
Reach: Alluvial Reach
Stream: Cooper Lake
Site: Site L
Habitat Type: Riffle

26.0 54.5 74.3 77.2 89.6

TR length Sta Trip 3 Trip 1 Trip 2 Trip 4 Trip 5 Trip 3 Trip 1 Trip 2 Trip 4 Trip 5
TR L-1 - 0.0 92.75 92.90 93.46 95.30 93.14 Y
TR L-2 23.2 23.2 93.11 93.46 93.63 95.27 93.62 Y
TR L-3 43 66.2 93.68 93.95 94.22 95.29 94.19 Y
TR L-4 43 109.2 94.62 94.86 94.98 95.43 95.19 Y
TR L-5 43 152.2 95.78 96.03 96.22 96.33 96.24 Y

1.99% 2.06% 1.81% 0.68% 2.04%

Q(cfs)

Q (cfs) / WSE (ft)

Average WSE slope

Vel-Depth Survey

Site L - Longitudinal WSE Profile

92.5

93.0

93.5

94.0

94.5

95.0

95.5

96.0

96.5

97.0

0 20 40 60 80 100 120 140 160

Station (ft)

W
S

E
 (f

t)

Trip 1

Trip 2

Trip 3

Trip 4

Trip 5

Site L - WSE vs Flow 

92.5

93.0

93.5

94.0

94.5

95.0

95.5

96.0

96.5

97.0

0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100.0

Flow (cfs)

W
S

E
 (f

t)

TR L-1

TR L-2

TR L-3

TR L-4

TR L-5

Site L Calibration 
Measured Hydraulics

Page 1 of 16 12/22/2004



Transect Profile Comparison - Site L, TR L-1

Sta HI FS Elev Depth Velocity q Bed Depth Velocity q Bed
(ft) (ft) (ft) (ft) (ft) (ft/s) (cfs) Elev (ft) (ft) (ft/s) (cfs) Elev (ft) subs code

10.0 98.660 1.880 96.780 96.78 sand 1
14.2 98.660 4.090 94.570 94.57 128 5
14.8 98.660 6.550 92.110 0.50 0.20 0.07 92.40 8 2
16.2 98.660 6.810 91.850 1.10 2.60 4.58 91.80 11 3
18.0 98.660 6.720 91.940 1.00 2.70 4.59 91.90 23 3
19.6 98.660 6.530 92.130 0.90 3.20 6.48 92.00 45 4
22.5 98.660 6.790 91.870 1.10 2.00 4.62 91.80 32 3
23.8 98.660 6.960 91.700 1.20 3.30 7.33 91.70 64 4
26.2 98.660 6.780 91.880 0.70 4.10 6.31 92.20 128 5
28.2 98.660 6.580 92.080 0.80 2.30 3.96 92.10 256 6
30.5 98.660 6.600 92.060 0.90 2.30 4.66 92.00 32 3
32.7 98.660 6.530 92.130 0.80 3.00 5.40 92.10 256 6
35.0 98.660 6.360 92.300 0.70 2.70 4.54 92.20 23 3
37.5 98.660 6.380 92.280 0.60 1.30 1.83 92.30 sand 1
39.7 98.660 6.280 92.380 0.50 0.30 0.37 92.40 23 3
42.4 98.660 5.970 92.690 0.20 0.30 0.13 92.70 sand 1
44.1 98.660 5.890 92.770 0.00 0.00 0.00 92.90 sand 1
45.8 98.660 3.860 94.800 94.80 silt 1
50.0 98.660 3.160 95.500 95.50 silt 1
57.9 98.660 0.530 98.130 98.13 silt 1

TR Q (cfs)= 54.9

Trip 1 Trip 5

Transect Profile Comparison - Site L, TR L-1
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Transect Profile Comparison - Site L, TR L-2

Sta HI FS Elev Depth Velocity q Bed Depth Velocity q Bed
(ft) (ft) (ft) (ft) (ft) (ft/s) (cfs) Elev (ft) (ft) (ft/s) (cfs) Elev (ft) subs code
10 98.66 0.06 98.6 98.60 org 0

16.9 98.66 0.90 97.76 97.76 silt 1
26.7 98.66 2.88 95.78 95.78 silt 1
29.4 98.66 6.00 92.66 0.80 0.00 0.00 92.66 sand 1
32 98.66 6.12 92.54 1.10 2.10 5.66 92.36 32 3

34.3 98.66 6.60 92.06 1.40 2.30 8.21 92.06 45 4
37.1 98.66 6.54 92.12 1.20 5.00 15.60 92.26 128 5
39.5 98.66 6.65 92.01 1.30 4.70 13.14 92.16 256 6
41.4 98.66 6.65 92.01 1.40 2.50 6.65 92.06 180 6
43.3 98.66 6.34 92.32 1.10 0.60 1.25 92.36 90 5
45.2 98.66 6.45 92.21 1.20 2.10 3.65 92.26 64 4
46.2 98.66 6.48 92.18 1.10 3.50 6.55 92.36 180 6
48.6 98.66 6.12 92.54 0.60 3.10 5.21 92.86 90 5
51.8 98.66 5.59 93.07 0.30 1.50 1.44 93.16 128 5
55 98.66 5.20 93.46 0.00 0.00 0.00 93.46 90 5
57 98.66 5.12 93.54 93.54 32 3

60.7 98.66 5.18 93.48 93.48 32 3
63.7 98.66 5.41 93.25 93.25 128 5
67.2 98.66 5.10 93.56 93.56 128 5
70.8 98.66 4.33 94.33 94.33 silt 1
73.5 98.66 3.41 95.25 95.25 silt 1
76.9 98.66 1.45 97.21 97.21 silt 1
83 98.66 0.67 97.99 97.99 org 0

TR Q (cfs)= 67.4

Trip 1 Trip 5

Transect Profile Comparison - Site L, TR L-2
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Transect Profile Comparison - Site L, TR L-3

Sta HI FS Elev Depth Velocity q Bed Depth Velocity q Bed
(ft) (ft) (ft) (ft) (ft) (ft/s) (cfs) Elev (ft) (ft) (ft/s) (cfs) Elev (ft) subs code
10 101.99 3.11 98.88 98.88 silt 1

18.3 101.99 3.45 98.54 98.54 org 0
22.1 101.99 4.64 97.35 97.35 org 0
28 101.99 4.93 97.06 97.06 org 0

30.6 101.99 7.01 94.98 94.98 org 0
30.7 101.99 9.23 92.76 1.20 2.60 3.43 92.75 180 6
32.9 101.99 9.24 92.75 0.20 3.50 1.65 93.75 45 4
35.4 101.99 9.21 92.78 1.30 2.20 5.43 92.65 256 6
36.7 101.99 9.18 92.81 1.10 3.50 5.78 92.85 180 6
38.4 101.99 9.26 92.73 1.20 3.20 7.30 92.75 23 3
40.5 101.99 9.12 92.87 1.20 3.50 8.40 92.75 256 6
42.4 101.99 9.11 92.88 1.10 2.90 5.58 92.85 45 4
44 101.99 9.03 92.96 0.90 2.80 4.41 93.05 11 3

45.9 101.99 8.75 93.24 0.70 1.80 2.58 93.25 3 2
48.1 101.99 8.44 93.55 0.40 0.40 0.30 93.55 180 6
49.7 101.99 8.23 93.76 0.10 0.00 0.00 93.85 sand 1
51.7 101.99 6.53 95.46 95.46 org 0
55.2 101.99 5.62 96.37 96.37 org 0
60.5 101.99 5.94 96.05 96.05 org 0
64.3 101.99 6.47 95.52 95.52 silt 1
67 101.99 7.77 94.22 94.22 32 3

69.2 101.99 7.94 94.05 94.05 180 6
72 101.99 8.02 93.97 93.97 180 6
74 101.99 7.92 94.07 94.07 128 5
77 101.99 7.98 94.01 94.01 silt 1

78.8 101.99 7.88 94.11 94.11 silt 1
82.9 101.99 4.30 97.69 97.69 org 0

TR Q (cfs)= 44.9

Trip 1 Trip 5

Transect Profile Comparison - Site L, TR L-3
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Transect Profile Comparison - Site L, TR L-4

Sta HI FS Elev Depth Velocity q Bed Depth Velocity q Bed
(ft) (ft) (ft) (ft) (ft) (ft/s) (cfs) Elev (ft) (ft) (ft/s) (cfs) Elev (ft) subs code
10 101.99 2.64 99.35 99.35 org 0

15.5 101.99 4.35 97.64 97.64 org 0
19 101.99 5.39 96.6 96.60 128 5

19.2 101.99 7.49 94.5 0.30 0.30 0.09 94.56 128 5
21.3 101.99 7.56 94.43 0.30 1.20 0.79 94.56 32 3
23.6 101.99 7.74 94.25 0.60 1.00 0.96 94.26 11 3
24.5 101.99 7.89 94.1 0.70 1.50 1.37 94.16 45 4
26.2 101.99 7.96 94.03 0.80 2.70 3.78 94.06 90 5
28 101.99 7.91 94.08 0.80 3.40 5.58 94.06 90 5

30.3 101.99 8.21 93.78 1.30 2.30 5.98 93.56 256 6
32 101.99 8.40 93.59 1.30 4.20 9.01 93.56 32 3

33.6 101.99 8.26 93.73 1.10 3.80 7.32 93.76 256 6
35.5 101.99 8.14 93.85 1.00 3.20 6.40 93.86 90 5
37.6 101.99 8.25 93.74 1.20 2.60 5.62 93.66 90 5
39.1 101.99 8.14 93.85 1.20 2.60 4.99 93.66 128 5
40.8 101.99 8.24 93.75 1.00 2.80 5.74 93.86 128 5
43.2 101.99 7.85 94.14 0.70 1.00 1.19 94.16 3 2
44.2 101.99 7.76 94.23 0.00 0.00 0.00 94.86 23 3
45.1 101.99 6.95 95.04 95.04 org 0
46.9 101.99 4.79 97.2 97.20 org 0
57 101.99 4.99 97 97.00 org 0

62.8 101.99 5.65 96.34 96.34 org 0
63.6 101.99 5.81 96.18 96.18 org 0
65.5 101.99 5.55 96.44 96.44 sand 1
69.4 101.99 6.41 95.58 95.58 org 0
72.7 101.99 7.48 94.51 94.51 180 6
74.8 101.99 7.71 94.28 94.28 256 6
76.7 101.99 7.53 94.46 94.46 sand 1
79.8 101.99 6.90 95.09 95.09 org 0
81.9 101.99 3.97 98.02 98.02 org 0
83.2 101.99 3.29 98.7 98.70 org 0

TR Q (cfs)= 58.8

Trip 1 Trip 5

Transect Profile Comparison - Site L, TR L-4
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Transect Profile Comparison - Site L, TR L-5

Sta HI FS Elev Depth Velocity q Bed Depth Velocity q Bed
(ft) (ft) (ft) (ft) (ft) (ft/s) (cfs) Elev (ft) (ft) (ft/s) (cfs) Elev (ft) subs code
0.0 101.94 2.33 99.61 99.61 silt 1
19.0 101.94 4.10 97.84 97.84 silt 1
19.3 101.94 5.93 96.01 0.00 0.00 0.00 96.03 180 6
22.9 101.94 6.16 95.78 0.20 0.40 0.19 95.83 16 3
24.0 101.94 6.04 95.9 0.10 0.40 0.07 95.93 16 3
26.2 101.94 6.19 95.75 0.20 1.40 0.57 95.83 128 5
28.1 101.94 6.31 95.63 0.40 0.10 0.07 95.63 8 2
29.8 101.94 6.58 95.36 0.50 1.70 1.40 95.53 16 3
31.4 101.94 6.84 95.1 0.80 3.40 5.30 95.23 32 3
33.7 101.94 6.72 95.22 0.90 4.30 8.90 95.13 180 6
36.0 101.94 6.74 95.2 0.90 4.10 9.04 95.13 180 6
38.6 101.94 6.81 95.13 0.90 2.80 7.81 95.13 128 5
42.2 101.94 7.05 94.89 1.20 2.10 6.80 94.83 45 4
44.0 101.94 7.40 94.54 1.60 3.00 7.92 94.43 128 5
45.5 101.94 7.28 94.66 1.50 2.40 6.66 94.53 256 6
47.7 101.94 6.86 95.08 1.20 1.20 3.82 94.83 180 6
50.8 101.94 6.34 95.6 0.20 1.90 1.05 95.83 128 5
53.2 101.94 5.94 96 0.00 0.00 0.00 96.03 90 5
56.8 101.94 5.43 96.51 96.51 256 6
60.7 101.94 5.31 96.63 96.63 45 4
63.9 101.94 5.04 96.9 96.90 32 3
67.4 101.94 4.78 97.16 97.16 org 0
70.0 101.94 5.09 96.85 96.85 23 3
72.3 101.94 5.09 96.85 96.85 16 3
75.4 101.94 5.26 96.68 96.68 6 2
77.6 101.94 5.25 96.69 96.69 sand 1
79.9 101.94 5.70 96.24 96.24 16 3
80.8 101.94 5.81 96.13 96.13 16 3
82.3 101.94 5.80 96.14 96.14 sand 1
83.7 101.94 5.34 96.6 96.60 sand 1
85.0 101.94 4.38 97.56 97.56 org 0
88.6 101.94 1.21 100.73 100.73 org 0

TR Q (cfs)= 59.6

Trip 1 Trip 5

Transect Profile Comparison - Site L, TR L-5

94.0

94.5

95.0

95.5

96.0

96.5

97.0

97.5

98.0

98.5

0 10 20 30 40 50 60 70 80 90

Station (ft)

E
le

va
tio

n 
(f

t)

Surveyed Transect
Profile (Trip 1)

TR Profile (using
depth of Trip 1)

No flow (vel-depth) 
measurement during Trip 
5

Site L Calibration 
Measured Hydraulics

Page 6 of 16 12/22/2004



R
ea

ch
:

A
llu

vi
al

 R
ea

ch
S

tr
ea

m
 

C
oo

pe
r 

La
ke

S
ite

:
S

ite
 L

H
ab

ita
t T

yp
e:

R
iff

le

(1
) F

ie
ld

 D
at

a
(a

) 
Fi

el
d 

da
ta

 w
er

e 
co

lle
ct

ed
 in

 fi
ve

 tr
ip

s 
be

tw
ee

n 
5/

20
03

 a
nd

 5
/2

00
4.

 
(b

) 
Fl

ow
 d

at
a 

w
er

e 
on

ly
 c

ol
le

ct
ed

 in
 T

rip
 1

 o
n 

5/
13

/2
00

3 
an

d 
in

 T
rip

 5
 o

n 
5/

4/
20

04
.

(c
) 

W
S

E
 d

at
a 

w
er

e 
co

lle
ct

ed
 in

 a
ll 

fiv
e 

tr
ip

s.
(d

) 
B

ec
au

se
 n

o 
flo

w
s 

w
er

e 
m

ea
su

re
d 

in
 T

rip
 2

 to
 T

rip
 4

, f
lo

w
s 

of
 th

es
e 

th
re

e 
tr

ip
s 

w
er

e 
es

tim
at

ed
. T

he
 e

st
im

at
ed

 fl
ow

s
   

  a
re

 p
lo

tte
d 

al
on

g 
w

ith
 th

e 
m

ea
su

re
d 

W
S

E
 a

nd
 fl

ow
s 

in
 w

or
ks

he
et

 "
M

ea
su

re
d 

hy
dr

au
lic

s"
.  

Th
e 

gr
ap

hs
 s

ho
w

ed
 W

S
E

 
   

  v
s 

flo
w

 r
el

at
io

ns
hi

ps
 w

er
e 

in
co

ns
is

te
nt

, p
ro

ba
bl

y 
ca

us
ed

 b
y 

th
e 

ba
ck

w
at

er
 fr

om
 K

en
ai

 R
iv

er
.

(2
) W

S
E

 C
al

ib
ra

tio
n

A
ve

ra
ge

 W
S

E
 is

 u
se

d 
as

 th
e 

re
pr

es
en

ta
tiv

e 
tr

an
se

ct
 W

S
E

.

Tr
ip

 1
 Q

 =
 A

ve
ra

ge
 d

is
ch

ar
ge

 o
f T

R
 L

-1
, T

R
 L

-3
, T

R
 L

-4
, a

nd
 T

R
 L

-5
. T

R
 L

-2
 w

as
 c

on
su

de
re

d 
as

 o
ut

lie
rs

.
Tr

ip
 5

 Q
 =

 U
se

 U
S

G
S

 g
ag

e 
flo

w
.

U
se

 T
rip

 5
's

 a
ve

ra
ge

 W
S

E
 s

lo
pe

 (
fr

om
 T

R
 L

-1
 to

 T
R

 L
-5

) 
= 

2.
04

%

Tr
ip

 1
Tr

ip
 5

TR
 L

-1
91

.7
0

-
91

.7
0

TR
 L

-2
92

.0
6

-
92

.0
6

TR
 L

-3
92

.6
5

-
92

.6
5

TR
 L

-4
93

.5
6

-
93

.5
6

TR
 L

-5
94

.4
3

-
94

.4
3

N
ot

e:
 In

ve
rt

 is
 th

e 
lo

w
es

t e
le

va
tio

n 
of

 th
e 

tr
an

se
ct

.
   

   
   

  S
ZF

 o
f u

ps
tr

ea
m

 tr
an

se
ct

 m
us

t b
e 

eq
ua

l o
r 

gr
ea

te
r 

th
an

 th
e 

S
ZF

 o
f d

ow
ns

tr
ea

m
 tr

an
se

ct
.

Le
ve

l L
oo

p 
an

d 
H

ea
dp

in
s:

 
D

at
e

Tr
ip

B
M

-A
B

M
-B

5/
13

/2
00

3
1

10
0.

00
99

.3
0

6/
24

/2
00

3
2

99
.3

0
9/

17
/2

00
3

3
99

.3
0

10
/8

/2
00

3
4

10
0.

00
5/

4/
20

04
5

99
.3

0
(a

) 
Le

ve
l l

oo
p 

su
rv

ey
 w

as
 o

nl
y 

co
nd

uc
te

d 
in

 th
e 

fir
st

 tr
ip

 o
n 

5/
13

/0
3,

 n
o 

le
ve

l l
oo

p 
w

as
 s

et
up

 fo
r 

th
e 

ne
xt

 4
 tr

ip
s.

   
   

   
Th

e 
H

Is
 o

f t
he

 la
st

 fo
ur

 tr
ip

s 
w

er
e 

ba
se

d 
on

 th
e 

co
nt

ro
l p

in
 e

le
va

tio
n 

su
rv

ey
ed

 in
 th

e 
fir

st
 tr

ip
.

   
   

   
D

ue
 to

 la
ck

 o
f r

el
at

iv
e 

pi
n 

el
ev

at
io

n 
ch

an
ge

 b
et

w
ee

n 
B

M
-A

 a
nd

 B
M

-B
, w

e 
ar

e 
no

t a
bl

e 
to

 
   

   
   

de
te

rm
in

e 
th

e 
st

ab
ili

ty
 o

f t
he

 c
on

tr
ol

 p
in

s,
 a

nd
 th

us
 th

e 
W

S
E

 s
ur

ve
y 

re
su

lts
 in

 a
ll 

of
 th

e 
fiv

e 
tr

ip
s 

m
ay

 
   

   
   

no
t r

ef
er

en
ce

 to
 th

e 
sa

m
e 

da
tu

m
. A

s 
a 

re
su

lt,
 th

e 
re

lia
bl

ili
ty

 o
f t

he
 s

ur
ve

ye
d 

W
S

E
s 

   
   

   
fo

r 
th

is
 s

ite
 a

re
 q

ue
st

io
na

bl
e.

W
S

E
:

D
is

ch
ra

ge
:

S
lo

pe
:

S
ZF

: 
S

ZF
 (

ft)
ch

an
ne

l I
nv

er
t (

ft)
TR

12
/2

2/
20

04
ca

lib
ra

tio
n 

no
te

s 
   

 P
ag

e 
7 

of
 1

6
S

ite
 L

 C
al

ib
ra

tio
n



C
al

ib
ra

tio
n 

Fl
ow

:
Th

is
 s

ite
 h

as
 fi

ve
 s

et
s 

of
 m

ea
su

re
d 

W
S

E
s 

an
d 

on
e 

se
t o

f v
el

oc
ity

-d
ep

th
 s

ur
ve

y.
Fl

ow
s 

w
er

e 
es

tim
at

ed
 b

as
ed

 o
n 

ga
ge

s 
C

C
A

 a
nd

 C
C

B
 fo

r 
Tr

ip
 2

 to
 T

rip
 4

.
Th

e 
Q

 v
s 

W
S

E
 r

el
at

io
ns

hi
ps

 w
er

e 
in

co
ns

is
te

nt
 (

se
e 

pl
ot

s 
in

 w
or

ks
he

et
 "

M
ea

su
re

d 
hy

dr
au

lic
s"

.)
 

D
ue

 to
 th

e 
in

co
ns

is
te

nc
y,

 it
 w

as
 d

ec
id

ed
 to

 o
nl

y 
us

e 
flo

w
s 

ta
ke

n 
in

 T
rip

 1
 a

nd
 T

rip
 5

 fo
r 

ca
lib

ra
tio

n.
 F

lo
w

s 
es

tim
at

ed
 fo

r 
Tr

ip
 2

 to
 T

rip
 4

 w
ill

 b
e 

no
t b

e 
in

cl
ud

ed
 fo

r 
ca

lib
ra

tio
n,

 a
nd

 w
ill

 b
e 

us
ed

fo
r 

co
m

pa
ris

on
 o

nl
y

W
S

E
 C

al
ib

ra
tio

n 
M

et
ho

d:
(1

) 
M

A
N

S
Q

 w
as

 u
se

d 
to

 c
al

ib
ra

te
 W

S
E

 fo
r 

TR
 L

-1
. 

(2
) 

W
S

P
 w

as
 s

el
ec

te
d 

to
 c

al
ib

ra
te

 W
S

E
s 

fo
r 

TR
 L

-2
 to

 T
R

 L
-5

.  
M

A
N

S
Q

 r
es

ul
ts

 o
f T

R
 L

-1
 w

er
e 

us
ed

 a
s 

th
e 

bo
un

da
ry

 c
on

di
tio

n 
fo

r 
W

S
P

.

W
S

E
 C

al
ib

ra
tio

n 
R

es
ul

t:

TR
-1

TR
-2

TR
-3

TR
-4

TR
-5

TR
-1

TR
-2

TR
-3

TR
-4

TR
-5

TR
-1

TR
-2

TR
-3

TR
-4

TR
-5

1
5/

13
/2

00
3

54
.5

92
.9

0
93

.4
6

93
.9

5
94

.8
6

96
.0

3
92

.9
0

93
.4

4
93

.9
5

94
.8

7
96

.0
3

0.
00

0.
02

0.
00

-0
.0

1
0.

00
2

6/
24

/2
00

3
74

.3
93

.4
6

93
.6

3
94

.2
2

94
.9

8
96

.2
2

93
.0

1
93

.6
1

94
.1

0
95

.0
4

96
.1

9
3

9/
17

/2
00

3
26

.0
92

.7
5

93
.1

1
93

.6
8

94
.6

2
95

.7
8

92
.6

8
93

.1
7

93
.6

8
94

.5
9

95
.7

7
4

10
/8

/2
00

3
77

.2
95

.3
0

95
.2

7
95

.2
9

95
.4

3
96

.3
3

93
.0

2
93

.6
2

94
.1

2
95

.0
6

96
.2

1
5

5/
4/

20
04

89
.6

93
.1

4
93

.6
2

94
.1

9
95

.1
9

96
.2

4
93

.0
8

93
.7

1
94

.2
0

95
.1

5
96

.2
9

0.
06

-0
.0

9
-0

.0
1

0.
04

-0
.0

5
N

ot
e:

(a
) 

W
S

E
s 

of
 T

rip
 2

 to
 T

rip
 4

 a
re

 li
st

ed
 in

 th
e 

ta
bl

e 
on

ly
 fo

r 
co

m
pa

ris
on

, n
ot

 fo
r 

ca
lib

ra
tio

n 
er

ro
r 

ca
lc

ul
at

io
n.

W
S

P
 R

ou
gh

ne
ss

 M
od

ifi
er

Fl
ow

R
A

F
15

1.
50

(*
) 

Th
e 

ta
bl

e 
on

 th
e 

le
ft 

lis
ts

 th
e 

R
ou

gh
ne

ss
 M

od
ifi

er
 u

se
d 

in
 th

e 
W

S
E

 c
al

ib
ra

tio
n.

 
20

1.
38

25
1.

28
26

.0
1.

19
30

1.
12

35
1.

07
40

1.
04

45
.0

1.
02

50
1.

01
54

.5
1.

00
60

0.
99

65
0.

98
70

0.
97

74
.3

0.
96

77
.2

0.
95

80
.0

0.
94

85
0.

93
89

.6
0.

93
95

0.
93

10
0

0.
92

10
5

0.
92

S
ur

ve
y 

D
at

e
Q

 (
cf

s)
M

od
el

in
g 

W
S

E
(f

t)
 ∆

W
S

E
 (

ft,
 m

ea
su

re
d-

ca
lib

.)
C

al
ib

ra
te

d 
W

S
E

(f
t)

Tr
ip

 

 R
ou

gh
ne

s 
M

od
ifi

er

0.
80

0.
90

1.
00

1.
10

1.
20

1.
30

1.
40

1.
50

1.
60

0
10

20
30

40
50

60
70

80
90

10
0

11
0

12
0

13
0

Fl
ow

 (c
fs

)

Roughness Modifier

C
al

ib
ra

te
d 

ro
ug

hn
es

s 
m

od
ifi

er
R

ou
gh

ne
ss

 m
od

ifi
er

 o
f m

ea
su

re
d 

flo
w

s

12
/2

2/
20

04
ca

lib
ra

tio
n 

no
te

s 
   

 P
ag

e 
8 

of
 1

6
S

ite
 L

 C
al

ib
ra

tio
n



11
0

0.
92

11
5

0.
92

12
0

0.
91

12
5

0.
91

(2
) C

al
ib

ra
te

d 
H

yd
ra

ul
ic

s
(a

)
Fo

r 
M

A
N

S
Q

 W
S

E
 c

al
ib

ra
tio

n,
 β

TR
1=

0.
30

 a
nd

 T
rip

 1
 fl

ow
 (

54
.5

cf
s)

 w
as

 u
se

d 
as

 th
e 

ca
lib

ra
tio

n 
flo

w
.

(b
)

Fo
r 

ve
lo

ci
ty

 c
al

ib
ra

tio
n,

 T
rip

 1
 v

el
oc

ity
 p

ro
fil

es
 w

er
e 

us
ed

 a
s 

th
e 

te
m

pl
at

es
 fo

r 
ca

lib
ra

tio
n.

 
(c

)
H

yd
ra

ul
ic

 c
al

ib
ra

tio
n 

re
su

lts
 a

re
 s

um
m

ar
iz

ed
 in

 w
or

ks
he

et
s 

cT
R

 L
-y

, w
he

re
 y

=1
, 2

, 3
, 4

, a
nd

 5
(d

)
W

S
E

 C
al

ib
ra

tio
n 

er
ro

rs
 fo

r 
TR

 L
-2

 a
re

 s
lig

ht
ly

 b
ig

 (
0.

09
ft)

, b
ut

 s
til

l w
ith

in
 a

cc
ep

ta
bl

e 
ra

ng
e 

fo
r 

th
is

 ty
pe

 o
f s

tr
ea

m
 w

ith
 h

ig
h 

ve
lo

ci
ty

 a
nd

 la
rg

e 
sl

op
e.

(e
)

TR
 L

-1
, T

R
 L

-2
, T

R
 L

-4
, a

nd
 T

R
 L

-5
 : 

W
S

E
, F

ro
ud

e 
nu

m
be

r 
(F

r)
, C

ro
ss

-s
ec

tio
na

l M
an

ni
ng

's
 n

, t
ra

ns
ec

t a
ve

ra
ge

 v
el

oc
ity

 (
V

),
 

w
et

te
d 

pe
rim

et
er

, a
nd

 V
el

oc
ity

 A
dj

us
tm

en
t F

ac
to

r 
(V

A
F)

 a
ll 

ar
e 

ac
ce

pt
ab

le
 a

nd
 w

ith
in

 r
ea

so
na

bl
e 

ra
ng

es
.

(f
)

TR
 L

-3
 : 

Th
er

e 
is

 a
 s

id
e 

ch
an

ne
l o

n 
th

e 
rig

ht
 s

id
e 

of
 C

oo
pe

r 
C

re
ek

, c
au

si
ng

 M
an

ni
ng

's
 n

 to
 r

is
e 

sl
ig

ht
ly

 a
t f

lo
w

s 
gr

ea
te

r 
th

an
 8

0c
fs

.
(g

)
C

om
pa

ris
on

 o
f m

od
el

in
g 

an
d 

ca
lib

ra
te

d 
W

S
E

s 
ar

e 
sh

ow
n 

in
 w

or
ks

he
et

 "
S

im
W

S
E

".
 

(h
)

 P
H

A
B

S
IM

 m
od

el
 d

id
 n

ot
 c

al
cu

la
te

 w
et

te
d 

pe
rim

et
er

 a
nd

 M
an

ni
ng

's
, b

ot
h 

of
 w

hi
ch

 w
er

e 
ca

lc
ul

at
ed

 o
ut

si
de

 th
e 

m
od

el
.

(3
) V

el
oc

ity
 c

al
ib

ra
tio

n
TR

 L
-1

:
Tr

ip
 1

's
 v

el
oc

ity
 p

ro
fil

e 
w

as
 u

se
d 

as
 te

m
pl

at
e 

fo
r 

ca
lib

ra
tio

n.
  

P
re

di
ct

ed
 v

el
oc

ity
 p

ro
fil

e 
w

as
 r

ea
so

na
bl

e,
 a

nd
 n

o 
ch

an
ge

s 
to

 th
e 

M
an

ni
ng

's
 n

 c
al

cu
la

te
d 

by
 P

H
A

B
S

IM
 w

er
e 

m
ad

e.
 

TR
 L

-2
:

Tr
ip

 1
's

 v
el

oc
ity

 p
ro

fil
e 

w
as

 u
se

d 
as

 te
m

pl
at

e 
fo

r 
ca

lib
ra

tio
n.

  
S

lig
ht

ly
 a

dj
us

te
d 

M
an

ni
ng

's
 n

 v
al

ue
s 

ca
lc

ul
at

ed
 b

y 
P

H
A

B
S

IM
 to

 m
ak

e 
th

e 
si

m
ul

at
ed

 v
el

oc
ity

 n
ea

r 
th

e 
w

at
er

 e
dg

e 
m

or
e 

re
as

on
ab

le
.  

 

TR
 L

-3
:

Tr
ip

 1
's

 v
el

oc
ity

 p
ro

fil
e 

w
as

 u
se

d 
as

 te
m

pl
at

e 
fo

r 
ca

lib
ra

tio
n.

  
P

re
di

ct
ed

 v
el

oc
ity

 p
ro

fil
e 

w
as

 r
ea

so
na

bl
e,

 a
nd

 n
o 

ch
an

ge
s 

to
 th

e 
M

an
ni

ng
's

 n
 c

al
cu

la
te

d 
by

 P
H

A
B

S
IM

 w
er

e 
m

ad
e.

 

TR
 L

-4
:

Tr
ip

 1
's

 v
el

oc
ity

 p
ro

fil
e 

w
as

 u
se

d 
as

 te
m

pl
at

e 
fo

r 
ca

lib
ra

tio
n.

  
S

lig
ht

ly
 a

dj
us

te
d 

M
an

ni
ng

's
 n

 v
al

ue
s 

ca
lc

ul
at

ed
 b

y 
P

H
A

B
S

IM
 to

 m
ak

e 
th

e 
si

m
ul

at
ed

 v
el

oc
ity

 n
ea

r 
th

e 
w

at
er

 e
dg

e 
m

or
e 

re
as

on
ab

le
.  

 

TR
 L

-5
:

Tr
ip

 1
's

 v
el

oc
ity

 p
ro

fil
e 

w
as

 u
se

d 
as

 te
m

pl
at

e 
fo

r 
ca

lib
ra

tio
n.

  
P

re
di

ct
ed

 v
el

oc
ity

 p
ro

fil
e 

w
as

 r
ea

so
na

bl
e,

 a
nd

 n
o 

ch
an

ge
s 

to
 th

e 
M

an
ni

ng
's

 n
 c

al
cu

la
te

d 
by

 P
H

A
B

S
IM

 w
er

e 
m

ad
e.

 

Th
e 

co
m

pa
ris

on
 o

f s
im

ul
at

ed
 a

nd
 m

ea
su

re
d 

ve
lo

ci
ty

 p
ro

fil
es

 a
re

 in
cl

ud
ed

 in
 w

or
ks

he
et

 "
V

el
C

om
p"

, w
hi

ch
 s

ho
w

s 
th

e 
si

m
ul

at
ed

 a
nd

 m
ea

su
re

d 
ve

lo
ci

ty
 p

ro
fil

es
 h

av
e 

go
od

 m
at

ch
 fo

r 
TR

 L
-1

, T
R

 L
-4

, a
nd

 T
R

 L
-5

, w
hi

le
 s

im
ul

at
ed

 p
ro

fil
es

 o
f T

R
 L

-2
 a

nd
 T

R
 L

-3
 d

id
 n

ot
 c

om
pl

et
el

y 
m

at
ch

 th
e 

m
ea

su
re

d 
ve

lo
ci

ty
 p

ro
fil

es
. T

hi
s 

is
 d

ue
 to

 T
R

 L
-2

's
 m

ea
su

re
d 

flo
w

 (
67

.4
 c

fs
) 

w
as

 m
uc

h 
gr

ea
te

r 
th

an
 th

e 
si

te
 fl

ow
 (

54
.5

cf
s)

 a
nd

 T
R

 L
-3

's
 fl

ow
(4

4.
9 

cf
s)

 w
as

 m
uc

h 
lo

w
er

 th
an

 th
e 

si
te

 fl
ow

. 

12
/2

2/
20

04
ca

lib
ra

tio
n 

no
te

s 
   

 P
ag

e 
9 

of
 1

6
S

ite
 L

 C
al

ib
ra

tio
n



R
ea

ch
A

llu
vi

al
 R

ea
ch

S
tr

ea
m

:
C

oo
pe

r 
La

ke
Tr

an
se

ct
 :

L-
1

H
ab

ita
t:

R
iff

le

S
im

ul
.

C
al

'd
w

et
te

d
Q

W
S

E
Q

W
S

E
V

A
F

Fr
ou

de
V

el
oc

ity
M

an
ni

ng
's

pe
rim

et
er

(c
fs

)
(ft

)
(c

fs
)

(ft
)

N
um

be
r

(ft
/s

)
n

(ft
)

54
.5

92
.9

0
15

92
.5

4
0.

66
0.

31
1.

22
0.

09
1

26
.5

74
.3

93
.4

6
20

92
.6

1
0.

72
0.

35
1.

42
0.

08
4

27
.2

26
.0

92
.7

5
25

92
.6

6
0.

78
0.

38
1.

61
0.

07
8

27
.7

77
.2

95
.3

0
26

92
.6

8
0.

79
0.

38
1.

65
0.

07
7

27
.9

89
.6

93
.1

4
30

92
.7

1
0.

82
0.

40
1.

78
0.

07
4

28
.2

35
92

.7
6

0.
87

0.
42

1.
93

0.
07

1
28

.7
40

92
.8

0
0.

90
0.

44
2.

07
0.

06
8

29
.1

45
92

.8
3

0.
94

0.
46

2.
21

0.
06

6
29

.4
50

92
.8

7
0.

97
0.

48
2.

34
0.

06
3

29
.8

54
.5

92
.9

0
1.

00
0.

50
2.

45
0.

06
2

30
.1

60
92

.9
3

1.
03

0.
51

2.
58

0.
06

0
30

.1
65

92
.9

6
1.

06
0.

53
2.

70
0.

05
9

30
.2

70
92

.9
9

1.
09

0.
54

2.
82

0.
05

7
30

.3
74

.3
93

.0
1

1.
11

0.
56

2.
92

0.
05

6
30

.3
77

.2
93

.0
2

1.
13

0.
56

2.
98

0.
05

6
30

.3
80

93
.0

4
1.

14
0.

57
3.

04
0.

05
5

30
.4

85
93

.0
6

1.
17

0.
58

3.
15

0.
05

4
30

.4
89

.6
93

.0
8

1.
19

0.
59

3.
25

0.
05

3
30

.5
95

93
.1

1
1.

21
0.

61
3.

36
0.

05
2

30
.6

10
0

93
.1

3
1.

23
0.

62
3.

45
0.

05
2

30
.6

10
5

93
.1

5
1.

25
0.

63
3.

55
0.

05
1

30
.6

11
0

93
.1

7
1.

27
0.

64
3.

65
0.

05
0

30
.7

11
5

93
.1

9
1.

30
0.

65
3.

74
0.

05
0

30
.7

12
0

93
.2

1
1.

32
0.

66
3.

83
0.

04
9

30
.8

12
5

93
.2

3
1.

33
0.

67
3.

92
0.

04
8

30
.8

M
od

el
in

g
C

oo
pe

r C
re

ek
 - 

A
llu

vi
al

 R
ea

ch
W

S
E

 (W
at

er
 S

ur
fa

ce
 E

le
va

tio
n)

, T
R

 L
-1

, R
iff

le

92
.2

92
.4

92
.6

92
.8

93
.0

93
.2

93
.4

0
20

40
60

80
10

0
12

0
14

0
Fl

ow
 (

cf
s)

WSE Elevation (ft)

C
al

ib
ra

te
d 

W
S

E
C

al
ib

ra
tio

n 
W

S
E

C
om

pa
ris

on
 o

nl
y

C
oo

pe
r C

re
ek

 - 
A

llu
vi

al
 R

ea
ch

V
el

oc
ity

 A
jd

us
tm

en
t F

ac
to

r (
V

A
F)

 , 
TR

 L
-1

, R
iff

le

0.
5

0.
8

1.
1

1.
4

1.
7

2.
0

2.
3

0
20

40
60

80
10

0
12

0
14

0

Fl
ow

 (
cf

s)

Velocity Adjustment Factor

C
oo

pe
r C

re
ek

 - 
A

llu
vi

al
 R

ea
ch

Tr
an

se
ct

 A
ve

ra
ge

 v
el

oc
ity

 (V
av

e)
, T

R
 L

-1
, R

iff
le

0.
5

1.
0

1.
5

2.
0

2.
5

3.
0

3.
5

4.
0

4.
5

0
20

40
60

80
10

0
12

0
14

0
Fl

ow
 (

cf
s)

Transect Average Velocity (ft/s)

C
oo

pe
r C

re
ek

 - 
A

llu
vi

al
 R

ea
ch

Fr
ou

de
 N

um
be

r(
Fr

), 
TR

 L
-1

, R
iff

le

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

1.
2

0
20

40
60

80
10

0
12

0
14

0
Fl

ow
 (

cf
s)

Froude number

C
oo

pe
r C

re
ek

 - 
A

llu
vi

al
 R

ea
ch

M
an

ni
ng

's
 n

 , 
TR

 L
-1

, R
iff

le

0.
00

0.
03

0.
06

0.
09

0.
12

0.
15

0
20

40
60

80
10

0
12

0
14

0

Fl
ow

 (
cf

s)

Cross-sectional Manning's n

C
oo

pe
r C

re
ek

 - 
A

llu
vi

al
 R

ea
ch

W
et

te
d 

P
er

im
et

er
 , 

TR
 L

-1
, R

iff
le

202224262830323436

0
20

40
60

80
10

0
12

0
14

0

Fl
ow

 (
cf

s)

Wetted Perimeter (ft)

S
ite

 L
 C

al
ib

ra
tio

n
cT

R
 L

1
P

ag
e 

10
 o

f 1
6



R
ea

ch
A

llu
vi

al
 R

ea
ch

S
tr

ea
m

:
C

oo
pe

r 
La

ke
T

ra
ns

ec
t :

L-
2

H
ab

ita
t:

R
iff

le

S
im

ul
.

C
al

'd
w

et
te

d
Q

W
S

E
Q

W
S

E
V

A
F

Fr
ou

de
V

el
oc

ity
M

an
ni

ng
's

pe
rim

et
er

(c
fs

)
(ft

)
(c

fs
)

(ft
)

N
um

be
r

(ft
/s

)
n

(ft
)

54
.5

93
.4

6
15

93
.0

2
0.

51
0.

23
1.

07
0.

13
0

21
.5

74
.3

93
.6

3
20

93
.1

0
0.

57
0.

26
1.

26
0.

11
6

22
.5

26
.0

93
.1

1
25

93
.1

7
0.

62
0.

29
1.

44
0.

10
6

23
.3

77
.2

95
.2

7
26

93
.1

7
0.

66
0.

31
1.

53
0.

09
8

23
.2

89
.6

93
.6

2
30

93
.1

9
0.

71
0.

34
1.

68
0.

09
1

23
.6

35
93

.2
5

0.
75

0.
36

1.
83

0.
08

6
24

.3
40

93
.3

0
0.

78
0.

39
1.

96
0.

08
0

26
.1

45
93

.3
5

0.
80

0.
41

2.
06

0.
07

6
27

.9
50

93
.4

0
0.

81
0.

42
2.

15
0.

07
3

29
.8

54
.5

93
.4

4
0.

83
0.

44
2.

22
0.

07
1

31
.2

60
93

.4
9

0.
84

0.
46

2.
29

0.
06

8
34

65
93

.5
4

0.
85

0.
49

2.
35

0.
06

3
38

.9
70

93
.5

8
0.

86
0.

49
2.

40
0.

06
3

39
.3

74
.3

93
.6

1
0.

87
0.

49
2.

45
0.

06
3

39
.5

77
.2

93
.6

2
0.

88
0.

49
2.

48
0.

06
4

39
.5

80
93

.6
4

0.
89

0.
49

2.
52

0.
06

3
39

.7
85

93
.6

7
0.

90
0.

49
2.

58
0.

06
3

39
.8

89
.6

93
.7

1
0.

90
0.

49
2.

61
0.

06
4

40
.1

95
93

.7
5

0.
90

0.
49

2.
65

0.
06

5
40

.3
10

0
93

.7
8

0.
91

0.
49

2.
69

0.
06

5
40

.5
10

5
93

.8
1

0.
91

0.
49

2.
74

0.
06

5
40

.7
11

0
93

.8
4

0.
91

0.
49

2.
77

0.
06

5
40

.9
11

5
93

.8
8

0.
91

0.
49

2.
80

0.
06

6
41

.1
12

0
93

.9
1

0.
92

0.
49

2.
84

0.
06

6
41

.3
12

5
93

.9
4

0.
92

0.
49

2.
87

0.
06

7
41

.5

M
od

el
in

g
C

oo
pe

r 
C

re
ek

 -
 A

llu
vi

al
 R

ea
ch

W
S

E
 (

W
at

er
 S

ur
fa

ce
 E

le
va

tio
n)

, T
R

 L
-2

, R
iff

le

92
.8

93
.0

93
.2

93
.4

93
.6

93
.8

94
.0

94
.2

0
20

40
60

80
10

0
12

0
14

0
Fl

ow
 (c

fs
)

WSE Elevation (ft)

C
al

ib
ra

te
d 

W
S

E
C

al
ib

ra
tio

n 
W

S
E

C
om

pa
ris

on
 o

nl
y

C
oo

pe
r 

C
re

ek
 -

 A
llu

vi
al

 R
ea

ch
V

el
oc

ity
 A

jd
us

tm
en

t F
ac

to
r 

(V
A

F
) 

, T
R

 L
-2

, R
iff

le

0.
4

0.
6

0.
8

1.
0

1.
2

1.
4

0
20

40
60

80
10

0
12

0
14

0

Fl
ow

 (c
fs

)

Velocity Adjustment Factor

C
oo

pe
r 

C
re

ek
 -

 A
llu

vi
al

 R
ea

ch
T

ra
ns

ec
t A

ve
ra

ge
 v

el
oc

ity
 (

V
av

e)
, T

R
 L

-2
, R

iff
le

0.
5

1.
0

1.
5

2.
0

2.
5

3.
0

0
20

40
60

80
10

0
12

0
14

0
Fl

ow
 (c

fs
)

Transect Average Velocity (ft/s)

C
oo

pe
r 

C
re

ek
 -

 A
llu

vi
al

 R
ea

ch
F

ro
ud

e 
N

um
be

r(
F

r)
, T

R
 L

-2
, R

iff
le

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

0
20

40
60

80
10

0
12

0
14

0
Fl

ow
 (c

fs
)

Froude number

C
oo

pe
r 

C
re

ek
 -

 A
llu

vi
al

 R
ea

ch
M

an
ni

ng
's

 n
 , 

T
R

 L
-2

, R
iff

le

0.
04

0.
06

0.
08

0.
10

0.
12

0.
14

0.
16

0.
18

0.
20

0
20

40
60

80
10

0
12

0
14

0

Fl
ow

 (c
fs

)

Cross-sectional Manning's n

C
oo

pe
r 

C
re

ek
 -

 A
llu

vi
al

 R
ea

ch
W

et
te

d 
P

er
im

et
er

 , 
T

R
 L

A
-2

, R
iff

le

20242832364044

0
20

40
60

80
10

0
12

0
14

0

Fl
ow

 (c
fs

)

Wetted Perimeter (ft)

S
ite

 L
 C

al
ib

ra
tio

n
cT

R
 L

2
P

ag
e 

11
 o

f 1
6



R
ea

ch
A

llu
vi

al
 R

ea
ch

S
tr

ea
m

:
C

oo
pe

r 
La

ke
T

ra
ns

ec
t :

L-
3

H
ab

ita
t:

R
iff

le

S
im

ul
.

C
al

'd
w

et
te

d
Q

W
S

E
Q

W
S

E
V

A
F

Fr
ou

de
V

el
oc

ity
M

an
ni

ng
's

pe
rim

et
er

(c
fs

)
(ft

)
(c

fs
)

(ft
)

N
um

be
r

(ft
/s

)
n

(ft
)

54
.5

93
.9

5
15

93
.5

3
0.

88
0.

41
1.

71
0.

06
8

17
.5

74
.3

94
.2

2
20

93
.6

1
0.

96
0.

45
1.

96
0.

06
4

18
.4

26
.0

93
.6

8
25

93
.6

8
1.

03
0.

49
2.

21
0.

05
9

19
.2

77
.2

95
.2

9
26

93
.6

8
1.

12
0.

53
2.

36
0.

05
4

19
.1

89
.6

94
.1

9
30

93
.7

0
1.

19
0.

56
2.

57
0.

05
1

19
.4

35
93

.7
5

1.
25

0.
59

2.
77

0.
04

9
20

40
93

.8
0

1.
22

0.
61

2.
95

0.
04

8
20

.3
45

93
.8

5
1.

21
0.

62
3.

10
0.

04
7

20
.6

50
93

.9
0

1.
20

0.
63

3.
22

0.
04

7
20

.8
54

.5
93

.9
5

1.
19

0.
64

3.
34

0.
04

7
20

.9
60

94
.0

0
1.

19
0.

67
3.

47
0.

04
4

22
.7

65
94

.0
4

1.
20

0.
73

3.
57

0.
04

0
27

70
94

.0
7

1.
20

0.
78

3.
64

0.
03

7
30

.4
74

.3
94

.1
0

1.
21

0.
79

3.
70

0.
03

7
31

.4
77

.2
94

.1
2

1.
23

0.
80

3.
76

0.
03

7
31

.9
80

94
.1

3
1.

24
0.

80
3.

81
0.

03
7

32
85

94
.1

6
1.

25
0.

81
3.

88
0.

03
7

32
.6

89
.6

94
.2

0
1.

25
0.

80
3.

91
0.

03
7

33
.2

95
94

.2
3

1.
26

0.
80

3.
96

0.
03

7
33

.6
10

0
94

.2
6

1.
26

0.
80

4.
01

0.
03

8
33

.8
10

5
94

.2
9

1.
27

0.
79

4.
06

0.
03

8
34

11
0

94
.3

2
1.

27
0.

79
4.

10
0.

03
8

34
.2

11
5

94
.3

5
1.

27
0.

78
4.

13
0.

03
9

34
.4

12
0

94
.3

8
1.

28
0.

78
4.

18
0.

03
9

34
.6

12
5

94
.4

1
1.

28
0.

78
4.

22
0.

03
9

34
.8

M
od

el
in

g
C

oo
pe

r 
C

re
ek

 -
 A

llu
vi

al
 R

ea
ch

W
S

E
 (

W
at

er
 S

ur
fa

ce
 E

le
va

tio
n)

, T
R

 L
-3

, R
iff

le

93
.2

93
.4

93
.6

93
.8

94
.0

94
.2

94
.4

94
.6

0
20

40
60

80
10

0
12

0
14

0
16

0
Fl

ow
 (c

fs
)

WSE Elevation (ft)

C
al

ib
ra

te
d 

W
S

E
C

al
ib

ra
tio

n 
W

S
E

C
om

pa
ris

on
 o

nl
y

C
oo

pe
r 

C
re

ek
 -

 A
llu

vi
al

 R
ea

ch
V

el
oc

ity
 A

jd
us

tm
en

t F
ac

to
r 

(V
A

F
) 

, T
R

 L
-3

, R
iff

le

0.
4

0.
6

0.
8

1.
0

1.
2

1.
4

0
20

40
60

80
10

0
12

0
14

0
16

0

Fl
ow

 (c
fs

)

Velocity Adjustment Factor

C
oo

pe
r 

C
re

ek
 -

 A
llu

vi
al

 R
ea

ch
T

ra
ns

ec
t A

ve
ra

ge
 v

el
oc

ity
 (

V
av

e)
, T

R
 L

-3
, R

iff
le

1.
0

1.
5

2.
0

2.
5

3.
0

3.
5

4.
0

4.
5

0
20

40
60

80
10

0
12

0
14

0
16

0
Fl

ow
 (c

fs
)

Transect Average Velocity (ft/s)

C
oo

pe
r 

C
re

ek
 -

 A
llu

vi
al

 R
ea

ch
F

ro
ud

e 
N

um
be

r(
F

r)
, T

R
 L

-3
, R

iff
le

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

0
20

40
60

80
10

0
12

0
14

0
16

0
Fl

ow
 (c

fs
)

Froude number

C
oo

pe
r 

C
re

ek
 -

 A
llu

vi
al

 R
ea

ch
M

an
ni

ng
's

 n
 , 

T
R

 L
-3

, R
iff

le

0.
03

0.
04

0.
05

0.
06

0.
07

0.
08

0.
09

0
20

40
60

80
10

0
12

0
14

0
16

0

Fl
ow

 (c
fs

)

Cross-sectional Manning's n

C
oo

pe
r 

C
re

ek
 -

 A
llu

vi
al

 R
ea

ch
W

et
te

d 
P

er
im

et
er

 , 
T

R
 L

-3
, R

iff
le

152025303540

0
20

40
60

80
10

0
12

0
14

0
16

0

Fl
ow

 (c
fs

)

Wetted Perimeter (ft)

S
ite

 L
 C

al
ib

ra
tio

n
cT

R
 L

3
P

ag
e 

12
 o

f 1
6



R
ea

ch
A

llu
vi

al
 R

ea
ch

S
tr

ea
m

:
C

oo
pe

r 
La

ke
T

ra
ns

ec
t :

L-
4

H
ab

ita
t:

R
iff

le

S
im

ul
.

C
al

'd
w

et
te

d
Q

W
S

E
Q

W
S

E
V

A
F

Fr
ou

de
V

el
oc

ity
M

an
ni

ng
's

pe
rim

et
er

(c
fs

)
(ft

)
(c

fs
)

(ft
)

N
um

be
r

(ft
/s

)
n

(ft
)

54
.5

94
.8

6
15

94
.4

4
0.

62
0.

31
1.

24
0.

09
2

24
.8

74
.3

94
.9

8
20

94
.5

2
0.

67
2

0.
34

1.
41

0.
08

6
26

.7
26

.0
94

.6
2

25
94

.5
9

0.
72

2
0.

37
1.

56
0.

07
8

29
.8

77
.2

95
.4

3
26

94
.5

9
0.

77
3

0.
4

1.
67

0.
07

2
29

.7
89

.6
95

.1
9

30
94

.6
1

0.
81

8
0.

42
1.

79
0.

07
0

30
.1

35
94

.6
7

0.
85

3
0.

43
1.

91
0.

06
9

30
.7

40
94

.7
2

0.
87

6
0.

44
2.

01
0.

06
8

31
.3

45
94

.7
7

0.
89

2
0.

44
2.

09
0.

06
8

31
.8

50
94

.8
2

0.
90

1
0.

44
2.

16
0.

06
8

32
.4

54
.5

94
.8

7
0.

91
0.

45
2.

22
0.

06
8

33
60

94
.9

2
0.

91
7

0.
45

2.
28

0.
06

9
33

.7
65

94
.9

6
0.

92
5

0.
45

2.
34

0.
06

9
34

.3
70

95
.0

1
0.

93
5

0.
46

2.
4

0.
06

8
35

74
.3

95
.0

4
0.

94
5

0.
46

2.
45

0.
06

8
35

.4
77

.2
95

.0
6

0.
95

4
0.

46
2.

49
0.

06
8

35
.6

80
95

.0
8

0.
96

3
0.

47
2.

53
0.

06
7

35
.8

85
95

.1
1

0.
97

5
0.

47
2.

59
0.

06
7

36
.1

89
.6

95
.1

5
0.

97
9

0.
47

2.
63

0.
06

7
36

.3
95

95
.1

8
0.

98
7

0.
47

2.
69

0.
06

7
36

.5
10

0
95

.2
2

0.
99

6
0.

48
2.

74
0.

06
7

36
.8

10
5

95
.2

5
1.

00
5

0.
48

2.
79

0.
06

7
37

11
0

95
.2

8
1.

00
9

0.
48

2.
83

0.
06

7
37

.2
11

5
95

.3
1

1.
01

4
0.

48
2.

87
0.

06
7

37
.4

12
0

95
.3

4
1.

02
2

0.
48

2.
92

0.
06

7
37

.6
12

5
95

.3
7

1.
02

7
0.

48
2.

97
0.

06
7

37
.8

M
od

el
in

g
C

oo
pe

r 
C

re
ek

 -
 A

llu
vi

al
 R

ea
ch

W
S

E
 (

W
at

er
 S

ur
fa

ce
 E

le
va

tio
n)

, T
R

 L
-4

, R
iff

le

94
.2

94
.4

94
.6

94
.8

95
.0

95
.2

95
.4

95
.6

0
20

40
60

80
10

0
12

0
14

0
Fl

ow
 (c

fs
)

WSE Elevation (ft)

C
al

ib
ra

te
d 

W
S

E
C

al
ib

ra
tio

n 
W

S
E

C
om

pa
ris

on
 o

nl
y

C
oo

pe
r 

C
re

ek
 -

 A
llu

vi
al

 R
ea

ch
V

el
oc

ity
 A

jd
us

tm
en

t F
ac

to
r 

(V
A

F
) 

, T
R

 L
-4

, R
iff

le

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

1.
2

1.
4

0
20

40
60

80
10

0
12

0
14

0

Fl
ow

 (c
fs

)

Velocity Adjustment Factor

C
oo

pe
r 

C
re

ek
 -

 A
llu

vi
al

 R
ea

ch
T

ra
ns

ec
t A

ve
ra

ge
 v

el
oc

ity
 (

V
av

e)
, T

R
 L

-4
, R

iff
le

0.
5

1.
0

1.
5

2.
0

2.
5

3.
0

3.
5

0
20

40
60

80
10

0
12

0
14

0
Fl

ow
 (c

fs
)

Transect Average Velocity (ft/s)

C
oo

pe
r 

C
re

ek
 -

 A
llu

vi
al

 R
ea

ch
F

ro
ud

e 
N

um
be

r(
F

r)
, T

R
 L

-4
, R

iff
le

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

0
20

40
60

80
10

0
12

0
14

0

Fl
ow

 (c
fs

)

Froude number

C
oo

pe
r 

C
re

ek
 -

 A
llu

vi
al

 R
ea

ch
M

an
ni

ng
's

 n
 , 

T
R

 L
-4

, R
iff

le

0.
00

0.
03

0.
06

0.
09

0.
12

0.
15

0
20

40
60

80
10

0
12

0
14

0

Fl
ow

 (c
fs

)

Cross-sectional Manning's n

C
oo

pe
r 

C
re

ek
 -

 A
llu

vi
al

 R
ea

ch
W

et
te

d 
P

er
im

et
er

 , 
T

R
 L

A
-4

, R
iff

le

202428323640

0
20

40
60

80
10

0
12

0
14

0

Fl
ow

 (c
fs

)

Wetted Perimeter (ft)

S
ite

 L
 C

al
ib

ra
tio

n
cT

R
 L

4
P

ag
e 

13
 o

f 1
6



R
ea

ch
A

llu
vi

al
 R

ea
ch

S
tr

ea
m

:
C

oo
pe

r 
La

ke
T

ra
ns

ec
t :

L-
5

H
ab

ita
t:

R
iff

le

S
im

ul
.

C
al

'd
w

et
te

d
Q

W
S

E
Q

W
S

E
V

A
F

Fr
ou

de
V

el
oc

ity
M

an
ni

ng
's

pe
rim

et
er

(c
fs

)
(ft

)
(c

fs
)

(ft
)

N
um

be
r

(ft
/s

)
n

(ft
)

54
.5

96
.0

3
15

95
.6

2
0.

64
0.

28
1.

19
0.

10
7

22
.1

74
.3

96
.2

2
20

95
.7

0
0.

68
0.

31
1.

38
0.

09
8

23
.2

26
.0

95
.7

8
25

95
.7

7
0.

73
0.

33
1.

55
0.

09
1

24
.1

77
.2

96
.3

3
26

95
.7

7
0.

79
0.

36
1.

66
0.

08
4

23
.9

89
.6

96
.2

4
30

95
.7

9
0.

84
0.

38
1.

81
0.

07
9

24
.4

35
95

.8
4

0.
88

0.
41

1.
96

0.
07

4
25

.5
40

95
.8

9
0.

89
0.

45
2.

08
0.

06
8

28
.7

45
95

.9
4

0.
90

0.
47

2.
17

0.
06

5
31

.5
50

95
.9

9
0.

91
0.

48
2.

24
0.

06
4

33
54

.5
96

.0
3

0.
91

0.
48

2.
29

0.
06

3
34

.2
60

96
.0

8
0.

91
0.

48
2.

36
0.

06
4

34
.6

65
96

.1
2

0.
92

0.
49

2.
43

0.
06

4
35

70
96

.1
6

0.
92

0.
50

2.
49

0.
06

2
37

.1
74

.3
96

.1
9

0.
93

0.
51

2.
54

0.
06

2
37

.7
77

.2
96

.2
1

0.
94

0.
51

2.
59

0.
06

1
38

.1
80

96
.2

2
0.

94
0.

52
2.

63
0.

06
0

38
.3

85
96

.2
6

0.
95

0.
52

2.
68

0.
06

0
39

.1
89

.6
96

.2
9

0.
94

0.
52

2.
71

0.
06

1
39

.6
95

96
.3

3
0.

94
0.

52
2.

75
0.

06
1

40
.3

10
0

96
.3

6
0.

94
0.

52
2.

80
0.

06
0

40
.8

10
5

96
.3

9
0.

94
0.

52
2.

84
0.

06
1

41
.3

11
0

96
.4

3
0.

93
0.

52
2.

86
0.

06
1

42
11

5
96

.4
6

0.
92

0.
52

2.
88

0.
06

2
42

.5
12

0
96

.4
9

0.
92

0.
52

2.
92

0.
06

1
43

12
5

96
.5

2
0.

92
0.

52
2.

94
0.

06
2

43
.7

M
od

el
in

g
C

oo
pe

r C
re

ek
 - 

A
llu

vi
al

 R
ea

ch
W

S
E

 (W
at

er
 S

ur
fa

ce
 E

le
va

tio
n)

, T
R

 L
-5

, R
iff

le

95
.4

95
.6

95
.8

96
.0

96
.2

96
.4

96
.6

96
.8

0
20

40
60

80
10

0
12

0
14

0
Fl

ow
 (c

fs
)

WSE Elevation (ft)

C
al

ib
ra

te
d 

W
S

E

C
al

ib
ra

tio
n 

W
S

E

C
om

pa
ris

on
 o

nl
y

C
oo

pe
r C

re
ek

 - 
A

llu
vi

al
 R

ea
ch

V
el

oc
ity

 A
jd

us
tm

en
t F

ac
to

r (
V

A
F)

 , 
TR

 L
-5

, R
iff

le

0.
4

0.
6

0.
8

1.
0

1.
2

1.
4

1.
6

0
20

40
60

80
10

0
12

0
14

0

Fl
ow

 (c
fs

)

Velocity Adjustment Factor

C
oo

pe
r C

re
ek

 - 
A

llu
vi

al
 R

ea
ch

Tr
an

se
ct

 A
ve

ra
ge

 v
el

oc
ity

 (V
av

e)
, T

R
 L

-5
, R

iff
le

0.
5

1.
0

1.
5

2.
0

2.
5

3.
0

3.
5

0
20

40
60

80
10

0
12

0
14

0
Fl

ow
 (c

fs
)

Transect Average Velocity (ft/s)

C
oo

pe
r C

re
ek

 - 
A

llu
vi

al
 R

ea
ch

Fr
ou

de
 N

um
be

r(
Fr

), 
TR

 L
-5

, R
iff

le

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0
20

40
60

80
10

0
12

0
14

0
Fl

ow
 (c

fs
)

Froude number

C
oo

pe
r C

re
ek

 - 
A

llu
vi

al
 R

ea
ch

M
an

ni
ng

's
 n

 , 
TR

 L
-5

, R
iff

le

0.
02

0.
04

0.
06

0.
08

0.
10

0.
12

0.
14

0
20

40
60

80
10

0
12

0
14

0

Fl
ow

 (c
fs

)

Cross-sectional Manning's n

C
oo

pe
r C

re
ek

 - 
A

llu
vi

al
 R

ea
ch

W
et

te
d 

P
er

im
et

er
 , 

TR
 L

-5
, R

iff
le

1822263034384246

0
20

40
60

80
10

0
12

0
14

0

Fl
ow

 (c
fs

)

Wetted Perimeter (ft)

S
ite

 L
 C

al
ib

ra
tio

n
cT

R
 L

5
P

ag
e 

14
 o

f 1
6



S
ite

 L
 C

al
ib

ra
tio

n
S

im
W

S
E

P
ag

e 
15

 o
f 1

6

C
oo

pe
r 

C
re

ek
 - 

S
te

ts
on

 R
ea

ch
, S

ite
 L

 C
om

pa
ri

so
n 

of
 M

od
el

in
g 

an
d 

S
im

ul
at

ed
 W

S
E

s

92
.0

92
.5

93
.0

93
.5

94
.0

94
.5

95
.0

95
.5

96
.0

96
.5

97
.0

0
10

20
30

40
50

60
70

80
90

10
0

11
0

12
0

13
0

Fl
ow

 (c
fs

)

Water Surface Elevation (ft)

T
R

 L
-1

(S
im

ul
at

ed
)

T
R

 L
-2

(S
im

ua
te

d)
T

R
 L

-3
(S

im
ul

at
ed

)
T

R
 A

-4
 (s

im
ul

at
ed

)
T

R
 L

-5
 (S

im
ul

at
ed

)

T
R

 L
-1

(m
od

el
in

g)
T

R
 L

-2
(m

od
el

in
g)

T
R

 L
-3

 (m
od

el
in

g)
T

R
 L

-4
 (m

od
el

in
g)

T
R

 L
-5

 (m
od

el
in

g)



R
ea

ch
:

A
llu

vi
al

 R
ea

ch
S

tr
ea

m
:

C
oo

pe
r 

La
ke

H
ab

ita
t

R
iff

le
Fl

ow
Tr

ip
 2

, 5
/1

3/
03

 (Q
=4

0c
fs

)

C
om

pa
ri

so
n 

of
 M

ea
su

re
d 

an
d 

S
im

ul
at

ed
 V

el
oc

ity
 P

ro
fil

e

S
ta

m
ea

s.
si

m
ul

.
S

ta
m

ea
s.

si
m

ul
.

S
ta

m
ea

s.
si

m
ul

.
S

ta
m

ea
s.

si
m

ul
.

S
ta

m
ea

s.
si

m
ul

.
10

.0
0.

00
10

.0
0.

00
10

.0
0.

00
10

.0
0.

00
0.

0
0.

00
14

.2
0.

00
16

.9
0.

00
18

.3
0.

00
15

.5
0.

00
19

.0
0.

00
14

.8
0.

20
0.

20
26

.7
0.

00
22

.1
0.

00
19

.0
0.

00
19

.3
0.

03
16

.2
2.

60
2.

59
29

.4
0.

00
0.

75
28

.0
0.

00
19

.2
0.

30
0.

28
22

.9
0.

40
0.

37
18

.0
2.

70
2.

69
32

.0
2.

10
1.

72
30

.6
0.

00
21

.3
1.

20
1.

11
24

.0
0.

40
0.

37
19

.6
3.

20
3.

19
34

.3
2.

30
1.

89
30

.7
2.

60
3.

10
23

.6
1.

00
0.

92
26

.2
1.

40
1.

29
22

.5
2.

00
1.

99
37

.1
5.

00
4.

10
32

.9
3.

50
4.

12
24

.5
1.

50
1.

37
28

.1
0.

10
0.

09
23

.8
3.

30
3.

29
39

.5
4.

70
3.

85
35

.4
2.

20
2.

62
26

.2
2.

70
2.

47
29

.8
1.

70
1.

55
26

.2
4.

10
4.

09
41

.4
2.

50
2.

05
36

.7
3.

50
4.

17
28

.0
3.

40
3.

11
31

.4
3.

40
3.

10
28

.2
2.

30
2.

29
43

.3
0.

60
0.

49
38

.4
3.

20
3.

81
30

.3
2.

30
2.

10
33

.7
4.

30
3.

92
30

.5
2.

30
2.

29
45

.2
2.

10
1.

72
40

.5
3.

50
4.

17
32

.0
4.

20
3.

83
36

.0
4.

10
3.

74
32

.7
3.

00
2.

99
46

.2
3.

50
2.

87
42

.4
2.

90
3.

46
33

.6
3.

80
3.

47
38

.6
2.

80
2.

55
35

.0
2.

70
2.

69
48

.6
3.

10
2.

52
44

.0
2.

80
3.

33
35

.5
3.

20
2.

92
42

.2
2.

10
1.

91
37

.5
1.

30
1.

30
51

.8
1.

50
1.

20
45

.9
1.

80
2.

14
37

.6
2.

60
2.

37
44

.0
3.

00
2.

73
39

.7
0.

30
0.

30
55

.0
0.

00
0.

00
48

.1
0.

40
0.

47
39

.1
2.

60
2.

37
45

.5
2.

40
2.

19
42

.4
0.

30
0.

30
57

.0
0.

00
49

.7
0.

00
0.

18
40

.8
2.

80
2.

56
47

.7
1.

20
1.

09
44

.1
0.

00
0.

00
60

.7
0.

00
51

.7
0.

00
43

.2
1.

00
0.

92
50

.8
1.

90
1.

75
45

.8
0.

00
63

.7
0.

12
55

.2
0.

00
44

.2
0.

00
0.

04
53

.2
0.

00
0.

14
50

.0
0.

00
67

.2
0.

00
60

.5
0.

00
45

.1
0.

00
56

.8
0.

00
57

.9
0.

00
70

.8
0.

00
64

.3
0.

00
46

.9
0.

00
60

.7
0.

00
73

.5
0.

00
67

0.
00

57
0.

00
63

.9
0.

00
76

.9
0.

00
69

.2
0.

00
62

.8
0.

00
67

.4
0.

00
83

0.
00

72
0.

00
63

.6
0.

00
70

0.
00

74
0.

00
65

.5
0.

00
72

.3
0.

00
77

0.
00

69
.4

0.
00

75
.4

0.
00

78
.8

0.
00

72
.7

0.
19

77
.6

0.
00

82
.9

0.
00

74
.8

0.
27

79
.9

0.
00

76
.7

0.
21

80
.8

0.
00

79
.8

0.
00

82
.3

0.
00

81
.9

0.
00

83
.7

0.
00

83
.2

0.
00

85
0.

00
88

.6
0.

00

TR
 L

-3
TR

 L
-4

TR
 L

-5
TR

 L
-1

TR
 L

-2

TR
 L

-1
,  

5/
13

/0
3 

ve
lo

ci
ty

 c
om

pa
ris

on

0.
0

0.
5

1.
0

1.
5

2.
0

2.
5

3.
0

3.
5

4.
0

4.
5

0
10

20
30

40
50

60

S
ta

tio
n 

(ft
)

Vel (ft/s)

m
ea

su
re

d
si

m
ul

at
ed

TR
 L

-2
,  

5/
13

/0
3 

ve
lo

ci
ty

 c
om

pa
ris

on

0.
0

1.
0

2.
0

3.
0

4.
0

5.
0

0
10

20
30

40
50

60
70

80
90

S
ta

tio
n 

(ft
)

Vel (ft/s)

m
ea

su
re

d
si

m
ul

at
ed

TR
 L

-3
,  

5/
13

/0
3 

ve
lo

ci
ty

 c
om

pa
ris

on

0.
0

1.
0

2.
0

3.
0

4.
0

5.
0

0
10

20
30

40
50

60
70

80
90

S
ta

tio
n 

(ft
)

Vel (ft/s)

m
ea

su
re

d
si

m
ul

at
ed

TR
 L

-4
,  

5/
13

/0
3 

su
rv

ey
 c

om
pa

ris
on

0.
0

0.
5

1.
0

1.
5

2.
0

2.
5

3.
0

3.
5

4.
0

4.
5

0
10

20
30

40
50

60
70

80
90

S
ta

tio
n 

(ft
)

Vel (ft/s)

m
ea

su
re

d
si

m
ul

at
ed

TR
 L

-5
,  

5/
13

/0
3 

ve
lo

ci
ty

 c
om

pa
ris

on

0.
0

0.
5

1.
0

1.
5

2.
0

2.
5

3.
0

3.
5

4.
0

4.
5

0
10

20
30

40
50

60
70

80
90

S
ta

tio
n 

(ft
)

Vel (ft/s)

m
ea

su
re

d
si

m
ul

at
ed

S
ite

 L
 C

al
ib

ra
tio

n
V

el
C

om
p

P
ag

e 
16

 o
f 1

6


