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Figure 7-0- 11 Weighted usable area plots using substrate curve

set for sockeye salmon in Side Channel 10.
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set for chum salmon i n Si de Channel 21.
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Figure 7-0-25 Wei ghted usabl e area plots using upwell i ng curve
set for sockeye salmon i n Upper Side Channel 11 .



-------------------
SOCKEYE SPAWNING SIDE CHANNEL 2 J

WUA (0, V,UPWEW NG)

-----------

____ .i. __• ._ , _
, ~

AREA PER 1000 FEET Of STREAM

t­
Z
l.LI
U
Cl:
l.LI
0..

<l:
l.LI

~

l.LI
..J
<D
~
en
~

1.4

PERCENTo

,
1.2

I

0 .5 0 .8
(Thouaorida)
FLOW (CFS)

+ GROSS

0 .4
, ,

0.2o

180

150

200

300 ­

280 ­

250

240

220 -

o

~

t­...
ae,,"

"tJ
<c
1.10

"".<:;
o

wJ:
ut­
<~...
'"::J
l/I

~,
c,
t:l

Figure 7-0-26 Weighted usable area plots using upwelling curve
set for sockeye salmon in Side Channel 21.



-------------------
CHU M SPAWNING SLOUGH SA

AREA PER 1000 FEE f OF STREAM
90 i ~OO

3 D
--------' 80

WUA. ( D, V, JOINT- S&U)

I I I 40

~,
o,
~

!

~

t­...
a
VI~

~""0-c c
... "
"'''<Cl

o.....c
Ut­
<~...
'"::J
VI

o

70

60

50

40

3 0

2.0

10

o

.....----.--- I '

2.0 40

FLOW (CF+S) GROSS

60

o

3 (

PERC~tH

70

60

·-50

40

30

20

10

<l
W
a:
<l
w
..J
lD

~
::>

t­zw
o
a:
w
o,

figurE 7-0- 27 Weighted usable area plots using jo int curve ~et
for chum salmon spawning in Slough 8A · · ·



- - - - - - - - - - - - - - - - - - -
CHUM SPAWNING SLOUGH 9

AREA PER 10 0 0 FEET OF STREAM
150

140

13 0 , ..---'
120 -1 -----~

~
110 .>f-

I~
t-roou, 10 0

0
Vl~ 90 90 ,
~" et.

"tJ 60 W« c 80 a:w e et.0'"«::I 70 70 w0
WJ: 60 ...J
Uf- 60 CD
«~ et.
"-

50 l 50 lJl
0: :::>
::J

4 0Vl 40 -1 I-
Z

30 -1 r 3 0 w
o

1 2 0 a:
20 -1 w

n,

10 -liF-8 , Ii' li 1 10

o -F I I T ' 0
I I I

0 200 400 600

FLOW (CFS)
GROSS PERCENT

0 WUA ( D,V,J OINT-S&ll) + o

F ~9ure 7~O-28 Wei ghted usabl e area plots usi ng joi n~ curve .se~
for chum salmon spawning i n Slough 9.



- - - - - - - - - - - - - - - - - - -
CHUM SPA·V\TNING SL OUG H 2 1

AREA PER 10 0 0 FEET OF STREAM
10 0 100

90 I 90
I

-
80

---------------+--
80

/
.

<l
~

70 --1 70 wt- o::...
I <l

0
lI)~ 60 60 w
~" .J11 III«c: <I:Wo

"' '' 50 50
(J)

-« :> ::>
0

I-w .<:
40Ot- 40 Z

«~ w, ... o, a: 0::, :l 30 30 w, lI)

----~--
o,

2(' --l~_ _--B -.----"'""6'-
1-20e

3
10 --l~ t:0-1 ~i I I

0 200 400

WliA ( D. V,JO INT-S&lI)
FLOW (CFS)

PERCEIH0 + GROSS o

fi gure 7-0- 29 We 1.ghted usable area plots using Jot nt curve set
for chum salmon spawning in Slough 21.



-------------------CHUM SPAWNING SIDE CHANNEL 10
AREA PER 1000 FEET OF STREAM

10 0 I r lOO

...,
o,
w-

90

80

~ 70
~

::t
:II......... 60
~"11«c
:i! g 50«j

o....c
:Jt- 4 0
«~

~

>:
:> 30
:II

20

10

»>
---

90

80

70

60

50

40

30

20-

10

<t
lJJ
tr
<t

lJJ
...J
m
<t
(/)
~

....
Z
lJJ
U
tr
lJJ
a.

~ ~ B : l8 = ( ;o i ii I I I I I 0
o 20 40 60 80 100

o WUA (D , V,JOIHT-S&ll)
FLOW (CFS)

+ GROSS o PERCEHT

Fi gu re 7·0·30 We ighted usable area plots using joint curve se t
for chum salmon spawn ing i n Side Channel 10.



,,- - - - - - - - - - - - - - - - - - -
CHUM SPAWNING SIDE CHANNEL 11 U

AREA PER 100 0 FEET OF STREAM

«
w
a:«
w
_J
m«
en
::J

I­
Z
III
U
a:
w
a..

40

100

90

50

10

80

70

60

30

20p~~ ======l!tl_~~ij= = = ===-€J•
20

10

60

70

3 0

50

90

8 0

40

120 ~ ......
110

100

~

t­
o..
a
Ul~

~"'0«c
"'0

"'"«:>
o

... .<:
Ut­
«~...
'"::J
l/l

~

•o,
W
N

I I I I I I I I I.A I I

o 40 80 120 160 200 240 280

o WUA ( 0, V,JOIHT- S& U) FLOW (CF1) GROSS o PERCHlT

Figure 7-0-31 Weighted usable area plots using joint curve set
for chum salmon spawning In Upper Side Channel 11.



- - - - - - - - - - - - - - - - .- - -CHUM S PAWNING SIDE CHAN NEL 21
AREA PER 10 0 0 FEET OF STREAM

300

280

260

240 1 ---.----.-
~

220
t-... 200
0
VI~ 180,-,"
"« c 160 / / <l:

"'0
0::"

W
«J 140 ~0... .c /Ut- 120 w«'-' ..J... tlOO lD
0:: 10 0 <l:::> <f)
VI 80 eo ::>

60 -j t-6O I-
z

40 -l t-4O w
u

1""20
D::

20 -j W
0-

o -F i i i I I i i i i 'i T i i i If' I I 1""0
0 0.2 0 .4 0 .6 0 .8 1 1. 2 1.4 1. 6 1.8

(Thousands)

WUA ( D,V,JO INT-S&U)
FLOW (CFS)

PERCEN T0 + GROSS o

Figure 1-0-32 Weight ed usable area plots using joi nt curve set
for chum salmon spa\'mtng in Side Channel 21.



90 1 -

I I I I I I I I I I , I I I I I • I I I , , - ,

AREA PER 10 0 0 fEET Of STREAM

[ ' / - I I

I
I

I

1 I , I

S OCKEYE SPAW"N ING S LOUGH 8A

,- , - , I

I
8 0

~

t­....
o
~--;-

1]
« c
wo
a:: "«:>

o
W,C
Ut­
«~....
a::
:>
Ul

70

60

5 0

4 0

3 0

20

...- "-<-
..--

10
8i g Be ';

-0 0 e 0
n 0 8 0

o -I il l 1 i i 9 t-

o WIJA (D, V,JO IHT- S&U)

o 20 40

f LOW (C fS)
+ GROSS

60

c PERCENT

Figure 7- 0-33 Weighted usable area plot s usi ng jo int curve set
for sockeye salmon spawning in Slough SA.



S OC KEYE S P AWN IN G S LOU GH 9
AREA PER 10 0 0 f EET Of STREAM

150 -r- -- ····-·------------- ,

I_
i,
i

- - - ---------------

100

90 cl
80 w

II:
cl

70
W

60 ...J
m
cl

50 IJl
::>

40 t-
Z

30 w
o

20 II:
W
0-

10
0.

60 0

o PERCENT
- - -

- '

, r-
40 0

f LOW (CfS)
+ GROSS

_.....----­.------
/ ....--~--- .

//
~

.- ~~"'-·f3__-·----"·lj · . .. (l ~ I
I

Wl)!, (D , V,J On-Il - S&l l)

o -1- --- - -···, --- - - ,- -
o 200

130 -

140

o

120

11 0
~-
t-
L.- 100
0
VI~ 90
~"11« <: 80wo

"'"«j 7 00
w .!:

60Ut-- «~, ...
::;00 n;,

::l...
'" VI 40

30 -

20 -

10

Fi gure 7- D-34 We i ghted usable area plots usi ng jo i nt curve set
for sockeye ~ a l mon spawni ng i n Slough 9. .



- - - - - - - - - - - - - - - - - - -
SOCKEYE SPAWNING SLOUGH 21

AREA PER 10 0 0 FEET OF STREAM
10 0 100

90 I 90
I

80

/~
80

. «
~- 70 70 w
~ ll::

:J
«

II~ 50 I 60 w
~"u ...J
<t: III
.J a «
"" 50 50 en
<:> ::>

0
.J.c ...
J .... 40 40 z
<~ w
~

, 0

" ll::
:J 30 30 w
II c,

20 - 20,

10-j~~==- 1-10
g' 6

'1!l

O~ i 1-0I , I

0 200 400 . .. . ..

W'.IA ( D,V,JO IHT-S&I.')
FLOW (CFS)

0 + GROSS o PERCENT
. - - ._-- .

Figure 7. 0-35 Wei ghted usabl e area plots usi ng joint curve set
for sockeye sal~n spawning in Slough 21.



- - - - - - - - - - - - - - - - - - -
SOCKEYE SPAWNING SIDE CHANNEL 1 0

AREA PER 1000 FEET OF STREAM

100 J 100

9 0 90

-8 0 -l ..--...--- 80

~
<l:

.... 7 0 70 UJ... a:
0 <l:
VI~ 60 60 w
~""0 ...J
« c m
.... 0 <l:
et:" 5 0 50

lJ)
«:> :::>

0.... .c t-u .... 40 40 z
~

«~ UJ
0 ... U:> et: a:0 ::JN 3 0 30 UJ
~ VI 11.

20 20

10 ~ "'- 10

o +---<-.....-r ! 1_ 0I I I I I I I J

0 20 40 60 80 100

WUA (D.V.JO INT- S&ll )
FLOW (eFS)

0 + GROSS o PERCENT
...._-- -

Figure 7-D- 36 Wei ghted usable area plots using j oint curve se t
for sockeye salmon spawni ng in Side Channel 10.



- - - - - - - - ~ - - - - - - - - - -
SOCKEYE SPkWNING SIDE CHANN EL 1 1 U

AREA PER 10 0 0 FEET or STREAM
120 I

--==--------1 10 4 .....--.----
10 0 4 ---~ Hoo

.......-i......... -.~.

/ .
~90

90 , /
~ //-
~ 8 0 / " 80 <1

:I

/
w

:n~

a:
~" 70 . 70 <1

"tJ
":c:
"'0 /

w
,.", 60

60 ...J

<l::;
rn

0 J
-t

... ,c: 50
50 'n

u ..- ::J
..:~... 40
a: 40

f-

::l
Z

Ul
W

30 30 o
a:

204~ S
w

20 a.
- -==!jl

104 ;:;a
~ 1-10

o I
.0

I I I I I I I i I I I I , ,

0 40 80 120 160 20 0 240 280

o WU.t.. (D, V. JOII-IT- S& U)
FLOW (C FS)

+ GROSS o PERCEI-IT

Figure ] ·0-37 Wei ghted usable area plots us ing jo int curve set
for sockeye salmon spawning i n Upper Si de Channel 11 .



- - - - . . . . . . . . . - - - - - -
SOCKEYE SPA·WNI N G SIDE CHANN EL 21

AREA PER 10 0 0 FEET OF STREAM

.-.-I-

..---»->:...-- -- - I --

WliA (D, ,,,.JO IHT-S&lI)

<t
W
a:
<t

w
...J

Hoc CD
<t
Ultao =>

/30 I-
z

~40 w
u

~20
a:
w

j

0-
j j T ,0

1.3 1.5

PERCENTo

I I r I

0 .9 1. 1
( Thousands)
FLOW (CFS)

+ GROSS

1 'F

0.5 0.7

o

300

280 -

260 -

240 -

220 -
~-
~ 200 -
::T
:Il~ 18 0 -
~"11
0( <: 160 -""0
1:"
<(::1 140 -

0
"".<:

120 -:.II-
o(~

~

10 0 -1:
:J
:Il 80 -

60 -

40 -

20 -

0 I I

0 .3

Fi gure 7~O·38 We i ghted usable area plots USing jo i nt curve set
for sockeye salmon spawning in Si de Channel 21.



- - - - - - - - - - - - - - - - - - -CH UM SPAWNING S LOUGH 8A
AREA PER 1000 fEET Of STREAM

90 i r 90

8 0 60

70 70

~,
o
1-
o

~

t­...
o
VI~

~"."
o( c

.... "
"' "' C 'o.... .c
U t­
o(~...
'"::J
VI

60

50

40

3 0

20

60

~50

40

30

20

ii}
a:
<l:

~
(II

~
:J

t­
Z
W
o
a:
w
0..

10
~ e ~ 0

·--"·~-..a......_ -.>-_, ------<>-10

o PERCENT

6040

fLOW(CfS) GROSS
+

20o
0 -1 [] fjl n 9 I 9 ? ? fil r- 0

80

o WUA (D. V.S.l ITIL IZ)

dI<.
fig ure 7-0-39 We ighted usable area plots using utili ze" curve se t

for chum salmon spawni ng in Sl ough SA.



• • • • - -. - Iii -. • • • • • • • • • • •
CHUM SPAWNING S LOUGH 9

AREA PER 10 0 0 FEET OF STREAM

140 r- I C4

130 - -- 13...----
120 -l -------- 1--12
110 -1 /' 1--11

~

100 j .: t~
<{,...
W... a:

0 90 <{
VI~

~" 80 B w"D
<l:<: ...J
Wo lDC,,,, 70 7 <{
«:J (J)

0 ::>
'-I.e 60 6u,...

f-«~... 50 \ 5 z
D:: W
:J 0
VI 40 4 a:

w
30 -l \ '3

c,

20 -l <. 11-2

10 -l
'-.,

t~'-.
o F- 0 3 ~ ~, , , ,

..,.
Weighted usable area plots usi ng utili ze~ cu rve se t
for chum salmon spawntng in Slough g• .

o

o WliA (D , V,S, lITiL IZ )

Figure 7-0-40

200 400

FLOW(CFS) GROSS
+ o

600

PERCENT



- - - - - - - - - - - - - - - - - - -CH UM SPA-WNING SLOUGH 21
AREA PER 1000 FEET OF STREAM

10 0 I - 10

90 -1\ I 19
I----

r- 880 --1 <t _____-t-- --
<t

~ W
I- 70 7 a:
I.- <t
0

WVl~ 60 6~" .J
1J en« c <tWo

50 5 Ul
a:: ", ;:)«:l

0 I-w.c

~
4 Z01- 40 ,

«~ w
.... l.- t), o: a:<> ::J W, 30 :3- "'- Vl 0-N

"

20 -I
-,

1-2" ,

10 --1 ----------- ----------------....- -,'
I!I}- - o V== 0 7 1-0o -I I I

0 200 400

o WUA (D, V,S,I.J l ILlZ)
FLOW(CFS)

+ GROSS o PERCENT

Figure 7- 0.;11
~<

Weighted usabl e area plat s us ing utili zed curve set
for chum salmon spawni ng i n Slough 21 .



100

o PERCENT

80

. . . . . . -
SI DE CHANNEL 10

60

FLOW(C~S) GROSS

40

AREA PER 10 0 0 FEET OF STREAM
10

9

8
«
w

7 a::
«

6
w
..J
lD«

5 en
::;)

t-
4 z

w
u
a::

3 w
Q.

2

-- ~~

• • • •
SPAWNI NG

20

- f-o ,Ii''iii I ii7 IIII I~ 0 II

o WIJA (0, V,S,UTlLlZ)

- - - - • •
CHUM

10 0

90

80

~

70t-
"-
a
VI~ 60~"n
.;: <:
"' 0 50"'''.;::>

0....c
Ut- 40
.;:~

• "-

'", :J 30• VI•
20

10

0
0

Figure 7-0-42 ~<

Weighted usable area plots using ut 1 1 t ze ~ curve set
for chum salmon spawning In Side Channe l 10.



-------------------
CHUM SPAWNING SIDE CHAN NEL 11U

AREA PER 1000 FEET OF STREAM
12

II

10

«
9 w

a:«
8

w
7'

..J
lD«
Ul

6 ::>

I-
5 z

w
u

4 a:
w
a.

3

2

~

•c
•....

80 120 1 60 200 240 28 0

o WUA. (D, V.S.UTILlZ)
FLOW(CFS) GROSS

+ e PERCENT

Fiyure 7~D-43
.Jj4.

Weighted usable area plots using u t 1 1 tz e~ curve s~t
for chum salmon spawning 1n Upper Side Channel 11 .



-------------------•

200
<{

W
0:
<{

W
..J
CD
<{
(/)
:::>

I­
Z
W
o
0:
W
a..

PERCENTo

CHUM SPAWNING · SIDE CHANNEL llL
AR~A P~R '000 fEET Of STREAM

WUA (D,V,S,UTILI1;) _

. .. ._.. - --

320 32

300 30

280 28

260 26

240 24
220 22

20
180 18

160 16

140 ~

120 12

100 10

80 8

60 6

40 -1 -- 4

20-1 -. 2
" c 0

• - (j-- 8 !j! 0 II-
VI I I I I I r I I I" I I I I I I J I 10

o 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
(Thousands)
fLOW(CfS)

+ q~9S~
o

~

t­...
o
Vl~

~""0«c;
W[J

"'"«:l
[J

W.c
Ut­
«~...
n;
::l
Vl

~,
o
•...
~

Figure 7-0-44 ....
Weighted usable area plots using ut11tzeA curve set
for chum sallnan spawning In lower Side Channel 11.

I



- - - - - - - - - - - - - - - - - - -
CHUM SPAWNI NG SI DE CHAN NEL 2 1

AREA PER 1000 fEET Of STREAM
260 , r- 26

240 -l ----- /-24

220 22

200 20
~

<l
t- 18 0 18 w... 0:

0 <l
VI~ 160 16
~~

"IJ W
<c 140 14 ...J
"' 0 <D

"'" <l
<j 120

(Jl

0 12 ::>
... .c
Ut-

10 0<~ 10 f-
~ ... , Z
0 '" 0 W
'" :J 80 . 8 o0.. VI 0:
'" 60

w

~.
6 n,

40 j ~ t:20

o -j'Rnj' Ii' Ijl 'i' ' , /-0I I I i I I I I I I I I

0 0.2 0.4 0 .6 0 .8 1 1.2 1.4 1.6
(Thousonds)
f1.0W(Cf S)

0 WliA (D, V,S ,lI T1 L1Z) + GROSS <> PERCENT_ _ • _ _ _ _ • • M _ _ _ • • _

Figure 1-0-45
~<

Weighted usable area plots USing uttl t ze~ curve set
for chumsalmon spawning in Side Channel 21.



-------------------SOCKEYE SPAWNING SLOUGH SA

<t
UJ
a:
<t
UJ
.J
m
<t
1Il
:::>...
z
UJ
o
a:
UJ
a,

2

4

5

3

8

6

7

PERCENT

_ f

e

--.._-------

--- .9

....... 1-- -1-- - -- -----.-- I _ _ -I - -

.... ...;....... -....-------~,-
l~ ·· ·.. ·~-

~ [, III III_ I3=- =:lJI -- J '( ? 1-0
20 40 60 80

fLOW(CrS)
+ GROSS

AREA PER 1000 rEE~ or STREAM.,.-- - - - - - -

WU/, (ll ,V,S,UTILIZ)o

90

80

70

"f-... 60
0
Vl'~

~- ~

1) 50«c
1.1 0
Cl: ~"1«j

0 40w.c
Uf-
«~

~ ..., ..
'" 300

;. ='
~ l/I

20

10

0
0

Figure 7-0-4 6
~t

Weighted usable area plots using ut 11 1z~ curve set
for sockeye salmon spawning 1n Slough SA.. .. • .. ••. • . .



- - -- - -- - - - - - - '. r_ '. '. '- - - -
SOCKEYE SPAWNING S LOUGH 9

AREA PER 1000 fEET Of STREAM

140 J
~ ['4

130 13

120 j
~ tl2

11 0 \I

~

100 j / / t~
<l

t-... 1IJ

0 9 0
Q:

, <l
VI~'

~ " 8 0 1IJ'D '8
« c: ..J
lol a

70
m

"' " 7 <l
..: :> (/)

a
60

::>
WJ: 6

~ U t-

!z, ..:~

" ... 50 5,
!l Q; 1IJ

:::> U
VI 40 '4 Q:

1IJ

30 -j I \ 1-3
Q.

20 -¥ . ~

1-2-,
" ..

10 -j -' ,
<,

e-

O-rB- B n ~ IjI 1-01 i I I

0 200 400 600

WllA (D ,V,S ,UTlLlZ )
fLOW(CfS)

PERCENT-0 + GROSS o

Fi gure 7 ~D-41
,tl(

We ighted usable area plots using ut I1t7.e4 curve set
for so..keye sateon spawning in Slough 9. 0.0 • . 0 • • • • • • • •



- - - - - - - - - - - - - - "- - - - -
SOC l ' I"V,.'I . \. .1 I . J S PAWNING S IDE CH ANNE L 21

" , _- - - .- --- _.- - - - - - -£6(1

240

220

200
. ~

180

160 '

14() ' , I .+,
120 ·1.:

I
~ 10 0,
c
J,.

3C)'"
60

40 ·
~.-.I

;W -"

ARE!, PER 10 0 0 FEET or STREAM

.---.....----..-...-.

.~. ...---...---............
....---.../ ....--

.......---------
/

_ .-A'-" -....---- - .

' ....- .__. - ---- -~-" , ) --~ .. ...--~....

10

9

B

7 <t
w

6
~

w

5
..J
m
<t
1Il

4
:>

t-
Z

:3
uJ
0
Ie

2
w
a.

PEHCEI-IToWUf, lD. v . ~ . I.II IL1L)

O IIttDjl I 'i' I I I ljl I I !jI I I I r=-JI'-r-I--O
(. (J . £ 0 . 4 0 .6 0 .8 1 1.2 1.4 1. 6

(Tho llS" " .jS)
F1.0W(CFS)

+ GHOSSIJ

FI9ure 7. 0.48 .~,

Wet ghtp.d usable area plots using uti lizel curve set
for sockeye salmon spawning in Si de Channel 21 .



- - - - - - - - - - - - - - - - - - -SOC KEYE SPAWNING SIDE CHANNEL 10
AREA PER 10 00 FEET OF STREAM

10 0 , r iO

~---------90 -I 1-9

80 -j .-------- B
<l:

~ .---" W
I- 70

.:
7 a:u,

<l:
0 w
~"; 60 6 ...J

1J lD<c <l:
"' 0

50 5 Ul
."" ~<:>

0 I-....c
UI- 40 4 z
<~ w... 0

~ ." a:,
c ::> 30 3 w,

VI Q.~

c

20 "'- 2,- - -..
10 ~ <) - --
0-1 "= 0 'i' 0 'i' 1-0I I I I I I I I

0 20 40 60 80 10 0

o WUA ll1,V,S.UTlLIZ) fl.OW(C~S) GROSS o PERCENT

F i lJ u r~ 7-0-49
~(

Weighted usable area plots us ing utt ltze~curYe set
for sockeye salmon spawning In Side Channe l 10 .



- - - - - - - - - - - - - - - - - - -SOCKEYE SPAWNING SIDE CHANNEL 11 U
AREA PER 1000 FEET OF STREAM

120 r _-t I 12

110 til-
10 0 -j 1\

~----
10

90 I 1--9
~ .--
t- -:... 80 B «0 /

WVI~

T a:~ .. 7 0"D ««c
"' 0 6Q 6 w
Q; " ...J« ~ en0 «... .c 50 5 II)Ot- T

~• «~, ...
4 l-e>: 40

" :J Z.
WVI

3 0 ", 3 u
a:l, w

2Q -j 2 0-
~" .....",

<;

lQ -j ' - "... •. [ J..•.•...•
t _ ____ -o

o -l U
· ··~·~ ·a-

=lJI - 0 i I I
n

I I 1-0I I I I I I I I

0 40 80 120 160 200 240 280

FLOW(C FS)
PERCENT(J WUA (D.V,S ,UTlLlZ"J t GROSS o

Figure 7-0-50
~,

Weighted usabl e area plots us ing ut i lizet curve set
for sockeye sa l~n spawning i n Upper Side Channel 11.



,', 0 ( :[ "Ii' V fi'I.J _ . \. ..JI _J S PA WNING

'--'I .-. ......... . .--- .. 4 ~ --... -..... .- - ~ -=-, -~
_.

•
- . - - _... _... . . "

"
•

SIDE CHANNE L llL
..

3.5
..\fKA PER 100 0 f EET Of STREAM

. - -_. --- _.- ----- -- - - -- - - --_._ -_.- - --- _ .350 - --.. - - -- - ..-

-r-....
o
lJl "
"'-# ~,

II
« C
"'0
Q. ..
<t,

II... .c
0.-«- ,....
u,
::>
In

3 0 0

2 50 -

2 0 0

150

) 1) (1

_ .--+

f-~--------------.
./-:

/
-:

•

-_.--~. . ..;. v,

,....
< .

3.0

2.5

2.0

1.5

1.0

<l:
lJJ
a:
<l:

lJJ
--'
lD
<l:
(J)

=>
t­
Z
lJJ
U
a:
lJJ
Q.

50 -

"'" "u.......
" '< , ......

, ."
.~......~

-._. ~".-------- -<-

0 .5

----.- - ~~, - I ii I EfI 1 I t I ~ J- 0

"

c;. --,- , -- T- .Ijl-='F9
o O.:l 0.<1 0.6

WIJA tu .V.S.UII LlZ )

0 .8 1 1.2 1A
(T hou sands)
fLOW(Cf S)

+ GROSS

1.6

e

1.8 2

PERCENT

Fig ure 7.0.51 Weighted usabl e area plots using utl1he1'curve set
for sockeye sal mon spawning in Lower Si d, . Channel 11 .

.'



~ ~.~ - ... ' ~.. -,. -. - - •,.• '. I'. '. -• • . -. -.
S OCK EYE SPAWNING SLOUGH 21

2.6

2.4

2.2

20 <l
w

I.B ~

1.6 ~
III

1.4
~
::J

1.2 t-z
lJJ

1.0 o
a:
lJJ

0 .8
c,

0 .6

0 .4

0 .2

0
400200

AREA PER 1000 fEET Of STREAM

~--

<:"
f

r-'""

~---------~e--=====<()
o

100

90

80

~

70t-
lo-

0
~--;;- 60

"0«cWo
50

D:: '"«j
0w.c:

Ut- 40
«~

l0-
a::
:J 30VI

20

10

o WUA ( D, V,S ,I-' T1L IZ )
fLOW(CfS) GROSS

+ o PERCENT

Fig ure 7-0- 52 ~

Weighted usable area plots us ing uti li ze' curve set
for sockeye salmon spawning i n Side Channel 21..•. . . •



I

I

I

I

•
•
•
I

I

I,,,
J

J,,,
I

APPENDIX 7E

Flow Chart And Outl ine Of Sa lmon

Spawning Habitat Analys is



I

I
......... ~..,. 01' "SM ••, I ' " " YO' O

14IIotf1C ..... ., ..., ,.U· """ ,••,
, ..-.00

fOI~'-~ _ .....,.,.,
1I1'1l.,z_ . ~ .... __U

-,

-- ,
_ " I_... - ,

..... .- ...

.._­- ._--a ·=..-=-:=1 ----

,..--- .. -_. __., , ._- ---
I . _ . _ - -_ 0__""&1- _

'
[.It.. I _._ .- ._- ., -

• .• - :.a- ~. --- - - - - _..... ,: - ~_.

,.. - - - -;
, ' 1- =-.-­' - - '; .

,--r - -,,,,
,
~ - -

-­",--

-------

. ~ ' . ' , -

I,.
I

I
i

I

I

I

I

I

I

I

I

I

I

•
•
•
•
I

1
Fi gure /-E-! Flow di agram of salmon spawning habi t at analys is.

J



.....
-t

•
•,
•
•,
,
,
•,
,
•,
•
•
•

J

. .
. FLW ~TArrAOME~

ALASKA DEPARTl400 OF FISH AHD GAME/SU HYDRO

AQUATIC HABITAT AHD INSTREAH FLW (All)

FY B4 APPROACH FOR

EYAlUATING SAlJ10H SPAWNING HABITAT UTILIZATION

I. SLOUGHS AHD SIDE CHAHNELS

I. Ava ilabil ity Hodel Assess-ent (I ncludes An Assessment Of Flow Related
Velocity, Depth, And Substrate Characteristics.)1

A. Hydrlullc Model Dati Sites .

I ) Slough Models (IFG-4)

I) Slough SA

b) Slough 9

c) Slough 21

2) Side Channel Hodels (IFG-4)

I) 'Side Channel 10

b) Upper Side Channel 11

c) Side Channe l 21

3) Stde Chlnnel Model (IFG-2)

I) Lower Side Channel 11

. B. ca libration by EWT&A and ADF&G•

c. Evaluate Whether Hodel Output Corresponds To The Range Of Flows
Wh ich Occurred When Spawning Habitat Ut i l ization Condit ions Were
Measured.

1) Determine s lough flows which occurred during the periods when
read measurements were recorded at each modeling site ( see
II - A-2) .

1 See also IY·2
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FLOW CHART ATTACIlHENT

2) Determine if hydraulic model output for these flows can be
generated in order to detenaine available depth, velocity, and
substrate characteristics. or whether additional data must be
collected.

O. Collect The FollowIng FY85 AvaIlabIlIty Oata If RequIred:

1) velocity, depth, and substrate;

2) surface and tntragravel water temperature; and.

3) upwelling presence or absence.

E. Develop Scatter Plots Of Available Habitat Which Illustrate Depth
Versus Velocity With Substrate InJicated As Acceptable ( +) Or
Unacceptable (-).

7-E-3
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11. Spawning Habitat Utilization Assessment (Includes An Assessment Of Point
Specific Velocity, Depth~ Substrate. Temperature And Upwelling
Characteristics At Redd locations.)

A. Spawning Habitat Utilization Data Base Source Evaluation To Assess
Which Spawning Habitat Utilization Data Sets Can Or Should Be Used
And/Or Combined To Develop Adult Salmon Spawning Habitat Curves.

1) Sites and data sets are listed below. Number in parenthesis
indicates the number of redd observations. An asterisk (*)
indicates that a hydraulic model is available for the site .

Chum 19B2 Field Data
-Slough 9- (45)
-Slough SA" (37)
-Slough 21" (34)
-Slough 11 (15)

1983 Field Data
-Slaugh 9' (31)
-Slough SA" (15)
-Slough 21" (49)
-Side Channel 21" (2)
-upper Side Channel 11" (2)
-Slough 11 (15)
-Other sloughs \SloughS 9A(24).

17(6). 20(11 • 22(12)]
-Hauth of 4th of July Creek (2B)
-Mouth of Indian River (3)

19B2 Fie1d Da ta
-Slaugh SA' (1)
-Slough 11 (23)

19B3 Field Data
-Slough SA' (16)
-Slough 21" (20)
-Slough 11 (22)
-Slough 17 (2)

Chinook"~1983 Field Data
·portage Creek (136)
-Indian Riyer (12s)

Pink-" 1982 and 1983 Field Data
-Insufflclent Data (15)

Coho *4. 1982 and 1983 Field Data
-Insufflclent Data (0)

Other Li tera ture Data
-Bradley Lake
-Terror Lake
-Chakachamna
-Willow Creek
-Other sour~es if available

,,* See Chooler 9
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Z) Cooplle spowning habitat utilization data froo
ADF&G Su Hydro IIOdeling sttes (*) and reduce above data into a
scatter plot fo~t for evaluation and overlay on sCltter plots
0" 'I vaf la bl e habitat fl"'Olll section l-E above.

a) Scatter plots of spawning habitat utilization data will be
developed which illustrate:

i) depths vs velocities with acceptable (+) or
unacceptable substrate (-1;

ii) depths vs differences 1n surface and intragravel water
tltllPerature and;

fff) depths vs velocities with upwelling presence (+) or
absence t-) .

b) SpaNning habitat utilization scatter plots from a-1 above
will be overlayed on scatter plots of available habitat from
I-E above.

3) Evaluate trends shown by scatter plots.

4) Evaluate whether spawning habitat utilization data from modeling
sites above (II-A-2) are sufficient to develop adequate curves:
or. ~ill it be necessary to combine these data ~ith non-modeling
site (II-A-5) and/or literature data ( I-A-6)? If data are
sufficient. continue to Step II-A-7 or if insufficient proceed
to step II-A-5 following sol id li ne processes only.

,
5) Compile AOF&G spawning habitat ut i l ization data for non-modeled

sites to evaluate ~hether these data can be combined ~ith data
from ~deling sites for use in developing spawning habitat
curves.

a) Develop scatter plots of non-modeling sites data.

b) Evaluate trends shown by scatter plots.

c) Compare the above ( I I- A-5-a) spa~ning habitat utilization
scatter plots to scatter plots of AOF&G Su Hydro model ing
sites (lI-A-2) to determ ine ~hether these dat a can be
combined; and. if so. cont inue to step S-d. If the data can
not be combined. proceed to step II-A-6 to evaluate the use
of l iterature data .

d) Determine if the combined data bases are adequate and if
they are . ccat inue to step I1-A-7. If they are
insu fficient. proceed to step II-A-6 to cons ider the use of
l iterature data.

6) Compile spawning habitat utilization data from literature
sources to evaluate whether these data can be combined with data
from modeling sites for use in developing habitat curves .

I-E-5
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a) Develop scatter plots of literature data.

b) Evaluate trends shown by scatter plots .

c) Ccmpare the above (II-A-6-a) spawnin9 habitat utilIzation
scatter plots to scatter plots of ADF&G Su Hydro modeling
sites ([[-A-2) to detenaine ~hether these data can be
combined Ind if so continue to step 6-d. If they cannot
be combined, additional field data must be collected if FYB5
(!I-A-IO) •

d) Oete~fne if the combined d~ta basts are adequate and if
they are, continue to step I1-A-7. If they are
insufficient. collect additional field data in FY85
(!I-A-IO).

7) Overlay utilization scatter plots of temperature and upwelling
from II-A-Z-a-ff and 111 above and velocity, depth and substrate
scatter plots of utilized and Ivailable 5pa~nfng habitat from
II-A-Z-b (II-A-S-d and II-A-6-d data would also be Included If
these loops were requl,ed) above.

8) Evaluate trends shown by these scatter plots to determine if
temperature and/or ulNel1fng are lilliting . I f they are
l imi ti ng. proceed to step lI-A-9 a"~ if not , conti nue to I I- B.

9) Evaluate whether a portion or all of the:

a) temperature. upwelling. velocity, depth and substrate
spawning habitat ut ili zati on data are adequate ;

b) whether temperature and upwelling availability data are
requi red; and

c ) whether to cont inue to the comb ined step II -A- IO and 1-0 or
to II-B.

Co l lect FY85 spawning habitat ut ili zat ion dat a i f requi r ed:

a ) ve loc ity, depth and substrate;

b) sur face and i nt r agravel water t emperatur e; and

c ) upwelling presence or absence .

B. Evaluate Whether the Following Approaches or a Comb inatioo of Them
Can Or" Should Be Used to Develop Spawning Habi tat Curves:

Standar"d U.S. Fish and Wi ldl i fe Sel"V i ce tFG aopr"oach (Bovee and
Cochnauer" 1977) ;

Ba ld'ige and Amos (1981):
Voos (19801;
Preef t t (19BZ);
AOF&G (19B3) All technique; and
Other" possib le appr"oacnes or comb inat ions of t he above.
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c. If data base appears adequate cont inue to step 11-0; i f data are
fnadeq~atel proceed ·to step II-A-S fol lowing sol id li ne process
only. This on ly appl ies i f I I-A-S and II -A-6 were not
incorporated into development of curves at step II-A-4•

•
o. Develop Spa~nfng Habi tat Curves .

E. If data from lI-A-S and II-A-6 We re Not Incorporated Into Ini ti al
Development Of Curves Proceed to Step II-A-5 Following Dashed Line
Processes Only To Determine If These Data Can Be Used To Refine
Curves . If Previous ly Used Or If It Is Determined That These Data
Should Not Be Used For This Purpose. Continue To Step tIl-A.

7- E- 7
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tIl. Habitat Model [Combination of Spawning Habitat Curves and Calibrated
Hydraulic Models To Oet~nnine Weighted Usable Area (WUAl]

A. Evaluation of Linkage Approaches of Spawning Habitat Curves with
Hydraulic Models.

1) WUA calculation Technique Evaluation

a) lFG WUA calculations:

i) stan~ard calculation with three
matrices

i i) l owes t limiting factor

i ii) Geometric mean

b) Multf-vari~te calculation

2) Consider calculation of WUA using optimum. preferred.
uti lized. and available categories of AOF&G AH. 1983 analysis.

B. Use Hab i tat Model to Generate WUA.
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IV. Miscellaneous (These Items Are Not Included In Flow Chart.)

1) Assess whether spa~ning habitat utilization behavior criteria
can be evaluated and comlfned with other spawning habitat
utilIzatIon data. i •••• Fanntng (F). Quiv.rlng (Q). Aggr.ss ion
(A) and HoldIng (H). ThIs task has b••n assIgned a low priority
but ~y be useful for determining ·outliers· tn spawning habitat
utIlIzation data s.ts (II-A-J).

2) Availability data sets for temperature and upwelling are not
available. Cost effective methods for collecting and analyz1ng
t~i:e data are befng evaluated tn the event 1t is necessary to
input these data fnto the model tn the fut ure.

3) The evaluation of tributary mouth hydraulic and spawning habitat
availability and utilization data will be treated independently
of this analysis.

4) Develop changes in hydraul ic and habitat aodels to enable the RJ
staff to incorporat~ juvenile habitat data for their analysis.
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