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INTROOUCT ION

The proposed Susitra hydroelectric project wll) alter the natural
streamfiow regimes of the Susitna River, The river segment downstream
trom Davil Canyon to the Chul Itna River confluence {Taikeetna) would
exper ience notable alterations in naturally occurring streamf|ow
patterns, due to Its proximlty to the proposed damslites and the |Imited
amount of Influence that tributary Inflows nave on total discharge In

this rlver segment.

With=project dlscharges are expacted to be lower than naturally
occurring fiows durlng summer and higher In the winter. These altered
flows are expected to affect the amount and seasonal avallablllity of the
aquatlc habltats present in the river. This report provides lecatlion
and areal extent of varlous aquatic habitat types at different malnstem
dIscharges. These data, In comblination wlth tho results of other
studies focuslng on blologlcal features of habltats present In this
sogment of the river, will facilitate forecasting the effects of altered
streamflows on The avallabl [ty of aquatic habltat to anadromous and

resldant fIsh.

Aeriml photography interpretation, along wlith fleld reconnalssence, Is
baing used to ldentlfy and map various aquatic habltat types In the
Talkeetna-to-DevIi Canyon reach of the Susitna Rlver (also referred tfo
as the mliddie Susitna Rlver). In 1984 Initiel work on aquatlc habltat
mapping and surface area measurements determined the [ocation and zmount
of varlous aquatic hadlitat types at mainstem dlscharges of 23,000;

16.000; 12,500; and 9,000 cfs, es measured at the U. S. Geologlcsl
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Survey [USGS) Gold Creek gaglng station (K|inger end Trihey 1984).
This report presents the surface area responsa of aquatic habltat types
to malnstem discharge at four addltlcnal streamficws: 18,000, 10,600,
7,400, and 5,100 cfs. The 18,000 cfs discharge falls within the 16,000
ta 23,000 cts range, where several slde sioughs and slde channels become
Inundated by malnstem water. The lower threa discharges provide a good

basls for evslueting low flow condltions In the river.

This report ¢lscusses the four sets of serlal photography anslyred In
1985 and presents the surface area massurements In combination with
those analyzed |n 1984, However, surface area measuremants obtalned
from the 9,000 cfs photography have been omlitted from this evaluation.
The surface ares measurements obtalned from the 9,000 cfs photographny
ware suspected ot belng somewhat (naccurate dus Yo distortions
assoclated with Ice and snow cover (Klinger and Trihey 1984}, The
presence of snow and jce made It difflcult to accurateiy determine the
water's adge and measure the wetted surfaces. The 1984 surface area
measurements obtainad from the 9,000 cfs photography were compared wlth
1985 suriace area dato obtained at 7,400 and 10,600 cfs. The sdverse
Influence of shorellne lce and snow cover on the accuracy of the 9,000

cts data set Is quite evident from this comparison (Kilnger 1983).

Surface area measurements for the seven dlscharges avaluatad In thls
report provide an adequate basls for identifylng the rasponse of
speclflc areas to streamflow reductlions, as well as for quantifylag
change In watted surface area of mlddle river habltat types over a broad
range of streamflows. Although wetted surface araa may be used as an

Indicator of habltat avallablllty, It doas not represent habl|tat



quallty. Thls repcrt does not contaln any statemants concarning the
sultabll ity of the varlous habitat types for fish, nor does It addrass
how the quallty of these hablitats may respond to changes In malnstem

discharge.

Habitat Type Designations

The total wetted surface sres of tha mlddle Suslf¥na River was classifled
Into six general aquatic habltat types based on criteria visually
evigent In merlal photogrophy or hellcopter overfllghts: malnstem, slde
channel, side slough, upland slough, tributary moutn, and tributary.
These hablitat types reprasant physical characteristics of the
environment and do not necessarlly depend upon any perticular degree of

utilization by fish

The followlng brief descriptions were used to identify the six aquatic
habltat types evaiuvated in thls study. Thase deflinitions are limlitad to
visually recognlzable physlcal characteristics present durlng ice-frea
condl tions and that ara easily ldentlffed from the air during hellcopter
reconnaissance flights. A more detalled description of each aquatic
habitat type has been prepared by the Alaska Department of Flsh and Game
(1683},

Malnstem habitat types are those chennels of the river that

normal ly convey streamtiow throughout the entira year. They are
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visually recognlzable by their turbid, glacial water and high

valocltles.

Side Chapnal habltat types are also characterlzed by turbld,
glacial water. VYelocitles often appear lower than In malnstem
sites. Slde channel habltat may ex(st In well-detflned channels or
In arass typlfiad by numerous Islands and submerged gravel bars.
When the upstream berms of side channels are dewastered and the

channels contaln clesr water, they are classifled as slde sloughs.

Side slough habltat types contaln clear water. Upwelling and local
surface runcff are the primary sources supplylng clear water to
these areas. Slde sloughs have non—vegetatad upper thalwegs that
ara overtopped durlng perlods of moderate to high malnstem
discharga. When these areas are overtopped they convey turblid

watar and are then classlfled as side channels.

Uploand slough habltat types slso contaln clear wotar and depend on
upweiling and/or local surface runoff for thelr water sources.
Upland sloughs possess vaegetated upper thalwegs that are seldom

ovartopped by malnstem dlscharge.

Iributary mouth habltat types are ciear water areas that exist
where tributary streams flow Into malnstem or slde channel
habltats. Thls habltat type Is manlfest as a clesr water plume
axtending out Into the turbid recelving water. Tributary mouth
habltat also extends upstream Into the trilbutary to the upper

aextent of any backwater Influence that might exIst. The surtace



aras ot tributary mouth habltat Is affected both by tributary

discharge and mainstem stage.

Iclbutary habitat types are those reaches of tributary streams
upstream of the trlbutary mouth habltats. Tributary habitat types
have not been evaiuated In thls analysls becayse trlbutary hebitet

Is not Influenced by mainstem stage.

Non-wetted areas were classifled as elther vegetated islands or gravel
bars. Areas wlthln the control corrlidor that were quantifled but not
ralevant fo the surtfece area analysis were classifled as ™ackgroundm
Figure | prasents a descriptive key used to ciassify aress of the mlddle
rlver Into hablitat types. This key was adapted from the Alaska
Departmant of Flsh and Game Susitna Hydro Aquatic Studles (1983)

class|tlcatlon Index for aquatic habitet types.

Elald Matheds

Complete photographlc coverage was obtalned for seven malnstem
discharges In the Teikeetna~to-Devl| Canyon reach of the Susitna River.
Black=-and=-whlte merlal photographs weré cbtalned st an spproximate scale
of 1 1nch = 1000 feet, with & 860 percent overlap between ad]acent
photos. The dates of the photography and malnstem dlscharges as
maasured at the USGS Gold Creek gaglng staticn (No. 15292000) at the

time of photography are presented la Table 1.

Table 1. Dates and malnstem dlscharges at which asrlal photography of
the Taikeetna-to-Devil Canyon reach wes obtalned.

Date Discharge (cts)
6-1-82 23,000
§-24-80 18,000
9-11-83 16,000
9-6-83 12,500
9-6-84 10,600

10-4~84 7,400
10-14-84 5,100

Hellcopter reconnalssancoe flights were conducted over the Talkeetna—to—
Devll Canyon reach at mainstem dlscharges simliar to those at which the
serlal photography was cbtalnad. Durlng each of these reconnalssanca
flights, aquatic habdbltat types were identifled using the key prasantad
as Figure 1, and thelr locations were mapped on 1 Inch = 1000 feet scale
biuellne prints of the Suslitna River. Dewatered gravel bars and
streambank areas were sketched on the blualine prints as were boundarles

of the various habitat types.

Photo Flates end Enlargaments

Photographlc mosalcs were prapared from the overiepplng black-and-white
photos to provlide contlnuous 1 Inch = 1000 feet coveragea of the

Talksatna-to-Devll Canyon reach for esch of the seven dlischarges. The
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photo mosalcs were subdivided Into elghteen sactions of approximataely
the same length, with a small amournt of overlap betwean adjolning river
sections. A set of elghtesn 4=1/2 Inch by 15 Inch photopiates was
printed for each of the seven discherges (Appendix 1), For the sets of
photography tsken at 23,000; 18,000; 16,000; and 12,500 cfs, each photo
plate was careful ly examlined and areas that were too small in slze to
provide detalled resclution were enlarged to a scale of 1 Inch = 230
feet. All sets of photography taken at 10,600; 7,400; and 5,100 c¢fs,

were enlarged to a scale of 1| Inch = 250 feet.
Habltat Type Boundaries

Aquatic habitat boundarles mapped on the blueline prints during the
he)lcopter reconnalssance flights were transterred to corresponding sets
of photographs. Flgure 2 provides an example of the technique used for
the photography taken at 23,002, 18,000; 16,000; and 12,500 cts. The
technique used for the photography taken st 10,600; 7,400; and 5,100 cfs
was essentlally the same, with the exception that no entargement araas
ware defIned becausa the entlire set of photography was printed at the
enlarged scale of 1 .nch = 250 feat. A total of 35 adjolning plates
were meeded to cover the entlre Talkeatna—to-Devll Canyon reach at that
scale. Matchlines were drawn on adjolining photo plates to ensure that
hablitat ereas wlithin overlapping sections near the edges of the plates
ware not counted ftwice. Tha boundary of each enlargement area was
established using prominent topographlc festures In the photography and
drawn on both the plate and the Individual enlargemant. This ensured
that areas wlithin the enlargement could be summed and compared wlth the

anlargemant sres on the plate.
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The external boundarles of the total area to be Included In the surface
area analysls (control areal waere deflined on each plate, so that sub-
areas w |thin the control ares could be totaled and compared wlth the
total control area of thet plate. In many ceses, |t was nacesssry to go
beyond the river channel boundaries to establlish an lcent]fisble control
area boundary. The area !'ocated between the control area boundary and

the river channel was dlgltized as "wackground® (refer to Figure Zbl.

Digitizing

In this report, digltizing refers to the process ot calculating the area
wlthin a perimeter clircumscribed on the areai photographs. Ares
calculations wera made using a Numonlcs Model 2400 DIgiTablet and
Electronlc Graphics Calculator connected to an Epson HX-20 Motebook
Computer. Prlor to digltizing each photo plate and enlargement,
boundarles were drawn srcund each wetted and non—wetted habltat element.
By tracing the parimeter ot a glven area w|th the Numonlics DigiTablet
cursor, the area circumscribed Is caiculated by the Graphlcs Calculator
to an accuracy of 0,01 square Inch, Thls accuracy Is less than that of

del Ineatlon and opersmtor traclng error,

Digltizing strategy conslsted of digltlizing tha control area, the
aniargements ([f present) and alements withln the control area. |If
enlargements wera present, the total ares of the enlargement vas
digltized and then the elements within It. Each ares calculation was
performod twice. I|f the parcant error between the two measurements wes
greater than five percent, the area was raedligltlzed untll the percent

sgreement was less than flve. An Interectlve computer program was



FIGURE 2a. Example of & Susiina River segment wilth habitat types mapped and classified.
2b. Ewample ol the same river segment as delineated prior 1o digitizing.
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developad for the HX-20, which prompted the digitizing operator for the
plate number, flow code, control area number, enlargaement number (it
enlergement}, enlargement tactor, habltat code, element number and the
digitized srea (transterred from the graphics calculator). The program
checked percent agreement for eéach massuramant, and partormed the
summatlon of eleaments tor comparlson with the Inltlal control area

reasurement,

Surface areas measuremonts that had been storad on the Epson magnetic
tape cassettes were transferred I(nto a computerized data base for
storage, sorting, end subsequent analysis. Each Indlvidual surfece area
measurement was entered as a separate record that enabled ldentiflcation
by discherge, photograph (corresponding to a river mile Index), and

Individual area number,

Correctlon foctors were entered to standardlize to a common scale of |
inch = 1000 teet, Due to prevalllng weather fectors at the time the
serial photography fllghts, slight variations In scaje cccurred In the
varlous photo sets, Surface aress withln enlargement areas and for
those sets of photos printed antirely at the enlarged scale were dlvided
by a factor of 16 to accoun?t for the fourfold difference In scale

betwean 1 Inch = 230 feet and 1 Inch = 1000 feat.

Analysis Procedures

Surtace areas were summed by habltat typs for the entire river corridor
betwaen Talkeetna and Devll Canyon for each of the seven dlscharges.
Paercentages of the total river surfaca area represantaed by each aquatic

habltat type were calculated for each of the seven dlacharges.

Becayse tha changa In surface area of aquatic habltat is a function of
discharge and channsl geometry, the Talkeetna-to-Devl| Canyon reach was
subdivided Into tour segments, each possessing somewhat dlffsrent
geomorphologlcal characteristics. RM 101 to 113 {Talkestna-to~Lane
Creek) Is a relatively channellzed segment of the middle river with few
mid-channel vegetated Islends o gravel bars; few slde channels branch
off from the mainstem, RM 113 to 122 {(Lane Cresk-to-Curry) is a more
bralded segment w!th mld-channel [slands and slde channels branching
from the malnstem. RM 122 to 138 (Curry=-to-Gold Creek) Is s bralded
segment wlith large mld-channel Isiands and gravel bars. Numerous side
channels branch oft from the mainstem. RM 138 to 149 (Gold Creek-to—
Devil Canyon) Is a more channellzed sagment wlth some large side
channels branching oft trom the mainstem. Tota) surtace areas of each
habltat type wilthin these seqgments were determined to focus attention on
the dlverslty of habltat types and surface srea responsas among sagments

w1th different morphologlc characteristics,

Average monthly discharges for the Susltna River at Gold Craek range
from 1,500 cts In winter +o 28,000 cts during summer; the asverage annual
discharge Is 9,700 cfs (Flgure 38). Snowme!?t ruroff during June and

eorly July accompanlied by glaclel melt and ralnfall runctf during July



10.ma e . -
] i =] ==
§ ¥ =
T
FIELLE N ]
; . ! |
Amrege Morl®lp —s I
»$ 30D -] L H\"'
- __.__I.'_i:_._ =
-_".'.- [ - .I !. —
= ¢ 1
15,005 2-
[} H !
E | ]
. a e
waand AT = — =
Ii : —
] T
.I 1 ! —
§ 200 < 7 | | [
J | JUNE |
o7 1 i
- & 10 M I «b M K D B2 & OB
T T T T T T T LA B % ! Tims Dachargs Dgueled o Lisreorn
o &k o J4 T W0 & W J 1 L] =
CELL ]
=N 0.
sol o PR T e T e ———— _
LI — i  ——— 1 - — T =
¢ - i ' f—]—‘ T ——
I e - —
§ =+ + == ! P __114—1_-_—-
I ) | |
[ = - — TET ae mm ee———
I [l s Sy e e E = 7 i 3 :
AL R — —— — £ o } -
5 w | z I B . T e
| | ’.‘
|] 1 |= " = B +— ]
& L
g 1 - I 1 e
e e i o S — ——
[ - —3 ¥ —= = —
e ——— z e =
. P g b
T — L [

1 +
||' I i
| aucy | | J ; aucusT |
- el B SR SRLIN B feohoula D 0 B B
O I8 kM ok M Iy oM oW o @ F M M o M M MY MW
LR o TR e TR ol T - I

L

FIGUHE 1 Average snnual discharge snd sverkfs monihly discharges
o the Suaitne Fitwer st Gold Crees (sdspted from Scully,
Levesn, and Gaoige 19TH), Boo,d Manthly fow durstion
swirwdd 184 e Susing River 31 Godd Creek [adapled ham
Acres Amencan Ine 1583)

#nd Augus? provide stable and persisiesi high summer discharges Figure

s, c, db

From an anilysl s of The Ry drpiogic date, |7 wis determined FRET Fhe
eerimi photograpby cbtairned a% o neirsfes dischargs of 3,000 cis
reprasvents & Typlcwi midg=summer gischergs for e Talssatra—*o-lavl|
Canypon ropch of the Sesitep Rlear, Thersfore, this photograghy =es yaed
fo cepict baseline mid-summsr condiflors The percent changs in Radl fa¥
typé surtecs arsas #s 8 ftunctlon of mainstem dischargs for othar
glecrprgas wed referenced to The digitited gurfece ereas on Fhe 13,000

iy photography.

REZLLTS
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slde chanAw| hablfats decrensed wlth decress|ing dlscharge.



Tabie 2. Tote! surfsco arans by habitat typa wlthin the Talkeetna~=+o-Davl]

Campon resch of the Susitna River.

Suripce Area (pcresd by Dlschargs
Habitet Type 200 cts LA cfs 0600 cfs 12500 cfs 16.000 cfs
Mainsten 24581 259498 280%.9 2RE0.4 31585
5ide Channal 124.7 T68.7 PEE.T 10955 1282.2
Slde Slough 121.4 44,0 134.2 T8 4% .8
Upiand 5iougn 15.3 fry] 196 2.6 22.6
Tributary Mouth 15.9 15,! 18.& 6.2 7%.3
Gracal Bar 2318.3 frad (Hd 1E48. 2 1419.2
YogataTas Bar 1945 .4 Z130.5% 2080.2 19191 2511 .4
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Concurrent)y, exposed gravel bar surfece area increased with decreased

dlscharge.

Sige slough surface area Increased wlth decreasing discharge down to a
malnstem dlscharge of 7,400 cfs, and then decreased at 5,100 cfs.
Upland slcugh surtace area remained ralatively constant over the range
of mainstem discharges, decreasing somewnat at 5,100 ¢fs. Surtace srea
ot tributary south bhabitat peaked at Intersedlate flows of 16,000 and
12,500 cts. Yegetated bar surface area raemained relativaly constant over

the range of malnstem discharges.

Table 3 presents the percentage of the total rlver corrldor represented
by easch habltat type for each of the saevan mainstem dlscharges. Table 4
presents the percent change In the surtace area of each hablitat type
with decreasing discharge as calculated from a baseline discharge of

23,000 cts.

The Talkeetna-to-Devii Canyon reach was dlvided Into tour segments based
upen differing geomorphologlcal charac*aristics. These segments extend
from approximataly rlver milas (RM) 101 o 113, 113 to 122, 122 1o 138,
and 138 to 149, Because of dlfterences [n the amount of surface area
within each river segment and the desire to accent the response of
habltat surface sreas within the river segments, surface arsas for the
varfous habltat types are reported as the parcent of total area In the
river corrldor (Figurs 5). Fligure 6 presents a relative comparison of

tote] surface areas calculated for varlous hablta¥ typas within the
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entire Talkeetna-to-Devil Canyon reach and wlthln the tour segments in

rasponse to changlng malnstem discharge.

D1SCUSSION

Alr photo Interpretation Is highly dependant upon the qual ity of the
photography. Although each sat ot photographs obtalned for this study
was generally clear and compliete, the time of day, date, and prevalling
weather conditions at the time the aerlal photographic missions were
flown atfected the extant to which detalled riverine features were

visible,

The 23,000 cts photography, taken on June |, 1982, was obtalned at a
time of the year when the sun was at 8 hlgh angle and decldious
vegetation had not fully leated-out. This resulted In faw shadows,
enabling excellant delineation of water's edge and slough boundaries.
The 7,400 cfs and 5,100 cts photography, obtalned on October 4 and 14,
1984, respectively, have extensive sress of shadows slong the south and
aast shorellnes. This was due primarlily to the low sun angle durlng
that time of year. These shadows sometimes obscured the water's edge
and made some surfsce area dellineations more diftticult. The remalning
sets of photography had Isolated shadow probiems. In splte of the minor
problems wlith photographic datall, accurate and rellable surface ares
measurepents ware obtalned usling various technigues to ald In

dal inaations.



Tablo 4. Parcent change [n digltizaed surface areas relative fo

Surtace areas by hablitat fype Within tho Talkeetna=to-Davll
corresponding areas present ot 23,000 cts.

Table 3.
Canyon reach ¢f the Susitnas River expresasd as a percantage of
the total rlver corridor aros
Parcentage by Dischirgs Fercentage Chapge by Olscharg
Hanfitar Typa 1100 sfy 2400 cfs 10 A00 cpy 22,300 i LE000 cfa 10000 efs 23000 cfa HaniTat Tvan 18,000 cfa 18000 cts 12900 ot L0600 cfs 2400 cfs 500 ofs
Waingtew n.s 32.5 3.6 3.7 .7 . 9.1 Hoinsten E{ -15.% ~23.7 2.4 -19.4 -M.2
o H
Sice Chetral 9.3 9.4 12.3 4.1 5.0 « 16,3 51de Channal a4 =1,% =117 =2.5 ~-38.0 ~€1.37
4 L
Sice Stough L e 1.7 1.3 1 T ., 6.7 Sica Slough rra 83.4 1250 155.6 E74.3 1z
€ v L i
usteng 5iough 0.2 0.} 0.2 0.3 @2 - Y 0.3 Uplane Slewgh  u f: T -3.3 19,7 4.1 =313
] - w
= 1 2 =
Trivutary Wouts a.2 Bz 0.2 o.3 0.3 b v Q.2 Tributary Mauth o & LI 1165 63,7 4.8 M.e
- L L
Gemvat bar 12.% s 3.0 2.2 7.9 = Y 10.7 Graval Bar A EC':' 74.0 11,8 136.8 1820 087
Yagetated Der L I} . 2.4 4.7 i3 | 'a e 1.8
PROVISIONAL
PROVIS'ONAL ) E Woody Triney & Assoclates
E. Woody Trihey & Astoiales Date . . e
Gale__ -2 8% o

=11-



Poscen! Tolel Alegr Coreldor Burisce Ared

Paioon?! Total River Gorildor Sudlace Area

T T T T T T T Y T T T T T T T 7T - TTT T T T T FT T T T T T T T T T
an - LT -
<
-
L
so MAITHSTEM LT = _
- 5
"
r"""- ?
ag - - e 40 =
! : MAIMSTE
[ ]
; ‘_’J}A
"“"‘.Q’_"_:“-_""EI- aAR o= o o ___._._.—-—"'rl =
5 — RAVEL BAS
20 - = 20~ -
IDE GCHANNEL = —*
- — = BIDE CHAMKEL
N R ~ I s _
— - —
$)DE aLouan E SIDE SLOUGH
¢ Tl == P—
3 10 18 20 = % 190 T§ 20 - PRTVISICHAL
Maingtem Dischargs &l Gald Crask {a ”_-,'J e Malnatam Divcharge at Gold Crese [x20  cla} E Wobdy Vilhey & Arzadaares
b d Date 4 oot
T T T 1T 1T 7T T 7T 7T 7T 7T R T I TT T - LI I L N O T ‘N O A
gof - E‘W-
b AINSTEM
sob MAINATEM - 250}
H
a
4ot - 540- =
-
&
- - DJG'—“\‘
do - GQARAWEL HAR
4
iﬂ!‘ b | = 20
__a—"—'_-'. -
e "\_‘\‘M‘ : 511:! GHANMEL gor—"
]
|a-'__*,rffﬂﬁ;:#;nauuzL 3 -er
<
1 - SIDE SLOUGH
SIE SLouaH b T S ol I I S O . e 1
5 10 1% 20 x » 10 LE-3 20 -
Malogtem Digsharge ml Gold Cisak n:.to_al cin} Maingtam Digcharge ot Gold Cresn (10 chal

Figure 5. Surface aréd responses 1o meinitenm discharge expressed At a pﬁ‘fﬂﬂ'l‘léﬂgﬂ of
the totil river cofridor surface ares. Segment a:  Talkeotfa-ko-Tane Creek
(kM 101 wa 113): Segment b: Lane Crege=to-Curcy [RM 113 to 122); Segment o
Curry-to-Gold Cresk (BM 122 to 138)1: Segment d: Gold Creek-to=- Devil Canyon
IRM 138 o 14%).

=13~



LEGEND

(] mainstem
[} side channal
- Slge Siough
[] upiand Siough

| | Tritatary Moulh

Dincharge {afis) [Ciats 5

5100 T400 10,900 12,800 18,000 23,000

Talkgaina
1o
Davil Canyon

{AM 101 10 148)

Talkeaina
10
Lane Craak

(AMIL 0113 ]

Lang Creek
0 (AmMysap122)

Curry

Corry

W [AM 12210 138)
Goid Creek

God Creek

L (RMY3B 10 149)
De! Canyon

Pigure &. A comparison of relative amounts of the different habltat types compriming various sogmonta

of the Susitna River at six mainstem dlscharges.

-13=



Aquatic habltat surtface area responses are a function of streamflow ond
channel geometry. Small local changes ware observed during the time
perlod In which the sets of photography were obtained. These small
chenges were thought to have an Inslignificant effect on the eccuracy of
the surface srea measurements or the abillty to make comparisons between
photographs taken In differant years. |f channel geometry remalns
relatively constant over time, then the aqustic habltat surteace area
responses can also be expected to remain constant. Thereforae, the
results presented here are representative of open water conditions and

exlsting channel geometry.

The proposed project is expected to result In a longer opan-water saason
than (s present under natural conditions. In addltlion, when freeze-up
occurs, the locatlion of the ice front Is anticlipated to occur farther
downstream, leaving portlons of the middle river ice-free (Harza-Ebasco

1985a,b).

Some ¢changes In channel morphology are anticipated. The malnstem
channel Is expected to degrade by as much as a foot, leaving some slide
channel and slough areas perched. This would result In a hilgher
malnstem stage requlred to overtop the aliuvial berms (Harza-Ebasco

1985¢c).

The surface srea response patterns presented here could be adjusted to
account for altered breaching discharges of varlous sloughs and side
channels and, thereforo, be appllicable to a post-project scenario, It

must be re-emphaslzed, however, that the results of this study make no
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assessment of the quallty ot the hebltats or thelir sultsblllty for use

by fish.

Definltlons for aquatic habitat types used In this study represent & set
of visually recognizable, streamflow dependent physicel characteristics
that do not restrict the occurrence of a partlicular habltat type to
tixed geographical locatlons. An exampie of the flow-dependent nature
of these deflinitions Is reflected by side slough and slde channel
habltats. Side sioughs, by deflnitlon, are clear water hablitats In
which the flow |Is malntalned by upwelllng and local surface runoff. A
non-vegetsted alluvial berm &t the upstream aend ot the dewaterad
overfiow channel separates the clear water habitat from the actlve
channal. When mainstem discharge Increases and river stage rises, the
alluvial berm at the head of the slough Is overtaopped, Turbld malnstem
water flows Into the channal and raplaces the former clear water habltat
w|th deeper, faster-flowlng turbld water. The aquatic habltat at this
locatlon then t1+s the detinltion of slde channel habltat. Conversely,
as meinstem discharge daecreases, areas classlfled as slde channels may
become cut off from malnstem flow at thelr upstream end and become clear
wataer habltats. If the cliear water Inflow t¢ these systems |s
sufficient to malntaln a cownstream connection wlth the mainstem, these

areas then flt the deflnltion of slde slough habltat.

General frends In surface area response to malnstem discharge became
apparent [n thls study. As malnstem discharge decreasad, the surface
area of both malnstem and sfde channel habltat types decreassd,
Concurrantly, slda slough habltat surfsce area increasaed wlth decreasling

discharge. The decrease In slde slough surface area shown at 5,100 cts



was dus to some of the sioughs dewatering at thelr downstream end
leaving remnant, ponded water which was not consldered available

hat | tat,

The surface area response of malnstem, slde channel, and side siough
habltat |s not necessarily ¢irectly correlated with habitat quality. |In
malnstem and somé sl e channel habitats, velocity and depth are [imlting
factors tor the distribution of fish, As malnstem and sice channel
surface arass decrease wltnh decreasing malnstem stage, water depths ano
velocltles In these areas are reduced, maklng these habitats more
sultable for use by flsh, Conversely, as malnstem dlscherge decreases
and slde siocugh habltat Increases, these aiready shallow slough areas
may become even shallower wlth very low velocltles. Access Into these
areas may become a problem and/or the shailow cepths of the sloughs

themselves may result in less than sultable habltat.

Tributary mouths and upland slioughs are the other source of clear water
habitats In the middie river., Trlbutary mouth habltat surface area is a
function of both mainstem discharge and tributary flow. Surface area
was low at a mainstem discharge of 23,000 cts, Increased at moderate
malnstem discharges and then decreased at dlscharges of 10,600 cfs and
balow. At 25,000 cts, the comblnation ot high malnsterm stage and water
valoc)tles resulted In a shearing oftf of the clear water plume as It
entered the malnstem. The decrease In tributary mouth surface area at

the |ower meinstem discharges probabiy refliects lower tributary flows.

Upland siough surface area remained relatively constant over The range

of mainstem discharges Investigated. At 5,100 cfs, the surface area
g g
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decrease was due to the mouths of some upiand sioughs becoming dewatered

leaving the sloughs as remnant, ponded areas Inaccesslible to flsh.

As malinstem dlscharge decreased, the combined surface area cf clear
water habltats Increasad. Thls Increase In clear water s Important not
only as potential juvenlle salmon rearing hab!tat, but could be ot
Importance for primary and secondary production 1f these clear water
areas remained relatively stable. For example, a reduction In malnstem
discharge from 23,000 to 10,600 cfs l{essentlally halving the mld-summer
flow) results In a 200 percent Increase In total clear water surface
area wlth a 50 percent decrease In turbld water surface area, and a 125
percent Increase |n exposed gravel bars. Even a decrease In dlscharge
from 23,000 to 16,000 cfs results In & 170 percent Increase in clear

water, primarlly due to Increased fributary mouth surface area.

it must be rememphasized here that an Increase In clear water surface
area |5 not dlrectly correlated with aa Jncrease In suitable flsh
habltat. By definition, slde sloughs are clear water areas malntained
by upwellling, Wlthout field verlitication, It Is difticult to
distinguish between true slde sloughs and areas contalning clear water
due to sattilng cut of suspended sediments and possibly dllution by
surface water runoff once the upstream berm of a side channel Is

dewatered.

Difterent segments of the middle Susltna River appear dlfforent
morphologlcal ly and vary In the relatlve amounts of wetted areas, gravel
bars, and vegetated Islands. in all segments, mainstem and vegetatod

Island surface areas predominate. The greatest diversity occurs In the



Lane Creek-to-Gold Creek segment (RM 113 to 138), In which a greater
percentage of the total surface area Is represented by gravel and
vegetated bars. Thils river segment |s characterized by a more bralded
channel pattern. In these areas, the relatively large edge effect due
to the numerous Isiands and gravel bars may result In the potential for
creation of more usable habitat along channel margins and In channels
wlth hlgher streambed elevations as malnstem stage drops and water
veloc|ties are reduced. In contrast, relatively steep-banked,
channel Ized segments of the river where edge effects are minimal wll|

probably not show as large an Increase In potentlal habitat.

The results of this study can be used to Indicate the potentlal for
Increase or decrease In the amount of usable habltat by evaluating
surface area responses of varlous hablitat types. The term usable
habltat would Include not only flsh habltat, but also aquatic habltats
sultable for primary and secondary production. However, the |imitaticns
of the surface area data generated by thls study must be reallized.
These |Imitations reflect the strictly physical descriptions of the

habltat types deflned here.

The results of this study, however, can be appl led to both ongoling and
future addltional studles whlch focus more directly on varlous
biologlcal features of aquatic habltats. Habitat recon work (Aaserude,
et al. 1985) focused on further defining and subdividing habltat types
Into categorles which more specifically defline habltat attributes and
responses to flow. Fish utillzation data (Hoffman 1985) will be applled

to the results of the habitat recon work to provide a measure of the
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sultabillty ot the varlous aquatic habitats for use by adult and

Juvenlie salmon.

Measurements of primary production in the middle river are erticlpated
from AEIDC. Thils work, in combination wlth the development of a
euphotic surface area response model (Reub, et al. 1985), wlll address
the Issue of with-project primary production potentlal. These studles
wlll provide blologlcal significance to the Increase In total surface
area ot clear water habitats seen in thls study as malnstem discharge

decreased.

The surface area response data presented here represent a portion of a
much larger integrated data base which, when complete, will faclllitate
the forecasting of the effects of altered streamflows on the biologlcal

and habjtat components of the middle Susltna River.
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Appendix 1. Plates.
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