
I
!
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

'. ' .
. .' .. ' '.

' .. . ' ". -

ALASKA DEPARTMENT OF FISH AND GAME
SUSITN /\ HYD RO AQUAT IC STUDIES

REPORT NO.3 PART II. Chapter 7. Ap~~nd1ces
AQU ATIC HABITAT AND INSTAEA'" FLOW
INVESTIG ATIONS ( MAY-OCTOBER 1083)

ALASKA DEPARnl.ENT OF FISH AND GAME
SUSITNA HYDRO AQUATIC STUDIES REPORT SEAlES

-,



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

ALASKA DEPARTMENT OF FISH AND GAME
SUSITNA HYDR O AQU A TIC STUDIES

REPORT NO.3 PART II, Chapter 7. Appendi ces

AQUATIC HABITAT AND INSTREAM FLOW

INVESTIGATIONS (MAY-OCTOBER 1883)

Edlled by :

Chr lstophl' C. E,t...."
Doug'.' S. Vlnc,nl- LanG

ALASKA POWER POWER AUTHORITY
334 W. FIFTH AVE.
ANCHORAGE" ALA SKA 8850 1



I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

DRAFT

APPENDIX 7A

Salmon Spawning Ut il i zati on Data From

SloU9hS And Side Channe ls

May 1. 1984



I

I,

I

I

I

~~~~~~~~~~ ~~ ~~ ~~ ~~ ~~ ~~~~ ~~
~ ~ " "" " ~

O H ~ ~ O ~~ O~il O O ~O O ~ O ~~~~ O O O ~ O

~~~ ~ ~ ~ ~~~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~ ~~
cc

_ "~~ ~ . _ . ~O_"~ 4 ~ ._ . ~ O_ " ~ 4 ~ .___ _ __ _ _ _ ______ H_

~~~~~~~... ~.. ~ . ~ .. ~-.-....
••••••• •••• • •••••••••••• • •
~8~8888888888 ~8888888&88&8
~~~~ ~~~ ~~ ~~~~~~~~~~~ ~~ ..~ ~ ~

~ ww ~ w ~ ~ ~ ~ w w ~ ~ w _

O O O O OOO O O~OO ~O O Oil O OO O O~ O OO

":": ~ ~-:~~ -:'"':"'I!: "': ~'"':":"'I!:~ . "1 "1 ": ~ "'!: '"':"'!: ~ "":-- - - - - -

~~~~~~~~~~~~~~~~~~~~~~~~~~........~-- -- ------ _.._---

•c
w•
3

w
u
:•a

c
cc
w ~•

u

w

S
~•a

­,«,
~

I

I

I

I

I

I

I

I

I

I

I

I

I

I



I

--••00; ::

d•
~
u
_

- ~u _
• •
~8

--~iiit-­0 0.,

000000

'":": -=: ":-=:~--_....

": ~~ "':"1"'t
.. ..... 0 00

....... "' ..... . . . .
-4' .... ......... ...

... 00 .... 00

~ ~-=:-=:"":~
00 0

0 _
0 0

o

~

_
•
~
u_
- ~u ·• •
~~

----00

::::

ww ww w ... w
... ...... ... ..1_,.1...... ..
• • •• •• •::0 ::0::0 ::0::0::0::0•• •••••

-=: ":"': -=:~~"":.......................

0000000
~ "1 ~ "-;"1-=: -:----- --

"':~-:~--:-:-:..... .... ... ....... .

... "' ..... ..................--- - ---.....-­
0 0 0 0 0 0 0

:iJ;= = = :n:~

000 ........
~ ": ~ "': -:
o

w•
~

•., .
i

o
00-.•

C:;!".

I
, ~

e!~
~ 0

~l d
~ O.

w l ~ou
::~
"' l lii
~ I -

­., .
= 3~;::
<CW_Ioo
::a~U ....

I
I
I
I

I
I
I

I
I

~
I
I

•

I
I
I
I

-e
~

g­~c
o

u

­o..,- ...... . .. ...
.:0;:";''"'''''::0:1mn... ... ... ... ...
...... VI ... ...

~~

i~
••----• •uw
ww
~~
0 0
~~-­0 0



I
I -
I
I
I

~~~

~~~
~=::• • •• ••u uu
~~ ~
~ ~ ~• ••
~~~

~~.
0 0 0

~~~• ••

•••:;:;::
000
:;: :;: ;

",;-:c::"1-: ~ "1 ~... __ .... ....... --

0 000 0000
":C:-:C:"1":"':"':...... _... -

..a ..l ..a ... ... ..1

... ... ... ... 101 ...» »>;0.
~~ ~~~~
u u u uuu ............ "' ...... .,.,vuou u ""' ''''_...... 111._
jj:jjjj8

"': "'!"'!"'!":"'!"'!"1

:'! -: ======

... ............ ............ ............
00000000
;=:;;;;:=;;

~~~~~~~~
::> :0 :0 ::0 ::> :0 ::> :-

~il~~~~~~

::~ ~~~: ::"' ...• •••••• •uu u u u u uu
~,.. ,..~,..,..,..,..

,J,J,J,J,J,J,J,J
::0::0::0 ::0::0::0::0::0... ....................................... ......
000000 00

.................... ..,

..I.." ......... ""'""' ...••••••• •••••••••::>;:>::> :0::>::>::>::>•••• ••• •
000 00000
"1c::.~~":c:-:c::---_..............

_.. _-
;;;;
0 0 0 0

:;:;==

....... ................... 0_ ...---- --- - ...

":c::~"'!... .........----

~~~~
gggg
J:JtE:E

: :: :......... ...... .s •
U UU U

~~~~
:0:0:0;:0... .....................
0000

~5!;5

~~2~.---

"': "':~"':~ ~"':":_000 _

------ --

,., 0

: ::: : : ::al
w ...••• • • • • •uuuuu u u u
,.. )00 ,.. ,..
-"-" -" -' ...
::> ::> ::> ::> ::> ::>:> ::>............ ......... ..,

~~"":~O:":":~----------------

00000000
",,::,,:c::~--:c:c::'";...... ... ... ... ---
..........................-- -------------.00000000

~:J;;==;=

........................
0 0 0 0 0 0 0 0

~~~i=~i!i:i=........ .. .......

o
0 0•••

u

•••
~

\

­,-c,
~

"-.0
~....

"0

"g­~c
o

u

I
I

I

I

I
I

I

I

I

I

I

I
I

I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

­,..,-

o
0 0W.
M

u

l ~
1 M, a

wll
~l

~I~
'~
~ .

--­~~~--­000
;;:;;:

~~~
00 0
00 0• • •
~::lwww
M M M
uu u
~~ ~
~~~
000
~ ~ ~--­00 0

o•
~

~­w o•
.~
~ .
u ww.
0 0-.
~.

00--

~ ; ~ ~ ~ ~ ~ ~~ ~ ~ ~ ~ ~~ ~ ~ ~ ~~
~ _-- -.--
~~ ~ ~~~; ~ ~ ~~ ~ ~ ~ ~~ ~ ~~~....~~~ ~~ ~ ~

ooo~oo~.ooooooooooo ~

~~ ~4 ~~ 4~ --:~ ~ ~ ~~~ '"':-: "": -: -:
CI _0 00000

" MOOO~"OQ.__ OOOO.OOO
a::-: ": "':4 ~4 "": '1'1~ '1-: ~ ~~"':-:-:'1--------- -----
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0----- ------------- --••••••••••••••••••••
00000000000000000000

====;;;;;;;;;;;;;;=;



I

I

I

I

.... eli
U ~_
Z _

~-­~~~
w ~ .-_.
g •

00

........ C1 ....... _ ............. ... "". . . . . . . . . . . . .

- ~ ..------

............................................

0000 .... 0000 .. 00 ..
"":~~"':~~~~~-:~C!:~

0000 00

"'!~~~~":":":~"i~"":""!:
................................ ............... ."

.... 000000000000
~"!:"'!: "":"i "":-: -:'"':~!Il!:"":-:.......... _-
OOClOOOOOOOOOO................................................................ ..
0000000000000
QggggQQ::ilQQQQQ

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

i:1i:L::: ~ i:l
»»>
~~~~~
uuuuu

"' ~..l"''''u ... ...1 ......

3~a~~

00000.............. ­... . .

----------

.... 000 .....
":-:"': "':""!:_u __

:=:::::::=.........
00000
=~;;Q

g
w

=<<CoCoC...............
Z:aZl::O:
UU UU

~~~~............
<n ... ......

OO OQ---­..........
0000
QQQQ~!

!
I
•
I
j

~I
~I

~-.c
~

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I



I
I

IOtO~
0

I U~_ I
~ .... :: 0•
~~- 0

::~ ~
0
0

0 Q I

I !II zz UUHUUUU ~~~~~~~~:; ~~
~ ZZ a z zazzazzzzzz. zzzzazzJr;
_

II llllllllllllll llllllllz

I • QQ ::t ::t::t;:>::t;:>:::>:> ::o::> ::t ::» :::>:Il ::>::o ;:> :::>::t:.::>::>
Q

0
00 ~o

... ~ ......... _ _ .. o_ ... ," ",,,,, .... .... 0 ... ... ...
_z _ u ............ .............................. ...... ............... ..
•

I -u _
u ~""; ~~~ c: c:c:C!:C!:c:"':C!:C!:C!:"": "': ~ -: C!:•

_
• ~~ ......... _..... .. ... ...........- •

I ;: Q

•
~
_

~•
_

5 z
~~

~
.......... 0

I
~ u ......... ..
• ~•~ ~

~ :!:
~ ~ ~ ~ ~

I
_

_-- •
_

z zzz z
• ~ ~~~ ~a u_ uuu .u
a -----~

wW"' ~ ~W..l ..l

_
l:l u_ ~uU· ... U . ·

I
~ .- j338 ~3~i~ • j~
~• ~~ ~- --

_
Q z. •• • ~~ ~

I •
~ uu u'"' ... ....... .., --~-

..1..1 ...... ." .........

• ~ u •••• • ..1 ••,. B ..... ~..
I' I ::>::>::>::>0 00

..... u u u

I
0- 0

_ 0 0 0 00 0 .... 00. :\ . I 00 ... 0 ........... 0 0 0 0 .... 0 0

~ l:- 0::: -: _ _ 0 _0 00 0 0 00 0 00 C:C:C!: C!:Cl:-: -:: C!:
~-- ~ I . . . . . . ' '; '; '; '; ' '; '; 000 0 0 0zu_

I
I I

g ~ .... ooooooo ooo 8 ~o .... o ... o oo ~o• -:C!:",!:",:: C!:C!:"":",!:,,,!:,,":,,": • • "": "":~"'!: "":C!: "': . "'!:
~-.~ -_......... _ _ N_ ... _ ___ N

_u
0 _

I
I 0 0 ... ... .......... ... ....................... ... 0 0 0 0 0000

_

I
uu ... ... ............ ...... .... ... ... ...... ... - --- ----~ -- _...... ............. ........... ...........

a 0 0 0000 000 00000 00 0 00 0000 0
:; :;: :: ~ ;;:J ; ;;; :n~ =;:: :; ::::1:: :;;: :l:~ :J

."
I

I
0

~ IQ
C 0

0- I~

c

I
0 0

0u 0

I- I,
0

II -e,
~ I -------------- -- -- -- - -z , -- - - --- ---- -- - ---- --- -

0'
~ ;: 1 z z ZZZ ZZ zzz:Ilz zz a .. a Z :llZZ zz ,",- uu

~ ~ 8 ~~ n8ii88~n n88~888I
.., gl 88
~ ~ ~ .., ..,.., ..,.., .., .., .., ... ..,"" ..,"" "" ~~.:~~.:~ ~
~ •• ... ... ... ... ...... ............... ...... ...

I



I
I

..... .0 ...

0 000
"';"':": ~--_ ...

~ ~ ~ &
00 00

._-
• • •

Ww
~ ~• •• •Q Q• •
~~
ww»
~~
uu
ww
~n~
jj

58-­w w• •••

www
~~ ~• • ••••
~~~

t::C:d
»>
~~~
uuu
www
~nn~
j jj

~..
•••

000
~ ": ":---

aa
~~aa
~~
QQ

w
~
• a
. a
~:

0 0-.
HH

o

0 "' 0 00 0

~"'l~":"';":__ H

..... .... 0 .... 00

"':"':~~ C!: C!:
o 0 0

HO.

~- -

000

~~~
0 00

a
00
=a

u

~
~

=•Q
•

I
I

I
I
I
I

I
I

I

I
I

- -- -ii!ii!ii!ii!
000 0

====

- -------

0 0-­••00

::l::l

aass
~..-.-

QO O
_HH•••000

:1::::1

•• •ww_
»>.. ;

~~
W W
aa

~ ~
uu
ww
00

~.

- -------- - --.,. ......... ... ..
0 0 0 00 0

=:3:3:3:3:3

------- -- ---
aaans
~~~
.~~

..
.0..
~

."

8
"­~e
o
u

I
I
I
I
I
I



- - - - - - - - - - - - - - - - - - -
Ta bl e I -A-l Continued

------------------------------------------------------------------------------------.-----------------------------------------------VATU
vu~ SUUTUH "ATII TEH ' IIATUI £ ( co ) DU T.....CE

DEPTII em --------------- --- - . ItDD (rt) TO
LOCAtlOII Dm (rt) (n /S) '' ''I I1A1T nCONllro\lY I ll1'lAGIA VEL SUIlAtE .D. Ur WELLl )l(; UPWELLINC

------------------------- ----------------.._------------------------------------- .- -------
SLOUCH 20 1] 0'19 .60 1 . 00 aUULE UleE ClAVEL ' .1 ' .1 1 PlUUT "SLOUCII 20 130'19 .1' .9D . uUU SHALL ClA VI:t. ••• 10 . l • ..nUT II
SLOUCK 20 130119 . 70 I .a 0 LAlla CIAVEL ' NLL CUVEL

• . 1 ••• 1 UfI'I;, MOWII
SLOUCH 20 13011, .60 1.1 0 U.IC[ ClAYE\, SHALL CRAnt. ' .1 .., • llllNOVN
SLOUGK 20 alOal' .70 1.00 LA.cr; ClAVEL SM LL CUVEt. ••• .., • 1I1flNOVM
SLOl1C.. 20 nO l19 .70 1.00 $MALL CUVEL LAtGr. CIA YEL ••• .., • UNUiOWM
SLOUCK 20 al OII ' .9D I . OS L.UGt ClAVU SKALl ClAVEL , .1 ••• I UNlNOVIl
SlOUCM 20 1] 0 819 .lO 1. 60 LU CE ClAv (L SHALL ClA VEL 1. 1 ••• I U!'lkNOWII

SLOU(;M 20 ' ) 0904 . lO .10 l UIIL[ LAacr. ClAVEL ' .1 ' .1 • PUSDlT lD
SLOOC:M 20 ')0904 . to . lD I UIIL[ LAIC! C.....VEL .., ••• 10 UNKNOWN
SLOUCN 20 ')0904 1.10 .10 LAIC[ ClAYlL J KA LL CIAVEL ••• ·., II UIfl M,wN

SLOUCH 21 ( 5LOUCM ONLY ) ')0')1 .60 .10 LAI CE CIlA YlL SKA LL ClAvtL ' .1 '.1 )I UNlMOWM
SLOUCH 21 ULOUCII ONLY) 1) 0') 1 .60 . 10 LAICE CUYlL 5KALL CUY[L ' .D ,.. " UNl NOWif
SLOUCH 21 (SLOUCH 01lLy) &l01l1 .60 0. 00 I UIIU 5KA LL ClA YEL '.0 ' .1 » UHlMOwtl
SLOUCN 21 (SLOUCH ONLY) &l0'11 .10 .6l CO UU IOULDU ..,

• .1 " UHlHOWH
SLOUCH 21 (SLOUCK ONLY ) 1l 0Il i ... ." . U.IL E LA'Cr. ClA YfL , .1

• . 1
J) IIHIC NOW H

SLOUCH 21 (SLOUCH ONLY) IJ OUI . 70 .1> Lu e r. ClAYEL l UUU ' .0 • .0 " UNUOIIM
SLOUCH 21 (SLOUCH ONLY) 1l 0' 11 ... . 60 ' UIIU SKALL ClAYEL

• .1 ••• " UHlNOWN
SLOUCH 21 ( SLOUCK OIlLY) 1J0al i .J) ." COU LE LAiCE ClAV[L ..,

• .3 " UHlHQW
SLOUCII 21 (SLOUCK ONLY) 1)0')1 .ao .0> . UIILf, LA.cr. ClA Y[L ' .1 • .1 " UHlNOIN
SLOUCH 21 (SLOUCK OIlLY) ')0111 .n .OJ . UIILr. LA'Cr. CUVEL ••0

• .1
60 UHl HOWN

SLOUCH 21 (SLOUCK ONLY ) ')0'11 . 6l .10 COUU LA. c r. CUV[L ' .1 ••• 61 UlflNOW N
SLOlJCN 21 (SLOUCK OMLY) .)0111 .6l .OJ • UIILr. LA'Cr. ClAVtL

• . 1 ••• " UNKNOWN
SLOUCII 21 fSLOUCM ONLY) 1J01l1 1.00 .0> . UIIU LAt Cr. c .... VEL ' .0

• . 1
6) UIflNOWN

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



I
I

"9 • 0 00 0 ........ . .... . . 0 0 ...... .... 0 ... 000 0 0 .... 0 ...::: ~ .... -:~~ '":!~"': ~ ~ ~~"':-:-:~"':~~~~~-:-:-:"':-:<w_ t:
:. :. u ....

000$ ........ o ~ o o ooo o o2io oS ... oo ... ~• "':.4"': . 4 4 "': .~"':"':"':. 4"':"': • • "':-: ."': ~ ~~.
~;: ---w .
o-

w ------ • • • •• • • • ••• ••••••••... ... ... ...... ... -------------------~
_..... .--_.... .......--_.a 0 00000 00 0 000 000000000000 0

;I:;~=:J; =;;;==;======= ====;
"C

"~c-~ ........_.......... ... ............... w ... ~ ..................... .........
C :100 ....... ,.. ,...

~~~~~~~~== ======= ==0 ;i;i 'it~;i;i wMMM_ •••• M_ ••• MMMMM
u 00000 0

S:II:O: :I::O::O; ~~~!~!~~~~!~~~~~~!!- ~~~~~~

~ _ _ _ _ __ _ _ __ J _______

......... ................................................, ... ""' ... ... ... ... 0000000000000000000

""
..................

~~ii~~iiiiiiiiiiiii, ---_ ......- - ----- -------------------• .................. .................................... .....................
0.. :0: sa '"''''' "" """" """"sa •• ,., ••••••• ,.,,.,,.,
~

u~u~~~ ~gggg8g~~~g~~gg~~&&.0 e g08 0
~ 0 ...... ~ ~ ... ... ... ~~~ ... ~ ..................... ... ... ~~ ......
~ ~ .................. ............... ~ ............... ......... ~ . .......

~~~~~~"':~~~~~~~~~~~-:
~.. ~~ ~ . ~ ~.. ~....~..

"':~~~~~~-:~~~~-: ~~~~~~____ ~~_· ••···._o···"":-:"':"':~-:...... ... ...

-...... ... - .... . . . . .. ." .... ....

... o~
U~_

• ~

.-~
~~.

::t:~
0 ~

u•
~
~•>•
~

0
o ••••-u •u•• •

" "~
~•

~• ~• w
s •
~ ~

u• ~w
~ ~• ~>

•
"a
!w u

~ w
~ •
~••
~• ••2

•-

I
I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

__ t _

"",c­~c
o
w

­,
<C,-

Uw • •Uw_. ­<-­www
WW,--"••

•o.
w.•

... _ ...... 0_. . . . . ."" .......... ...,

-:"":'"!"": "":'"!.. .. .... .. ...

-----­
~ .... ... ... .... .... . . . .. .
ooooco
:::~ ::;n;: :d;

.- ............ _­............ ""',..
"''''..I~...I'''
~~ao~a
. :11 :0; :11 :11 :0;

HH ~ ~
...: ;;:;;:;;:;;:;;:---_........- -- - -­........ .... ...... ...

_...... ... ~. _· .o_ ... ... .~._ ...----------
"":~~~~ ~~-:~~~~-:~~~~~~•• __ ~~ ••••••••• o •••

~'"! ~~~~ "": ~ ~~ ~'"!~~~ ~ ~~-:
....... ... ... ..... ... ... ...... ~ ...

• • • • • • • • • • • • • • • •• • •--- -------- ------ --• •••••••••••• • ••• ••
0000000000000000000
....................................... ............ r ...•.. .... __ ...•..•. . .

~~i~~~~~~~~~~~~ ii~~-------- -----------_...1,.,,.,,.,,.,,.,,., ,., ,,,,,.,...1 ..1,.,,.,..1,., ,.,,.,
www w w w ww w w w ww w w w w w w
0 0000000000000 0 0 00 0

i ~ i~~i ii iiii ii i 2iii

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

7_4 _10



I

I

I
u

~O ~
U ~ _

~-~
~~ ­M~>---o 0

I

I

I

I

I

u

0 _ _0-0
......... .........................

~~~~~~"':~'":~"':;
..... __ 000_00 ...-------

4:~"': "':"':"':~4:'"':. ~-:... . . .... ... ... .... .... .. .... .. -­.-

_ 0_

~"':c:e '":~-:44 '": "': "':....... - ...

~ "':-:":": ":-:-:. -: 4 4
................. .... .... ...... .... ....

........................ "' ...u.., .. ··u· ..,···• • •• • 011 • • •••

.::ij~~iLji:j~88

00
'"':. 4,-

--~;;• •
0 0.u

.­-­••• •
8~

................ 000 ... 00
~ '"':. "':c:e~C!:-:-::~'1"':

o

•
~
••

I

I

I

I

I
.... ....... 000 ........ 00

"':-:-:~"':~-:"':-:4-:__ N _
00 00000000000

"':4~c:e":c:e~,,:-:,,,:'":----- - --

I
............ ... G'O ............-----------._--_ .
00000000000
:::::;:: :;; :: :: :: ::no: ::

"-­••
00

::::

........... 17' .... 0- ... ..............--------- --..... . ..... ......
000 00000000;;::= ::==:::;1; ::

I

I

I

I

~

c
o

u

­,
<C,- •o

~

g

... ...... ... ... ... ... ... ... ... '"
~::=::::::::::::::::.............................

----------­...... ............ ...... .... ... ...
zzzzzzzzsss
<,)<,)~ u g ~ U U U U !.!:

g g ogO ." "" ".
......... ..1 ......... ... ... ... ....... ... .........

----~.
~S
u u

-­00

MO

... ... ............ ... ...... ... ...... ... .......... ......... ... ... ...
Z S Z ZZZ Z Z ZZ Z
U!I!!I! U U UUUU U Il
g •• g g gg " g" .
... ... ... ... ... ......... ... ......... ...

I



I
I

~

I
_ 0 .
U~_

~-::::
~~ -W~ >-_.
0 0

I ~

~ •
~ ~
~ •
_

~>

I • 0
0

o "
0 0 :::_.
•

I u

_
u •• •

_
~• •

I ~
0w

~ •
_

~ I•

_
,

Ii · ,
~' -

I
~ ~I -• ~ I
_
~ ~-e ~>

I ••3•
_

0 ~

_
u •

I ~

_
•

~
w 0•~w

I•0w ~

I • •• ~•

_
• ~, • •

"I • •0
u

I .~ w -_ ~-

~~~ ~-ew _,,-
:a>u ....

I 0• -~-.~••0_

I
_

•
~ ;
3 0-•

I "'"0c
~

~

I
c
0

u

-I •<C
• -~ • -0

~ •
I '" ~

g- 0

"' 0 ~

'" ~ w....

I 7 _ 11. _ 1 ?



I
I

wo~
V~-

I · ~.-~
~ ~w

~~.

- -~• •

I
v
~ ••• Hua uu~ ~~~
~ ••• •••••• a.a:.:;:
w

=~~ !=!t:~nf~!: !:!:!:!=!•~ ••• ;:>:0;:>;:>;:>;:> ;:>;:>:>;:>

•
I ••• ~.~ ..- ...~=:: - ....... .,w z•-
I

v wv •• "'l"'l~ -:~~~~ ... ~ ~~"':"':•w ~ ~-~

~======
......

• •
~ •~

I ~w ~
~ w
5 •

~ ~- ~ ~"': ' ''': ~ ~ ''': ''': ''': ''':~ v -- ~~~

00 _____

I
• ~ -------w
~ ~

~ ~

~ ~ ..a .... .1 ...1.1w w ww ...... w ...
~ • • »»> ;0.

I • ~ ~ ~~~~~~<l v v uuuuu u ..• w w w• ~~ w ~w ............... ..I..J
~ w v •• v·v u uu ... u ... •

'" ~ w •• ••• ••• i! ""i!-
~ • •• j~j

I
-e • •• j':Lj.j.~.. ~ I~ ~ ~~ ~~ ~ ~~• ww w w w ww
c • • •• •• • ••
0 ~ • ~

~~ ~~ ~ ~~• •.s • ~ vv VV w v w vv

I
, ww w

~ I ww ~w~
':;;;I~':~~• • v v ~ U·

I." •• ~ .. ...... .... jj ... :1;: ;:i:i:j~jj
c- . 1. ~ ~o ~~o oooooog .... 000

I 0. w ~_

~~

"':~"1 "<l!;~":-:"':~ • 0000
~~ ~.. ..... -"'" • ... ............ ...... 000

~
:a>u_

-e 2~
000 °ioOOOO O"",OQ..

~- "':"1"': "': ."':~"':~"1 ~"';"':~

I ..
"~ - ---- - ~-u w~.. 0_-

0 -- ••• ......... ............. ............w --- :: :a: :;; :: :: :: ............
I

U ~ •• ••• . .....
<l 00 000 0000000 0000

~
~~

~:::l ===:2=::= :l:l:l:l.. ••
~

-e

I
..
~..
:;; ~ ~ ~ ~ ~ ~~~~~~~
~ •• ••• :::a;:>;:>&;:>;:>;:>

0 0 00 0

I
x •• ••• i~iEii~

NN 0 1:1 1:1 :H1:ll:l:l:l:ww

'"
ww www ... ww ..........•• •• • 011 ••••••

• VV u uu t,l uut,J uuu
-e • • ••• ... ...... .. ...... ...

I • ~~ ~~~ .1.1.1 ...........
~ Q Q QQQ :»;:>;:>;:>;:>:0::0 -- --• -- --- ..................... ----0.. ~

~ ~ ~~~ ............ ......... ,.,";::0:::1:
0 0 0 0 0 OOOOOQ O

~ ~ u J:a g ~~ ~~~ ~~~~~~~ 8 "

I ~ ........ ..1
>- •• ••• .. ............ ......... ...

.J , , ••



I

I

I

I

I

u•
3
w••o

I

I

I

u

o
00
W ••

w
~•••w

~ ~ ~~~~~~~~~~~~~~
oo_~~ ~~.··_···~~

~~~~ ~ ~~ ~ ~~~~ ~~~~
~~..~.~.~~ ..~ ~ . ~

-- --------

00000
C!,~ C!:"':"':
coo

::0: :II: ,."...

&~~n... ... .., ... ......... ... ... ...

0 0 00 0--- --...........
00000

::=::= ;

. . . . . . . . . . . . . . . .
~~,»»> ,>,»»>

~~~~~~~~~~~ ~~~~~

oo ~ooooooooooooo

~~~~ ~~~~~~~~ ~~i~- -- ---

========:=======00 000 0 000000 0 0 00............... .................................

----- ------ ---------------------. . . . . . . . . . . . . . . .
•• •• ••••• •••• •••
~~~~~~~~~~~~~~~~

... ,.I ............ ,.J ... ...... ... """ ............---------------­• • • •••••••••••••

•
~
••

M
•

""•-

I

I

I

I

I

I

I

I

•
•
•





I
I

u
NO.
UN _

I ~ - j
N N N
NN'--.0 0

I ~ 5HUH •
~ ~
~ "' a zaz ... . •N

= !t!lf!IP~=!t •• •• . ~ ;:>;:>::o . ;:> 0
0

I 0
0 0

~:::~::::=~N'

"

I
u

N
U ~~~~~~-: -•N N ....... .0 •

" "0 0
N •

I ~
N ~• Ns •
N ~ -:"":'"':'"':-:-:~ '!

u ............... •

I " ~N
N N

~ ~

~.,I ~..,I..a ... ..,I
~lol ...... ... '"'W

I
• » » »
" ~~~~~ ~~
~ uuuuuuu
! N

..,1101101..1 ...... ..11 ~
N U ..,I UU...lUU ...l "N N ;!0IIl"i! •• ~ •
~

N 0

I
..,:i:i ... jj .. U

N
N ~• N
0 •N I • • ~Ii! " " u

I
1oI .. IoOIoIWIoI N·- , O ... ... ..lIO.,l ... ~

I" . ... • .. • ... · u ". , § .... :::I •• ",
~88~8j 0• "

I
"~ . .... ..... 0 .... ..... ..... .... ~

N 1:- -:-:"":":"":~~ -:N~ Nc ... _ ...
:;Il > e.t ....

0 0 0 00 0 0;1 0

I • "": ~ ~ "": ~ "": "": -:
~-
.~ -• •0_

- -- - --- •• " .................... ;:;

I
N -.-----
~

000 0 00 0 0

:iI::::::::; ;; ••
"~

I
0

"-~ ........--- .... .... •" aoo ............ N
0 ............ ..1..1 ...

NU zzza.:o:zz

I
Q OOOOOO

" :o;:aa:lC:lI::O;: ~

M n~~Ull ~, •
-c ...... ...1..1 ... ...... 0......... ... ... .......

~

I
, ... ... ... .... _...-- - ------• ... ............... ... ~

~
0

:11 ;1;:11:0::0::0::0: •- N
ll~ UllUUU U

.0 • 5 558 0

I
.. ~ 0

...... ...... ." ... ..1 ~
~ ~ ...................... N

I 7_&_1t;.



Summary Of Variance St at i sti cs And Test s For Vari ous
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Summary of var iance ~t.t i sti c5 and tests f or var ioUs
g r o upi ngs f or c hu nl ••lmon u ti lOizatt on d e pth histograms.

A e, 1 ..... 19 6 . 9 7 2 9 2B
B ".2 ..... 4 0 :5.88:57 14
C ".2 a, 1 474 .7967 13

° " . 3 ..... 8 9 2. 9 " 21 0 9
E " . 3 e , 1 9 16. 0 111 9
F ".3 ". 2 8 28.8182 I"

A,B 14,28 3 .794285 0 .0"13
A, C 13 ,28 4 .438476 0. """~
A, D 9,28 8 . 3 4 6 9 7 4 0.0"""
A,E 9 , 28 8.5639201 0.li!lIe""
A, F 1O,28 7. 7 4 7 9 2 7 e."'''''''
B,C 13 , 14 1 .169779 0 .3900
B, D 9, 14 2 . lC~qB8" 0 .090"
B,E q, 14 2 .2:56820 0 .0830
B,F 10 , 14 2.041999 0 .. 1 1':' 0
C, D 9 ,1 3 1 .880594 0 .1:50£1
C, E 9, 13 1 . 929270 ".14e"
c,F 10, 13 1. 7 45628 121 . 170e
D,E 9,9 1 .025883 0 . 490"
D,F 9 I 1" 1. 0 7 7317 0.4:50'1'
E,F 9, 1" 1. 10 5201 0 .4400

d f

PRoe

PRO B

:5, 8 3

d f

F VALUE

INCREMENT
START VAR I ANCE

LEVENE' S TEST

df

6.03""""

INCREMENT
SIZE

F STATISTIC

PAIRWISE COMPARI SONS

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

PAIR

HISTOGRAM
LABEL

I

I
Table 7-8-1
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I

I

I

I

I

I

I

I

I
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--~------------------------------------------

SummAry of var iance st.tist ics a nd t . sts 'for vArious
group ings f~ e~um salmon ut il i zAt ion v~locity h istoQrams.---

HISTOGRAM I NCREMENT INCREMENT
LABEL SIZE START VARIANCE df

A B. l B.B 33" . :5182 44
B B.l B.l 6B:5.972B 43
C B.2 B.B 1 114 .79"" 2 1
D B.2 B. 1 12B9 .:5:519 21
E B. 3 B.B 22104. 1714 14
F B. 3 B.l 1949.36~ 1:5
G B.3 B.2 2 9 4 8 ..0286 14

A,B 43 ,44 1 ..8 3 34"" 0.0240
A,C 21 ,44 3. 372B:5:5 0_"",,3
A,D 21 ,44 3.901606 S.I2""H
A, E 14 ,44 6.06=72:5 ".,,"""
A,F 1:5,44 :5.B97B9B 0_0"'''''
A,G 14,44 8 .919414 ".. '''lI''''B,C 21 ,43 1 .839672 0 .04:50
B,D 21 ,43 2.128072 B.BIBB
B,E 14,43 3 . 3B7366 B.BBI3
B,F 1:5, 4 3 3 . 21 691 B B.BBI4
B,G 1 4 , 43 4.8649:58 ".. ""'''ZJC,D 2 1 ,21 1.1:56767 0.37""
C,E 14 , 21 1.7cna02 " .. 1 111'0
C, F 15,2 1 1 . 7 4 8 637 0 .. 12 ""
C,G 14 , 21 2. 6 4 4 4 7 0 0 .0220
D,E 14 , 21 1 . :5:54 161 ".tees
D,F 1:5,21 L :5 116:59 ".19""
D,G 14, 2 1 2. 2 8 6 " 8 8 0.01:50
E, F 14,1:5 1. 0281 16 0.48""
E,G 14 , 14 1.47"946 0. 24""
F,G 14 ,1:5 1. :51230 4 ".22"£1

0 . ""6 8

PROS

PROB

6,1 7 2

df

F VALUE

LEVENE·S TEST

df

3.09"""121

F STATIST IC

PAIRWISE COMPARISONS

----_._-

PAIR

I

I T~ble 7- 8-2
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Summary of var iance st.tistics and tests f or vari ous
groupi ng_ f or s ockeye sal mon utili~ation depth h i stogr ams.

df

2b
13
13
9
9
8

PROS

PROS

8 .:538:5
29. 1"44
2 9.4121
63 . 877 8
b 1.43 3 3
:53 .7:5....

df

------
..........
e , 1.....
".1
".2

:5,78

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

F VALUE

INCREMENT
START VARIANCE

7-8-4

df

".1
".2
".2
".3
".3
".3

:5. 47001210

F STATIST IC

PAIRWISE COMPARISONS

A
8
C
D
E
F

A,S 13 ,26 3 .408 623 0 .0038
A,C 13 , 26 3 .44 46:59 0 .0035
A, D 9 ,26 7. 481181 0 .0000
A, E 9 , 2 6 7 .19489:5 0.0000
A,F 8,26 6 .29312145 0.0""2
S,C 13, 13 1 .010372 0 . 49""
S,D 9,13 2 .194781 0 .0960
S,E 9,13 2. 1 10 7 9 2 0 .1 109
S,F 8,13 1.846890 1iJ. 1609
C, D 9,13 2 .1 7 182 1 0 .0990
C, E 9 , 13 2.08 8710 0. 11""
C,F 8 , 13 1.82 7480 12I .1 b1i!l0
D, E 9 ,9 1 . t.lJ39790 "' . 4800
D,F 9, 8 1 . 188 424 0 . 4 10121
E, F 9, S 1.142946 0.4300

PAIR

HISTOGRAM INCREMENT
LABEL S I ZE

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



Su mmary o f varl~nce statisti cs an d tests f or vari ous
g roup ings f or-so ckeye sal mon .utilizati o n velocity hi~tograms .

A 0 . 1 0.0 50.2778 9
8 0 . 1 0 .1 136 .1944 8
C 0.2 0.0 113 .3667 5
0 0.2 0.1 223.l1lI""" 4

E 0 .3 0 .0 217.:5933 3
F 0 .3 0.1 2:50 .9167 3
G 0.3 0 .2 452.9167 3

-------

INCREMENT
START VARIANCE

I

I
Table 7-6-4

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

J

HISTOGRAM INCREMENT
LABEL SIZE

F STATISTIC

1 .. 2512":'''''

LEVENE"S TEST

df

6,3:5

PROS

0 .3035

df
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Weighted Usable Area Data For Sloughs And Side Channels

- ,



r
:
------------------

Table 7-C-I. Weighted Usable Area (ft2) (WUA). gross surface area (ft2) and percent usable area for
various flows {cfs} in Slough SA using four different curve sets.



-------------------
Table 1-C-2 . Weighted Usab le Area ( f t 2) (WUA) , gross surface area (ft2) and percent usable area for

various f lows (cfs ) in Slough 9 us ing four di fferent curve sets .

CHUM

GROSS SUdSTRATE UPWELLING JOINT UTILIZATION
SURFACE

FLOW AR EA WUA PERCENT WUA PERCENT WUA PERCENT WUA PERCENT

600 139,586 21,957 15.73 54,126 38. 78 9,974 7.15 492.83 0.35
300 124 ,909 23,961 19.18 72,569 58.10 10,889 8. 72 442.16 0.35
150 11 3,357 21,961 19.37 75,363 66. 48 11,008 9. 71 936. 49 0.83
50 94,606 11,663 12.33 54 ,656 57. 77 9,991 10. 56 2,357 .07 2. 49
20 82,399 8,216 9.97 39 ,540 47 . 99 8,062 9. 78 3,220. 52 3.91
5 65,241 861 1.32 22 ,876 35.06 3,409 5.23 3, 417.17 5. 24

SOCKElE- --
, GROSS SU8STRATE UPWELLING JO INT UTI LI ZATI ON

SURFAC E
FLOW AREA WUA PERCENT WUA PERCE NT WUA PERCE NT WUA . PERCENT

600 139,586 21, 709 15. 55 60, 180 43 .11 5,096 3. 65 323 . 59 0. 23
300 124,909 31,405 25. 14 77 ,666 62.18 7,672 6.1 4 336.62 0. 27
150 113,357 33,421 29.48 82,062 72.39 7,978 1. 04 728 .07 0.64
50 94,606 26, 170 27. 66 58,4 66 61.80 7,795 8. 24 2,221.19 2. 35
20 82, 399 16, 673 20. 23 26 ,489 32. 15 7,527 9. 14 3,081. 19 3. 74
5 65,241 10 ,422 15.98 7,851 12. 04 6,493 9. 95 1,326 . 73 2. 03



·- - - - - - - - - - - - - - - - - - -
Tabl e 1-C-3. We ighted Usable Area (ft2) (WUA), gross surface area (ft2) and percent usable area for

various flows (cfs) in Slough 21 using fOUf different curve sets .

CHUM

GROSS SUBSTRATE UPWELlINii JOINT UTILI ZATI ON
SURFAC E

FLOW AREA WUA PERCENT WUA PERCENT WUA PERCENT WUA PERCENT

400 90,253 8,559 9.48 56,5B6 62 .70 14,981 16.60 819.47 0.91
250 86,963 11,872 13.65 64,312 73 .95 18,575 21.36 591.32 0.6B
100 79,924 12,674 15.82 63,534 79 .49 21,743 27 .20 1,265. 08 1.58
50 76,390 7,713 10.10 56, 003 73 .31 19 ,117 25 .03 2,426. 23 3.1B
10 62,533 3,451 5.52 35,73B 57 .15 11 ,498 18.39 4,995 .18 7.99
7 59 , 145 2,871 4.86 29 ,609 50. 06 9,723 16.44 5,463.74 9. 24
5 54,253 2,757 5. 0B 24, 142 44 .50 8,261 15.23 5, 269. 05 9.71

~

SOCKEYE,
n
•..

GROSS SUBSTRATE UPWELLING JOINT UTILI ZATI ON
SURFACE

FLOW AREA WUA PERCEIH WUA PERCENT WUA PERCENT WUA PERCENT

400 90,253 7, 932 8.79 30,676 33.99 4,001 4.43 259. 53 0.29
250 86,963 l1 ,05B 12.72 39, 133 45.00 6, 298 7. 24 250.50 0.29
100 79,924 16,066 20 .10 44,068 55.14 10,282 12.87 869. 39 1.09
50 76,390 15,640 20 .47 33,575 43 .95 12,000 15.71 1,830.11 2.40
10 62,533 B,101 12.96 7,191 11.50 6,770 10.83 1,586. 24 2.54
7 59, 145 6,870 11.62 4,666 7.89 5,702 9.64 1,396. 26 2. 36
5 54 ,253 5,896 10.87 4,043 7.45 4,B50 8.94 1,152.0B 2.12



,- - - - - - - - - - - - - - - - - - -
Tabl e 7-C-4. Wei9hted Usable Area (ft2) (WUA), 9ross surface area (ft2) and percent usable area for

various f lows (cfs) in Side Channel 10 using fou r di fferent curve sets.

CHUM

GROSS SU8STRATE UPWELLING JOINT UTILIZATION
SURFACE

FLOW AREA WUA PERCENT WUA PERCENT WUA PERCENT WUA PERCENT

100 97,764 13,543 13.85 41,809 42 .77 5, 682 5.81 346 .94 0.35
75 89,839 9,166 10. 20 34,545 38.45 4,842 5. 39 378.56 0.42
50 80,229 4,569 5.70 25, 973 32. 37 3,380 4. 21 515.75 0.64
20 67 , 316 1,963 2. 92 14,080 20.92 1, 224 1.82 1,131.72 1.68
5 49.966 108 0.22 5,843 11.70 0 0 2, 150. 49 . 4. 30

SOCKEY E
~ GROSS SU8STRATE UPWELLING JO INT UTI LI ZATI ON,,.,, SURFACE...

FLOW AREA WUA PERCENT WUA PERCENT WUA PERCENT WUA PERCENT

100 97,764 29,495 30. 17 63,944 65.41 7,535 7. 71 591.36 0.60
75 89,839 28 ,375 31.58 59,745 66.50 8,597 9.57 938.59 1.04
50 80,229 26 ,784 33. 39 54 ,187 67 .54 9,841 12. 27 618.64 0. 77
20 67 ,316 13,179 19.58 39,686 58.96 4, 427 6.58 1,338. 00 1.99
5 49 ,966 3,870 7.75 23 ,254 46 .54 0 0 958.94 1.92



,,,- - - - - - - - - - - - - - - - - - -
Table 7-C-5. Weiyhted Usable Area (ft2) (WUA), yross surface area (ft2) and percent usable ,c,a for

various f lows (cfs) in Upper Side Channel 11 using four different curve set s .

CHUM

GROSS SUBSTRATE UPWELLING JOINT UTILIZATION
SURFACE

FLOW AREA WUA PERCENT WUA PERCENT WUA PERCENT WUA PERCENT

Z50 11B, Z41 ZO,043 16.95 72,079 60.96 11.562 14.B5 733.11 0.62
150 106 ,615 1B,522 17.37 67 ,16B 63 . 00 16,231 15 . 22 929 .22 0.B7
100 95,BBB 16,777 17 .50 61,927 64 .5B 15,816 16 .50 1,229.B5 1.28
50 82,8Bl 12,044 14 .53 49 ,335 59.53 13,719 16.55 2,917.48 3.52
20 68,874 6, 266 9.10 30 ,829 44 .76 9,263 13.45 5,488.29 . 7.97
5 49,293 1,915 3.89 13,201 26. 78 3,869 7.85 3,784.88 7.68

SOCKEY E
~,
n GROSS SUBSTRATE UPWELLING JOINT UTI LI ZATI ON,
'" SUR FACE

FLOW AREA WUA PERCENT WUA PERCENT WUA PERCENT WUA PERCENT

250 118,241 18,379 15.54 57,071 48.27 12,767 10.BO 906 .66 0.77
150 106,615 22 ,71 2 21.30 55,733 52.28 17 ,8B6 16.76 6B2.07 0.64
100 95,BB8 25,43B 26. 53 52,4B5 54 .74 21,410 22 . 33 B07 .58 0.84
50 B2,B81 23,043 27.80 47,314 57.09 20, 223 24. 40 1,937.17 2.34
20 68,874 16 ,938 24. 5Y 28,966 42 .06 15 ,885 23. 06 7,464.56 10.84
5 4Y,293 8,375 16.99 9,432 19.14 7,852 15.93 \,500.58 3.04



'. • • • • • • • • • • • • • • • • • •
Tab le 7-C-6 . We i9hted Usable Area (ft 2) (WUA ), 9ross surface area (ft2) and percent usable area for

variou s f lows (cfs) in Side Channel 21 using four differe nt curve sets .

CHUH

GROSS SU8STRATE UPWELLING JOI NT UTILIZATION
SURFACE

FL OW AREA WUA PERCENT ' WUA PERCENT WUA PERCENT WUA PERCE NT

1500 248 , 133 53,792 21.68 107, 757 43 .43 1,565 0.63 2,557. 41 1.03
1000 220,051 64,979 29.53 108,018 49.09 2,151 0.98 972 .09 0.44
700 204,889 63,216 30.85 106, i 21 51.79 2,777 I. 36 681. 76 0.3 3
300 172,519 61,2 11 35. 48 95,048 55.09 4,251 2. 46 589.92 0. 34
100 138,433 18 ,330 13.24 46 ,789 33.80 4, 180 3.02 903. 14 ' 0.65
80 135,827 17 ,959 13.22 44,758 32.95 4,055 2.99 933 . 58 0.6 9
60 130,476 15,982 12. 25 41,215 31.59 3,860 2.96 1,038. 79 0.80
40 126,013 13,907 11.04 35,616 28. 26 3,521 2. 79 1,267.11 I. 01
20 117 ,473 9,489 8.08 27,770 23.64 2,914 2. 48 1,526.21 1.30

SOCKEYE

GROSS SU8STAATE UPWELLING JO INT UTI LI ZATION
SURFACE

FLOW AREA WUA PERC ENT WUA PERCENT WUA PERCE NT WUA PERC ENT

1500 248, 133 50,618 20.40 96, 147 38.75 4,699 1.89 1, 562.67 0.63
1000 220,051 62, 070 28 .21 114, 738 52.14 3,540 1.61 634.22 0. 29

700 204,889 71,848 35. 07 126,840 61.91 869 0. 42 554.44 0.27
300 172,519 77,734 45.06 141 ,090 81. 78 2,192 I. 27 328.45 0.19
100 138,433 65, 10r 47.07 109 ,834 79.34 4,035 2.91 459 .33 0.33
80 135,827 65 ,(\'j 47.93 106, 252 76. 23 4,456 3.28 604 . 02 0.44
60 130, 476 62.'.15 47.61 100,041 76. 67 4,867 3.73 796.61 J .61
40 126, 013 55, 798 44.28 87,142 69. 15 5, 154 4.09 2,237.89 1.78
20 117,47 3 44,505 37 .89 49,912 42.49 4, 728 4.03 2,255.57 1.92



• • • • • • • • • • • • • • • • - • •

Table 7-C· 7. Wei ghted Usable Area (ft2) (WUA), gross surface area (ft2) and percent usable area for
various f l ows (efs) i n lower Side Channel 11 using four different curve sets.

CHUM

GROSS SU BSTRATE UPWELLING JOINT UTILIZATION
SURFACE

FLOW AREA WUA PERCENT WUA PERCENT WUA PERCENT WUA PERCENT

2000 309, 144 127,633 41.29 --- --- --- _.. 4,772.26 4. 43
1500 297 ,546 125,082 42.04 --- --- ._- ._. 4,325.75 3.2 2
1000 294,7BI 167,990 56.99 --- --- ... . . . 6,559.83 2.3 4
700 276,435 173,041 62.60 --- ... .-. --- 8,57B.91 1.45
400 206, 527 97, 31 2 47.12 --- ... ... .-- 9,146.16 1.57

SOCKEYE

GROSS SUBSTRATE UPWELLING JOINT UTILIZATION
SURFACE

FLOW AREA WUA PERCENT WUA PERCENT WUA PERCENT WUA PERCENT.- -
2000 309,144 119,923 3B. 79 --- --- --- --- 515 .13 0.98
1500 297,546 104 ,362 35.07 --- --- ._- --- 734 .18 1.12
1000 294 ,781 176,549 59.89 _.- ..- --. --- 1,982.08 0.71
700 276 ,435 192,696 69.71 --- --- --- ..- 2, 983. 34 0.25
400 206,527 115,038 55. 70 --- -_. --- --- 2, 019. 24 0. 17
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Weighted Usable Area Plots For Sloughs And Side Channels
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CHUM SP AoWNING SLOUGH SA

AREA PER 1000 FEET OF STREAM
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APPENDIX 7E

Flow Chart And Outl ine Of Sa lmon

Spawning Habitat Analys is
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. 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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FlOl/ CHART ATTACHMENT

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



" ,
I

I

I

I

•
•
•
•
•
•
•
•
•
I

I

I

I

I
r t

I

, FlOW CHAAT ATTACHIIEKT

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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FLOW CHART ATTACHMENT

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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FLOW OWlT ATTACllHENT

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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. FLOW CHART ATTACHMENT

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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