 Searsville Lake Subwatershed 
3.2.1 Yield from Deposition 
The transport or yield from the Searsville Lake subwatershed, including Corte Madera, Sausal, 
Westridge and Alambique Creeks, has been estimated from the record of deposition in Searsville 
Lake (Figure 1). Repeated reservoir surveys measured the volume of sediment deposited from 
1892 to 1913; 1913 to 1929; 1929 to 1946; 1946 to 1995; 1995 to 2000 (NHC et al 2002); and 
from 2000-2006 (NHC 2006).  Annual sediment yields are calculated from the deposition 
volumes in Table 3-1.  
 

Table 3-1: Long-Term Sediment Deposition in and around Searsville Lake 
Period Annual Deposition (ac-ft/yr) Annual Sediment Yield (yd3) 1 

 Reservoir  Reservoir and 
Fan 

Total 2 Corte Madera 2 Remainder 2 

1892-1913 17.4  31,000 25,000 6,000 
1913-1929 3.6  6,500 5,200 1,200 
1929-1946 7.2  13,000 10,000 2,500 
1946-1995 7.1  13,000 10,000 2,400 
1995-2000 3 23.5 39 70,000 57,000 13,000 
2000-2006 3 0.3 4 7,100 5,800 1,300 
      
1892-2006 8.9 unknown 16,000 13,000 3,000 

1. Sediment yields adjusted to account for 10% loss over dam crest. 
2. Assumes that Corte Madera contributes 81% of the sediment to Searsville Lake (NHC et al 2002).  
3. Sediment yields for these years include deposition on fan surface.   

 
The measured deposition in Searsville Lake underestimates the total sediment transport from the 
Searsville Watershed for two reasons. First, the finest grain sizes are carried over Searsville Dam 
to San Francisquito Creek so they are not included in the reservoir deposits, and second, 
sediment has been deposited or accumulated on the fans of Corte Madera, Sausal and Alambique 
Creeks upstream of the full pool level of the reservoir. These deposits were surveyed in 1995, 
2000 and 2006 (NHC et al 2002; NHC 2006) but not in earlier years (Table 3-1).  
 
The sediment that passes over the dam amounts to about 10% of the incoming load and the 
annual yields in Table 3-1 have been increased to account for this loss (NHC et al 2002).  
However, it is not simple to adjust for historic deposition on the fans at the head of the lake 
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because the portion of the total load deposited there is thought to have increased over time. As 
such, adjustments are only available for the periods from 1995 to 2000 and 2000 to 2006. Table 
3-1 suggests that deposition on the fan may now be about as large as or larger than the deposition 
in the lake, particularly when floods are small and sediment transport volumes are low.  
 
3.2.2 Sediment Transport from Gaging 
Owens, Chartrand and Hecht (2002) summarized the annual flow and sediment transport on 
Corte Madera Creek at Westridge Road, upstream of Searsville Lake, for the water years from 
1998 to 2001.  The total load pass the gage for the 1998 to 2000 water years was about 264,000 
tons (211,000 yd3; assuming 1.25 tons/yd3). Their records showed that the majority of this 
transport occurred during the 1998 water year.  
 
The gage was not operated in the 1996 or 1997 water years so the total load from the gage cannot 
be compared directly to the 1995-2000 deposition in and around Searsville Lake. However, if the 
transport in these years is assumed to be about the same as in 1999 and 2000, the total load 
passing the gage would be about 340,000 tons. This compares favorably to the estimated 
deposition of about 384,000 tons (NHC and JSA 2003b), suggesting that the sediment gaging is 
reasonably consistent with the deposition measured in Searsville Lake and on Corte Madera Fan.  
It would be helpful to obtain more recent sediment gaging results to compare with the observed 
deposition from 2000 to 2006.  
 
The measured total load at the Westridge Road gage consists of about 25% bed load and 75% 
suspended load. The bed load is assumed to consist entirely of sand and coarser sediment. No 
particle size distributions are available for the suspended load, so we have assumed that it is one-
half sand and one-half silt and clay.  On this basis, the total load would be divided into about 
60% coarse load (sand, gravel and cobbles) and about 40% fine load (silt and clay).  The fine 
sands included in the coarse load are not be found in the bed material in large quantities and so 
are not properly part of the bed material load.  

3.3 Los Trancos Subwatershed 
Los Trancos subwatershed lies south of Searsville Lake subwatershed and joins San Francisquito 
Creek near Junipero Serra Boulevard, from the southwest (Figure 1). It has an area of about 7.6 
mi2. Balance Hydrologics, Inc (2002) provided annual suspended and bed loads for the 1995 to 
2001 water years. Longer-term sediment loads have also been calculated by applying their 
sediment rating curves to simulated discharges (NHC et al 2002).  
 
Annual suspended loads were not measured at the Los Trancos Creek at Arastradero Road in 
1995 or 1996, but bed loads were. Based on the observed relationship between suspended and 
bed loads in other years, we have estimated that suspended sediment transport was about 1,000 
tons in 1996. For WY 1996 to 2000, their gaging program shows suspended load transport of 
9,800 tons (7,800 yd3; assuming 1.25 tons/yd3) and bed load transport of 10,400 tons (7,400 yd3; 
assuming 1.4 tons/yd3), for a total of 15,200 yd3, or an annual average of 3,000 yd3.  
 
The bedload is assumed to consist entirely of sand and coarser sediment.  No particle size 
distributions are available for the suspended load, so we have assumed that it is one-half sand 
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and one-half silt and clay. On this basis, the total load is divided into more than two-thirds coarse 
material (sand, gravel and cobbles) and less than one-third fine sediment (silt and clay).  The 
estimated coarse load includes quantities of fine sand that are not found in the streambed in large 
quantities and are not part of the proper bed material load.  
 
Long-term sediment yields (1964 to 2002) were calculated by applying the suspended sediment 
rating curve to simulated flows at the mouth of Los Trancos Creek and from bed material 
transport calculated from the calibrated HEC-6 model (NHC et al 2002). The long-term loads are 
about 44% of the average for WY 1996 to 2000, or about 1,400 yd3.  Coarse sediment is assumed 
to be more than half of the long-term total.  

3.4 Bear Creek Subwatershed 
Bear Creek lies north of Searsville Lake Watershed and joins San Francisquito Creek just below 
Searsville Dam. The Bear subwatershed includes Bear Creek, Bear Gulch and West Union Creek 
and has a total area of about 11.6 mi2 (Figure 1).    
 
Bear Creek has only a few miscellaneous sediment transport measurements. Sediment transport 
from 1995 to 2000 and over the longer-term has been estimated by applying suspended and 
bedload sediment rating curves to simulated flows and also by adjusting measured load from the 
Los Trancos gage (NHC et al 2002). Based on applying sediment rating curves to simulated 
flows, bed load transport in Bear Creek is just over one-third of that in Los Trancos and 
suspended sediment transport is about 3.5 times greater than from Los Trancos Creek (see NHC 
et al 2002). On this basis, bed load transport for the 1996 to 2000 water years was estimated to 
be 2,700 yd3; suspended load transport was estimated to be 27,000 yd3. The average annual total 
load is then 5,900 yd3 or about twice that from Los Trancos Creek.  
 
Assuming that the bedload is sand and gravel and that the suspended load is one-half sand and 
one-half silt and clay, the total load from 1995 to 2000 is divided into 16,200 yd3 of coarse 
sediment and 13,500 yd3 of fine sediment. The above estimates are not very accurate, but they 
are adequate for evaluating estimated erosion. 
 
Long-term sediment transport (1964 to 2002) was calculated by applying the suspended sediment 
rating curve to simulated flows and from bed material transport calculated from the calibrated 
HEC-6 model (NHC et al 2002). The long-term annual total load is about 46% of that for the 
1996 to 2000 water years, or about 2,700 yd3.  Coarse sediment transport is likely to average 
about 1,500 yd3 or so.    

3.5 San Francisquito Creek Subwatershed 
3.5.1 Suspended Sediment Transport 
San Francisquito Creek is the most downstream subwatershed and it receives water and sediment 
from the Los Trancos, Bear and Searsville Lake subwatersheds as well as storm drainage from its 
local, mostly urbanized watershed (Figure 1). The total subwatershed area is about 13.4 mi2.  
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Porterfield (1980) estimated long-term sediment transport in San Francisquito Creek by applying 
a suspended load rating curve developed from measurements at the USGS gage at the Stanford 
Golf Course between 1957 and 1962 to flow duration curves for various periods (Table 3-2). The 
Stanford gage is downstream of Bear and Los Trancos Creeks. Porterfield also measured the 
portion of sand in the suspended load and developed a separate rating for this component of the 
suspended load. He noted that most of the sand in transport appeared to be in suspension at the 
gage (Table 3-2).  
 
Brown and Jackson (1973) reported annual suspended sediment loads measured at the Stanford 
gage for 1962 to 1969 calculated from a suspended sediment rating curve (Table 3-2).  Balance 
Hydrologics, Inc (2001) subsequently measured suspended sediment loads a few times in 2000 
and 2001, confirmed that there were no gross changes in the Brown and Jackson (1973) 
suspended sediment rating curve, and recommended an equation relating sediment discharge and 
stream flow. This equation was applied to the daily flows recorded from 1964 to 1998 and an 
annual suspended sediment transport of 12,000 tons (9,600 yd3, assuming 1.25 tons/yd3) was 
predicted (Table 3-2). This long-term load was about the same as reported by Porterfield.   
 
Neither Brown and Jackson (1973) or Balance Hydrologics, Inc (2001) reported grain size 
distributions for their suspended load measurements. However, it is reasonable to assume that 
sand formed a significant component of their suspended loads, as was observed by Porterfield 
(1980). Brown and Jackson reported annual suspended sediment loads from 1962 to 1969. These 
loads varied from 1,100 to 50,600 tons, with the greatest transport occurring during those years 
with large peak flows.  
 

Table 3-2: Suspended Sediment Transport in San Francisquito Creek 
Source Period Annual Suspended Load (yd3) 1 

  Total Sand Silt and Clay 
Porterfield (1980) 1909-1966 9,000 3,000 6,000 
 1957-1959 13,000 4,000 9,000 
 1957-1966 6,700 - - 
Brown and Jackson (1973) 1962-1969 12,000 - - 
 1964-1998 9,600 - - 

1. Weights were converted to volumes assuming a density of 1.25 tons/yd3 for suspended sediments 
 
NHC et al (2002) estimated wash load (silt and clay) transport for current conditions as part of 
their HEC-6 sediment transport model. The wash load, which includes overflow from Searsville 
Dam and contributions from Los Trancos and Bear Creek as well as other sources, appear to 
average about 4,000 tons per year.  This suggests that about two-thirds of the average suspended 
load is sand; about one-third is silt and clay, essentially the reverse of the grain size distribution 
reported by Porterfield (1980).  
 
3.5.2 Bed Load Transport 
Bed load transport has not been measured on San Francisquito Creek.  Balance Hydrologics, Inc 
suggested that it may be from 10 to 20% of suspended load at the Stanford University gage, or 
about 1,000 to 2,000 yd3. A more detailed result can be obtained from the HEC-6 model output 
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prepared by NHC et al (2002). Their analysis showed an average annual sand bedload 
component of 600 yd3 and a gravel bedload component of about 1,000 yd3 near Los Trancos 
Creek. The sand bedload component at Los Trancos Creek was assumed to be part of the 
suspended load at the Stanford University gage and bed load transport at the Stanford gage was 
assumed to consist only of the measured gravel load.  
 
Based on NHC et al (2002), bedload transport remained about the same as at Los Trancos Creek 
until the El Camino Bridge then declined rapidly to Highway 101.  
 
3.5.3 Total Load 
The above analyses suggested that long-term average sediment transport at the Stanford 
University gage is about 10,000 yd3, consisting of about 9,000 yd3 of suspended load and about 
1,000 yd3 of bed load transport. Assuming that the sediment size distributions from Porterfield 
(1980) are correct, the total load was divided roughly into 6,000 yd3 of silt and clay wash load 
(60%) and 4,000 yd3 of sand and gravel (40%). 
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4. SEDIMENT SOURCES AND SINKS  

4.1 Introduction 
Several reports prepared for the SFCJPA by NHC and JSA described sediment sources (erosion) 
and sinks (deposition) in the San Francisquito Watershed. The “Historic Conditions Analysis” 
(NHC and JSA 2003a) reviewed existing studies of erosion and deposition from the point of 
view of developing sediment budgets. Subsequently, the “Sediment Analysis” report (NHC and 
JSA 2003b) developed sediment budgets for the four main subwatersheds from these existing 
studies, supplemented by field observations and air photograph interpretation. The sediment 
sources and the budgets were also summarized in the final project report, “San Francisquito 
Creek Watershed Analysis and Sediment Reduction Plan” (NHC and JSA 2004).  
 
This chapter briefly describes the main sediment sources and major sinks in the watershed from 
the previous reports and summarizes the erosion inventories or other studies that formed the 
basis of the sediment budgets discussed in the next chapter.  

4.2 Sediment Sources 
Figure 2 classifies average annual sediment yield from the various sub-subwatersheds in the San 
Francisquito Watershed (NHC and JSA 2004). The annual yields shown in Figure 2 are the sum 
from the processes discussed below.  
 
4.2.1 Landslides or Slope Failures  
Definitions and Discussion 
Slope failures or landslides are defined by the Northern California Landslide Working Group 
(NCLWG) as “the downslope movement of rock, soil or artificial fills under the influence of 
gravity”.  The three most common failure processes identified by the NCLWG are rockfall, deep-
seated landslides, and debris flows (also referred to as “soil slip/debris flows”; see Ellen and 
Weiczorek 1988). In the San Francisquito watershed it is helpful to separate debris slides or “soil 
slips” from the debris flows as they are sometimes an important sediment source on their own 
(see Frey 2001) as well as part of the soil slip/debris flow process that often occurs. The failure 
scarps of the debris slides are often small, obscured by vegetation, and are difficult to identify on 
air photos or during aerial reconnaissance.  
 
Debris slides and flows occur episodically and are typically triggered by intense storms that 
follow seasonal precipitation adequate to saturate the soil profile. Ellen et al (1988) noted that 
rainstorms capable of triggering debris flows occur about every five years around San Francisco 
Bay.  Cannon and Ellen (1983 & 1985), Wieczorek and Sarmiento (1983), and Wilson and Jayko 
(1997) describe the precipitation thresholds required to generate abundant debris flows around 
San Francisco Bay.   
 
Earthquakes are also an important trigger of debris slides, debris flows and deep-seated 
landslides throughout the San Francisco Bay region.  Lawson (1908) and Albertson (1908) 
described the landslides that resulted from the 1906 earthquake; Youd and Hoose (1978) 
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provided an overview of ground failures associated with earthquakes dating back to 1865, 
although mostly from the 1906 earthquake. They document thousands of “earth slumps” (likely 
debris slides) in the Bay region as well as earthflows (possibly mudflows), and earth slides and 
avalanches (Youd and Hoose 1978; Albertson 1908).  In San Francisquito Creek the earth 
slumps during the 1906 earthquake were observed to originate at or along roads, particularly 
Bear Creek Road in Woodside and near Page Mill and Alpine Roads. Numerous other 
undocumented slope failures are likely to have occurred in steep tributaries of San Francisquito 
Creek in the Santa Cruz Mountains that were not visited.  
 
It appears that most of the active deep-seated landslides move slowly and sediment is often 
contributed to streams by debris slides or “slips” that occur along their toes or by rapid creep 
leading to active bank erosion. For instance, Frey (2001) noted a strong correspondence between 
her high sediment production reaches and the presence of historic landslides. There also remains 
the potential for a large, rapid-moving deep-seated failure to contribute huge quantities of 
sediment to a stream. For instance, a very large failure may have blocked Los Trancos Creek in 
1889-90 (see NHC and JSA 2003a). Large deep-seated failures, such as the one along the closed 
section of Alpine Road, may also be significant sediment contributors when they move rapidly.  
 
Inventories of Landslides 
The main inventories of landslides in the San Francisquito Creek watershed and around San 
Francisco Bay are summarized in the following bullets:  
 

 The Geological Survey has prepared inventories of damaging landslides around the San 
Francisco Bay region following severe storms, based on aerial reconnaissance, damage 
reports from the Counties that surround the Bay, and some limited field inspection.  
These are summarized in Taylor and Brabb (1972), Taylor, Nilsen and Dean (1975), 
Creasey (1988), Smith and Hart (1982), Weiczorek et al (1988) and Jayko et al (1999). 
These studies typically document landslides that damage roads, residences or other 
human structures and do not provide a complete inventory of the landslides that occurred 
during a particular storm.  

 
 Large debris flows are often included in the damaging landslide inventories described 

above. However, the only comprehensive inventory of all debris flow features followed 
the January 1982 storm (Weiczorek et al 1988). The location of failure initiation points 
and the approximate lengths of their tracks are provided; total volumes or volumes 
contributed to streams are not reported.   

 
 Frey (2001) documented debris slides and debris flows that had occurred along lower 

valley slopes near streams in the Searsville watershed based on walking each of the 
channels. The failures were not described by process but rather are divided into “small” 
and “large” classes. Most of the failures identified by Frey apparently occurred during the 
1997-98 El Nino storms in San Francisquito Creek and all, or nearly all, of the material 
eroded from these failures directly entered streams. Frey (2001) did not report volumes 
for her failure but volumes were estimated and reported by NHC and JSA (2003b).  
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 Large, shallow slope failures (slides and flows) in the San Francisquito Watershed were 
inventoried from the 2000 air photos to fill gaps in the existing information base (NHC 
and JSA 2003a). The inventory measured the type, length and width, age (from re-
vegetation), portion entering a stream and the land use near the initiation point. About 
one-third of the shallow slides and flows may have originated at roads or have been 
partly or wholly caused by local drainage modifications. The portion of failures that 
appear to be human-related is fairly constant for the different estimated failure ages and 
subwatersheds.  

 
4.2.2 Stream and Gully Erosion 
Definitions and Discussion 
Stream erosion includes both the erosion of stream banks and erosion or incision of the 
streambed. Bank erosion may result from detachment and removal of soil particles by flowing 
water or from toe erosion, oversteepening, and subsequent failure or collapse of high banks. By 
this definition, small debris slides on lower valley walls might be considered part of bank erosion 
and the small landslides identified by Frey (2001) may be best included as part of stream erosion. 
Bank erosion usually occurs during high flows, although saturation of banks may result in their 
failure during low and moderate flows. Bank erosion is usually greatest on the outside of bends 
or where high flows are directed at a bank. Instream works, bank alterations, removal of riparian 
vegetation, and land use on top of the bank may all increase erosion rates.  
 
Incision and scour refer to the removal of streambed sediments and lowering of streambed 
elevations. Scour usually refers to local lowering of the streambed associated with structures 
such as bridges; incision or degradation refers to lowering of the streambed over long distances. 
Incision often results from increased peak flows, reduced supply of coarse sediments, or such 
factors as altered stream roughness (Galay 1983). Historical incision or degradation is often 
indicated by “knickpoints” or steps in the profile that mark the present upstream limit of bed 
lowering.  
 
Bank erosion occurs throughout the San Francisquito Watershed, primarily during extreme 
floods. On San Francisquito Creek significant bank damage occurred in February 1940, 
December 1955, April 1958, January 1982 and again during the 1997-98 El Nino storms (Corps 
1972; San Francisquito Creek Coordinated Resource Management and Planning 1998; Cushing 
2000). Erosion also occurred during earlier floods but was likely not documented because of the 
lack of damage to structures or property. Cotton, Shires & Associates (2001) document bank 
erosion along Corte Madera Creek through Portola Valley that occurred during the 1982 and 
1997-98 storms.  
 
Inventories of Bank Erosion 
The main inventories of bank erosion in the San Francisquito Creek watershed are summarized 
in the following bullets:  
 

 Frey (2001) compiled a comprehensive inventory of bank erosion on streams in the 
Searsville subwatershed following the 1997-98 El Nino storms. She measured the 
percentage of banks with severe or moderate erosion along the main streams and 
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tributaries reaches and incorporated this information into her classification of sediment 
production. The volumes eroded from the stream banks, based on her measurements, 
were calculated and summarized in NHC and JSA (2003b; Appendix B).  

 
 Cotton, Shires & Associates (2001) mapped 45 bank erosion sites along Corte Madera 

Creek within Portola Valley. Erosion primarily occurred in fairly predictable areas, such 
as the outside of bends, where up to 5 to 10 feet of bank were typically lost, with 
maximum retreat of 20 to 25 feet, since 1982. Cotton, Shires & Associates (1984) 
documented erosion during the 1982 storms. Total volumes of bank erosion are not 
estimated in either report. Historic bank erosion sites along Corte Madera Creek outside 
of the town boundaries could be reconstructed from drawings for erosion control projects 
that have been built over the past thirty or forty years (for instance, Wilsey Ham 2000) 
but would be an onerous task.  

 
 Despite the damage from bank erosion damage along San Francisquito Creek, there is no 

comprehensive inventory of where erosion has occurred or the volumes of material lost 
from stream banks. Unfortunately, historic bank erosion cannot be easily calculated by 
comparing surveyed cross sections.  Some cross sections have widened as a result of 
erosion but many others have narrowed since 1964, as a result of bank reconstruction and 
revetment placed on stream bank slopes after they eroded (NHC et al 2002).    

 
Inventories of Bed Erosion 
The main inventories of bed erosion in the San Francisquito Creek watershed are summarized in 
the following bullets:  
 

 The comparison of bed profiles along San Francisquito Creek from 1964 and 1998 and 
1998 to 2008 showed two distinct zones of channel behavior (NHC et al 2002). From 
Sand Hill Road to Pope-Chaucer Bridge, the creek incised by about 2 feet; from Pope-
Chaucer Bridge to Highway 101, the creek aggraded (Figure 3). Comparison of the 1964 
surveys to the channel depths and widths reported by Allardt and Grunsky from their 
1888 inspection suggested incision of about 5 to 10 feet over the intervening 76 years. 
The San Francisquito Creek chapter provides details on volumes eroded from the 
streambed.  

 
 The incision reported on other streams was generally based on observations rather than 

surveys. Frey (2001) noted channel incision along some reaches in the Searsville 
subwatershed that apparently resulted from the 1997-98 El Nino storms. Many of the 
steep, upper reaches of tributaries to Searsville Lake were observed to now be scoured to 
bedrock.  

 
 Incised or degraded reaches, as indicated by knickpoints, have been identified on West 

Union Creek near the boundary of Huddart Park (Smith and Harden 2001); Bear Creek 
downstream of Olive Drive; Martin Creek near old La Honda Road; and Corte Madera 
Creek upstream of Alpine Road (NHC and JSA 2003b).  
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Grain Sizes of Bed Material 
Inventories of bed materials are summarized in the following bullets:  
 

 RHAA et al (2000) and NHC et al (2002) provide detailed measurements of bed material 
in San Francisquito Creek that show a decline in size from cobbles and boulders near 
Searsville Dam to sand near Highway 101.  Bed material size changes abruptly to gravel 
near the San Mateo Pedestrian Bridge and then to sand downstream of Newell Road.  

 
 There are no similar comprehensive surveys of bed material in the tributaries to San 

Francisquito Creek. NHC and JSA (1999) and NHC et al (2002) described bed material 
on the fan of Corte Madera Creek at the head of Searsville Lake.   

 
4.2.3. Surface Erosion 
Definitions 
Surface or sheetwash erosion refers to the detachment and transport of individual soil particles 
by overland flow. In the San Francisquito Watershed, overland flow and surface erosion 
(sheetwash) are relatively rare on undisturbed, forested slopes and they are usually confined to 
those sites where vegetation has been removed and soils are exposed or disturbed, where soils 
are compacted or covered by impermeable materials, or where bedrock is exposed. Such sites 
include landslide scars, construction sites, range and agricultural lands, fire-damaged areas, and 
roads and urban developments. Kittleson et al (1996) report that erosion of road ditches, failures 
of cut and fill slopes, and sheet wash on gravel-surfaced roads, are important contributors to 
sediment loads in the tributaries to San Francisquito Creek.  Gravel-surfaced roads are often 
thought to be the most significant source of erosion from sheetwash.  
 
Inventories and Studies 
Surface or sheetwash erosion is a chronic process that occurs at many sites and often throughout 
the year. Typically, the contribution to total erosion is based on measurements at representative 
sites. No such measurements are available in the San Francisquito Watershed and measurements 
from nearby watersheds were adopted instead, as follows:  
 

 Road erosion is from sheetwash on natural or gravel road surfaces, on cut and fill slopes, 
and from erosion of ditches. Pacific Watershed Associates (2003) examined erosion 
along paved and unpaved (assumed mostly natural surface) roads and trails in San Mateo 
County Parks in Pescadero Watershed in the Santa Cruz Mountains. Predicted future 
annual surface erosion from the unpaved roads to streams averaged 40 yd3/mi over the 
road network, with most of the erosion occurring where long-term lowering of ditches, 
cut slopes, and road surfaces was assumed to average 0.2 feet/year. Pacific Watershed 
Associates also estimated surface erosion from trails in the County Parks in the Pescadero 
Watershed. Here, annual erosion averaged 1.7 yd3/mile based on a 6-foot wide trail that 
lowered 0.2 feet/year where chronic erosion was observed.  The blended average erosion 
rate for unpaved roads and trails is 23 yd3/mile per year.  

 
 Lehre (1982) provides a detailed sediment budget of a small watershed near Point Reyes 

Station in Marin County.  While not specific to San Francisquito Creek, his study 
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provides useful information on the magnitude of erosion and sediment delivery from 
surface processes that have not been previously measured or estimated for San 
Francisquito Creek watershed.   

4.3 Sediment Sinks (Deposition) 
The following sections describe measurements of deposition volumes or rates of deposition in 
the main sinks in the San Francisquito Watershed. Deposition in the major water management 
structures has only been measured on Searsville Lake. Deposition has not been measured in Bear 
Gulch Reservoir, Felt Lake or Lagunita Lake; however, only minor volumes of sediment are 
thought to have been deposited in these off-stream reservoirs.  
 
4.3.1 Deposition in and around Searsville Lake 
The measured deposition in and around Searsville Lake was summarized in Section 3.2.  
 
4.3.2 Deposition along San Francisquito Creek 
NHC et al (2002) described changes along the streambed of San Francisquito Creek by 
comparing 1964 and 1998 surveys. Two distinct zones of channel behavior were observed. From 
Pope-Chaucer Bridge to Sand Hill Road the bed incised; downstream of Pope-Chaucer the 
channel aggraded. Aggradation amounted to about 16,000 yd3 based on comparison of surveyed 
cross sections.  Field inspections also showed deposition in the bedrock-controlled channel 
upstream of Sand Hill Road, including a substantial gravel fan downstream of Bear Creek. 
Volumes stored in this part of San Francisquito Creek have not been measured. 
 
Bed material has been historically removed from lower San Francisquito Creek to maintain the 
capacity of the Highway 101 Bridge. Table 4-1 summarizes the quantities that have been 
removed since 1984, as provided by the Santa Clara Valley Water District (SCVWD).  
Excavation volumes prior to 1984 are not reported and it is not known if material was not 
excavated or if the removals were simply not recorded.  The average annual volume excavated at 
the Highway 101 Bridge from 1984 to 1997 is 900 yd3.  
  

Table 4-1:  Summary of Reported Excavation at Highway 101 
Year Comment Reported Volume (yd3) 
1984 Upstream and downstream of 101 3,290 
1993 Downstream of bridge 1,260 
1998 Emergency work 3,080 
1997 Downstream of bridge 4,630 
2000 Downstream of bridge 4,882 
Total  17,142 

 
Deposition has also occurred from Highway 101 to the mouth of San Francisquito Creek, a 
distance of about 7,500 feet. The San Francisquito Creek CRMP (1998) reports that this reach 
was excavated to an invert elevation of between –3 and –4 feet and widened, with levees raised 
to increase capacity in 1958. The excavated channel has since re-filled to a typical invert 
elevation of –1 foot, with bars or berms of silty clay along the channel margins. The excavated 
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section varied along the channel but the total deposition since 1958 is roughly estimated to be 
35,000 yd3. The grain size of the deposited sediment has not been measured but it may be 
roughly three-quarters sand and one-quarter fine sediment carried in from San Francisco Bay. 
 
4.3.3 Deposition on San Francisquito Delta 
Phillips (2000) measured deposition on the delta at the mouth of San Francisquito Creek in San 
Francisco Bay from detailed coring. His results show five distinct fining-upward layers that are 
spread extensively over the delta and which he associated with the five largest floods since 1930. 
The volumes deposited during each event can be roughly estimated from the mapped area and 
the cores. It appeared that the layer deposited on the delta during the 1997-98 El Nino storms 
averaged about 6 inches thick; based on the observed distribution of the flood deposits about 
30,000 to 40,000 yd3 appeared to have been deposited.  The volumes deposited during earlier 
floods are more difficult to interpret than that those from 1997-98. However, significant 
deposition also appeared to have occurred during the 1982 storm.  
 
The total deposition since the late 1950s appeared to be about one foot, or 80,000 yd3, resulting 
in an estimated annual deposition rate of 2,300 yd3.  Some of the fine sediment observed in the 
delta may be carried there by tidal currents rather than deposited from San Francisquito Creek.  
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5. SUBWATERSHED SEDIMENT BUDGETS  

5.1 Introduction 
NHC and JSA (2003b; 2004) developed sediment budgets at the outlets of the San Francisquito 
subwatersheds based on estimates of the sediment eroded from the landscape and introduced into 
streams, adjusted or corrected for deposition within the subwatershed. The budgets were 
developed primarily from existing studies; Chapter 4 provided a summary of the information 
sources. Appendices B and C of NHC and JSA (2003b) described the procedures and 
assumptions underlying the erosion volumes estimated from different sources in the Corte 
Madera, Los Trancos and Bear subwatersheds. These appendices also provide estimated average 
annual erosion by sub-subwatershed (see Figure 2). Please refer to these sources for details.  
 
Sediment budgets were developed for the period from about 1995 to 2000, which included the 
intense storm and flood of 1998, and also for longer time periods. The years covered by the 
longer time period varied from subwatershed to subwatershed but generally included 1964 to 
1998. This time period was the same one adopted for the HEC-6T sediment modeling described 
in NHC et al (2002) and was chosen so that the results of that study could be incorporated in the 
sediment budgets.  
 
The accuracy of the estimates of volumes of erosion varied for the different processes, different 
subwatersheds and the different time periods. Generally, the best estimates of erosion are from 
the Searsville Lake subwatershed for 1995 to 2000 based on the detailed measurements collected 
by Frey (2001; as adjusted in NHC and JSA 2004a). Estimates of eroded volumes are poorer in 
the other subwatersheds and poorer for longer time periods. The budgets are most detailed for 
recent years and become less detailed and more approximate as they are extended back in time 
through various assumptions. 
 
Each of the subwatersheds has either short-term, long-term, or short- and long-term sediment 
transport estimates near their outlets, as were described in Chapter 3. These measurements allow 
closure of the sediment budget constructed from erosion volumes in the Searsville Lake 
watershed and they permit estimation of missing or unknown erosion components in other 
subwatersheds by balancing erosion, deposition and transport as described in the following 
sections of this chapter.  
 
The detailed budgets reported in NHC and JSA (2003b; 2004) separated coarse sediments (sand, 
gravel, cobbles and boulders) and fine (silt and clay) sediment volumes. Coarse sediments are of 
most concern for stream processes and long-term aquatic habitat.  Fine (also called “wash”) 
sediments typically affect water quality.  

5.2 Searsville Lake Subwatershed Budget 
The following sections summarize the development of the erosion estimates, the reconciliation of 
the erosion estimates with measured sediment transport and the development of longer-term 
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estimates by adjusting the volumes eroded by different processes to match reported sediment 
transport or yield. NHC and JSA (2003b) provide details.  
 
5.2.1 Development of 1995 to 2000 Budget  
Sediment sources that contribute sediment to streams can be divided into two broad categories; 
discrete sources, such as landslides and gully erosion, and chronic sources, such as bank erosion, 
sheetwash or surface erosion, and other hillslope erosion processes. Landslides are thought to be 
the dominant erosion process and the greatest effort was applied to documenting this source; less 
effort applied to those sources that were thought to be less important overall.  
 
The 1995 to 2000 sediment budget for Searsville Lake relied heavily on adjusting the very 
detailed erosion observations reported by Frey (2001) to erosion volumes, supplemented by air 
photograph interpretation of large landslides.  The small and large streamside landslides, the 
hillslope landslides, bank erosion and channel incision in Table 5-1 were estimated from these 
two sources. The budget assumed that the erosion observed during these studies represented all 
that occurred during the 1995 to 2000 period even though evidence of erosion from 1996 and 
1997 may have been removed by the later storm.  
 
The chronic sheetwash erosion sources were estimated by applying the results of other studies, 
such as Lehre (1982). Table 5-1 summarizes the contributions from each source, an estimate of 
the error in the contribution from each source and the split into coarse and fine sediment based 
on reported grain size distributions for soils in the Santa Cruz Mountains.  
 

Table 5-1: Total Erosion and Erosion by Grain Size Contributed to Streams in Searsville 
Lake Watershed from 1995 to 2000 

Sediment Source Total 
Erosion 

(yd3) 

Likely 
Range 

(%) 

Comment Coarse 
Sediment 

(yd3) 1 

Fine 
Sediment 

(yd3) 1 
Small streamside  179,000 ±25% Depth uncertain 134,000 45,000
Large streamside 18,000 ±75% Rough estimate 13,000 5,000
Hillslope landslides  80,000 ±50% Depth uncertain 60,000 20,000
Bank Erosion 20,000 ±50% Unit volume 

uncertain 
15,000 5,000

Channel Incision 8,000 ±50% Depth uncertain 8,000 0
Road Erosion 3,000 ±75% Likely 

overestimated 
1,000 2,000

Scar/Scarp Erosion 3,000 ±75% Rough estimate 1,000 2,000
Sheet Erosion 700 ±75% Rough estimate 0 700
Gully Erosion 4,000 ±75% Length and 

volume uncertain 
2,000 2,000

    
Totals 317,000 196,000 to 

441,000 
234,000 82,000

1. Coarse sediments are sand and larger (>0.063 mm); fine sediments are silt and clay (<0.063 mm).  
 



 
 
San Francisquito Creek  nhc  
Geomorphic and Sediment Yield Analysis 23 January 5, 2010 

While there are broad uncertainties associated with all the erosion components, Table 5-1 
suggests that the small streamside landslides and the hillslope landslides provided the majority of 
the sediment from 1995 to 2000.  
 
The total erosion is divided into roughly three-quarters sand and coarser sediment and one-
quarter silt and clay (Table 5-1).  This breakdown is coarser than that estimated from sediment 
gaging at Westridge Road (Section 3.2), suggesting that either the portion of fine sediment in the 
eroded or transported material is incorrectly estimated, sediment deposits are segregated by grain 
size, or that sediments break down during transport.  
 
5.2.2 Reconciliation of Erosion and Transport Measurements 
The total erosion quoted in Table 5-1 for the Searsville subwatershed was compared to the 
deposition in Searsville Lake and on the Corte Madera fan from 1995 to 2000, adjusted for losses 
over the Searsville Dam. Based on the sediment transport measurements reported by Owens, 
Chartrand and Hecht (2002), the majority of the sediment transport during this period occurred 
during the 1997-98 storms so it seemed reasonable to compare the two estimates. Table 5-2 
adjusts the two volume estimates to weights based on estimated densities.  
 

Table 5-2:  Comparison of Erosion and Transport to Searsville Lake, 1995 to 2000 
 Total Volume (yd3) Estimated Density 

(tons/yd3) 
Total Weight 
(tons) 

Erosion adjusted for 
Instream Deposition 

305,000 1.4 427,000 

Deposition in Reservoir 
and on Fan 

349,000 1.25 on fan; 1.0 in 
reservoir 

384,000 

 
Table 5-2 suggests that erosion may have been overestimated, either as a result of incorrect 
estimates of the average depth of landslides, errors in erosion rates adopted for the dominant 
processes, or errors in the estimated densities. Given the reasonable correspondence between the 
two numbers, and the broad uncertainty surrounding the erosion estimates, the procedures for 
estimating erosion from the different sources were assumed to be about correct. 
 
5.2.3 Longer-Term Sediment Budgets 
Rates of sediment deposition in Searsville Lake have varied widely over the 108 years since it 
was built. The surveyed depositions from 1892 to 1913 and from 1995 to 2000 were both 
unusually high, apparently as a result of erosion during extreme floods and earthquakes. 
Deposition in the reservoir from 1995 to 2000 averages about three and one-half times the long-
term average rate and is likely much greater if the deposition on the fan of Corte Madera had 
been surveyed since 1892.  
 
Both the total and the relative contributions from the different components of the sediment 
budget are expected to be different when deposition is unusually high, when deposition is 
average and when erosion is much less than average, such as during dry periods.  Table 5-3 
summarizes our estimates of the contribution from the different erosion processes in the 
Searsville Lake subwatershed during periods when erosion and transport are unusually high 
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(1995 to 2000), erosion and transport are unusually low (1913 to 1929) and for the long-term 
average (1892 to 2000). The estimates from the different processes for 1913 to 1929 and 1892 to 
2000 are constrained to match the observed deposition in Searsville Lake.  
 
The estimates in Table 5-3 assume that surface erosion tend to be chronic – occurring in most 
years and during most storms – and that the annual rate may not change greatly from one period 
to another, remaining similar to the average rate. Consequently, we have assumed that long-term 
average rates would be about similar to those estimated for 1995 to 2000; during dry periods, the 
contribution would be less but not too much less. Bank erosion and channel incision are also 
chronic and they are thought to continue during all periods, although at significantly reduced 
rates during dry periods when few floods occur.  
 

Table 5-3: Simplified Searsville Lake Sediment Budget for Three Different 
Time Periods 

Sediment Source Annual Erosion (yd3) from    
 1995-2000 1 1892-2000 1914-1929 
Surface Processes 2,500 1,500 to 2,500 1,000 to 1,500 
Stream Erosion 5,600 1,000 to 3,000 0 to 1,000 

Landslide Processes 
   

- Streambank landslides 36,000 4,000 to 8,000 0 to 1,000 
- Landslides from slopes 20,000 5,000 to 15,000 2,500 to 5,000 
Instream Deposition (2,300) +500 to –500 +500 to –500 
    
Average Annual 
Transport to Searsville 
Lake 

62,000 17,000 2 6,500 2 

1. Adjusted from Table 5-1 to annual rates 
2. Only accounts for deposition in reservoir; underestimates annual transport (Table 3-1). 

 
Landslides are by far the dominant erosion process from 1995 to 2000 but the erosion volumes 
observed during this period cannot be sustained over the long-term and must be dramatically less 
just to balance the observed deposition in Searsville Lake. Abundant landsliding from slopes is 
known to have occurred frequently over the past 150 years, averaging about once every five 
years or so (NHC and JSA 2003a). The air photo inventory reported in NHC and JSA (2003a) 
suggests that average area disturbed by large landslides over the past thirty to forty years is 
roughly half of that observed from 1995 to 2000 and we have assumed that long-term erosion 
from landslides originating on slopes is from one-quarter to three-quarters of the rate observed 
from 1995 to 2000. During dry periods, when large storms rarely occur, this rate declines much 
further. Although rare, major earthquakes caused widespread landsliding in the Searsville Lake 
watershed in 1906 and were a significant contributor to the reservoir deposition observed from 
1892 to 1913. 
 
The largest adjustments are thought to occur in the volume from streamside landslides from one 
time period to the next. While they are the dominant source from 1995 to 2000, such rates of 
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erosion cannot be sustained because slope processes do not provide sediment to the stream 
margins at high enough rates. These landslides seem to be driven by channel incision, widening, 
and other adjustments that occurs as a result of bed mobilization during extreme floods, as 
indicated by the correlation of high sediment yield periods with extreme floods. As a corollary, 
large numbers of streambank landslides are very unlikely to occur during periods of low peak 
flows and they may be much less important to the long-term average sediment budget because of 
their infrequent occurrence. We have assumed that large numbers of streamside landslides only 
occur every fifty years or so, yielding long term rates that are about one-tenth to one-fifth of the 
erosion rate observed from 1996 to 2000. These slides are assumed to occur very infrequently 
during dry periods when sediment transport is low.  
 
During the different time periods different processes become important, which has consequences 
for management. Over the long-term, landslides originating on slopes away from streams seem 
to be the dominant erosion process; surface erosion is also more important than it might appear 
based on the 1995 to 2000 budget. During periods of relatively low sediment production, such as 
occurred from 1914 to 1929, surface erosion may even be the dominant erosion process.  

5.3. Los Trancos Subwatershed Budget 
The following sections summarize the development of erosion estimates in the Los Trancos 
subwatershed, the reconciliation of the erosion estimates with measured sediment transport and 
the development of longer-term estimates by adjusting erosion components to match reported 
sediment transport or yield. NHC and JSA (2003b) provide details.  
 
5.3.1 Development of 1995 to 2000 Budget  
The substantial database regarding erosion areas and volumes that is available for the Searsville 
Lake Watershed is not available for the Los Trancos subwatershed. Consequently, the overall 
budget here is less detailed. The budget is not closed nor verified with the sediment transport 
estimates as in the previous section; instead, sediment transport is used to balance erosion and 
deposition and estimate missing erosion quantities.  
 
Table 5-4 summarizes the 1995-2000 sediment budget. Here, the contribution from hillslope 
landslides was estimated from air photo interpretation. The contribution from bank erosion was 
estimated from a relationship between severity of bank erosion and a sub-subwatershed erosivity 
index that was developed for the Searsville Lake subwatershed (NHC and JSA 2003b). Surface 
erosion components were estimated by the same procedures as in the Searsville Lake 
subwatershed. The contribution from small and large streamside landslides was set to zero, as 
was channel incision, based on balancing calculated erosion against the observed transport at the 
Los Trancos at Atascadero Road gage. The lack of sediment contributed by streamside landslides 
was also consistent with field observations along Los Trancos Creek.   
 
The total erosion volume was divided into roughly two-thirds sand and coarser sediment and 
one-third silt and clay (Table 5-4).  This breakdown is reasonably consistent with that estimated 
for the sediment transport recorded at the Arastradero Road gage (Section 5.3).  
 



 
 
San Francisquito Creek  nhc  
Geomorphic and Sediment Yield Analysis 26 January 5, 2010 

Table 5-4: Total Erosion and Erosion by Grain Size Contributed to Streams in Los 
Trancos Watershed from 1995 to 2000 

Sediment Source Total 
Erosion 

(yd3) 

Likely 
Range 

(%) 

Comment Coarse 
Sediment 

(yd3) 1 

Fine 
Sediment 

(yd3) 1 
Small streamside  0  Set to zero 0 0
Large streamside 0  Set to zero 0 0
Hillslope landslides  12,400 ±25% Depth uncertain 9,000 3,400
Bank Erosion 2,100 ±50% Unit volume and 

extent uncertain 
1,400 700

Channel Incision 0 ±50% Set to zero 0 0
Road Erosion 1,300 ±75% Likely 

overestimated 
400 900

Scar/Scarp Erosion 100 ±75% Rough estimate 0 100
Sheet Erosion 300 ±75% Rough estimate 0 300
Gully Erosion 2,000 ±75% Length and 

volume uncertain 
1,000 1,000

    
Totals 18,200 12,000 to 

24,000 
11,800 6,400

2. Coarse sediment is sand and larger (>0.063 mm); fine sediment is silt and clay (<0.063 mm).  
 
5.3.2 Reconciliation of Erosion and Transport Measurements 
As the transport measurements were used to estimating components of the sediment budget, they 
cannot be used to confirm the erosion estimates. However, the total erosion in Table 5-4 is about 
20% larger than the estimated transport for the 1996 to 2000 water years even after adjustments, 
which suggested that either the contributions from the various sources (particularly hillslope 
landslides) were overestimated or that considerable deposition occurred along Los Trancos 
Creek or its tributaries.   
 
5.3.3 Longer-Term Sediment Budgets 
Rates of erosion and transport in Los Trancos are thought to vary over time, and rates of erosion 
from 1995 to 2000 are expected to be much higher than the long-term average. Table 5-5 
summarizes our understanding of the importance of the different erosion processes during 1995 
to 2000 compared to the period from 1964 to 2002. The contributions from 1964 to 2002 were 
adjusted to match the long-term estimated transport from the Los Trancos subwatershed (Section 
3.3) by the general procedures discussed below.  
 
As discussed for the Searsville Lake budget, surface erosion processes tend to be chronic – 
occurring in most years and during most storms – and their annual eroded volume may not 
change greatly from one period to another. Consequently, we have assumed that long-term 
average contributions would be similar to those for 1995 to 2000. Gully and bank erosion are 
also chronic, although they proceed at much lower rates over the long-term.  
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Hillslope landslides are by far the dominant erosion process from 1995 to 2000 and from 1964 to 
2002. Abundant landsliding from slopes is known to have occurred frequently over the past 150 
years, averaging about once every five years or so. The air photo inventory reported in NHC and 
JSA (2003a) suggests that average area disturbed by landslides over the past thirty to forty years 
is roughly half of that observed from 1995 to 2000 and we have assumed that long-term erosion 
from landslides originating on slopes to streams is from one-quarter to one-half of the rate 
observed from 1995 to 2000.  

 
Table 5-5: Simplified Los Trancos Sediment Budget for Two Different 

Time Periods 
Sediment Source Annual Erosion (yd3) from  

1995-2000 1964-2002 
Surface Processes 300 100 to 200 
Gully Erosion 400 100 to 200 
Stream Erosion 400 100 to 200 
Landslide Processes   
- Streambank landslides 0 0 to 200 
- Landslides from slopes 2,200 700 to 1,200 
Instream Deposition (300) 0 
   
Average Annual 
Transport 1 

3,000 1,400 

1. From Section 3.3. Italicized numbers are rough estimates. 

5.4. Bear Subwatershed Budget 
The following sections summarize the development of the erosion estimates for the Bear 
subwatershed, the reconciliation of the erosion estimates with measured sediment transport and 
the development of longer-term estimates by adjusting erosion volumes from different processes 
to match reported sediment transport or yield. NHC and JSA (2003b) provide details.  
 
5.4.1 Development of 1995 to 2000 Budget  
The substantial database regarding erosion areas and volumes after the 1997-98 storms that is 
available for the Searsville Lake Watershed is not available for the Bear subwatershed. 
Consequently, the overall budget here is much less detailed. The budget is not closed nor verified 
with the sediment transport estimates; instead, sediment transport is used to balance erosion and 
deposition and estimate missing erosion quantities (Table 5-6).  
 
As in the Los Trancos subwatershed, the contribution from hillslope landslides was estimated 
from air photo interpretation. The contribution from bank erosion was estimated from a 
correlation between severity of bank erosion and a sub-subwatershed erosivity index that was 
developed for the Searsville Lake subwatershed and applied to the Bear subwatershed. Channel 
incision volumes were estimated from field inspections and other reports (Smith and Harden 
2002). Surface erosion components were estimated by the same procedures as in the Searsville 
Lake subwatershed. NHC and JSA (2003b) provide details.  
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The contribution from small and large streamside landslides was set equal to the difference 
between the estimated transport at the basin outlet and the sum of the other erosion components. 
A contribution of about 9,000 yd3 was adopted to balance the Bear Creek sediment transport 
estimated for the 1996 to 2000 water years. Inspection of the subwatershed indicated that small 
streamside landslides and bank had contributed to erosion recently but the total quantities were 
not estimated during the inspections.    
 

Table 5-6: Total Erosion and Erosion by Grain Size Contributed to Streams in Bear 
Watershed from 1995 to 2000 

Sediment Source Total 
Erosion 

(yd3) 

Likely 
Range 

(%) 

Comment Coarse 
Sediment 

(yd3) 1 

Fine 
Sediment 

(yd3) 1 
Small streamside  9,000 ±50% Estimated volume 6,000 3,000
Large streamside 0 ±75% Not estimated 0 0
Hillslope landslides  600 ±25% Depth uncertain 400 200
Bank Erosion 12,700 ±50% Unit volume 

uncertain 
9,000 3,700

Channel Incision 2,000 ±50% Depth uncertain 1,600 400
Road Erosion 1,800 ±75% Likely 

overestimated 
400 1,400

Scar/Scarp Erosion 200 ±75% Rough estimate 0 200
Sheet Erosion 500 ±75% Rough estimate 0 500
Gully Erosion 2,900 ±75% Length and 

volume uncertain 
1,000 1,900

    
Totals 29,700 13,000 to 

47,000 
18,200 11,500

3. Coarse sediment is sand and larger (>0.063 mm); fine sediment is silt and clay (<0.063 mm).  
 
The total erosion is divided into a bit less than two-thirds sand and coarser sediment and a little 
more than one-third silt and clay (Table 5-6).  This is a bit coarser than the breakdown estimated 
from the sediment transport measurements and suggests that the portion of fine sediment in the 
hillslope soils is underestimated or the portion of fine sediment in the transported load is 
overestimated.  
 
5.4.2 Reconciliation of Erosion and Transport Measurements 
As the transport measurements were used to calculate components of the sediment budget, they 
cannot be used to reconcile the total erosion.  
 
5.4.3 Longer-Term Sediment Budgets 
Rates of erosion and sediment transport in Bear Creek are thought to vary from one period to 
another and the total erosion from 1995 to 2000 is thought to be much greater than average. 
Table 5-7 summarizes our understanding of the contributions of the main erosion processes 
during 1995 to 2000 compared to their estimated average contribution from 1964 to 2002. The 
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contributions from 1964 to 2002 were adjusted to match the long-term estimated transport from 
the Bear subwatershed (Section 3.4) by the general discussed below. 
 
As discussed for the Searsville Lake budget, surface erosion processes tend to be chronic – 
occurring in most years and during most storms – and their overall annual rate may not change 
greatly from one period to another. Consequently, we have assumed that long-term average rates 
would be a little less than those estimated for 1995 to 2000. Gully and bank erosion are also 
chronic, although they proceed at much lower rates over the long-term, with stream bank erosion 
at about half of the rate estimated for 1995 to 2000.  

 
Table 5-7: Total Erosion and Erosion by Grain Size Contributed to Streams in Bear 

Watershed from 1995 to 2000 
Sediment Source Annual Erosion (yd3) from  

1995-2000 1964-2002 
Surface Processes 500 100 to 200 
Gully Erosion 600 300 to 400 
Stream Erosion 3,000 1,000 to 2,000 
Landslide Processes   
- Streambank landslides 1,800 0 to 500 
- Landslides from slopes 100 500 to 1,500 
Instream Deposition (100) 0 
   
Average Annual 
Transport to San 
Francisquito Creek 1 

5,900 2,700 

1. From Section 3.3. Italicized numbers are rough estimates. 
 
Stream erosion is the dominant erosion process from 1995 to 2000 and, with landslides from 
slopes, may also be the most significant process over the long term. Bear Watershed had 
unusually few landslides from slopes from 1995 to 2000. The air photo inventory reported in 
NHC and JSA (2003) indicated that average area disturbed by landslides over the past thirty to 
forty years is about the same as in Los Trancos and we have assumed that long-term erosion 
from landslides originating on slopes in Bear Watershed is similar to the long term rate in Los 
Trancos. The contribution of small landslides to the long-term budget is not certain and further 
study and field inventory would be needed to confirm the quantities estimated in Table 5-7.  
 
Given that stream erosion, including streambank landslides, are the dominant processes from 
1995 to 2000 and over the long-term, human impacts on stream banks, sediment transport, and 
watershed hydrographs are probably the most significant factors for sediment management. 
Gully erosion is also important and management of stormwater from roads and developments is 
an important component of sediment management. Other surface erosion processes are relatively 
unimportant, both over the short-term and long-term.  
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5.5 San Francisquito Subwatershed 
Unlike the other subwatersheds, the sediment budget for San Francisquito subwatershed is only 
for the period from 1964 to 1998 and it balances inflowing sediment from the other three 
subwatersheds, erosion in the subwatershed and deposition based on the sources and sinks 
discussed in Chapters 3 and 4. Once the existing conditions budget was complete, a second, 
simplified budget was developed that assumed Searsville Dam was not in place and all the 
sediment from the Searsville Lake subwatershed reached San Francisquito Creek. 
 
5.5.1 Existing Conditions Sediment Budget 
Under existing conditions, sediment is contributed to San Francisquito Creek from the following 
sources or erosion processes: 
 

 Suspended sediment (silt and clay) carried over the Searsville Dam that originates in 
Corte Madera, Alambique and Sausal Creeks. This has been estimated to be 10% of the 
volume deposited in Searsville Lake. 

 Los Trancos and Bear Creeks contribute fine and coarse sediment to the upper part of San 
Francisquito Creek.  Previous chapters provide details on the erosion volumes and 
sediment transport from these two subwatersheds. 

 Erosion of stream banks along San Francisquito Creek.  
 Incision of San Francisquito Creek into its streambed. 
 Erosion from small tributaries, gullies and the land surface in the San Francisquito 

subwatershed. 
 
As discussed earlier, there is a reasonable understanding of the contributions from the upstream 
subwatersheds and of incision along the main creek over the period from 1964 to 1998. 
However, there are no measurements of bank erosion volumes along San Francisquito Creek or 
of the sediment volumes eroded from the surrounding rural and urban areas and carried to San 
Francisquito Creek.  
 
5.5.2 Estimating Erosion Volumes 
The coarse sediment contributed by bank erosion can be estimated by balancing the coarse (sand 
and gravel) supply and deposition in San Francisquito Creek with suitable assumptions about the 
sediment delivered from the surrounding areas. These are discussed below and in NHC and JSA 
(2003b). The same approach cannot be adopted for the fine (wash) sediment component of the 
budget as the volume that is carried to San Francisco Bay is not known as well as the other two 
components. Instead, the fine sediment contributions are estimated for the bank erosion and land 
surface components and the outflow estimated by balancing the contributions with the measured 
fine sediment loads. These procedures are summarized below and described in detail in NHC and 
JSA (2003b). 
 
Sediment Inflows from Searsville Lake, Los Trancos and Bear Subwatersheds 
Long-term sediment inflows from Searsville Lake are assumed to be 10% of the long-term 
reservoir deposition (Table 3-1) or about 1,700 yd3 per year. All this sediment is assumed to be 
silt and clay. Long-term coarse and fine sediment transport from Los Trancos and Bear Creeks 
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were then the 1964 to 2002 estimates from Chapter 3. The coarse load from Bear Creek was not 
adjusted for the observed deposition along upper San Francisquito Creek. Figure 4 summarizes 
the various average annual sediment inflows.  
 

Table 5-8: Sediment Budget for San Francisquito Creek from 1964 to 1998 
Sediment Source Watershed 

Area (mi2) 
Annual 
Inflow 
(yd3) 

Likely 
Range 

(%) 

Comment Annual 
Coarse 

Sediment 
(yd3) 1 

Annual 
Fine 

Sediment 
(yd3) 1 

Based on Sediment Inflows or Erosion 
Inflow from 
Searsville Lake 

14.5 1,700 ±25% Based on a few 
measurements 

0 1,700

Los Trancos and 
Bear Creeks  

19.2  4,100 ±25% From Chapter 3 2,300 1,800

Subwatersheds 
SF-10 to SF-12  

3.4 2,000 ±75% Very uncertain 400 1,600

Incision N/A 140 ±25% From surveys 140 0
Subwatersheds 
SF-01 to SF-09 

10.0 500 ±75% Very uncertain 200 300

Bank Erosion N/A 3,400 ±50% Estimated from 
coarse balance 

1,700  1,700

Total Sediment 
Inflows  

47.0 11,800   4,400 7,400

Based on Deposition 
To Highway 101 N/A 470 ±25% From surveys 470 0
Highway 101 to 
mouth 

N/A 1,000 ±50% Section uncertain 750 250

Excavation N/A 900 ±25% Past excavation 
volume unknown 

900 0

Delta N/A 3,100 ±25% Depth of deposit 
uncertain 

2,300 800

To San Francisco 
Bay 

47.0 5,200 to 
6,600

±50% Assumed or 
Calculated 

0 6,300

Total Sediment 
Deposition 

47.0 11,800  Based on error 
estimates 

4,400 7,400

1. Coarse sediment is sand and larger (>0.063 mm); fine sediment is silt and clay (<0.063 mm).  
 
Erosion from San Francisquito Subwatersheds 
Little is known of the volumes of sediment eroded from the land surface in the San Francisquito 
subwatershed; either from the rural areas upstream of the Stanford University gage or the 
urbanized areas of East Palo Alto, Palo Alto and Menlo Park. In estimating land surface erosion 
we relied on sediment transport measurements rather than volumes of erosion from different 
processes. Crippen and Waananen (1969) provided miscellaneous measurements of suspended 
sediment transport on Sharon Creek, Los Trancos tributary, and San Francisquito Creek 
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tributary. These small tributaries all lie near the junction of San Francisquito and Los Trancos 
Creeks in the Bay Foothills. Sediment concentrations measured during storms ranged from a few 
hundred to more than 15,000 mg/L with associated instantaneous sediment transport rates of less 
than 1 to about 400 tons per day. Storm hydrographs were peaky and actual total suspended 
transport during storms was often less than 10 tons (8 yd3). This is reasonably consistent with the 
storm-based erosion quoted by Knott et al (1973) for open space and urban areas that he studied 
in Colma Creek.  
 
Assuming that sediment volumes ranged from about 1 to 50 tons for storms of varying size, 
average annual transport was estimated to range from 100 to 600 yd3/mi2. The transport rate 
varied with stream and watershed characteristics and the extent of urbanization. Based on the 
transport analysis, we have assumed that annual contributions from agricultural and rural 
residential areas (SF 12, SF 11 and SF 10; Table 5-8) in the upper San Francisquito 
subwatershed are about 600 yd3/mi2.  Contributions from urban areas (SF-01 to SF-09) are 
assumed to be much less, or about 50 yd3/mi2. These yields are less than observed by Knott et al 
(1973) in Colma Creek but seem to be consistent with the general magnitude of sediment yields 
in San Francisquito Creek.  
 
Grain size analyses show that the suspended load was almost entirely silts and clays at moderate 
flows, increasing to about 40% sand at very high flows. On this basis, sand likely makes up 10 to 
20% of the total load. Bed incision and bed load transport does occur, as indicated by 
knickpoints observed along some of the streams by Crippen and Waananen (1969).   
 
Incision of San Francisquito Creek 
NHC et al (2002) showed that relatively slow incision occurred from 1964 to 1998 upstream of 
Pope-Chaucer Bridge based on comparison of streambed surveys. The total incision amounted to 
0.4 feet when spread over the bed, or an annual incision rate of about 0.012 feet/year.  The 
calculated net incision was 4,800 yd3, providing an annual erosion rate of 140 yd3.  
 
San Francisquito Creek Bank Erosion 
As was discussed earlier, annual bank erosion volumes have not been measured. Instead, the 
contribution of coarse sediments was estimated as the difference between the total sediment 
inflow and the total from the other budget inflow components (Table 5-8). The average coarse 
sediment inflow was assumed to be the same as the average coarse sediment deposition along 
San Francisquito Creek (Table 5-8; Section 5.5.3). This is a reasonable assumption as coarse 
sediment is not thought to be carried past the San Francisquito Creek delta. The annual 
contribution of coarse sediment was calculated to be about 1,700 yd3 (Table 5-8). Most of this 
erosion occurs downstream of the San Francisquito Creek at Stanford University gage.   
 
The fine sediment contribution from bank erosion was estimated from the general nature of the 
bank materials along San Francisquito Creek. The banks are composed of sandy clay to clayey 
sand overlying sandy, silty gravels and we assumed they are about half coarse and half fine 
sediment. On this basis, the volume of fine sediment eroded from the banks was set equal to that 
of coarse sediment in Table 5-8. This assumption is not well confirmed.  
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Sediment Inflows to San Francisquito Creek 
The annual coarse sediment inflow was set equal to the coarse sediment deposition along San 
Francisquito Creek as described in the next section. The fine sediment inflow was then set to the 
total of the fine sediment inflows estimated from all sources. The total sediment inflow was then 
the sum of these two components.  
 
5.5.3 Estimating Deposition Volumes 
The following sections describe the procedures adopted to estimate the deposition volumes 
summarized in Table 5-8.  
 
Deposition along San Francisquito Creek 
NHC et al (2002) calculated a net deposition from Pope-Chaucer Bridge downstream to 
Highway 101 of 16,000 yd3, based on comparing 1964 and 1998 stream bed surveys. This is 
roughly equivalent to 1.7 feet of deposition when spread over the streambed, or to about 0.06 
yd3/foot of channel per year. The average annual deposition volume was estimated to be 470 yd3.  
 
As described in Chapter 4, deposition has also occurred from Highway 101 to the mouth of San 
Francisquito Creek following excavation for increased flood capacity (San Francisquito Creek 
CRMP 1998). We roughly estimated deposition of 35,000 yd3 since 1958, roughly three-quarters 
sand and one-quarter fine sediment carried in from San Francisco Bay. Average annual 
deposition of sand from 1968 to 1994 is roughly estimated to be 750 yd3.  
 
Excavation at Highway 101 Bridge 
Table 4-4 summarized the volumes of sediment excavated near the Highway 101 Bridge.  The 
average annual excavation from 1984 to 2000 is 900 yd3 per year. It has been assumed that this 
sediment is sand and that the annual rate from 1984 to 2000 is also appropriate for the entire 
period from 1964 to 2002.  
 
Deposition on San Francisquito Delta 
Phillips (2000) reported on detailed coring of the delta at the mouth of San Francisquito Creek in 
San Francisco Bay (Section 4.3). Based on the coring, the deposition since the late 1950s appears 
to average about one foot, providing a total deposition of 80,000 yd3. We assumed that this total 
is about three-quarters sand, providing an annual deposition rate of coarse sediment of 2,300 yd3.  
The delta captures some fine sediment but much of it transported to San Francisco Bay. 
 
Sediment Carried to San Francisco Bay 
Table 5-8 assumes that all the coarse sediment is deposited on the delta or further upstream. The 
volume of fine sediment carried to San Francisco Bay was calculated as the total outflow minus 
the coarse sediment outflow and the fine sediment deposits along San Francisquito Creek.  
 
Total Sediment Deposition in San Francisquito Creek 
The annual coarse sediment deposition was set equal to the sum of the components under this 
heading in Table 5-8. The fine sediment inflow was then set equal to the total fine sediment 
inflows as described in Section 5.5.2. The total sediment inflow was then the sum of these two 
components.  
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5.5.4 Reconciliation of Erosion and Transport Measurements 
The San Francisquito Creek at Stanford University gage lies downstream of Bear and Los 
Trancos Creeks and the upper, rural part of the San Francisquito subwatershed. Table 5-9 
compares the long-term yield at this gage from Chapter 3.5 to the sum of the first three rows in 
Table 5-8:  
 

Table 5-9: San Francisquito Creek Transport and Erosion Measurements 
Source Fine Sediment (yd3) Coarse Sediment (yd3) Total (yd3) 

Sediment Transport 6,000 4,000 10,000 
Table 5-8 Erosion 5,100 2,700 7,800 
 
The reconciliation suggested that the sediment inflows underestimated the reported transport at 
the Stanford University gage. The differences are not large and likely result from errors in the 
sediment inflows from the Bear and Los Trancos Creek subwatersheds as well as uncertainties 
about the sediment contribution from the rural properties in the upper San Francisquito 
subwatershed.  
 
5.5.5 Sediment Budget without Searsville Dam  
The sediment budget without the Searsville Dam in place is assumed to have the same inflows 
and erosion as in Table 5-8 but with the average sediment inflow from 1892 to 2000 to Searsville 
Lake (Table 3-1) added to the table. We have further assumed that the 1892 to 2000 average 
inflow would be two-thirds coarse sediment (sand and gravel) and one-third fine sediment (silt 
and clay).  
 
Table 5-10 (following page) shows that, under the above assumptions, coarse sediment supply to 
San Francisquito Creek has been reduced by about two-thirds and fine sediment transport by 
about one-third as a result of the Searsville Dam and reservoir. Reduction of the coarse load is 
thought to be responsible for some of the historic changes observed along San Francisquito 
Creek. Incision in upper reaches and deposition in lower reaches has likely occurred as part of an 
overall slope adjustment to the lower supply of coarse sediment, particularly in the gravel and 
cobble size ranges. This incision has increased bank heights, steepened some bank and increased 
rates of erosion. One other response to the reduced coarse sediment supply has been coarsening 
of the bed material and formation of a coarse bed surface pavement along the upper reaches of 
the creek. NHC et al (2002) provide a more detailed discussion of potential impacts on San 
Francisquito Creek.  
 
On the other hand, trapping of fine sediment has likely resulted in minor improvements to water 
quality (lower average sediment concentration and turbidity) with few consequences for the 
stream channel morphology. This fine sediment is mostly carried through San Francisquito 
Creek to San Francisco Bay.  
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Table 5-10: Annual Sediment Budget for San Francisquito Creek with and without 

Searsville Dam 1 

Sediment 
Source 

Scenario 1 – 
Existing 

Conditions 

Scenario 2 – No 
Searsville Dam 

Scenario 1 
– Existing 
Conditions 

Scenario 2 – 
No Searsville 

Dam 

 
Annual Coarse Transport (yd3) 2 Annual Fine Transport (yd3) 2 

Searsville 
Watershed 1 

0 11,400 1,700 5,600 

Los Trancos 
and Bear Cks 

2,300 2,300 2,300 2,300 

Sub-
subwatersheds 
SF-1 to 12 

600 600 1,900 1,900 

Incision and 
Bank Erosion  

1,840 1,840 3 1,700 1,700 3 

     
Total Load  4,400 15,800 7,600 11,500 

1. Average transport for Searsville watershed is the volume deposited in the reservoir from 1892 to 2000 
2. Coarse sediment is sand, gravel and cobbles; fine sediment is silt and clay. 
3. It is unclear if bank erosion would increase or decrease with increased coarse sediment transport  

 



 
 
San Francisquito Creek  nhc  
Geomorphic and Sediment Yield Analysis 36 January 5, 2010 

6. SAN FRANCISQUITO CREEK  

The following sections provide an overview of San Francisquito Creek, a discussion of the 
historical trends in behavior, and an assessment of future channel stability.  

6.1 San Francisquito Creek Reaches 
San Francisquito Creek starts at the foot of Searsville Dam and flows to San Francisco Bay. The 
creek is incised into Quaternary alluvial fan sediments along most of its course. NHC and JSA 
(2004) divided the creek into four reaches based primarily on slope and bed material. Table 6-1 
summarizes the characteristics of each reach:   
 

 Reach 1 (Searsville Dam to Sandhill Road): bedrock-dominated reach 
 Reach 2 (Sandhill Road to upstream of El Camino Real): boulder reach 
 Reach 3 (Upstream of El Camino Real to University Avenue): gravel bed 
 Reach 4 (Downstream of Newell Road): sand bed leading to the estuary 
  

Table 6-1:  San Francisquito Creek Reach Characteristics 
Reach Description Bed 

Slope 1 
Surface Material (mm) 2 Subsurface 

Sediment 3 D50 D84 
1 Bedrock reach Not 

surveyed
30 to 120 100 to 200 Mostly fine gravel; 

30% sand (lower 
end of reach) 

2 Boulder reach 0.007 60 200 Assumed similar to 
Reach 1  

3 Gravel bed reach 0.003 10 to 20 30 to 60 Mostly fine gravel; 
30% sand 

4 Sand bed reach 0.001 Sand About 10 Mostly fine gravel; 
20% sand 

1. Slopes averaged from Figure 3-19 of RHAA et al (2000). 
2. Bed material sizes from Figures 7-12 to 7-14 of NHC et al (2002) 
3. Subsurface materials from Appendix B of NHC et al (2002).  Sample weights are inadequate to fully 

characterize the subsurface bed material.  
 
In Reach 1, San Francisquito Creek is incised into the local bedrock, which is exposed in the bed 
and in the lower section of the bank. Pleistocene fan deposits overlie the bedrock throughout 
much of the reach (see Helley et al 1979). NHC et al (2002) noted that the contact with the fan 
deposits is typically about 5 feet above the stream bed in the upper reach, often higher near Los 
Trancos Creek, and that bedrock is no longer visible in the banks by Junipero Serra Boulevard 
(Pampeyan 1993).  Bed material consists of gravel and cobbles near Bear Creek and cobbles and 
boulders downstream of this tributary. Gravel bars have also formed in San Francisquito Creek 
downstream of the mouth of Los Trancos Creek.  
 
Reach 2 is a short boulder bed section of San Francisquito Creek that extends downstream past 
the bedrock-controlled section, onto the alluvial fan, and ends near the San Mateo Drive 
Pedestrian Bridge and the Pulgas Fault.  The coarse bed material appeared to be a stable 
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pavement formed by winnowing of finer sediment from the bed surface; the underlying 
subsurface material appears to be considerably finer (Table 6-1). The bed surface is now 
immobile or mostly immobile under the current flow regime.  Closure of the Searsville Dam and 
reduction of coarse sediment supply, while maintaining peak flows, is likely a contributing factor 
to formation of the pavement.  
  
Reach 3 is incising into coarse, partly indurated, gravels exposed below the sandy material that 
form the upper banks and fan surface.  The exposed bed material is gravel, with sand in the 
interstices; subsurface materials are fine gravel and sand.  The bed material is reasonably mobile 
during annual peak flows and there is no evidence of formation of a pavement here. Bed incision 
is expected to continue at the upstream end of this reach, eventually lowering the overall slope 
closer to a stable slope for the given bed material.  
 
Reach 4 is a depositional reach that extends from University Avenue downstream through the 
estuary to the delta of San Francisquito Creek. Bed materials in this reach consist of fine gravels 
and sand; subsurface materials have a similar grain size distribution.  

6.2 Bank Erosion and Channel Widening  
The previous chapter noted that bank erosion rates along San Francisquito Creek had not been 
measured but estimated the long-term average annual volume contributed by this process to be 
about 3,400 yd3 per year by the procedures described in Sections 5.5.2 and 5.5.3. There are broad 
uncertainties in the estimate of the annual bank erosion volume that are partly a result of the 
uncertainties in other budget terms.  
 
Royston, Hanamoto, Alley, and Abbey et al (2000) measured the length of eroding bank along 
San Francisquito Creek in 1999. Table 6-2 summarizes the results for their four study reaches, 
which showed that most of the unstable bank lies from Pope-Chaucer Road upstream to Sand 
Hill Road, including the gravel bed reach where San Francisquito Creek has been incising into its 
bed and increasing its bank heights.  
 

Table 6-2: Summary of Eroding Bank Length from RHAA (2000) 
Reach Description Reach Length 

(ft) 
% Severe 
Erosion 1 

Length of Severe 
Erosion 2(ft) 

A Hwy 101 to Pope-
Chaucer 

9,800 1% 200 

B Pope-Chaucer to 
Pedestrian Bridge 

6,600 14% 1,800 

C Pedestrian Bridge to 
Sand Hill Road 

12,800 60% 15,400 

D Sand Hill Road to 
USGS gage 

3,200 0% 0 

Totals  32,400 27% 17,400 
1. Average of “least stable” category for left and right banks 
2. Total bank length, right and left banks 
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It is worth considering what the erosion volumes that are quoted in Table 5-8 imply for bank 
retreat along San Francisquito Creek, given the eroding bank lengths of Table 6-2. Assuming that 
the banks are typically about 24 feet high, and have an average slope of 1.5H:1V, the total area 
of bank that is severely eroding would be about 80,000 yd2. Further assuming that the length of 
unstable bank has remained about the same since 1964, the retreat from 1964 to 1998 would 
have been about 1.4 yard (4 feet) normal to the slope or about 6 feet parallel to the streambed, 
without an adjustment for bank densities. Such a retreat at the eroding sites is reasonably 
consistent with observations between 1964 and 1998 at cross sections where stream banks are 
not protected from erosion other than by vegetation. NHC et al (2002) reported that at these sites 
bank retreat seemed to average about 1.5 to 3 yards.   
 
It is also of interest to estimate the average channel widening associated with the bank erosion 
from 1964 to 1998. For the channel from Highway 101 to the USGS gage, the average increase 
of width to match the estimated erosion volume would be about 0.4 yards (1.1 feet) normal to the 
slope, or a widening that averaged about 1.5 feet at the base of the bank slope over the 34 years. 
Steepening of some banks and construction of protection on other banks may mask any effects of 
the apparent widening on properties at the top of the banks or valley walls. Such a small 
difference in widths cannot be easily detected by comparing historical air photographs.  

6.3 Historical Trends in Behavior 
Previous studies indicate that San Francisquito Creek is lowering its slope by incising from Sand 
Hill Road to Pope-Chaucer Road and by depositing sand and fine gravel on the bed downstream 
from Pope-Chaucer Bridge to the delta. The incision is assumed to result from slope adjustments 
that are a response to the capture of coarse sediment from Corte Madera and other creeks in 
Searsville Lake and also from increased peak flows from development. San Francisquito Creek is 
now incising into coarse, partly indurated gravels in the bed of Reach 3 (Table 1) and rates of 
incision have been quite slow, averaging about 0.012 feet/year from 1964 to 1998 (1.2 feet per 
century), and seem to nearly negligible since 1998. Incision rates were likely greater earlier in 
the twentieth century, based on the observations of Allardt and Grunsky (1888) discussed in 
Chapter 4.  
 
Active bank erosion is concentrated in the reaches of San Francisquito Creek that are incising. 
Rates of bank retreat have not been measured but an estimate based on the volume contribution 
to the sediment budget suggests that annual retreat rates average about 0.04 to 0.18 feet/year, 
depending on whether the volume is averaged over the entire reach or only over areas of active 
erosion. Erosion is concentrated at the toe of the bank and the retreat of the top of the bank may 
be less than at the toe because of bank steepening or construction of walls or other erosion 
protection works. Such low rates of retreat are consistent with historic maps and air photographs 
which show little change in the path of San Francisquito Creek over the past 100 years or so 
(NHC et al 2002).  

6.4 Future Trends in Behavior 
Predicting future trends in San Francisquito Creek require some assumptions about 
sedimentation and other conditions in Searsville Lake. As is discussed in detail in NHC et al 



 
 
San Francisquito Creek  nhc  
Geomorphic and Sediment Yield Analysis 39 January 5, 2010 

(2002), Searsville will fill at some point in the future – estimated to occur in the next 15 to 40 
years – which will increase the volume and caliber of sediment contributed to San Francisquito 
Creek from the Searsville Lake subwatershed. For the fifty year period considered in the study, 
the future was expected to include a period that is similar to historical conditions followed by a 
period when Searsville Lake is filled and part of the sand and most of the silt and clay load 
carried by Corte Madera and other tributaries to Searsville Lake will pass through to San 
Francisquito Creek. In the very long-term, after a considerable period of channel development 
and evolution near Searsville Lake, the sediment budget for San Francisquito Creek will be 
similar to that in Table 5-9, but this is likely to occur long after the fifty year time horizon 
contemplated by NHC et al (2002).  
 
NHC et al (2002) evaluated the potential impacts of different scenarios at Searsville Lake on 
sedimentation in San Francisquito Creek, as calculated by HEC-6T, and subsequently on water 
levels during floods at the end of the fifty-year period. All the Searsville Lake scenarios showed 
continued incision and lowered flood levels upstream of Pope-Chaucer Bridge and continued 
aggradation and raised flood levels downstream of Pope-Chaucer Bridge. The total changes in 
flood levels were not very sensitive to the assumed scenario at Searsville Lake. This occurs 
because the sediments that pass through Searsville Lake over their fifty-year horizon are fine-
grained sand, silt and clay. These sediments are not part of the bed material load and pass 
through the upper part of San Francisquito Creek and are deposited downstream of Highway 
101, on the delta, or carried to San Francisco Bay.  
 
Given that the sediments contributed from Searsville Lake do not affect incision rates in the 
gravel reach of San Francisquito Creek, the continued slow incision, toe erosion and steepening 
of banks over time are expected to increase future rates of bank retreat. The increased volume 
contributed from bank erosion and the potential impacts of bank retreat on properties and other 
structures on the top of the bank are not well understood.  
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June 7, 2011 
 
 

Memorandum for Record 
 
Subject:   San Francisquito Creek Floodplains Update - The impacts of sediment on the 
channel capacity and the resulting floodplains. 
 
1.  Purpose 
The San Francisco District Corps of Engineers Water Resources Section (ET-EW) was asked to 
evaluate what changes would occur to the without-project floodplains if the hydraulic model 
(HEC-RAS) of San Francisquito Creek was modified to include long term (70-year) sediment 
impacts of a hypothetical situation in which Searsville Dam was filled to capacity with sediment. 
Searsville Dam is located at the upstream end of San Francisquito Creek and is predicted to fill 
with sediment in the near future, unless preventative action is taken.    
 
The existing hydraulic model consists of an HEC-RAS model with lateral weirs.  The breakout 
flow calculated leaving the channel over the lateral weirs is used as the input for a Flo-2D 
floodplain mapping model.  The starting water surface elevations assume NRC III tide elevations 
(50-year future).  This study examines what changes would occur to these floodplains if 
sediment is added to the channel.  Throughout this memorandum, the term “sediment model” 
will be used to designate the hydraulic model that has had bed elevations adjusted to match 
Northwest Hydraulic Consultants’ (NHC) 2002 sediment study. 
 
2.  References 
Noble Consultants, Inc., 2009. Final Report, San Francisquito Creek, Development and 
Calibration/Verification of Hydraulic Model. Prepared for U.S. Army Corps of Engineers, San 
Francisco District. May 26, 2009. 
 
Noble Consultants, Inc. (NCI), 2010. San Francisquito Creek Hydraulic Modeling and 
Floodplain Mapping, Existing Condition, Volume I: Channel Hydraulic Modeling. Prepared for 
U.S. Army Corps of Engineers, San Francisco District. May 27, 2010. 
 
Northwest Hydraulic Consultants (NHC), 2010a. San Francisquito Creek Hydraulic Modeling 
and Floodplain Mapping, Existing Condition, Volume II: Floodplain Modeling and Mapping. 
Prepared for U.S. Army Corps of Engineers, San Francisco District. 
 
Northwest Hydraulic Consultants (NHC), 2010b. San Francisquito Creek Hydraulic Modeling 
and Floodplain Mapping, Year 50 Condition, Volume II: Floodplain Modeling and Mapping. 
Prepared for U.S. Army Corps of Engineers, San Francisco District. 
 
Santa Clara Valley Water District (SCVWD), 2007. San Francisquito Creek Hydrology Report. 
Revised December 2007. 
 
Northwest Hydraulic Consultants, Inc, Balance Hydrologic, Inc, H.T. Harvey & Associates, 
Jones & Stokes, Dr. Matt Kondoff (UC Berkeley), Dr. Jerry Smith, (San Jose State University), 
Searsville Lake Sediment Impact Study, March 2002. 



3.  Background 
The Searsville Lake Sediment Impact Study, which was completed in March 2002 by NHC, 
assessed the effects of management alternatives at Searsville Dam.  Searsville Lake has 
significantly filled with sediment since construction of the dam in 1892 and the present level of 
sediment deposition within the reservoir lies approximately 12 feet below the elevation of the 
Searsville Dam spillway.  Significant sediment deposition and delta growth of the tributary 
streams entering Searsville Lake have been associated with the sediment deposition within the 
reservoir.  The 2002 report looked at the sedimentation dynamics downstream of Searville Dam, 
a geomorphic assessment of the San Francisquito Creek, an analysis of reservoir filling and the 
Searsville Valley sedimentation filling scenarios for both existing and lowered dam conditions.  
If the dam were completely filled, sediment currently being trapped in Searsville Lake would 
continue into San Francisquito Creek.  The 2002 report showed that the result would be 
deposition in many areas and increased scour in a few locations.  The deposition would decrease 
the capacity of the creek, thereby potentially impacting the floodplains. 
 
In 2009, the Corps contracted Noble Consultants Inc. (NCI) to develop a steady HEC-RAS 
model for the San Francisquito Creek Feasibility Study.  This steady HEC-RAS model was later 
converted to an unsteady model (NCI, 2010) for the Year 0 without-project condition.  The 
HEC-RAS model included the San Francisquito Creek channel from Searsville Dam to the San 
Francisco Bay.  In areas where breakout flows were likely, lateral weirs were added to the model 
to calculate how much flow would escape into the floodplains.  Flow escaping from the channel 
generally cannot return because the topography around San Francisquito Creek slopes away from 
the channel in most areas.  There are levees on both sides of the downstream end of the channel 
that prevent water from returning except via pump stations. 
 
The breakout flow hydrographs leaving the channel over the lateral weirs were input to a FLO-
2D floodplain model (developed by NHC) as inflow hydrographs.  The floodplain maps were 
generated based on the Flo-2D model for the Year 0 without-project condition.  
 
Additionally, Noble Consultants Inc. was asked to model the future creek hydraulics, conduct 
floodplain delineation and produce floodplain maps for the Year 50 condition.  Compared to the 
Year 0 condition, the Year 50 condition will (1) have insignificantly increased flow hydrographs 
in San Francisquito Creek (~1%); and (2) include the impact of sea level rise (SLR), projected 
for the next 50 years.  Three SLR scenarios were considered for the Year 50 condition according 
to the Corps' guidance EC 1165-2-211 (USACE, 2009).  These scenarios included the "low" SLR 
rate using the historic rate of sea level change, the “intermediate” rate using the modified NRC 
Curve I, and the “high” rate using the modified NRC Curve III.   
 
The Year 50 floodplain mapping was conducted based on the NRC Curve III results, because 
they are the most conservative.  However, the differences in the floodplains based on the SLR 
scenarios were very small because the majority of the HEC-RAS model is sufficiently upstream 
so as to be unaffected by the tide.  The Flo-2D models were not changed except for increasing 
their input hydrographs based on the HEC-RAS results.  This model was completed in January 
2011 and is referred to as the “without-sediment model” throughout this report.  It is used as the 
basis of the sediment model.  All models are without project. 
 



4.   Procedure 
The following procedure was used for this analysis: 
 

1. The downstream boundary conditions were originally determined from the tide and HEC-
RAS water surface elevations via coincident frequency analysis.  These were used to run 
the sediment model.  The downstream water surface elevations resulting from the 
sediment model were evaluated and verified to be virtually the same, such that the 
downstream boundary conditions did not need to be changed. 

2. Average bed change elevations from the Searsville Lake Sediment Impact Study by reach 
were used to modify the Corps’s current HEC-RAS model by increasing the bed 
elevations (see Figures 1 and 2). 

3. The HEC-RAS model was run and the breakout flows going over the lateral weirs into 
the floodplains were determined. 

4. The with-sediment breakout flows were compared to the without-sediment breakout 
flows.  The ratio of their peaks was used as a multiplier for the hydrographs in the 
existing without-sediment Flo-2D floodplain model. 

5. The FLO 2D model was run with the increased hydrographs and the floodplains mapped. 
6. In addition to floodplain depth mapping, the difference in depth due to sediment as 

compared to the without-sediment model was also mapped.  See Figures 6-10. 
 
5. Sediment Deposition 
Average sediment deposition by reach was obtained from the 2002 Searsville Lake Sediment 
Impact Study by NHC.  The table below presents the estimated average bed elevation changes 
over a 70 year period.  Positive values indicate deposition while negative ones represent scour.  
The model is tidally affected up to Highway 101.  Note:  These are average changes over a 
mobile boundary, which is generally the lowest 5-10 feet in each cross section.  The sediment 
can be applied as a fixed elevation if the cross section has a flat bottom. 
 

Table 1 

San Francisquito Creek - Summary of Channel Bed Changes 

Reach 
Cross Section 
Station Range 

Average Bed 
Change 

Searsville Dam to Alpine Rd. 66031 - 47075 -0.77 
Alpine Rd. to Junipero Serra 47075 - 39900 0.24 
Junipero Serra to Sand Hill Rd. 39900 - 37950 0.34 
Sand Hill Rd. to El Camino Real 37950 - 27500 0.30 
El Camino Real to Middlefield Rd. 27500 - 22222 -0.13 
Middlefield Rd. to Pope/Chaucer St. 22222 - 17700 -0.98 
Pope/Chaucer St. to University Ave. 17700 - 13400 0.06 
University Ave. to Newell Rd. 13400 - 11200 0.86 
Newell Rd. to Highway 101 11200 - 7800 1.54 
Highway 101 to San Francisco Bay 7800 - 0 1.24 

 
 
6.  Modification of the Without-Sediment HEC-RAS Model to Include Sediment 



Two methods were used to adjust the without-sediment HEC-RAS model bed elevations to 
include sediment.  Downstream from Station 2400 the channel is trapezoidal with a flat bottom.  
Therefore a fixed sediment elevation was used (Figure 1).  Upstream from Station 2400 the 
channel bottom varies and is not conducive to the application of a fixed sediment elevation.   For 
each cross section, elevations across the lowest 5 to 10 feet, the movable boundary, were raised 
individually (Figure 2).  Bed elevations were raised or lowered consistently by reach according 
to the stations in Table 1.  See sample profiles in Figures 3 and 4. 
 

 
Figure 1.   Fixed sediment elevations (brown) seen downstream from Station 2400.  The original 
without-sediment cross section is in grey. 
 

 
Figure 2. Sediment deposition is in green across the movable boundary.  The original without-
sediment cross section outline is in red. 
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Figure 3.  Transition of fixed sediment input (brown) to mobile bed deposition (green). 
 

 
Figure 4.  Invert elevation showing typical location of no change (red on the left) and bed scour 
(green on the right). 
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7. Downstream Boundary Condition 
A coincident frequency analysis (CFA) was originally used to determine the downstream starting 
water surface elevations for the without-sediment HEC-RAS model.  The model was run with a 
range of statistically determined tide elevations and discharges.  The CFA was used to determine 
the appropriate starting water surface elevations at Station 2400 for each given event.   The with-
sediment model was run with these same starting water surface elevations and also with the tide 
data for comparison.  The results concluded that the without-sediment HEC-RAS model starting 
water surface elevation provided slightly (approx. +0.1-0.2 feet) conservative values.  For this 
analysis, the starting water surface elevations at Station 2400 will remain the same as those 
calculated for the without-sediment model.  This is a conservative assumption and simplifies 
comparison of the results. 
 
8. Adjustment of the Flo-2D Hydrographs 
No changes were made to the Flo-2D model geometry for with-sediment conditions.  The Flo-2D 
hydrographs were obtained from the without-sediment model.  The Flo-2D hydrographs for the 
with-sediment condition were created by multiplying the ratio of the peak weir overflows from 
the with-sediment HEC-RAS model to the peak weir overflows of the without-sediment HEC-
RAS model.  Note:  For input into the Flo-2D model the HEC-RAS overflow hydrographs for a 
given weir are broken down into several hydrographs.  These hydrographs were then input into 
selected cells to provide realistic overtopping and floodplain calculations.  Addition of all the 
hydrographs will result in a total hydrograph equal to the HEC-RAS output.   The Flo-2d model 
was run and floodplains were calculated for the long term bed change condition in San 
Francisquito Creek. 
 
9. Floodplains Plotted 
The models were run for all conditions that resulted in flooding.  These were the 25-yr, 50-yr, 
100-yr, 250-yr and 500-yr events.  Floodplain depths and depth grids showing the difference in 
floodplain depths between the with-sediment and without-sediment models were mapped for the 
25-yr, 50-yr and 100-yr events (Figures 5-7 show the floodplain depths; Figures 8-10 show the 
depth differences).  
 
10. Results 
25-yr event: The flooding is approximately the same (0.5 feet or less difference) as without 
sediment in most areas, except for the area west of Hwy 101 and north of Colorado Ave.   Here 
flooding is mostly between 0.5 and 1 foot deeper than without sediment, although there appears 
to be a small area adjacent to Colorado Ave where the flooding is several feet deeper.   
There are also areas on the western side of Hwy 101 and a few places within the golf course that 
are 0.5 to 1 foot deeper.  Isolated examples of street flooding and flooding in the vicinity of the 
East Palo Alto Pump Station are 0.5 to 1 foot deeper than the non-sediment model results as 
well.  (Refer to Figure 8) 
 
50-yr event: During the 50-year event, the effects of sediment modeling are more noticeable.  
These include increases in flooding depth of 0.5 to 1 foot in the golf course and east of Hwy 101 
in the flood basin.  Increases of 1 to 1.5 feet are present in East Palo Alto and parts of the flood 
basin.  In an isolated area southwest of Hwy 84, depths increase by up to 2.5 feet. (See Figure 9) 
 



100-yr event: Depths increase by 0.5 to 1 foot in the golf course, parts of East Palo Alto and 
west of Hwy 101 on both sides of Willow Rd and Menalto Ave.  Depths increase in the area 
between Hwy 84 and Hwy 101 north of Ivy Dr by varying amounts up to about 2 feet and 
possibly 2.5 feet in isolated locations.  In the flood basin and East Palo Alto around Pulgas Ave, 
depths increase by 1 to 1.5 feet as compared to the non-sediment model. (Refer to Figure 10) 
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June 30, 2014 
 
Edwin Woo, Senior Project Manager 
HDR 
1111 Broadway, Suite 1670 
Oakland, CA  94607 
 
RE:  Assessment of Post-Construction Levee Settlement  

San Francisquito Creek Flood Protection Project 
San Mateo and Santa Clara County, California 

Project No. 092850 
 
 
Dear Mr. Woo: 
 
The San Francisquito Creek Flood Protection Project provides improvements to the existing 
levees along San Francisquito Creek from U.S. Highway 101 (approximate Station 
78+00) downstream to an area approximately 700 feet downstream of Friendship 
Bridge (approximate Station 23+00).  Levees along the creek will be raised and/or 
realigned to provide increased flood capacity within the channel.  Improvements to the 
levee protecting East Palo Alto include raising and widening the existing levee by 
adding several feet of fill to the levee crest and generally extending it landside.   
Improvements to the levee protecting Palo Alto include a new levee constructed along a 
setback alignment.  Both the East Palo Alto (right levee) and Palo Alto (left levee) levee 
alignments are underlain by soft compressible Bay Mud deposits which will consolidate 
under the weight of the new embankment fill, resulting in post construction settlement 
of the levees.   
 
As requested, we have reviewed our settlement evaluation for the San Francisquito 
Creek Flood Protection Project with respect to anticipated post-construction levee 
settlement.  Our evaluations consider site conditions encountered during our February 
2010 subsurface exploration program and data from associated laboratory testing.  
Laboratory consolidation tests were previously performed on select Bay Mud samples 
collected during subsurface explorations to evaluate foundation compression 
characteristics.  Laboratory test data and soil parameters utilized in our evaluation are 
provided in our Final Geotechnical Evaluation Report, submitted to HDR in May, 2012.   
 
The levee along the East Palo Alto side will be improved by adding fill to the levee 
prism along the existing alignment.  Bay Mud deposits within the foundation of the East 
Palo Alto levee have previously been compressed by the loading exerted by the existing 
levee fill since original construction in 1958.  Some additional settlement is anticipated 
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due to the added levee fill.  A new levee will be constructed along the setback Palo Alto 
alignment over virgin Bay Mud deposits which have not been previously loaded by 
levee embankment fill.  Therefore, we anticipate that the Bay Mud below the new levee 
along the Palo Alto side (left levee) will experience greater consolidation settlement 
relative to the  Bay Mud below the existing levee protecting the East Palo Alto (right 
levee).  
 
We understand the HDR has designed for the post construction settlement of the levee 
by specifying an overbuild of 1 foot along the new left levee protecting Palo Alto and ½ 
foot along the modified right levee protecting East Palo Alto side.  The discrepancy in 
over build reflects the larger anticipated post construction settlements along the left 
levee than the right levee.  Based on our evaluation of post-construction settlement, we 
agree with HDR’s design levee over-build to accommodate the anticipated 
consolidation of the soft compressible Bay Mud deposits within the levee foundation 
following construction.  
 
Please contact me if you have any questions regarding our evaluation. 
   
Sincerely yours, 
 
GEI CONSULTANTS, INC. 
 
 
 
 
Mark Freitas, P.E., G.E. 
Principal Engineer 





  July 24, 2014 
        CIWQS Place No. 757384(MB) 

Sent via electronic mail to Len@sfjcjpa.org: no hardcopy to follow 

Len Materman, Executive Director 
San Francisco Creek Joint Powers Authority 
615 B Menlo Ave. 
Menlo Park, CA 94025 

Subject: Application for Water Quality Certification for San Francisquito Creek Project, 
Santa Clara and San Mateo Counties 

Dear Mr. Materman: 

This letter is intended to assist the San Francisquito Creek Joint Powers Authority (JPA) in 
preparing a complete application for a CWA § 401 water quality certification (Certification) for its 
San Francisquito Creek Project (Project) so that we can expeditiously act on the application. 
This letter provides a description of information that is requested of applicants that propose 
projects in creek channels and elaborates on the guidance we provided to the JPA in our 
February 27, 2014, letter.  

Before we can act on an application to certify the Project, State regulations require us to post a 
complete application for public comment for 21 days. Further, since we plan to hold a public 
workshop on the Project as part of the August 13 Board meeting, we must post the application 
at least 10 days before the workshop. Therefore, we request that you submit the application no 
later than July 31, 2014. Please note that we may request supplemental information to complete 
the application once we review it. While the request for supplemental information would not 
delay the August 13 workshop, we still must post the supplemental information for 21 days 
before acting on the application. Thus, it is in all parties’ best interests for the JPA to submit a 
complete application by July 31. 

The JPA may submit its application using the application form located on our website 
(http://www.waterboards.ca.gov/sanfranciscobay/certs.shtml). A Rapid Permit Assessment 
Checklist (Checklist) is also located on our website (link above) and provides additional 
guidance for preparation of a complete permit application that will facilitate timely review and 
approval of the Project’s application. The JPA may reference information from its initial 
application for certification but only if that information has not been changed or revised since 
submittal of the initial application or the submittal of supplemental information to that application. 
Any information that has changed or been revised must be described in detail in the new 
application.  

The application must describe the Project’s proposed changes to the environment, including 
changes to sediment transport and deposition within the creek, and corresponding potential 
adverse impacts such as causing erosion of the creek’s bed and banks. It should also describe 
the potential for the Project to increase the creek’s water temperature and impact aquatic 
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habitat for steelhead and other rare and endangered species, including impacts to the riparian 
plant community.  We review all of these potential Project impacts to assess the extent to which 
the Project as proposed will comply with the water quality standards specified in the San 
Francisco Bay Water Quality Control Plan (Basin Plan). Evaluating the channel hydraulics of the 
proposed Project is important because San Francisquito Creek is federally listed as impaired 
due to excess sedimentation, and due to the Project’s potential to impact the excellent breeding 
habitat for the federally-listed California clapper rail, which currently exists in the Faber Tract 
Marsh adjacent to San Francisquito Creek.  

So that we can expediently complete the Certification with conditions appropriate for the Project, 
the JPA must include in its application a detailed description of the following Project elements: 

1. Provide a detailed description of the watershed and an evaluation of local influences on the 
channel at the Project site and future conditions of the channel that are proposed by the 
Project. Provide an assessment as to (a) whether or not the channel is experiencing 
excessive erosion or sediment deposition; (b) whether or not the channel is experiencing 
headcutting; (c) whether or not the channel shows signs of attempts to develop meanders; 
(d) and whether the channel banks have sufficient vegetative cover to provide stabilization 
of the channel at the Project site. 

2. Provide an evaluation of the sediment discharge balance of the watershed and if the Project 
may improve or destabilize sediment equilibrium in the watershed. In assessing the potential 
impacts of the Project, the JPA should determine how the Project as proposed will function 
to capture additional sediment as the watershed’s hydrology is modified upstream by future 
flood control projects that will deliver more discharges and sediment to the lower reaches of 
San Francisquito Creek. The Project design should have sufficient flexibility to accept more 
sediment from the Searsville Dam portion of the watershed, as the dam is either removed or 
modified in the future, and/or as water spills from the presently mostly full reservoir to the 
downstream portion for the watershed. As the Project is located at the lowest end of the 
watershed with lower gradient, it may provide a significant sediment storage function, and 
the Project’s design must anticipate this storage function.  In order to accommodate this 
future sediment storage function, the basis of design for the Project must address both its 
marsh plain features and, potentially, its floodplain features for accumulating sediment.  

3. San Francisquito Creek is a significant steelhead watercourse. Accordingly, the application 
must include an evaluation of how the Project may affect steelhead migration in low and 
high water scenarios. The JPA’s initial application was silent on the needs for steelhead 
migration except for avoidance of impacts during construction. The potential need for high 
velocity refuges, channel shading, or other habitat needs still needs to be described in the 
application and coordinated with the California Department of Fish and Wildlife (CDFW) and 
the U.S. National Marine Fisheries Service (NMFS). 

4. In January 2014, we expressed concern that the Project calls for “excavating sediment in 
the existing channel to maximize conveyance.” The Project as proposed at that time would-
create a new low flow channel below existing grade from station 44+00 to 55+00 (a distance 
of over a thousand feet). The current channel is most likely “graded” or stable at its current 
elevation. One of the greatest engineering legacy errors in Bay Area flood control designs is 
to design a channel gradient that is not sustainable. Selecting geomorphically-appropriate 
dimensions and elevations for a channel are critical to attaining effective sediment transport 
and sustaining the design channel capacity. The application must describe the basis of any 
proposed low flow channel designs below existing grade, such as was proposed between 
stations 44+00 to 55+00. 
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The Checklist contains a series of questions on the basis of design for channel features, 
including a low flow channel, a marsh plain, and/or other terraces. The application should 
include cross-sections with elevations and profiles of the low flow channel, marsh plain, and 
floodplain. The elevation changes over distance help to inform the development of feasible 
creek channel revegetation projects.  

5. The application should describe the expected low as well as high flows for the 2-, 5-, 10-, 
50-, and 100-year recurrence intervals. This information is necessary to determine 
conditions for fish migration as well as plant establishment. Depths of flow should be 
provided in cross-sections for the different recurrence intervals. These depths of flow, along 
with channel slopes, are then used to compute shear stress in pounds per square foot. 
Shear stress can be an output provided by the HEC-RAS model being used.  Both velocities 
and shear stress values at these different flows should be provided to determine the basis 
for vegetative or rock cover of the levee side slopes. This information is also necessary for 
NMFS and CDFW to evaluate potential Project impacts and design features necessary for 
steelhead. 

6. The JPA has submitted a geotechnical analysis that evaluates the potential for levee settling 
and addresses both “primary and secondary” settlement projections for the levees underlain 
by soft compressible bay mud. The analysis is focused on the Palo Alto Golf Course levee 
and estimates a short term or primary settlement of 18 inches over approximately two years.  
The East Palo Alto levee only discusses a long term “secondary” compression. We assume 
there will be a newly aligned levee constructed on the East Palo Alto side and that both 
short and long term levee subsidence would be part of the design considerations. The 
application should provide a detailed geotechnical analysis for the East Palo Alto levee 
including “primary and secondary” settlement projections. 

7. Some of the Project’s features have changed since the initial application. The new 
application should include a complete detailed description of the proposed channel 
dimensions of each Project feature including the total size (in acres), length (in feet) where 
appropriate, type, and description of the entire Project area, including areas outside of 
waters of the State. This description shall include channel dimensions for each Project 
feature including, but not limited to, (a) channel bed and bank; (b) channel slope; (c) levee 
heights and slope; and (d) levee widths (top and base). 

8. For each habitat type impacted by the Project, provide the total estimated quantity (both in 
linear feet and acres) of waters of the State that may be adversely impacted temporarily or 
permanently by a discharge or by dredging. This should also include the quantity of waters 
to be impacted by any dredging or fill activities in cubic yards. Provide a map and figures to 
scale identifying the location, dimensions (in acres, linear feet, height, width) for each project 
feature.

9. Mitigation and Monitoring Plan (MMP): The application must include a detailed alternatives 
analysis describing how impacts to waters of the State will be avoided and minimized.  The 
MMP must include a detailed description of compensatory mitigation for unavoidable 
impacts to waters of the State. The proposed mitigation must meet the goals of the 
California Wetlands Conservation Policy (Executive Order W-59-93; No Net Loss Policy; as 
described in Section 4.23.4 of the Basin Plan) to achieve no net loss and a long-term net 
gain the quality and quantity of stream and wetland resources. The Regional Water Board 
considers the following factors in determining the amount and type of mitigation required: (a) 
the type of compensatory mitigation (e.g., whether the mitigation is in-kind and/or onsite); (2) 
comparison of the aquatic resource functions lost at the impact site and the functions 
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expected to be provided by the mitigation project; (3) temporal losses of aquatic resource 
functions (i.e., functions lost due to the passage of time between loss of the impacted 
aquatic resource and creation/restoration of the full-functioning mitigation); and (4) the 
difficulty, uncertainty, and likelihood of success of mitigation. The MMP, at a minimum, must 
include methods for restoring and enhancing tidal marsh habitat, reestablishing native 
riparian vegetation, removing invasive plant species, and success criteria and monitoring 
methods based on the following: 

a. Tidal Marsh Habitat and Riparian Re-vegetation: The JPA’s recent Project design 
materials describe the creation of new high marsh next to the channel and a "transition 
marsh" further from the channel. Earlier application materials described the 
creation/enhancement of new high marsh of 5 species next the channel and a "transition 
marsh" of 8 transition marsh species further from the channel.  Most existing riparian 
trees are proposed for removal from the site and some mitigation riparian plantings in 
the southwest portion of the Project are impacted. 

The MMP should describe (1) Project environmental conditions appropriate to support 
the proposed marsh habitats; (2) appropriate elevations for (a) low marsh habitats, which 
occur from approximately mean sea level to mean high water; (b) middle marsh habitats, 
which occur from approximately mean high water to mean higher, and (c) high marsh 
habitat and water zones, which occur near and above mean, higher, high water. 
Elevations for these zones should typically be shown on the design plans and in cross-
sections. This level of detail is critical for assuring success for a marsh creation objective 
because the plant species must be carefully matched with their elevations in the marsh. 

b. The MMP should identify impacts to each habitat type and describe the methods and 
location in which each impacted habitat type will be compensated through preserved, 
enhanced, created, or restored mitigation habitat (habitat enhancement is generally 
required to compensate for temporary impacts, while habitat creation/restoration is 
required to offset permanent impacts to wetland habitat).  

c. The total quantity (in acres and linear feet) of mitigation habitat, by habitat type proposed 
to be preserved, enhanced, created, or restored should be described. If compensatory 
mitigation is to be provided in some other form, that must be explained. The MMP must 
also include drawings identifying the location of each habitat type to be preserved, 
enhanced, created or restored, and identify elevation markers appropriate for each 
habitat type and location.  

d. To determine whether a site provides appropriate conditions for passive re-
establishment of tidal areas, a sediment budget for the site needs to be created to 
ensure that appropriate marsh elevations will be maintained during the plant 
establishment period and the foreseeable future. This sediment budget will need to 
include both fluvial and offshore sediment inputs and include an evaluation of erosion 
due to fluvial shear stresses. There is a threshold value for suspended sediment to 
sustain tidal marsh types. The upland transition plant community requires active 
restoration work and the proposed plan should address the 30 species in use in 
restoration as well as the use of seeding techniques. The fluvial system can build the 
high marsh with alluvium. Given the likelihood that more sediment will be transported 
downstream, it would be prudent to address the possibility of providing for a floodplain 
above the marsh plain. NMFS and CDFW should be consulted regarding what the 
planting plan should provide and the recommended species from the fisheries 
perspective. 
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e. Monitoring Methods: The MMP should also describe proposed monitoring methods, 
including, but not limited to, (1) an assessment of hydric soil indicators annually for five 
years at a minimum of six locations within the restored areas, (2) an assessment of 
sediment deposition and erosion annually for five years, measured with topographic 
surveys at permanently established transects at a 100-meter interval, (3) an assessment 
of channel morphology in each re-established or re-habilitated tidal channel annually for 
five years, measured with topographic surveys at the channel mouth and every 100 
meters upstream, (4) a qualitative hydrologic assessment of the restored and enhanced 
tidal marsh habitat annually for five years to determine the presence of unobstructed 
versus restricted exchange of tidal waters, and (5) a Corps-verified wetland delineation 
in Year 5 to confirm that the mitigation acreage and success criteria requirements have 
been met. 

Monitoring should include a combination of photo documentation from at least six fixed 
points and estimations of absolute cover using transects, quadrants, or another 
quantitative method. Performance criteria should include minimum cover of native 
riparian vegetation and maximum cover of highly invasive non-native species listed in 
Tier 1 of the Regional Water Board's Fact Sheet for Wetland Projects. The Fact Sheet 
can be obtained at http://www.waterboards.ca.gov/sanfranciscobay/certs.shtml or by 
contacting Regional Water Board staff at (510) 622-2300. 

10. Maintenance Plan: The Regional Water Board typically requires a long-term maintenance 
plan as a condition of certification. The maintenance plan is as much a part of the Project’s 
design as the features constructed by the Project, since maintenance activities may have 
significant impact on aquatic habitat and the species that rely on that habitat. Based on our 
review of the channel dimensions previously proposed, the lower channel invert would 
quickly become filled with sediment and require regular maintenance dredging to maintain 
the channel design capacity. Rather than committing the JPA to ongoing channel dredging, 
Regional Water Board staff encourage the JPA to revise the design floodplain elevations to 
be set at higher elevations, so that sediment deposition can occur over time.  This design 
revision would avoid regular, environmentally disruptive and expensive maintenance 
dredging. Since the Project is located in two counties, the specific parties responsible for 
maintenance should be identified. 

11. The application should address water quality impacts related to urban stormwater runoff into 
the creek and the adjacent Faber Tract Marsh habitats. Increase in flow would also increase 
the loads of urban runoff pollutants, such as trash, pathogens, heavy metals, pesticides, 
petroleum hydrocarbons, fertilizers, and other pollutants of concern, into sensitive 
endangered species marsh habitat. The application should include a proposal to implement 
effective measures designed to improve water quality both upstream and within the Project 
reach by reusing, detaining, infiltrating, and treating urban runoff.  
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If you have any questions, please contact me at 510-622-2314 or (bwolfe@waterboards.ca.gov)
or Maggie Beth at 510-622-2338 or (mabeth@waterboards.ca.gov).

Sincerely,

Bruce H. Wolfe 
Executive Officer 

Cc: Kevin Murray, SFCJPA, kmurray@sfcjpa.org
Navroop Jassal, SCVWD, njassal@valleywater.org 
Michael Martin, SCVWD, Michaelmartin@valleywater.org
Bill Springer, SCVWD, bspringer@valleywater.org 
Ian Liffmann, USACE, Ian.Liffmann@usace.army.mil 
Ryan Olah, USFWS, ryan_olah@fws.gov
Anne Morkill, USFWS, anne_morkill@fws.gov 
Eric Mruz, USFWS, eric_mruz@fws.gov
Joseph Terry, USFWS, joseph_terry@fws.gov 
Cay Goude, USFWS, cay_goude@fws.gov
Joy Albertson, USFWS, joy_albertson@fws.gov
Melisa Amato, USFWS, melisa_amato@fws.gov
Gary Stern, NMFS, Gary.Stern@noaa.gov
Ellie K., BCDC, EllieK@bcdc.ca.gov 
Anniken Lydon, BCDC, annikenl@bcdc.ca.gov 
Tami Schane, CDFW, TSchane@wildlife.ca.gov 

 

 

Digitally signed by Bruce H. 
Wolfe 
DN: cn=Bruce H. Wolfe, 
o=SWRCB, ou=Region 2, 
email=bwolfe@waterboards.ca.
gov, c=US 
Date: 2014.07.24 17:25:07 -07'00'
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