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Basin Sluice & Hydraulic Dredge

Trinity 1860s-1900s 1887-1959

Salmon 1870s-1950s 1930s

Scott 1856 1934-1950

Sacramento 1860s 1905-1915

Sierra Nevada 1853 late 1890s
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PLACER MINING IN THE MID-KLAMATH BASIN 

1884  Sawyer Decision in Woodruff v. North Bloomfield Mining and Gravel 

Prohibited discharging hydraulic mining debris to Sierra Nevada rivers

1893  Caminetti Act                                                                                   

Prohibited hydraulic mining in the Sacramento River Basin

1936  Quin Bill                                                                                             

Prohibited hydraulic mining in the Klamath Basin July‒November

1942  War Production Board Order L-208                                                   

Halted gold mining
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LEGACY IMPACTS

• Denuded slopes and valley bottoms 

• Aggraded channels and floodplains

• Reduced channel complexity 

• Coarsened bed, reduced mobility

• Reduced floodplain inundation

• Elevated summer water temperatures

• Degraded riparian functions

• Mining established present -day physical template 

• Unique legacy in each river system 

– Methods, timing, and intensity

– Valley and channel geometry 

– Sediment mass balance

– Climate



4

SALMON RIVER FLOODPLAIN HABITAT 
ENHANCEMENT AND MINE TAILING REMEDIATION

▪ Objectives:

• Increase over-wintering, over-summering, and spawning habitat 

• Improve riparian functions

• Improve hydrologic functions 

• Protect and enhance thermally suitable habitats

▪ SRRC initiated science-based planning process in 2014 

▪ Goals: 

• Increase long-term salmonid productivity

• Ensure Salmon River remains refuge for cold-water dependent species 



Phase 1 – Opportunities and constraints

Phase 2 – Conceptual design 

Phase 3 – State and Federal environmental review

Phase 4 – Engineering design and implementation
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PROJECT AREA AND PHASES



6

MINING DISTURBANCE

1,860 acres eroded 

20.3 million yd3 delivered

Av. sediment depth ≈ 4 m
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THERMALLY SUITABLE HABITAT 
BASED ON TIR IMAGERY

Approach:

• TIR imagery acquired for 85 mi          

July 22-23, 2009 

• 100 m sampling zones

• Moving median temperatures over 500 m 

channel length

• Reach-scale thermal zones and thermal 

refuges defined by temp departures = 

median zone temp — observed TIR temp 



REACH-SCALE 
THERMAL ZONES

Little North Fork

North  Russian

Methodist
Knownothing

Sainte Claire

Plummer

East Fork

Rush

China
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THERMAL REFUGES

Groundwater channels

Tributary 
confluence 

• Tributary 

Confluences

• Groundwater 

Channels

• Trailing bar 

edge

• Valley pinch 

points

• Pools



HYDRODYNAMIC MODELING: FLOW INUNDATION

10



Flow velocity, ft/sec 

20% Exceedance Flow
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HYDRODYNAMIC MODELING: FLOW VELOCITIES



1.5-year Peak Flow

Flow velocity, ft/sec 
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HYDRODYNAMIC MODELING: FLOW VELOCITIES
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REACH MORPHOLOGY

• Channel gradient

• Valley width

• Channel confinement

• Resistant channel boundaries

• Alluvial channel features
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• Reach morphology

• Flow inundation 

• Thermal conditions 

• Riparian vegetation cover 

• Spawning and rearing habitat conditions

• In-stream restoration priorities identified by TAC

POTENTIAL ENHANCEMENT 
SEGMENTS 
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DESIGN SITES 
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Design site Reach

Horn Field Mainstem 4

Horn Creek Mainstem 4

Knownothing Creek South Fork 6

Matthews Creek South Fork 9

Negro Creek South Fork 7A

Footbridge South Fork 11

Blue Gulch (Upper Petersburg) South Fork 14

Downstream of China Creek 

(Summerville)
South Fork 16

Downstream of Sawpit Flat North Fork 21A

Jackass Gulch to Shiltos Creek North Fork 23B

Jessups Gulch North Fork 23C

Sawyers Bar North Fork 23C

Near Robinson Creek North Fork 25

North Russian Creek North Fork 25
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CONCEPTUAL 
DESIGN

• Increase inundation 

frequency, improve 

connectiv ity 

• Add complexity to side -

channels and channel 

margins

• Create in-channel 

structures that 

promote sorting,  depth, 

and cover 

• Revegetate f loodplains 

and tai l ings
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CONCEPTUAL 
DESIGN

• Enhance thermal 
refugia

• Create, enhance, and 
connect off -channel 
ponds and wetlands

• Revegetate f loodplains 
and tai l ings

• Add complexity to side-
channels and channel 
margins

• Create in-channel 
structures that 
promote sorting,  depth, 
and cover 

• Increase inundation 
frequency, improve 
connectiv ity 
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CONCEPTUAL 
DESIGN

• Create in-channel 

structures that 

promote: 

✓ Channel complexity

✓ Sorting 

✓ Depth

✓ Cover 



MIDDLE KLAMATH RIVER FLOODPLAIN HABITAT 
ENHANCEMENT AND MINE TAILING REMEDIATION



RIVERINE HABITAT TYPES

Modified from Lestelle et al. 2005



MINING DISTURBANCE
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THERMAL REFUGES

19

20

21

22

23

24

25

26

105 115 125 135 145 155 165

M
e

d
ia

n
 T

e
m

p
e

ra
tu

re
 (

C
)

River Mile

Mainstem - August

Tributary - August

Scott RiverIndian Creek

Elk Creek
Thompson Creek Grider Creek

Seiad Creek
Horse Creek Beaver Creek



H
o

rs
e 

C
re

ek
 (

lo
w

er
) 

(6
)

Th
o

m
p

so
n

 C
re

ek
 (

1
0

)

Se
ia

d
 V

al
le

y 
(1

6
)

W
al

ke
r 

C
re

ek
 (

1
7

)

H
o

rs
e 

C
re

ek
 (

u
p

p
er

) 
(2

6
)

C
h

er
ry

 F
la

t 
(2

7
)

Li
tt

le
 H

u
m

b
u

g 
C

re
ek

 (
3

2
)

B
ea

ve
r 

C
re

ek
 (

3
5

)

H
u

m
b

u
g 

C
re

ek
 (

4
5

)

In
d

ia
n

 C
re

ek
 (

1
)

C
ad

e 
C

re
ek

 (
3

)

C
h

in
a 

C
re

ek
 (

8
)

La
d

d
s 

C
re

ek
 (

1
2

)

Fo
rt

 G
o

ff
 (

1
4

)

O
'N

ei
l C

re
ek

 (
2

0
)

b
el

o
w

 S
co

tt
 R

iv
er

 (
2

2
)

b
el

o
w

 K
in

sm
an

 C
re

ek
 (

2
4

)

Li
m

e 
G

u
lc

h
 (

2
8

)

K
o

h
l C

re
ek

 (
3

0
)

Sm
it

h
 G

u
lc

h
 (

3
3

)

C
o

u
ga

r 
G

u
lc

h
 (

3
7

)

V
es

a 
C

re
ek

 (
3

9
)

C
h

in
a 

G
u

lc
h

 (
4

1
)

G
o

tt
sv

ill
e 

(4
2

)

b
el

o
w

 S
w

is
s 

B
ar

 (
4

3
)

Sw
is

s 
B

ar
 (

4
4

)

W
o

o
d

ra
t 

B
ar

 (
4

7
)

H
ap

p
y 

C
am

p
 (

2
)

Fr
yi

n
gp

an
 C

re
ek

 (
5

)

W
al

ke
r 

G
u

lc
h

 (
1

8
)

Q
u

ig
le

ys
 C

o
ve

 (
3

4
)

M
ill

er
 G

u
lc

h
 (

3
6

)

ab
o

ve
 V

es
a 

C
re

ek
 (

4
0

)

G
ar

ve
y 

G
u

lc
h

 (
4

6
)

A
sh

 C
re

ek
 (

4
8

)

b
lw

 F
ry

in
gp

an
 C

re
ek

 (
4

)

b
el

o
w

 C
h

in
a 

C
re

ek
 (

7
)

Jo
e 

M
ile

s 
C

re
ek

 (
9

)

Ti
m

s 
C

re
ek

 (
1

1
)

b
el

o
w

 F
o

rt
 G

o
ff

 (
1

3
)

b
el

o
w

 S
ei

ad
 V

al
le

y 
(1

5
)

b
el

o
w

 O
'N

ei
l C

re
ek

 (
1

9
)

K
u

n
tz

 G
u

lc
h

 (
2

1
)

ab
o

ve
 S

co
tt

 R
iv

er
 (

2
3

)

K
in

sm
an

 C
re

ek
 (

2
5

)
ab

o
ve

 L
im

e 
G

u
lc

h
 (

2
9

)

D
o

n
a 

C
re

ek
 (

3
1

)

ab
o

ve
 C

o
u

ga
r 

G
u

lc
h

 (
3

8
)

b
el

o
w

 S
h

as
ta

 R
iv

er
 (

4
9

)

-0.30%

-0.20%

-0.10%

0.00%

0.10%

0.20%

0.30%

0 5 10 15 20 25 30 35 40 45 50

D
e

p
ar

tu
re

 in
 C

h
an

n
e

l G
ra

d
ie

n
t

Rank

Reach Departure from Average Channel Gradient 

Average Channel Gradient in Project Area = 0.26%

Enhancement Suitability
(Expert Opinion)

CHANNEL GRADIENT

-0.0020

0.0000

0.0020

0.0040

0.0060

0.0080

0.0100

0.0120

0.0140

1,000

1,200

1,400

1,600

1,800

2,000

105 115 125 135 145 155 165 175

S
lo

p
e

E
le

va
ti

o
n

 (
ft

)

Station (mi)

Longitudinal Profile

Average Gradient (2,200-foot Moving Average)



H
o

rs
e 

C
re

ek
 (

lo
w

er
) 

(6
)

Th
o

m
p

so
n

 C
re

ek
 (

1
0

)

Se
ia

d
 V

al
le

y 
(1

6
)

W
al

ke
r 

C
re

ek
 (

1
7

)

H
o

rs
e 

C
re

ek
 (

u
p

p
er

) 
(2

6
)

C
h

er
ry

 F
la

t 
(2

7
)

Li
tt

le
 H

u
m

b
u

g 
C

re
ek

 (
3

2
)

B
ea

ve
r 

C
re

ek
 (

3
5

)
H

u
m

b
u

g 
C

re
ek

 (
4

5
)

In
d

ia
n

 C
re

ek
 (

1
)

C
ad

e 
C

re
ek

 (
3

)

C
h

in
a 

C
re

ek
 (

8
)

La
d

d
s 

C
re

ek
 (

1
2

)

Fo
rt

 G
o

ff
 (

1
4

)

O
'N

ei
l C

re
ek

 (
2

0
)

b
el

o
w

 S
co

tt
 R

iv
er

 (
2

2
)

b
el

o
w

 K
in

sm
an

 C
re

ek
 (

2
4

)

Li
m

e 
G

u
lc

h
 (

2
8

)

K
o

h
l C

re
ek

 (
3

0
)

Sm
it

h
 G

u
lc

h
 (

3
3

)

C
o

u
ga

r 
G

u
lc

h
 (

3
7

)

V
es

a 
C

re
ek

 (
3

9
)

C
h

in
a 

G
u

lc
h

 (
4

1
)

G
o

tt
sv

ill
e 

(4
2

)

b
el

o
w

 S
w

is
s 

B
ar

 (
4

3
)

Sw
is

s 
B

ar
 (

4
4

)

W
o

o
d

ra
t 

B
ar

 (
4

7
)

H
ap

p
y 

C
am

p
 (

2
)

Fr
yi

n
gp

an
 C

re
ek

 (
5

)
W

al
ke

r 
G

u
lc

h
 (

1
8

)

Q
u

ig
le

ys
 C

o
ve

 (
3

4
)

M
ill

er
 G

u
lc

h
 (

3
6

)

ab
o

ve
 V

es
a 

C
re

ek
 (

4
0

)

G
ar

ve
y 

G
u

lc
h

 (
4

6
)

A
sh

 C
re

ek
 (

4
8

)

b
el

o
w

 F
ry

in
gp

an
 C

re
ek

 (
4

)

b
el

o
w

 C
h

in
a 

C
re

ek
 (

7
)

Jo
e 

M
ile

s 
C

re
ek

 (
9

)
Ti

m
s 

C
re

ek
 (

1
1

)

b
el

o
w

 F
o

rt
 G

o
ff

 (
1

3
)

b
el

o
w

 S
ei

ad
 V

al
le

y 
(1

5
)

b
el

o
w

 O
'N

ei
l C

re
ek

 (
1

9
)

K
u

n
tz

 G
u

lc
h

 (
2

1
)

ab
o

ve
 S

co
tt

 R
iv

er
 (

2
3

)

K
in

sm
an

 C
re

ek
 (

2
5

)

ab
o

ve
 L

im
e 

G
u

lc
h

 (
2

9
)

D
o

n
a 

C
re

ek
 (

3
1

)

ab
o

ve
 C

o
u

ga
r 

G
u

lc
h

 (
3

8
)

b
el

o
w

 S
h

as
ta

 R
iv

er
 (

4
9

)

0

50

100

150

200

250

300

0 5 10 15 20 25 30 35 40 45 50

Fl
o

o
d

p
la

in
 A

re
a,

 f
t2

/f
t

Rank

Floodplain Area 1 ≥ 5 ft Above the Riffle Crest Thalweg

Enhancement Suitability
(Expert Opinion)

RELATIVE ELEVATION

RCT



POTENTIAL ENHANCEMENT DOMAINS
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DESIGN SITES



DESIGN SITES

Reach

No

Reach 

Name

6 Little Horse Creek

8 China Creek

10 Thompson Creek

16 Seiad Valley

17 Walker Creek

26 Horse Creek (upper)

27 Cherry Flat

30 Kohl Creek

32 Little Humbug Creek

35 Beaver Creek

37 Cougar Gulch

39 Vesa Creek

42 Gottsville

45 Humbug Creek
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CONCEPTUAL 
DESIGN
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CONCEPTUAL 
DESIGN
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CONCEPTUAL 
DESIGN
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CONCEPTUAL 
DESIGN
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