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Analysis of the

1998 Garcia River Cross Sections
by

Dennis Jackson

A total of 24 cross sections were surveyed on the Garcia River between October 25 and October 30,
1998.  Two cross sections were surveyed on the Kendall property near the power line crossing.  Three
cross sections were surveyed at Conner Hole, the site of the former USGS gaging station.  Two cross
sections were surveyed near the Eureka Hill Bridge crossing.  Thirteen cross sections were surveyed be-
tween the gravel processing plant at Windy Hollow Road and the Kendall property. All of the cross sec-
tions were done with a Sokkia total station. Five cross sections were also surveyed in the estuary. The es-
tuary cross sections are discussed in a seperate report.

The 1998 data was processed in the essentially the same manner as the 1996 and 1997 data.  The proce-
dure to calculate cross section area was modified slightly.  The modified procedure was applied to all the
previous cross sections.  The report for 1998 was prepared by updating the 1997 report.

The purpose of this analysis is to see what the cross section data for the Garcia River can tell us about the
equilibrium balance of the river.  It is important to determine if the main stem of the Garcia River is in dy-
namic equilibrium or if it is aggrading or degrading (incising).  In his book, Fluvial Processes in Geomor-
phology, (p267), Luna Leopold describes the concept of equilibrium as follows:

Despite difficulties of definition the concept of equilibrium is a useful one.  It im-
plies both an adjustability of the channel to changes in independent variables such
as load and discharge and a stability in form and profile.  The latter aspect, stabil-
ity, is implied in the distinction between grade (equilibrium) and aggradation or
degradation - the progressive building up or lowering of the channel bed.  The unit
of time here is significant; a channel in equilibrium may scour or fill.  Those are
short-lived changes.  ...  As a rule the condition of equilibrium has been observed,
measured or thought of in terms of some intermediate time scale.

Any single event may result in scour or deposition in a reach.  However, net fill or scour, in a reach, would
have to occur over a period of several years before the reach could be said to be aggrading or degrading.
Figure 1 shows the passage of a bed material wave at the USGS gaging station at Conner Hole (details of
the graph are discussed on page 2).  Figure 1 provides evidence that the riffle crest below the gage rose
from 1969 to 1975 and eroded from 1976 to 1983.  Figure 1 shows that a period of fill was followed by a
period of scour demonstrating Leopold's assertion that equilibrium acts on an intermediate time scale.  It is
my opinion that the mainstem of the Garcia River is in equilibrium when considered over a time scale of
approximately 10 to 20 years.

Figure 1 shows that equilibrium can be achieved, over a decade, by alternating scour and fill.  The pro-
cesses of aggradation and degradation require different management responses.  If the river is incising into
its bed it would be prudent to curtail all gravel extraction from the main stem in order to protect the aquatic
habitat and the bridges that cross the river.  If the river is aggrading steps should be take to decrease the
amount of sediment being delivered to the river.

The Garcia River is underlain by a clay layer in several locations.  In 1996, at least 80 linear feet of clay
were exposed along the right bank of the low flow channel on the Hooper property.  The floods of 1997
deposited material in the low flow channel covering the clay.  During the fall of 1990, the author observed
blue clay being excavated from a trench in the low water channel downstream of Conner Hole.  The



trench was being dug in an unsuccessful attempt to keep the low water channel against the right bank.  A
layer of cemented aggregate was observed during the summer of 1992 just upstream of Conner Hole.
During the summer of 1994 a layer of cemented aggregate was exposed at the upstream end of the ac-
cess road from the gravel processing plant near Windy Hollow Road.  The layer of cemented aggregate
was further exposed in 1997.

If the river starts to incise the underlying clay or cemented aggregate will be further exposed.  Exposure
of cemented aggregate or the clay layers would degrade the aquatic habitat by reducing the area suitable
for the production of benthic organisms.  Exposure of clay layers would also degrade the water quality by
introducing fine sediment directly into the water.

Long term monitoring of channel cross sections is an invaluable tool for observing trends in a river.
Changes in thalweg depth and water surface elevations can be monitored over time.  Recording the water
surface elevation is an important part of the cross section survey.  The water surface elevation gives a
clue as to whether the downstream control for the section is building or eroding.  Part of the variation in
the water surface elevation is due to changes in the flow from year to year.  However, annual changes in
flow account for only a couple of tenths of a foot of change in the water surface elevation.  This can be
demonstrated by looking at a rating table for the abandoned stream gaging station on the Garcia River..

The term "stage" refers to the elevation of the water surface relative to the gage datum.  A stream gaging
station records changes in the stage over time.  A rating table for a stream gaging station defines the rela-
tionship between the stage and the volume of flow or discharge.  The last rating table for Conner Hole
constructed by the USGS, No. 20, shows that when the stage is 2.1 feet the flow is 16.0 cfs.  Increasing
the stage by 0.1 foot to 2.2 feet results in the flow increasing to 25.5 cfs.  This is an increase of 9.5 cfs, or
a 60% increase in flow.  Increasing the stage to 2.3 feet increases the flow to 35.0 cfs which is more than
double the flow at 2.1 feet of stage.  Thus a 0.2 foot change in stage was sufficient to double the flow, for
the conditions that prevailed when rating No. 20 was constructed.  The actual change in flow for a 0.1
foot increase in stage depends on the actual conditions in the river.  However, the concept that during low
flow conditions, a small change in water surface elevation (~0.2 feet) can result in doubling the discharge
is an important consideration when evaluating cross sections.  Changes in the water surface elevation of
more than plus or minus 0.2 feet could be considered indicative of changes to the downstream control.
Thus, a drop of more than 0.2 feet in water surface might indicate that the downstream control eroded.
Similarly, a rise of more than 0.2 feet might indicate that material was deposited on the downstream con-
trol.

In April of 1991, Jackson prepared a graph of the stage for 100 cfs at the Conner Hole gaging station (see
Figure 1).  The data for the graph were obtained by looking at all of the available rating curves and reading
the stage which was required for 100 cfs of flow and for 10 cfs of flow.  The graph shows that the case
for 10 cfs mirrors the 100 cfs case.  Figure 1 shows that during the period, January 1969 to December
1969, the stage required for 100 cfs of flow was 3.5 feet.  By February 1975 the required stage to produce
100 cfs flow had risen to 5.6 feet, a 2.1 foot increase in six years, for an average rate of 0.35 foot per
year.  The increase in stage required to produce 100 cfs of flow indicates that the downstream control
(riffle crest) for the gaging pool must have risen.  This implies that the low water channel of the reach be-
low the gaging station aggraded relative to its 1969 condition.  By December 1982 the stage required for
100 cfs of flow had dropped to 3.0 feet, a drop of 2.6 feet in seven years, for an average rate of 0.37 feet
per year.  The decrease in stage required for 100 cfs of flow implies that the riffle crest below the gage
eroded, relative to its 1975 condition.  Figure 1 indicates that a wave of bed material passed the USGS
gaging station during the period January 1969 to September 1983, when the record ended because the sta-
tion was closed.
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The two year return period flood event is often used as an estimate of bankfull discharge or the dominate
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 c
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 b
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f c
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n.

Th
e 

G
ar

ci
a 

R
iv

er
 h

as
 p

ro
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ra
l s

uc
h 

cy
cl

es
 o

f h
ea

vy
 in

pu
t a

nd
 tr

an
sp

or
t f

ol
-

lo
w

ed
 b
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 re
du

ce
d 

tra
ns

po
rt 

po
w

er
.  

Th
es

e 
cy

cl
es

 re
su

lt 
in

 w
av

es
 o

f b
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 c
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t p
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 c
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 c
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 b
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 c
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 p
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1998 Garcia River Cross SectionsApril 1999
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rig

ht
 b

an
k 

(B
ar

 3
0)

.  
Th

e 
lo

w
 w

at
er

 c
ha

nn
el

 e
xp

an
de

d 
by

 7
7%

 si
nc

e 
19

93
 a

s t
he

th
al

w
eg

 lo
w

er
ed

 a
nd

 th
e 

ed
ge

 o
f B

ar
 3

0 
er

od
ed

.  
Th

e 
su

rf
ac

e 
of

 B
ar

 3
0 

ro
se

 a
s 

th
e 

th
al

w
eg

 d
ro

pp
ed

, s
up

-
po

rti
ng

 th
e 

no
tio

n 
th

at
 b

ar
 h

ei
gh

t h
el

ps
 m

ai
nt

ai
n 

a 
de

ep
 th

al
w

eg
. N

ot
e 

th
at

 th
e 

19
98

 b
ar

 su
rf

ac
e 

is
 a

bo
ut

0.
5 

fe
et

 lo
w

er
 th

an
 th

e 
19

97
 b

ar
 s

ur
fa

ce
.

A
 si

gn
ifi

ca
nt

 a
m

ou
nt

 o
f d

ep
os

iti
on

 o
cc

ur
re

d 
in

 th
e 

lo
w

 w
at

er
 c

ha
nn

el
 a

t c
ro

ss
 se

ct
io

n 
40

2 
in

 1
99

7.
  A

 p
or

-
tio

n 
of

 th
e 

m
at

er
ia

l d
ep

os
ite

d 
in

 1
99

7 
w

as
 e

ro
de

d 
in

 1
99

8.
 T

he
 1

99
8 

th
al

w
eg

 w
as

 ro
se

 -0
.8

 fe
et

 lo
w

er
 th

an
th

e 
19

93
 th

al
w

eg
. T

he
 1

99
8 

th
al

w
eg

 w
as

 1
.5

 fe
et

 lo
w

er
 th

an
 in

 1
99

7.
  T

he
 w

at
er

 su
rf

ac
e 

dr
op

pe
d 

-0
.7

fe
et

 re
la

tiv
e 

to
 1

99
3.

  T
he

 a
re

a 
be

lo
w

 w
at

er
 in

cr
ea

se
 b

y 
1.

5%
 re

la
tiv

e 
to

 1
99

3.
  S

in
ce

 1
99

3 
th

e 
ov

er
al

l
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ar
ea

 c
ro

ss
 se

ct
io

n 
ar

ea
 h

as
 d

ec
re

as
ed

 2
.7

%
 in

di
ca

tin
g 

a 
m

in
or

 a
m

ou
nt

 o
f d

ep
os

iti
on

. T
he

 su
rf

ac
e 

of
 th

e
ba

r a
nd

 th
al

w
eg

 h
av

e 
ris

en
, r

el
at

iv
e 

to
 1

99
3.

 T
he

 su
rf

ac
e 

of
 B

ar
 3

0 
ha

s e
ro

de
d 

re
la

tiv
e 

to
 it

s 1
99

7 
le

ve
l.

Th
e 

gr
ap

h 
of

 th
e 

B
ax

m
an

-3
 c

ro
ss

 se
ct

io
n,

 se
e 

A
pp

en
di

x,
 sh

ow
s t

ha
t a

pp
ro

xi
m

at
el

y 
5 

fe
et

 o
f m

at
er

ia
l h

as
be

en
 d

ep
os

ite
d 

on
 th

e 
ba

r s
in

ce
 1

99
1.

  M
os

t o
f t

he
 m

at
er

ia
l w

as
 d

ep
os

ite
d 

in
 1

99
3.

  T
he

 a
re

a 
ou

ts
id

e 
of

th
e 

lo
w

-w
at

er
 c

ha
nn

el
 d

ec
re

as
e 

to
 5

2%
-o

f i
ts

 1
99

3 
va

lu
e.

  T
he

 th
al

w
eg

 d
ro

pp
ed

 -2
.3

 fe
et

 fr
om

 1
99

1 
to

19
97

.  
M

os
t o

f t
he

 d
ro

p 
in

 th
al

w
eg

 e
le

va
tio

n 
oc

cu
rr

ed
 in

 1
99

4.
  S

in
ce

 1
99

3,
 th

e 
lo

w
-w

at
er

 c
ha

nn
el

 h
as

 in
-

cr
ea

se
d 

its
 a

re
a 

by
 2

.4
 ti

m
es

.  
Th

e 
w

at
er

 s
ur

fa
ce

 is
 -0

.6
 fe

et
 lo

w
er

 th
an

 it
 w

as
 in

 1
99

3.
  N

ot
e 

th
at

 th
e

dr
op

 in
 th

al
w

eg
 e

le
va

tio
n 

w
as

 a
cc

om
pa

ni
ed

 b
y 

an
 in

cr
ea

se
 in

 b
ar

 h
ei

gh
t.

B
et

w
ee

n 
19

93
 a

nd
 1

99
7,

 d
ep

os
iti

on
 o

n 
B

ar
 3

0 
ha

s c
au

se
d 

a 
-5

1%
 re

du
ct

io
n 

in
 a

re
a 

of
 th

e 
dr

y 
po

rti
on

 o
f

th
e 

ch
an

ne
l a

t c
ro

ss
 se

ct
io

n 
60

2.
  T

he
 th

al
w

eg
 h

as
 d

ro
pp

ed
 -1

.8
 fe

et
 re

la
tiv

e 
to

 1
99

3.
  T

he
 a

re
a 

of
 th

e 
lo

w
w

at
er

 c
ha

nn
el

 h
as

 in
cr

ea
se

d 
by

 9
%

, r
el

at
iv

e 
to

 1
99

3.
  T

he
 s

ur
fa

ce
 o

f B
ar

 3
0 

ro
se

 a
s 

th
e 

th
al

w
eg

 d
ro

pp
ed

.
Th

e 
lo

w
-w

at
er

 c
ha

nn
el

 h
as

 sh
ift

ed
 to

w
ar

ds
 th

e 
le

ft 
ba

nk
.  

A
 1

5 
fo

ot
 w

id
e 

sh
el

f h
as

 b
ee

n 
er

od
ed

 fr
om

 th
e

le
ft 

ba
nk

. T
he

 s
he

lf 
w

as
 a

t t
he

 s
am

e 
le

ve
l a

s 
th

e 
19

91
 b

ar
 s

ur
fa

ce
. T

he
 th

al
w

eg
 h

as
 s

hi
fte

d 
25

 fe
et

 a
nd

 is
no

w
 a

t t
he

 b
as

e 
of

 th
e 

le
ft 

(s
ou

th
) b

an
k.

Th
e 

lo
w

 w
at

er
 c

ha
nn

el
 o

f B
ax

m
an

-4
 sh

ow
s a

 p
ro

gr
es

si
ve

 sh
ift

 to
w

ar
ds

 th
e 

le
ft 

(s
ou

th
) b

an
k 

as
 th

e 
riv

er
er

od
ed

 th
e 

up
st

re
am

 e
nd

 o
f B

ar
 3

1 
an

d 
th

e 
do

w
ns

tre
am

 e
nd

 o
f B

ar
 3

0 
ha

s 
ex

te
nd

ed
 d

ow
ns

tre
am

.  
Th

e
th

al
w

eg
 e

le
va

tio
n 

ha
s d

ec
re

as
e 

-1
.5

 fe
et

 si
nc

e 
19

93
 b

ut
 it

 is
 o

nl
y 

-0
.2

 fe
et

 lo
w

er
 th

an
 it

 w
as

 in
 1

99
1.

 T
he

w
at

er
 su

rf
ac

e 
ha

s d
ro

pp
ed

 -1
.3

 fe
et

 si
nc

e 
19

93
 a

nd
 h

as
 th

e 
sa

m
e 

el
ev

at
io

n 
it 

ha
d 

in
 1

99
1.

Ju
st

 b
el

ow
 B

ax
m

an
-4

 th
e 

riv
er

 tu
rn

s 
to

w
ar

ds
 th

e 
no

rth
 (r

ig
ht

) a
nd

 s
ep

ar
at

es
 B

ar
 3

0 
fr

om
 B

ar
 3

1.
  B

ar
 3

0
ha

s e
xt

en
de

d 
do

w
ns

tre
am

 p
as

t c
ro

ss
 se

ct
io

n 
18

02
.  

Th
e 

lo
w

 w
at

er
 c

ha
nn

el
 h

as
 sh

ift
ed

 to
 th

e 
so

ut
h 

(le
ft)

ba
nk

.  
In

 1
99

7 
th

e 
lo

w
 fl

ow
 c

ha
nn

el
 o

cc
up

ie
d 

th
e 

fo
rm

er
 c

en
tra

l p
or

tio
n 

of
 B

ar
 3

1.
  T

he
 o

ve
rf

lo
w

 c
ha

nn
el

ad
ja

ce
nt

 to
 th

e 
rip

ar
ia

n 
fo

re
st

 o
n 

th
e 

so
ut

h 
ba

nk
 o

f B
ar

 3
1 

ha
s b

ee
n 

fil
le

d 
in

.  
A

 si
gn

ifi
ca

nt
 a

m
ou

nt
 o

f f
in

e
m

at
er

ia
l w

as
 d

ep
os

ite
d 

in
 th

e 
rip

ar
ia

n 
fo

re
st

.  
Th

e 
th

al
w

eg
 is

 -1
.8

 fe
et

 lo
w

er
 th

an
 it

 w
as

 in
 1

99
3 

an
d 

th
e

w
at

er
 su

rf
ac

e 
is

 0
.4

 fe
et

 h
ig

he
r t

ha
n 

it 
w

as
 in

 1
99

3.

B
ar

 3
1 

is
 b

ui
ld

in
g 

at
 th

e 
do

w
ns

tre
am

 e
nd

.  
Th

e 
he

ad
 o

f B
ar

 3
2,

 a
dj

ac
en

t t
o 

th
e 

pr
oc

es
si

ng
 p

la
nt

, h
as

er
od

ed
.  

In
 1

99
7 

th
e 

re
su

lt 
of

 th
es

e 
tw

o 
ev

en
ts

 w
as

 th
at

 th
e 

lo
w

 w
at

er
 c

ha
nn

el
 h

ad
 s

hi
fte

d 
fr

om
 n

ea
r t

he
le

ft 
ba

nk
 to

 th
e 

rig
ht

 b
an

k.
.  

Th
e 

lo
ss

 o
f m

at
er

ia
l f

ro
m

 th
e 

he
ad

 o
f B

ar
 3

2 
ha

s r
e-

ex
po

se
d 

a 
la

ye
r o

f c
e-

m
en

te
d 

ag
gr

eg
at

e.
 In

 1
99

8,
 th

e 
riv

er
 sh

ift
ed

 a
nd

 v
irt

ua
lly

 re
m

ov
ed

 B
ar

 3
2.

 T
he

 sh
ift

 o
f t

he
 ri

ve
r t

o 
th

e
rig

ht
 b

an
k 

w
as

 a
cc

om
pa

ni
ed

 b
y 

th
e 

ex
te

ns
io

n 
of

 B
ar

 3
1 

al
on

g 
th

e 
le

ft 
ba

nk
. B

ar
 3

1 
no

w
 e

xt
en

ds
 d

ow
n

pa
st

 c
ro

ss
 s

ec
tio

n 
82

2.

Th
e 

lo
w

-w
at

er
 c

ha
nn

el
 a

t c
ro

ss
 se

ct
io

n 
18

02
 h

as
 sh

ift
ed

 to
w

ar
ds

 th
e 

le
ft 

ba
nk

. T
he

 so
ut

h 
(le

ft)
 e

dg
e 

of
th

e 
lo

w
-w

at
er

 c
ha

nn
el

 is
 a

t t
he

 e
dg

e 
of

 th
e 

rip
ar

ia
n 

fo
re

st
 a

lo
ng

 B
ar

 3
1.

 B
ar

 3
0 

ha
s e

xt
en

de
d 

do
w

ns
tre

am
ab

ou
t 5

0 
fe

et
 a

nd
 th

e 
he

ad
 o

f B
ar

 3
1 

ha
s 

re
tre

at
ed

 a
 s

im
ila

r d
is

ta
nc

e.
 A

bo
ut

 2
 fe

et
 o

f f
in

e 
m

at
er

ia
l w

as
er

od
ed

 fr
om

 th
e 

19
97

 ri
pa

ria
n 

fo
re

st
 d

ep
os

it 
on

 th
e 

le
ft 

ba
nk

. A
bo

ut
 3

 fe
et

 o
f m

at
er

ia
l h

as
 b

ee
n 

de
po

si
te

d
in

 th
e 

se
co

nd
ar

y 
flo

w
 c

ha
nn

el
 n

ex
t t

o 
th

e 
er

os
io

n 
fe

nc
e 

on
 th

e 
le

ft 
ba

nk
.

In
 1

99
3 

cr
os

s 
se

ct
io

n 
80

2 
w

as
 a

t t
he

 u
ps

tre
am

 e
dg

e 
of

 th
e 

ex
po

se
d 

ce
m

en
te

d 
gr

av
el

s. 
Th

e 
gr

ap
h 

of
 th

e
cr

os
s 

se
ct

io
n 

su
gg

es
ts

 th
at

 th
e 

ce
m

en
te

d 
ag

gr
eg

at
e,

 a
t c

ro
ss

 s
ec

tio
n 

80
2,

 w
as

 e
ro

de
d 

aw
ay

 in
 1

99
5.

  I
n

19
97

 c
em

en
te

d 
ag

gr
eg

at
e 

w
as

 o
bs

er
ve

d 
40

 fe
et

 u
ps

tre
am

 o
f B

ax
m

an
-6

 o
r a

bo
ut

 1
40

 fe
et

 d
ow

ns
tre

am
 o

f
its

 lo
ca

tio
n 

in
 1

99
3.

  T
ab

le
 4

 sh
ow

s t
ha

t t
he

 th
al

w
eg

 1
99

8 
dr

op
pe

d 
-1

.1
 fe

et
 fr

om
 th

e 
19

93
 le

ve
l. 

 T
ab

le
 4

al
so

 s
ho

w
s 

th
at

 th
e 

19
98

 w
at

er
 s

ur
fa

ce
 h

as
 ri

se
n 

0.
2 

fe
et

 s
in

ce
 1

99
3.

  T
he

 T
ab

le
 4

 s
ho

w
s 

th
at

 th
e 

ar
ea

 o
f

th
e 

lo
w

-w
at

er
 c

ha
nn

el
 in

cr
ea

se
d 

20
0%

 b
et

w
ee

n 
19

93
 a

nd
 1

99
8.

  T
he

 g
ra

ph
 o

f t
he

 c
ro

ss
 se

ct
io

n 
in

di
ca

te
s
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th
at

 th
e 

rig
ht

 (n
or

th
) e

dg
e 

of
 th

e 
ch

an
ne

l e
ro

de
d 

re
la

tiv
e 

to
 1

99
3 

an
d 

th
at

 th
er

e 
w

as
 d

ep
os

iti
on

 o
n 

th
e 

le
ft

ba
nk

.

In
 1

99
1,

 th
e 

lo
w

-w
at

er
 c

ha
nn

el
 a

t B
ax

m
an

-6
 w

as
 a

t t
he

 b
as

e 
of

 th
e 

le
ft 

(s
ou

th
) b

an
k.

 In
 1

99
7,

 th
e 

lo
w

-
w

at
er

 c
ha

nn
el

 sh
ift

ed
 to

 n
ea

r t
he

 ri
gh

t (
no

rth
) b

an
k.

 H
ow

ev
er

, t
he

 lo
w

-w
at

er
 c

ha
nn

el
 re

tu
rn

ed
 to

 th
e 

le
ft

(s
ou

th
) b

an
k 

a 
fe

w
 fe

et
 b

el
ow

 B
ax

m
an

-6
, i

n 
19

97
. I

n 
19

98
, t

he
 lo

w
-w

at
er

 c
ha

nn
el

 sh
ift

ed
 a

no
th

er
 2

5 
fe

et
to

 th
e 

no
rth

 b
ut

, t
he

 lo
w

-w
at

er
 c

ha
nn

el
 re

m
ai

ne
d 

al
on

g 
th

e 
rig

ht
 (n

or
th

) b
an

k.
 A

t t
he

 sa
m

e 
tim

e,
 B

ar
 3

1
w

as
 e

xt
en

de
d 

do
w

ns
tre

am
 to

 c
ro

ss
 se

ct
io

n 
82

2,
 B

ar
 3

1 
is

 a
tta

ch
ed

 to
 th

e 
le

ft 
(s

ou
th

) b
an

k.

Th
e 

lo
w

 w
at

er
 c

ha
nn

el
 a

t B
ax

m
an

-6
 w

en
t f

ro
m

 2
0 

fe
et

 in
 w

id
th

 in
 1

99
1 

to
 7

5 
fe

et
 in

 w
id

th
 in

 1
99

6 
an

d
ba

ck
 to

 3
5 

fe
et

 in
 w

id
th

 in
 1

99
7.

 In
 1

99
8,

 th
e 

lo
w

 w
at

er
 c

ha
nn

el
 w

as
 a

bo
ut

 4
8 

fe
et

 w
id

e.
  M

os
t o

f t
hi

s i
n-

cr
ea

se
 in

 w
id

th
 o

cc
ur

re
d 

du
rin

g 
th

e 
w

in
te

r o
f 1

99
3-

94
.  

Th
e 

in
cr

ea
se

 in
 w

id
th

 o
f t

he
 lo

w
 w

at
er

 c
ha

nn
el

, i
n

19
94

, a
pp

ea
rs

 to
 h

av
e 

se
t u

p 
co

nd
iti

on
s t

o 
pr

om
ot

e 
de

po
si

tio
n 

on
 th

e 
do

w
ns

tre
am

 e
nd

 o
f B

ar
 3

1.
  T

he
19

98
 w

at
er

 su
rf

ac
e 

el
ev

at
io

n 
an

d 
th

al
w

eg
 e

le
va

tio
n 

ar
e 

al
m

os
t e

qu
al

 to
 th

ei
r 1

99
3 

va
lu

es
.

In
 1

99
7,

 so
m

e 
tre

es
 fe

ll 
ov

er
 u

ps
tre

am
 o

f c
ro

ss
 se

ct
io

n 
82

2 
on

 th
e 

le
ft 

(s
ou

th
) b

an
k.

  T
he

se
 tr

ee
s a

pp
ea

r
to

 h
av

e 
he

lp
ed

 c
re

at
e 

a 
sc

ou
r p

oo
l w

hi
ch

 w
as

 -1
.6

 fe
et

 d
ee

pe
r i

n 
19

97
 th

an
 in

 1
99

3.
  H

ow
ev

er
, i

n 
19

98
th

e 
en

d 
of

 B
ar

 3
1 

ex
te

nd
ed

 d
ow

ns
tre

am
 a

nd
 b

ur
ie

d 
th

e 
sc

ou
r h

ol
e 

th
at

 fo
rm

ed
 in

 1
99

7.
 A

 b
ac

kw
at

er
 a

re
a

fo
rm

ed
 b

et
w

ee
n 

B
ar

 3
1 

an
d 

th
e 

le
ft 

ba
nk

. T
he

 b
as

e 
of

 th
e 

le
ft 

ba
nk

 w
as

 e
ro

de
d.

  T
he

 e
xt

en
si

on
 o

f B
ar

 3
1

do
w

ns
tre

am
 w

as
 a

cc
om

pa
ni

ed
 b

y 
a 

sh
ift

 in
 th

e 
lo

w
-w

at
er

 c
ha

nn
el

 to
w

ar
ds

 th
e 

rig
ht

 (n
or

th
) b

an
k.

  T
he

sh
ift

 o
f t

he
 lo

w
-w

at
er

 c
ha

nn
el

 e
ro

de
d 

ab
ou

t 3
0 

fe
et

 fr
om

 th
e 

ed
ge

 o
f B

ar
 3

2.
  B

ar
 3

2 
ha

s b
ee

n 
al

m
os

t
co

m
pl

et
el

y 
re

pl
ac

ed
 b

y 
B

ar
 3

1.

Th
e 

el
ev

at
io

n 
of

 th
e 

th
al

w
eg

 a
t e

ac
h 

cr
os

s 
se

ct
io

n 
ha

s 
flu

ct
ua

te
d 

a 
lit

tle
 fr

om
 y

ea
r t

o 
ye

ar
.  

Th
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er
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19
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ou
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.  
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m
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g 
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ns
t t
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k 

an
d 
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e 
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.  
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e 
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ne
l w
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 b
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e 
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  T
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 d

ow
ns
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f t
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 c
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e.
  T
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ft 
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 p

or
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n 
of

 th
e 

19
97

 a
nd

 1
99

8 
cr

os
s s

ec
tio

ns
 is
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flu

en
ce
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e
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.

Th
e 

19
97
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nd

 1
99

8 
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ng
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e 
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g 
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e 

19
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ft 
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 p
in

 to
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19

91
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k 
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n 

w
as
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po

se
d 

on
 th

e 
gr
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h 

of
 th

e 
19

91
 a

nd
 1

99
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su
rv

ey
s. 

 E
ve

n 
th

ou
gh

 th
e 

19
97

 a
nd

 1
99

8 
cr

os
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ec
tio

ns
w

er
e 

no
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ed
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ly
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n 
th

e 
19

91
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ro
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ct

io
n 
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 c
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ug

h 
to

 in
di

ca
te

 th
e 

ge
ne
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l c

on
di

tio
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in
 th

e 
ch

an
ne
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 A

 si
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nt
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nt
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f m
at

er
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as
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ro

de
d 

fr
om

 th
e 

ba
r o

n 
th

e 
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ht
 b

an
k.

  L
ik
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 a

si
gn
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ca

nt
 a

m
ou

nt
 o

f m
at

er
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as

 d
ep
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in
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e 

lo
w

 w
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er
 c

ha
nn

el
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om

 1
99

1 
to

 1
99

3 
th

e 
w

at
er

 su
rf

ac
e,
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r t

he
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ow
ns

tre
am

 c
ro

ss
 se
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n,
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ed
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.6
 fe

et
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di
ca
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g 
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e 
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w
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 c
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de
d 

by
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e 
19
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m
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 T
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w

eg
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t t
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 d
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 se
ct

io
n,

ro
se

 0
.2

 fe
et
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 sh
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ed
 to

 th
e 
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ht

 b
an
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et
w

ee
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19
91
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nd

 1
99

3.
  T
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 c
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e 
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w
eg

 fr
om

 1
99

1
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 1
99

3 
m

ay
 b

e 
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e 
to

 th
e 

sl
um

pi
ng

 o
f t
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 le

ft 
ba
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e 
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f 1
99
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 d

ep
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ite
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et
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f
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er
ia

l o
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ar
ily

 in
 th

e 
rip
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r t
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w
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at
er

 c
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el
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e 
19
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er
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.9
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et
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he
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99
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g 
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am

 c
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tro
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  T
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eg
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ng
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e 
19

96
 c
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n 
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 1
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 fe
et

 h
ig

he
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n 

th
e 
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w
eg
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d 
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on
g 

th
e

19
91

 c
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 se

ct
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n 
in

 1
99

1.
  T
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ep
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ite
d 

m
at

er
ia

l m
ay

 b
e 
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e 

re
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lt 
of
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e 
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f t
he
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ft 

ba
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nd

m
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er
ia

l t
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rte
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om
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e 
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e 
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nk
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re
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.  
A
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 th
e 
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ac
e 

of
 th

e 
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r l
os

t u
p 

to
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o 
fe

et
of

 m
at

er
ia

l a
cr

os
s a

 si
gn

ifi
ca

nt
 p

or
tio

n 
of

 it
s w

id
th

 b
et

w
ee

n 
19

93
 a

nd
 1

99
6.

  C
om

pa
re

d 
to

 th
e 

19
91

 d
at

a,
th

e 
19

96
 w

at
er

 s
ur
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ce

 e
le

va
tio

n 
ro

se
 a

bo
ut

 0
.3

 fe
et

, a
t t

he
 d

ow
ns

tre
am

 c
ro

ss
 s

ec
tio

n,
 a

nd
 th

e 
th

al
w

eg
ro

se
 1

.4
 fe

et
.  

Th
e 
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e 

in
 b

ot
h 

w
at

er
 su

rf
ac

e 
an

d 
th

al
w

eg
 e

le
va

tio
n 

m
ay

 b
e 

th
e 

re
su

lt 
of

 th
e 

de
po

si
tio

n 
of

be
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oa
d 

co
nt

rib
ut

ed
 to

 th
e 

riv
er

 b
y 

th
e 

19
95

 b
an

k 
fa

ilu
re

 u
ps

tre
am

 a
nd

 b
y 

th
e 

sl
um

pi
ng

 o
f t

he
 le

ft 
ba

nk
 a

t
th

e 
cr

os
s 

se
ct

io
n.

Ta
bl

e 
6 
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ve

s t
he

 c
ro

ss
 se

ct
io

na
l a

re
a 

fo
r t

he
 K

en
da

ll 
cr

os
s s

ec
tio

ns
.  

Th
e 

19
96

 u
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tre
am

 c
ro

ss
 se

ct
io

n
cr

os
s 

th
e 

st
re

am
 a

t a
 d

iff
er

en
t a

ng
le

 th
an

 c
ro

ss
 s

ec
tio

ns
 s

ur
ve

ye
d 

in
 p

re
vi

ou
s 

ye
ar

s, 
th

er
ef

or
e,
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s 

ar
ea

 is
no

t c
om

pa
ra

bl
e 

to
 th

e 
ot

he
r t

w
o 

ye
ar

s. 
 T

he
 a

re
a 

of
 th

e 
19

97
 a

nd
 1

99
8 

cr
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s s
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ot

 st
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y
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m

pa
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bl
e 

to
 th

e 
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ea
 o

f t
he

 1
99

1 
an

d 
19

93
 c

ro
ss

 se
ct

io
ns
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ow

ev
er

, T
ab

le
 6

 d
oe

s c
om

pa
re

 th
e 

19
97

an
d 

19
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ro
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ec
tio

n 
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e 

19
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 c
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f t
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 c
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cr
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se
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by
 1

%
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et
w

ee
n 

19
91

 a
nd

 1
99

7.
  T

he
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re
a 

of
 th

e 
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y
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an
ne

l i
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ed
 b
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39

%
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e 
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 o

f t
he
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w
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er
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n 
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by
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e 
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po
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w
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 c
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en
tia

lly
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n 
fr
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 th

e 
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r. 
 T

he
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re
a 

be
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w
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e 
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w
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er
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 b
y 
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g 
th

e 
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fe
ct
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f t
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ft 
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e 
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 th

e 
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f t
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 lo
w
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 c
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el

an
d 

th
e 
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tio
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in
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e 

lo
w
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er
 c
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.  

O
f c
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m
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om
 th

e 
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d 
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w
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tre
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nd
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 n

ot
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m
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e 
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w
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at

er
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s c
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ct
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A
pp

en
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x,
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d 
K

en
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ll 
D

ow
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tr
ea

m
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 S
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tio
n 
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he
d 

in
 1

99
6,

 s
ho

w
s

th
e 

19
97

 a
nd

 1
99

8 
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os
s s

ec
tio
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d 
on

 th
e 

19
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 c
ro
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 se

ct
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n.
  T
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 th
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t d

ow
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ft 
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 b
et
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ee
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15

0 
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 1
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om

 th
e
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 b
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  T
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nt
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19
97

, s
o 

th
e 

w
et
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d 
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an

ne
l a

ct
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lly
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ed
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m
e 
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an
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 u
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er
 th

e 
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id
e.

  T
he

 sl
id

e 
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 m
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e 

m
at
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l i
n 

19
97

.  
M

at
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l w
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o 
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e r
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k 
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 in

 1
99

7.
  S

ig
ni

fic
an

t d
ep

os
iti

on
 o
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ur

re
d 

in
 th

e l
ow
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at

er
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ne

l, 
in

 1
99

7,
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lti

ng
in

 a
 6
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io
n 
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 o

f t
he

 lo
w
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er
 c
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Th
e 

w
at

er
 s

ur
fa

ce
 a

nd
 th
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w

eg
 b

ot
h 
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0.

2 
fe

et
 b

et
w

ee
n 

19
96

 a
nd

 1
99

7.

In
 1

99
8,

 th
e 

rig
ht

 b
an

k 
ba

r w
as

 w
as

 re
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ac
ed

 b
y 

th
e 

lo
w

-w
at

er
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ha
nn

el
, a

t t
he

 d
ow
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tre

am
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ro
ss

 se
ct

io
ns

.
A

-g
ra

ve
l b

er
m

 fo
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ed
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lo
ng

 th
e 

ba
se

 o
f t

he
 le

ft 
(s

ou
th

) b
an

k.
  T

he
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 w
as

 a
 b
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at
er

 a
re

a 
be
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ee

n 
th

e
gr
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el

 b
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m
 a

nd
 th

e 
le

ft 
ba
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19
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 c
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99
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 re
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-
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e 
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 o
f t

he
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gh
t b

an
k 

ba
r. 

 T
he

 th
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w
eg
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 1
.9

 fe
et
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nd

 th
e 

w
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er
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ur
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 ro
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 a

bo
ut

 1
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ll 
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at
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 b
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 b
e 
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e 
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 d
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w
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 c
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19
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 1
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s d
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  T
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 d
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 c
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 b
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e 
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 b
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r w
as

 si
gn
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w
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w

 c
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e 
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of
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e 
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Th
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la
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ba
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 c
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 K

en
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ll'
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ay
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e 

be
en
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e 

re
su

lt 
of

 a
lte

ra
tio
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 in
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e 
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an

ne
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f
th

e 
K

en
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ll 
be

nd
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 c
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ed
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ow
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e 
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er
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ro
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he
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lls
id

e 
on

 th
e 

so
ut

h 
(le

ft)
 b

an
k 
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e
K

en
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ll 
be

nd
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om

 B
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M

an
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te

r R
an
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er
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la
te

 1
98
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s p
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si

bl
y
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us

in
g 

th
e 

lo
w

 w
at

er
 c

ha
nn

el
 to

 sh
ift

 to
 th

e 
le

ft 
ba
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er
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nd
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nt
ly
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nt

er
in

g 
th

e 
K

en
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ll 
be
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fu
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er
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ow
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an
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 d
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 in
 1
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  A
no

th
er

 p
os

si
bi

lit
y 

is
 th

at
 th

e 
se

di
m

en
t w

av
e,

 sh
ow

n 
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 F
ig

ur
e 

1,
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us
ed

 B
ar

 2
5 

on
 th

e 
up

st
re

am
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de
 o

f t
he

 K
en

da
ll 

be
nd

 to
 b

ui
ld

 re
su

lti
ng

 in
 th

e 
riv

er
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nt
er

in
g 
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e 
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rn
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r-

th
er

 d
ow
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tre
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Th
e 

th
al

w
eg

 a
nd
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at

er
 su

rf
ac

e 
ro

se
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gn
ifi

ca
nt

ly
 a

t d
ow

ns
tre

am
 c
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ct
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et

w
ee
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19

97
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nd
 1

99
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ow

ev
er

, t
he

 w
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er
 s

ur
fa

ce
 a

nd
 th

al
w

eg
 b

ot
h 

de
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in
ed
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t t

he
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tre

am
 c
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tio
n 

be
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ee
n 

19
97

 a
nd

19
98

.  
Th

er
ef

or
e,
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e 

ch
an

ne
l s

lo
pe
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 b
ee

n 
de

cr
ea

se
d 

th
ro

ug
h 

th
e 

re
ac

h.
  C

on
se

qu
en

tly
, w

e 
w

ou
ld

 e
x-

pe
ct

 to
 o

bs
er

ve
 d

ep
os

iti
on

 th
ro

ug
h 

th
e 

re
ac

h 
on

 th
e 

19
99

 su
rv

ey
.

Th
e 

im
pa

ct
 o

f t
he

 K
en

da
ll 

ba
nk

 c
ol

la
ps

e 
w

as
 fe

lt 
th

ro
ug

h 
th

e 
be

nt
on

ite
 m

on
ito

rin
g 

se
ct

io
n 

m
ai

nl
y 
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 d

ep
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si
tio

n 
on

 th
e 
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 w
ith
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ttl

e 
to

 n
o 

de
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si
tio

n 
in

 th
e 

lo
w

 fl
ow

 c
ha

nn
el

.  
B

ec
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se
 o

f t
he
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 o
f t

he
 b

an
k 
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l-
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e 
an

d 
th

e 
cl
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e 

pr
ox

im
ity

 o
f t

he
 K

en
da

ll 
cr
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s s

ec
tio

ns
 to

 th
e 

ba
nk

 c
ol

la
ps

e 
th

e 
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ta
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r t
he

se
 tw

o
cr

os
s s

ec
tio

ns
 c

an
 n

ot
 b

e 
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ed
 to

 ju
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e 
if 

th
e 

G
ar

ci
a 

R
iv

er
 is

 in
 d

yn
am

ic
 e

qu
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iu

m
 fo

r t
he

 p
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io
d 

19
91

th
ro

ug
h 

19
98

.

H
oo

pe
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C
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:
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 1

99
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M
C

W
A
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d 

fo
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 c
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 s
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tio

ns
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t H
oo

pe
r's
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s 
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 p
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Figure 13. Comparison of the 1963 slope-area measurement with three cross sections derived from cableway discharge measurements.

U.S.G.S. Garcia River Station
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Figure 14. USGS slope-area surveys from 1956 and 1963 compared to the 1996 and 1998 surveys
Garcia River at Conner Hole
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Figure 15. Thalweg elevations derived from cableway discharge measurements at the Conner Hole gaging station on the Garcia River.
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Table 9(a). Water surface and thalweg elevations for the Conner Hole cross sections.

Table 9(b). Maximum water depths for the Conner Hole cross sections.

Table 9(c). Relative changes in the water surface and thalweg elevations for the Conner Hole cross sections.

1991 1993 1995 1996 1997(a)(b) 1998
Cross Section Water Thalweg Water Thalweg Water Thalweg Water Thalweg Water Thalweg Water Thalweg
Cableway 57.4 54.9 58.7 54.5 58.2 54.4 56.7 54.5 56.8 52.0 57.1 53.9
MCWA-2 57.4 56.1 56.7 55.8 56.8 54.7 57.1 56.0
MCWA-3 57.3 56.8 58.7 55.8 56.0 55.2 56.8 55.3 56.6 55.8

1991 1993 1995 1996 1997(a)(b) 1998
Cross Section
MCWA-1
MCWA-2
MCWA-3

Maximum Depth
3.2
1.1
0.8

Maximum Depth
4.8
2.1
1.5

Maximum Depth
2.2
0.9
0.8

Maximum Depth
3.8

Maximum Depth
4.2

2.9

Maximum Depth
2.5
1.3
0.6

1991 1993 1995 1996 1997(a)(b) 1998
Cross Section Water Thalweg Water Thalweg Water Thalweg Water Thalweg Water Thalweg Water Thalweg
MCWA-1 0.0 0.0 1.3 -0.4 0.8 -0.5 -0.8 -0.4 -0.6 -2.9 -0.3 -1.0
MCWA-2 0.0 0.0 -0.7 -0.3 -0.6 -1.4 -0.3 -0.1
MCWA-3 0.0 0.0 1.3 -1.0 -1.4 -1.6 -0.5 -1.4 -0.8 -1.0
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Table 10. Cross section area and relative changes in cross section area for the Conner Hole cross sections.

Total Area Total Relative Area Relative
Outside of Area of Outside of Area of

Total Low-Water Low-Water Total Relative Low-Water Low-Water Relative
Area Channel Channel Area Area Channel Channel Area

Cross Reference Below Below Below Below Below Below Below Below
Section Elevation Year Reference Reference Reference Water Reference Reference Reference Water

Cableway 70.20 1991 2070 1326 744 28 100% 100% 100% 100%
Cableway 1993 2052 1037 1015 200 99% 78% 136% 723%
Cableway 1995 1750 902 848 322 85% 68% 114% 1166%
Cableway 1996 1833 1097 736 72 89% 83% 99% 261%
Cableway 1997 2024 1251 773 89 98% 94% 104% 323%
Cableway 1998 2431 1453 978 228 117% 110% 131% 825%

Conner XS-2 73.02 1991 2706 1516 1190 66 100% 100% 100% 100%
Conner XS-2 1993 n/a n/a n/a n/a n/a n/a n/a n/a
Conner XS-2 1995 n/a n/a n/a n/a n/a n/a n/a n/a
Conner XS-2 1996 2806 1850 955 24 104% 122% 80% 36%
Conner XS-2 1997 2933 958 1974 122 108% 63% 166% 186%
Conner XS-2 1998 2688 1669 1019 71 99% 110% 86% 108%

Conner XS-3 69.73 1991 2442 1829 613 18 100% 100% 100% 100%
Conner XS-3 1993 2656 680 1976 44 109% 37% 323% 251%
Conner XS-3 1995 n/a n/a n/a n/a n/a n/a n/a n/a
Conner XS-3 1996 2647 2293 354 10 108% 125% 58% 54%
Conner XS-3 1997 2809 1697 1112 77 115% 93% 182% 436%
Conner XS-3 1998 2581 2093 488 60 106% 114% 80% 338%
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Figure 16.  Water surface profiles for Conner Hole.

Figure 17.  Thalweg profiles for Conner Hole.
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The above regression explains 78.8% of the variation (R2 = 0.7886) in the thalweg elevation observed dur-
ing discharge measurements.  This equation can only be used with confidence for flows less than 9,560
cfs.

Nine of the 19 cableway measurements were taken in 1969 and 1970.  This clustering of the cableway
measurements makes comparing the thalweg elevation observed during discharge measurements to the
gage height at 100 cfs difficult.  However, there does appear to be a weak correspondence between the
observed thalweg elevation and the stage required for 100 cfs flow.  The observed thalweg during flow
measurements fluctuated between +1.1 and -5.8 feet gage height for the 19 cableway measurements
made between January 5, 1965 and April 28, 1983.  The summer thalweg elevation would probably be
equal to or higher than the observed thalweg elevation of a cableway discharge measurement.  This is be-
cause late spring and early summer discharges would have a tendency to deposit material in the thalweg.
Thus, the summertime thalweg elevation was never lower than the thalweg elevation observed during
flow measurements for the period when the USGS station was active.

All the surveyed thalweg elevations fall within the range, +1.5 and -2.5 feet gage height, except for the
August 1997 survey.  The August 1997 thalweg measurement, -3.3 feet gage height, is the lowest sur-
veyed thalweg elevation recorded since 1955.  This drop in thalweg elevation might be the result of the
passage of the sediment wave followed by a dry period from 1984 to 1992 plus the removal of bed mate-
rial by the gravel mining operation just upstream at Buckridge Road from 1986 to 1996.

The discussion about the origin of the sediment wave, see page 8, suggests that the series of large flows
that began in 1993 could result in another sediment wave traveling down the Garcia.  The sediment wave
could take several years to reach Conner Hole because the number of slides that terminate in the river is
higher upstream of Eureka Hill Road than below it.  Material delivered to the river above Eureka Hill
Bridge could take several storms, and therefore several years, to be transported down to Conner Hole.
Thus, the thalweg at Conner Hole might lower until material from upstream arrives.

The gravel mining at Buckridge Road removed a significant amount of gravel from the riverbed between
1986 and 1996.  The removal of this material has created conditions that favor deposition.  The tendency
for material to be deposited in the Buckridge area will decrease the amount of material that is available to
be transported downstream to Conner Hole until the bars build to their pre-mining size.  Thus, it is possible
that the thalweg at Conner Hole may be expected to drop in elevation in response to large storm events
until the Buckridge area has recovered from the effects of mining.

Figure 14 shows that the lower part of the channel appears have increased in width by 50% since 1956.
The increase in width has occurred at the expense of the gravel bar on the right bank.  The 26,300 cfs
flood event in 1956 may have deposited a significant amount of material on the right bank gravel bar.  Bed
material is stored on this bar between flood events.  The erosion of this bar, relative to 1956, suggests a
decrease in local availability of bed material from 1956 to 1997.  This is consistent with the above discus-
sion concerning the passage of the sediment wave and the impact of gravel mining at Buckridge Road.

Olsen Creek, the tributary, just upstream of the cableway, did not deposit sufficient material in its delta to
be visible on either the 1956 or 1963 cross section.  The 1995 event formed a large deposit at the mouth
of the tributary.  This deposit is the "hump" on the cross section between 145 feet and 185 feet on Figure
14 and the graph of the cableway cross sections in the appendix.  It would be useful to find out the land
use history of the watershed drained by the tributary that enters the Garcia just upstream of the cableway
on the right (north) bank.

Table 9 shows the water surface and thalweg elevations.  Table 10 gives the cross sectional area data for
the surveys since 1991.  The graph, in the appendix, labeled Cross Section at Cableway shows the cable-
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way surveys from 1991, 1993, 1995-1998.  The floods of 1993 eroded the right bank gravel bar, relative to
1991.  The 1993 floods also appear to have built up the downstream riffle that controls flow out of the
pool because the October 1993 water surface is 1.3 feet higher than the July 1991 water  surface (Table
9).  The higher 1993 water surface prevented the rod man from crossing the river on the cross section, as
indicated by the missing 1993 data.  The 1995 flood, the largest recorded at this location, deposited mate-
rial on the right bank gravel bar.

However, most of the material deposited by the 1995 flood was concentrated in the delta that formed at
the mouth of Olsen Creek, the small tributary on the right bank just upstream of the cableway. Table 10
shows that the delta deposits resulted in an 16% decrease in cross sectional area from 1991 to 1995.
Table 10 also shows that the total cross section area of the cableway cross section has been expanding
since 1995, indicating that erosion has been outpacing deposition at the cross section.

The summer water surface reached its maximum elevation (58.7 feet) during the 1993 survey, indicating
that the downstream control reached its maximum elevation.  The water surface progressively lowered
until it reached its lowest level (56.7 feet) in 1996.  Since 1996, the control appears to have been building
since the water surface elevation has been progressively rising. In 1998, the water surface was 57.1 feet,
only 0.3 feet lower than it was in 1991.

The thalweg at the cableway cross section was nearly constant between 1991 and 1996 with its value
ranging from 54.4 to 54.9 feet.  In 1997, the thalweg dropped to 52.0 feet.  In 1998, the thalweg rose to
53.9 feet, only 0.5 feet lower than it was in 1991.

Figure 1 shows that in 1983 a stage of 2.05 feet (57.2 feet NVGD) was required to produce a flow of 10
cfs.  The 1983 rating table shows that at a stage of 2.3 feet (57.6 feet NVGD) the flow was 35  cfs.  In
1991 the water surface elevation was 57.4 feet NVGD.  It is reasonable to assume that the flow, on the
date of the 1991 survey, was in the range from 10 cfs to 35 cfs.  Therefore, the elevation of the control
riffle in 1991 was about the same as in 1983.

The second cross section is about 180 feet downstream of the cableway at the site of a footbridge.  The
footbridge is no longer in existence but, its foundation is clearly visible on the right bank.  This cross sec-
tion was surveyed in 1991, 1996, 1997 and 1998.  The graph of Cross Section 2 at Abandoned Footbridge
(appendix) shows the results of the four surveys.  The thalweg dropped -0.3 feet between 1991 and 1996.
The thalweg dropped an additional -1.1 feet in 1997. In 1998, the thalweg returned to its 1996 level.  The
water surface dropped 0.7 feet between 1991 and 1996 (Table 8).  The water surface rose 0.1 feet in
1997.  In 1998, the water surface rose, relative to 1997, and was -0.3 feet lower than it was in 1991

Between 1991 and 1996 approximately 3 feet of bed material was eroded from the right bank gravel bar
and some material was deposited at the bottom of the left bank.  The erosion of the right bank bar contin-
ued in 1997.  After the 1997 event, the right bank bar had been replaced by a deep backwater area.  The
1997 water surface extended completely across the bottom of the channel.  However, a submerged rem-
nant of the right bank bar remains as a mid-channel bar or shoal.  The floods of 1998 deposited a signifi-
cant amount of material on the right bank which, buried the backwater that formed in 1997.

The erosion of the bed between 1991 and 1996 resulted in a 3% increase in cross section area (Table 9).
The additional erosion in 1997 increased the cross section area an additional 5%. The deposition on the
right bank in 1998 has returned the cross section area to almost exactly what it was in 1991.

The third cross section is about 90 feet downstream of the second cross section.  The right bank end is
about 38 feet downstream of the right end of the second cross section.  After this cross section was es-
tablished in 1991. Rau and Associates' Ishizaki cross section No. 5 intersects MCWA’s cross section 3 in
mid-channel.  Cross section 3 was surveyed in 1991, 1993, 1996-1998.  The graph labeled Downstream of
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Footbridge (appendix) shows the data from the five surveys.  The 1991 data shows a peak at 45 feet from
the left bank.  This peak is the berm constructed by Bedrock in October of 1990 in an unsuccessful at-
tempt at keeping the river in its low water channel along the far right edge of Bar 14.

Table 9 shows that the cross section eroded (increase in area) from 1991 through 1997.  There was some
deposition in 1998 since the cross section area decreased from its 1997 value. However, erosion of the
cross section dominated from 1991 through 1998 since the area in 1998 was greater than the area in 1991.

In 1991, a riffle occupied the low flow channel at cross section 3.  This riffle was the control for the gag-
ing station pool.  The crest of the riffle was just upstream of cross section 3.  The flood of 1993 eradi-
cated the berm constructed by Bedrock and built up the downstream control.  Between 1991 and 1993,
the thalweg dropped 1 foot and the water surface rose 1.3 feet (Table 9).  The drop in the thalweg and
rise in water surface resulted in an 8% increase in cross section area (Table 10).  The 1993 survey shows
that the low flow channel occupied the entire channel bottom.  The 1993 flood completely buried the 1991
low flow channel and shifted the thalweg from near the left bank to the base of the right bank.

By 1996, the left bank bar had re-emerged as the upstream extension of bar 14 as the water surface
dropped -2.7 feet relative to 1993.  The thalweg lowered another -0.6 feet between 1993 and 1996 (Table
9) and shifted away from the bottom of the right bank.  In 1996, a riffle again occupied the low flow chan-
nel at cross section 3 and the control for the gaging station pool was at the top of the riffle.

In 1997, the thalweg was once again at the base of the right (north) bank.  The water surface rose 0.8
feet and the thalweg rose 0.1 feet, relative to 1996.  In 1998, the declined an additional -0.3 feet, relative
to 1997.  The thalweg rose 0.4 feet from 1997 to 1998.

Part of the decline in the water surface and thalweg elevation at cross section 3 might be explained by the
1993 shift in the low water channel at Bar 14 just downstream.  The surface of Bar 14 had been signifi-
cantly lowered by gravel extraction between 1988 and 1990.  The lower bar surface was not able to topo-
graphically steer the river around the right edge of Bar 14 resulting in the river cutting through the bar.

The width of the river channel increases downstream as the center of Bar 14 is approached.  The USGS
slope-area topographic map clearly shows the widening of the channel.  A copy of the USGS map is
available at the MCWA office.  The downstream widening of the channel may explain why the 1993
flood event deposited 1.3 feet of material on the control downstream of cross section 3.

Taken together, the three cross sections at Conner Hole show that events like the 1993, 1995 and 1997
floods may deposit material in the pool and on the riffle, but the deposited material is soon eroded away.
The data from these three cross sections do not support the idea that the Garcia River is aggradding at
Conner Hole.  The data show that both the 1996 - 1998 thalweg and water surface elevations were lower
than they were in 1991, at all three cross sections.  Given the decline in water surface and thalweg eleva-
tions it is possible that the river is beginning to incise at Conner Hole.  This may be a direct impact of the
gravel mining that occurred on Bars 11 and 12 upstream from 1986 through 1996 and the the 1988 mining
downstream at Bar 14.

Figure 15 supports the notion that, for the period 1956 through 1996, the Conner Hole reach was in dy-
namic equilibrium.  However, the continued lowered water surface and thalweg elevations in 1998 gives
rise to a concern that further incision may occur at Conner Hole.  Figure 1 and Figure 15 suggest that a
sediment wave moved passed Conner Hole between 1963 and 1983.  Figure 2 suggests that the relative
dry period from 1984 to 1992 resulted in less slide activity in the watershed and therefore less bed mate-
rial was delivered directly to the river.  The decrease in delivery of bed material to the river plus the im-
pact of the gravel extraction operation at Buckridge Road indicate a strong possibility that further incision
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at Conner Hole is likely.  If the incision at Conner Hole continues the incision process would be expected
to propagate downstream since there are no significant tributaries below Conner Hole to make up for the
decrease in supply of bedload.  However, if the wet period that began in 1993 continues, the supply of bed
material reaching Conner Hole could be expected to increase which might halt the incision.

Eureka Hill Bridge Cross Sections:
In 1992, the USGS began to collect sediment transport data at the Eureka Hill Bridge under a contract
with MCWA.  The USGS installed a wire reel on Eureka Hill Bridge to measure stage.  Under a coop-
erative agreement between MCWA and the Friends of the Garcia River, a datalogger was installed on the
old bridge pier, on the left bank, downstream of the existing bridge, in the fall of 1992.  In the fall of 1993,
a second datalogger was installed upstream of the bridge on the left bank.  The datalogger was equipped
with a modem so the river stage could be checked remotely.  Discharge measurements were made during
low to medium flow by MCWA personnel to assist in the preparation of a rating curve for the two
dataloggers.

In September of 1993 MCWA personnel made a topographic map of the reach from 400 feet below the
bridge to about 1,500 feet above the bridge and surveyed cross sections at the two dataloggers.  In Sep-
tember of 1995 Philip Williams & Associates (PWA) surveyed three cross sections and prepared a longi-
tudinal profile for the reach running from about 1,000 feet below the bridge to about 400 feet above the
bridge.  They also surveyed the cross sections at the two dataloggers.  These two cross sections were
also in October of 1996, in August of 1997 and in October of 1998.

The datalogger upstream of the bridge was dubbed "Salmon" by MCWA.  The graph labeled Salmon
Datalogger (appendix) shows the data from the four surveys.  Table 11 shows that the thalweg dropped -
0.3 feet between 1993 and 1995 and then rose 0.6 feet in 1996 followed by a drop of -1.3 feet in 1997.  In
1998, the thalweg rose about 0.4 feet from its 1997 level.  The 1998 thalweg level was -0.6 feet lower
than its 1991 level.

The water surface remained virtually unchanged between 1993 and 1995.  In 1996, the water surface de-
clined -0.4 feet from its 1993 level.  The water surface declined another -0.2 feet in 1997 and then rose
0.2 feet in 1998.  So, the 1998 water surface was -0.4 feet lower than the 1991 water surface.  The drop
in the water surface indicates that the control for the gaging pool has lowered, relative to 1993.

Table 12 shows that the cross section area remained about the same from 1993 to 1995 and then de-
creased -6% in 1996 followed by a 7% increase in 1997.  In 1998, the cross section area decreased about
4%.  Overall, the cross section area shows there was deposition between 1993 and 1998 at the Salmon
cross section.

There has been noticeable bank erosion along the left bank near the staff gage.  The lowest staff gage
appears to be leaning slightly towards the center of the channel.  The thalweg, next to the leaning staff
gage, is -0.6 feet lower than it was in 1993.  However, the rest of the bed of the low-flow channel is at at
almost the same level as it was in 1993.  Most of the decrease in the area below the low-flow water sur-
face is due to the -0.4 foot decline in water surface.  The dry portion of the channel experienced deposi-
tion in 1998 that decreased its cross section area by 12% from its 1993 value.

The graph labeled Old Pier (appendix) shows the five surveys conducted at the pier datalogger down-
stream of Eureka Hill Bridge.  From 1993 to 1995 the thalweg dropped -0.6 feet, the water surface rose
0.7 feet (Table 11) and the low water channel widened about 12 feet.  The low-water channel continue to
widen by eroding the gravel bar on the right bank each year from 1996 through 1998 so its final width was
325 feet wider than in 1993.
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Figure 18. Map of Eureka Hill Bridge cross sections,. Photo from September 1992.  Flow is from the top of the picture towards the
bottom.
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Table 11(a). Water surface and thalweg elevations for the Eureka Hill Bridge cross sections.

Table 11(b). Maximum water depths for the Eureka Hill Bridge cross sections.

Table 11(c). Relative changes in the water surface and thalweg elevations for the Eureka Hill Bridge
 cross sections.

1993 1995 1996 1997 1998
Cross Section Water Thalweg Water Thalweg Water Thalweg Water Thalweg Water Thalweg
Pier 83.6 82.1 84.3 81.5 83.6 81.5 83.7 81.6 83.6 82.6
Salmon 85.2 82.7 85.2 82.4 84.7 83.0 84.6 81.7 84.8 82.2

1993 1995 1996 1997 1998
Cross Section
Pier
Salmon 1.7

Maximum Depth
2.8

Maximum Depth
1.4
2.4 2.8

Maximum Depth
1.1
2.6

Maximum Depth
2.1
2.9

Maximum Depth
2.1

1993 1995 1996 1997 1998
Cross Section Water Thalweg Water Thalweg Water Thalweg Water Thalweg Water Thalweg
Pier 0.0 0.0 0.7 -0.6 0.0 -0.6 0.1 -0.6 0.0 0.4
Salmon 0.0 0.0 0.1 -0.3 -0.4 0.3 -0.6 -1.0 -0.4 -0.6
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Table 12. Cross section area and relative changes in cross section area for the Eureka Hill Bridge cross sections.

Total Area Total Relative Area Relative
Outside of Area of Outside of Area of

Total Low-Water Low-Water Total Relative Low-Water Low-Water Relative
Area Channel Channel Area Area Channel Channel Area

Cross Reference Below Below Below Below Below Below Below Below
Section Elevation Year Reference Reference Reference Water Reference Reference Reference Water

Pier 91.81 1993 1148 825 323 41 100% 100% 100% 100%
Pier 1994 n/a n/a n/a n/a n/a n/a n/a n/a
Pier 1995 1184 716 468 107 103% 87% 145% 260%
Pier 1996 1156 789 367 159 101% 96% 113% 386%
Pier 1997 1132 596 536 81 99% 72% 166% 196%
Pier 1998 1158 572 586 35 101% 69% 181% 84%

Salmon 99.20 1993 1698 718 980 55 100% 100% 100% 100%
Salmon 1994 n/a n/a n/a n/a n/a n/a n/a n/a
Salmon 1995 1694 732 962 62 100% 102% 98% 113%
Salmon 1996 1591 795 797 21 94% 111% 81% 39%
Salmon 1997 1707 771 936 71 101% 107% 96% 130%
Salmon 1998 1637 634 1002 41 96% 88% 102% 75%



The rise in water surface shows that material was deposited on the downstream control between 1993
and 1995.  The material that was deposited on the downstream control may have come from the material
lost along the cross section.  Between 1995 and 1996 there was minor scour across most of the low flow
channel but the thalweg elevation and cross section area remained unchanged.  However, the water sur-
face dropped 1.1 feet between 1995 and 1996 indicating that the downstream control eroded.  In 1997, the
water surface returned to its 1993 level and remained there in 1998.

In 1995, the thalweg declined -0.6 feet , relative to 1993 and remained at that level in 1996 and 1997.  In
1998 the thalweg rose 0.4 feet.

The 1998 cross section showed a minor amount of net deposition, relative to 1993, since its area de-
creased by about -2%.  The widening of the low-flow channel decreased the width of the gravel bar on
the right bank.  The erosion of the edge of the gravel bar was balanced by deposition along the left bank,
deposition behind the old bridge pier and the rise in the thalweg relative to 1993.

The data from these two cross sections do not support the idea that the Garcia River is aggrading or incis-
ing.  The data shows that the thalweg of the pier cross section rose 0.4 feet while the thalweg for the
Salmon cross section drop -0.6 feet, relative to 1998.  The water surface for the pier cross section re-
mained unchanged but, there was a -0.4 foot drop in the water surface at the Salmon cross section.  The
mixed results for both the thalweg and the water surface do not support the idea that the river is incising
at Eureka Hill Bridge.  The data show no clear evidence of a sediment wave or trough moving through
the reach during the study period.  The data for these two cross sections appear to support the notion that
the Eureka Hill Bridge reach is in dynamic equilibrium, for the period 1993 through 1998.

Summary of the Cross Sections:
Aerial photos show that there has been significant bank erosion below Windy Hollow Road, the Kendall
property, the Hooper property near the Olsen - Hooper boundary and at Bar 9.  Peter Dobbins (Friends of
the Garcia) has estimated that, since 1994, the combined amount of material that has been eroded from
the banks of these four areas was over 140,000 cubic yards.  However, estimates of the total deposition
on the Garcia River below Bar 9 have not been made.  It is important to remember that a significant frac-
tion of the material eroded from a large bank failure may be deposited downstream of the collapse.

The channel below Windy Hollow Road has visually appeared narrower than the channel above the road.
The observation that the Garcia River routinely overflows its banks at Windy Hollow Road, at flows less
than bankfull, suggests that the channel was actually narrower below Windy Hollow Road than it was
above the road.  The bank erosion that recently occurred below Windy Hollow Road can be seen as a
geomorphic response to a constricted channel.

The overall channel width has remained constant at all of the cross sections except for the cross sections
at Kendall's.  The downstream Kendall cross section has widened slightly due to a small bank failure.
The upstream Kendall cross section dramatically widened after the January 1997 storm.  It is possible that
the Kendall bank collapse was caused by management practices including alterations to the channel up-
stream of the failure and removal of riparian vegetation and is not necessarily indicative of an unstable
system.  Similarly, the numerous bank failures below Windy Hollow Road might be the result of past man-
agement practices that constricted the channel.

Table 12 shows the change in water surface elevation and thalweg elevation relative to either 1991 (9
cross sections) or 1993 (15 cross sections).  The cross sections that were compared to 1993 are the 14
bentonite monitoring cross sections and the two Eureka Hill Bridge cross sections.  A change of plus or
minus 0.5 feet is considered significant.  The Kendall, Hooper and Conner Hole cross sections were com-
pared to 1993.
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Four of the nine cross sections showed a significant decline in water surface elevation, relative to 1991.
The decline in water surface ranged from -0.5 to -0.6 feet.  Two of the cross sections showed a change
of less than 0.5 feet and are judged to be unchanged.  Three cross sections showed a rise in the water
surface elevation ranging from 0.5 to 3.5 feet.

Five of the nine cross sections showed a decrease in the thalweg elevation ranging from -0.6 to -2.9 feet.
Two of the cross sections showed less than 0.5 feet of change in the thalweg elevation.  Two of the cross
sections showed an increase in the thalweg elevation ranging from 1.6 feet at the downstream Kendall
cross section to 3.8 feet at the upstream Kendall cross section.  The upstream Kendall cross section
traverses a dramatic bank failure.  Five cross sections showed a significant decline in both water surface
elevation and thalweg elevation.  These five cross sections were; cross section 4 at Hooper's; all the three
of the cross section at Conner Hole and the Salmon cross section at Eureka Hill Bridge.

Only the upstream Kendall cross section showed a significant rise in both the water surface elevation and
thalweg elevation.  This cross section also traverses the dramatic bank failure that occurred in 1997 and is
just downstream from the location of the 1`995 bank failure at Kendall's.

There three cross sections bentonite monitoring cross sections showed an increase in water surface, rela-
tive to 1993, ranging from 0.9 to 1.8 feet.  Ten of the bentonite cross sections and one of the Eureka Hill
Bridge cross sections did not show a significant change in the water surface elevation.  A single Eureka
Hill Bridge cross section showed a decline in water surface elevation.

Seven of the bentonite monitoring cross sections showed a decline in the thalweg elevation ranging from -
0.6 to -2.0 feet.  Both of the two Eureka Hill Bridge cross section showed a decline in the thalweg eleva-
tion ranging from -0.6 to -1.0 feet.  Three of the bentonite monitoring cross sections showed an increase
in the thalweg elevation ranging from 1.5 to 1.7 feet.  Three of the bentonite monitoring cross sections
showed no significant change in thalweg elevation.

The overall trend at the nine cross sections, compared to 1991, is a decline in both water surface elevation
and thalweg elevation, relative to 1991.  The tendency for the water surface elevation to decline indicates
that the downstream control riffles are being eroded.  The drop in thalweg depth shows that the bed is
scouring.  The erosion of the control riffles and scouring of the bed may be an indication that less bedload
is being supplied from above Eureka Hill Bridge.

The overall trend at the fifteen cross sections, compared to 1993, is a decline in the thalweg elevation,
relative to 1993.  The overall trend for the water surface, compared to 1993, is to show no significant
change.

Conclusions:
Five sets of cross sections were studied on the Garcia River between Windy Hollow Road and the Eu-
reka Hill Bridge.  All of the available cross section data show that the Garcia River, in the study reach, is
not aggrading.  Erosion is the dominant process at two of the five sets of cross sections,Conner Hole and
Hooper.  The Eureka Hill Bridge cross sections appear to be in dynamic equilibrium.  The significant bank
erosion occurred at the Kendall cross sections.  The bank erosion increased the width of the channel at
the upstream cross section and resulted in the thalweg rising 2.6 feet.  The large bank collapse at
Kendall's resulted in significant fill at the cross sections just downstream.  The size and proximity of the
bank collapse and the limited amount of data for the Kendall cross sections limits their usefulness in judg-
ing if the river is in equilibrium.
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Eleven of the bentonite monitoring cross sections showed overall deposition.  But, eight of the bentonite
monitoring cross sections showed a decline in thalweg elevation.  There was extensive gravel mining on
through this section until prior to 1991.  Therefore, the observed overall deposition may just be the re-
sponse to the artificially low bars created by the mining.

The mining of Bars 11 and 12 just upstream of Conner Hole has induced deposition on those bars thus re-
ducing the amount of material that was transported down to Conner Hole.  The reduction in supply from
mining plus the reduction in supply from the recent dry period is probably responsible for the incision at
Conner Hole.  These factors may also be playing a role at the Hooper cross sections which lie further
downstream.  The only way to determine if the river will continue to incise is to continue to collect cross
section data and be prepared to document other changes.

The cross section data appears to support the idea that increased bar height diminishes the tendency to
deposit material in the low water channel.  For example, as the bentonite monitoring bars have increased
in size, the adjacent thalweg has tended to lower.

Recommendations:
1. A low flow rating curve for Conner Hole should be developed.  A low flow rating curve will be a valu-
able long term monitoring tool because it will tie present conditions at the old USGS gage to the historic
conditions.  Thus, the condition of the river relative to 1963 through 1983 can be assessed.

Survey the staff gages at Conner Hole and verify that the current gage datum equals the USGS gage da-
tum.

2. Establish a monitoring program of the exposed clay on Hooper's property.  The program should include
additional cross sections and photographs and video footage.

3. Convert the Ross Stevenson & Associates 1992 map of the bentonite spill area to state coordinates.
Review all the topographic maps made to monitor the bentonite spill.  Use the maps to track pool depth
over time.  Determine if 4,500 cfs is less than Lisle's critical flow to scour pools by seeing if the pools on
in the bentonite study area filled in 1994.

4. Establish cross sections at the downstream controls for the dataloggers at Conner Hole and Eureka Hill
Bridge.  This will allow direct measurement of  erosion or deposition on the control.

5. It would be beneficial to make a longitudinal profile for each of the cross section study areas in addition
to the cross section surveys.  Each longitudinal profile should be at least 20 channel widths, roughly 4,000
feet.  The elevation of riffle crests should be especially targeted to detect the presence of sediment
waves.  Changes in channel morphology are not being adequately documented by the cross section sur-
veys.

6. Take cross sections at the Highway 1 Bridge.

9. Update the rating curve for Eureka Hill Bridge.  MCWA developed a rating curve for Eureka Hill
Bridge using discharge measurements collected by the USGS, MCWA and FrOG.  More recent dis-
charge measurements should be added to those used to construct the rating curve.

10. Add cross sections to the Hooper, Conner and Eureka Hill monitoring sites.
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