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INTRODUCT [ON

Primar ¢ productivity Is Important to the production of food organisms
for juvenile salmonids. Primary productivity In streams and rlvers Is
dependent on the ablility of sunlight to reach the streambed In
sufficlent amounts to support photosynthesis. Algal production Is
related to the intensity of ilight as well as depth of penetration (Hynes
19793, Factors affecting | ight penetration to streambed surfaces will
also affect primary productivity (Lloyd 1985). Two Important factors
that Influence the amount of |light reaching the streambed are depth, as
regulated by streamflow, and turbldity. It follows, therefore, that
determining the effects of streamflow and turbidity on |ight penetration

can be used to sstimate their effects on primary production.

The euphotic zone Is defined as that portion of the submerged streamued
where light Intensity Is greater than one percent of the light Intensity
at the water surface. The lower |Imit of this zone Is termed the
compensation depth. The significance of the compensation depth Is that
it approximates the polnt where energy flxation by algal photosynthesis
Is equal to the organisms' own resplratory requirements (Moss 1980).
Thus, compensatlon depth can be used as the lower boundary In the
relationship between turbidity and depth of | Ight penetration. The
{imit of photosyntheticaily effective penetration must be deflined

through field measurements of |lght attenuation.



This paper presents preliminary results from a simulation model that was
developed to forecast the response of photosynthetically actlve
radiation (PAR) at the suphotic zone to changses in malnstem dlscharge
and turbidity. The modei was appllied at eight study sites located In
the middle Susitna River. Results from slte-specific and time series
analyses are used to refline the euphotic surface area response model
Introduced In April 1985 (Reub et al. 1985). One purpose of thls
technical memo Is to demonstrate the utillity of the model for evaluating
the [nfluence of altered streamflows and turbidities on primary
production In the middie Susitna River. Another purpose ls to provide
an Inltial forecast of changes in the amount of [Ight energy avallable
for photosynthesls on a seasonal basis as a result of project

construction and operation.

The wuphotic surface area response model estimates the amount of PAR
that reaches the euphotic surface area at a certaln time. Thls
is accompiish@d by determining the amount of PAR that reaches the
submerged streambed at a certain depth wlthin the compensation depth
and multiplying that amount of energy times the surface area found at
that depth. Thils glves the total energy received at depth, which Is
then summed for all depths down to the compensation depth. This
summation represents the total amount of PAR avallable for an entire
slte. The model can be expressed In mathematical terms by the followling

basic equatlon:
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Areal Rate of Energy Input to Surface Area at Depth z
(elnstelns/sq ft)

A, = Surface Area at Depth z (£12)

The steps necessary to numerically defline the parameters In the above
equation are shown In Figure 1. Solar Insclation, furbldity regimes and
malnstem discharge (boxes on left of flow diagram) vary on a seasonal
basis and are consldered the "driving variables® In this model. Solar
insolation, or the |ight avallabie at the water surface, and turblidity
determine the amount of [ight that is extlinguished as [+ passes through
the water column. Malinstem discharge determines the depth of water and

the amount of wetted surface area within a site.

The euphotlc surface area response modei uses stream cross sectlon and
stage-dlischarge data (1Fa! hydraul ic models) to apportion the entire
wetted surface area of a study sitfe Into Incremental depths as a
function of discharge. Compensation depth, Influenced by tfurbidity, Is
used to define which depths are within the euphetic zone. This model
then forecasts streamfiow ard turbldity-dependent response curves for
the amount of PAR transmitted through the water column. The model does
not forecast actual photosynthetic rates. |t ls assumed that primary

' instream Flow Group, now known as Instream Flow and Aquatic Systems
Group (Milhouse et al. 1984).
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Flgure 1. A flow dlagram of the baslc components used In the euphotic surface area respon  nodel



production only occurs on the submerged streambed between the water's
edge and a polnt bounded by the compensation depth. Because thls model
Is Intended for rlverine application, primary production Is nof assumed

to occur wlthin the water column as I+ would were lakes or estuarles

belng evaluated. The following methods sectlion provides analytical

descriptions of the model components and presents actual Input data used

in the model,



METHODS

The amount of PAR avallable to the surface of the water depends on the
iatitude of the river basin, time of year, basin topugraphy, and
prevaliing mefeorological conditions. Only a few studles have measured
solar radiation Inputs In southcentral Alaska. Cofflin (1984) collected
Two years of solar radlation data at varlous locations near the Susitna
River, and Branton et al. (1972) collected 11 ysars of solar radlation
data at Palmer, Alaska. This analysis uses solar radlation data
co:!lected over a two-year perlod at Big Lake, Alaska by Rowe (1883).

The Blg Lake data provide PAR values at the lake surface throughout the

year (Table 1),

Table 1. Estimated mean monthly photosynthetically active radlation
(PAR) In elnstelns per square foot.

MONTH AVERAGE PAR! MONTH AVERAGE PAR!
JANUARY 4 JULY 91
FEBRUARY 17 AUGUST 74
MARCH 92 SEPTEMBER 46
APRIL 66 OCTOBER 20
MAY 100 NOVEMBER s
JUNE 114 DECEMBER 2

1 Estimated for 1984 and 1985 at Big Lake, Alaska

Source: Timothy G. Rowe (1985)
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METHODS

The amount of PAR available to the surface of the water depends on the
fatitude of the river basla, ftime of year, basln topography, and
prevalling meteorological conditions. Only a few studles have measured
solar radiation Inputs In southcentral Alaska. Coffin (1984) collected
two years of solar radlation data at varlous locatlons near the Susitna
River, and Branton et al. (1972) collected 11 years of solar radlation
data at Palwer, Alaska. Thls analysis uses soiar radlation data
collected over a two-year period at Big Lake, Alaska by Rowe (1983).

The Blg Lake data provide PAR values at the lake surface throughout the

year (Table 1).

Table 1. Estimated mean monthly photosynthetically active radiation
(PAR) In einstelns per square foot.

MONTH AVERAGE PAR! MONTH AVERAGE PAR!
JANUARY 4 JULY g1
FEBRUARY 17 AUGUST 74
MARCH 92 SEPTEMBER 46
APRIL 66 OCTOBER 20
MAY 100 NOVEMBER 5
JUNE 114 DECEMBER 2

! Estimated for 1984 and 1985 at Blg Lake, Alaska

Source: Tlmothy G. Rowe (1985)



Middie Susitna Rlver turbldity levels under natural conditlons at Gold
Creek range from 1 to 1,000 NTU (nephalometric turblidity units) with
average summer turbidlities of approximateiy 200 NTU and with winter
turbldities of less than 5 NTU (Trihey and Assoclates et al. 1985).
With-project turbidity levels are expected to be jess variable durlng
the year with Increases over natural turblditles expected in the winter

and decreases expected during the summer months.

Several project documents were revliewed to arrive at a natural turbidity
regime that represents monthly values for the entire season (Acres
American lnc. 1982; Alaska Department of Fish and Game 1982, 1983e,
1983b; Alaska Power Authority 1985). Figure 2 Illustrates the estimated
natural turbldity values used In the time series analysis. These values
are derived by drawling a smooth curve through data polints collected
during the 1983 open water season at Gold Creek Camp, River Mile (RM)

1368, and the Talkeetna Fishwheel, RM 103.0 (Estes et al. 1984).

Estimates of wlth-project turbidity regimes were determined by Harze-
Ebasco Susitna Jolnt Venture (Alaska Power Authority 1985). Thelr
analyslis uses an NTU/TSS (total suspended sediment) ratlio of 2:1 fo
forecast turbidities for with-project conditions (Tabise 2). Several
studles ldentlfy the relatlonship between TSS and turbldity. Typlcal
relationships developed In Alaskan lentic (iake) environments assoclated
with glaciated dralnages lncliude those at Eklutna Lake (R & M

Consul tants 1982), Bradley Lake (0tt+ Water Englneers Inc. 1981) and

Tustumena Lake (Scott 1982). These studies suggest NTU/TSS ratios of

T



Talkeetna Fishwheel (RM 103.0)

Gold Creek Camp (RM 136.8)
~~~~~~~ Estimated Turbidities Usad in Model

400 -
350

2 300

=

. 250

e

S 200

.o

2150

100

50 +

'Jime :Juiy
MONTHS

Figure 2. Actual turbidlty values at Talkeetna Flshwheel (RM 103.0) and Gold Creek Camp
(RM 36.8) with estimated turbidifies used In This modsl.



approximately 2:1 or greater. Thls ronversion factor results in a
minimal turbldity estimate (Alaska Power Authority 1985), although (T Is
recognlzed that the actual ratio of NTU/TSS may vary considsrably as

evldenced by the range of values discussed In the above references.

For the purposes of our analysis only two operational scenarios, Stage |
and Stage |11, were evaluated to Iliustrate the range of with-project

conditlions that are expected to occur.

Table 2. Estimated monthly average turblidities (NTU) for natural and
with-project scenarlios.

TURBIDITIES
MONTH NATURAL' STAGE 12 STAGE 1114
NTU/TSS NTU/TSS
RAT10 231 RATIO 2:1
JANUARY 3 130 110
FEBRUARY 3 110 100
MARCH 3 86 50
APRIL 3 60 50
MAY 32 70 34
JUNE 119 170 70
JULY 306 260 150
AUGUST 149 220 150
SEPTEMBER 24 180 110
OCTOBER 6 200 100
NOVEMBER 3 190 140
DECEMBER 3 166 136

1 Estimated from data collected during the open water season (Estes et
al. 1984).

Estimated by converting TSS projections to NTU units (Alaska Power
Authority 1985).



Since the rate of |ight extinction and compensation depth must be
calculated over the range of turbldity levels analyzed, a relatlonship
befween |light extinction (k) and turbidity was generated using Susitna-
speciflc data collected during August and September 1985. Total
vertical light extinction coefficlent measurements were made using the
methodology described by Van Nleuwenhyse (1983). Twenty measurements of
compensation depth were made near the confluence of the Susltna,
Chulltna and Talkeetna rivers under turblidities ranging from5 to 179
N?ua Light extinction coef’iclents were plotted against turbldity ard

the relationship was described by |lnear regressicn analysls (Figure 3).

K (t1th
N

K = 00217+ 0.25
R’z 0.9¢

50 100 150 200
TURBIDITY (NTU)

Figure 3. Linear regression of Susitna-specific iight extinctlion
coeffliclients versus turbldity.
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The relationshlp between compensation depth and turbldity for the
Susitna River Is described by the equatlion Z_ = 4.61/0.021(NTU)+0.25
(Figure 4). This equation was formulated by Incorporating the
regression equation presented In Figure 3 Into the derivation described

by Yan Nleuwenhuyse (1984).

TURBIDITY (NTU'S)
0 200 400 600 800 1000 1200

0 i i ! { ! i
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Figure 4. Relationship between turbidity and compensation depth for the
Susitna River.
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Beterminaiion of Malnstem Discharge

Mean monthly streamflows were used In thls analysis. Average weekly
malnstem flows for both natural and with-project conditions were
develcoped by the Harza Ebasco Susitna Jolnt Venture based on 34 years of
record at Gold Creek (Alaska Power Authorlty 1985). These flows were
averaged to cbtaln Tthe monthly values In Table 3. Only streamflows for
Stage | and Stage |11 operation scenaylios were used to evaluate with-

p. oject conditions,

Table 3. Estimated mean monthly flows (cfs) for natural and with=
project scenarlios.

STREAMFLOW

MONTH NATURAL STAGE | STAGE 111
J ANUARY 1,543 8,135 8,256
FEBRUARY 1,317 7,591 8,112
MARCH 1,169 5,732 7,280
APRIL 1,441 4,108 6,623
MAY 13,483 6,380 7,643
JUNE 27,795 13,324 9,223
JULY 24,390 14,492 13,156
AUGUST 21,911 18,276 18,489
SEPTEMBER 13,493 14,230 13,406
OCTOBER 5,825 7,903 7,720
NOVEMBER 2,589 7,800 8,244
DECEMBER 1,844 9,120 9,011

Source: Alaska Power Authority (1983).

1 These values represent an estimated eariy Stage lil flow scenario.
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Stream channel geometfry influences the response of the euphotic surface
area to changes In discharge (water surface elevation) and turbidity.
Siis geometry was determined using the IFG cross sections surveyed for
the mlddle Suslitna River modellng studies. These cross sectlons were

used to describe the lateral distribution of streambed elevations.

Cell depth was determined using the water surface elevation (WSEL)
corresponding to a given discharge and the streambed elevations along
the surveyed cross section. The WSEL's used In this analysls were
forecast using hydraul lc models and assoclated rating curve equations
(Estes et al. 1984, and Hilliard et al. 1985). A relationship betwesn

WSEL and discharge was established for each tfransect.

The maximum resolution of the depth calculations Is a function of The
cell slze. Polnt measurements of depth more accurately approximate the
average depth of the cells as cell slze is reduced. Depths assoclated
with one-foot cell widths were necessary for good resolution at high
turbliditles (small Increments of depthl. This cell resolution was
achieved by linear Interpolation between surveyed streambed elevations

on the cross sections.

The reach length represented by a particular cross sectlon was
determined from Inspection of aerial photography, longltudinal streambed
profiles and fleid notes. in those instances where right and feft

streambank distances between adjacent cross sectlons differed, reach

lengths for individual cells were determined by |linear Interpoiation

13w



using the right and left bank distances. Cell surface area is the area

of The rectangle deflned by width muitiplled by mean reach length.

Calculatlon of Light Energy Available fo Euphotic Surface Area

The total Iight energy avallable to the euphotic surface area Is
calculated In three steps. Flrst, the compensation depth Is defined as
a tunction of turbldity. For each cell possessing a depth equal fo or
less than the compensatlon depth, the cell area is calculated. The sum
of these areas defines the euphotic surface area. The model uses the
decay function describing |ight attenuation with depth to dete -mine the
amount of |ight energy reaching the streambed within each cell. The
total light energy reaching the euphotic surface Is calculated by
summing the |ight energles at the streambed surface for all the cells.
These calculations are repeated for each combination of flow and

turbldity being evaluated.

Stream channel geometry Influsnces the response of euphotic surface area
to changes In dlscharge and turbidity. It Is therefore I[mportant that
cross sectional data used In the model represent typical middle Susitna
River habltat types that are expected to be affected by altered

discharge and turbidity levels,

wlfe



Six major habltat types have been Identifled In the middle Susitna River
(ADF&G 1983a). Trlbutary, tributary mouth, and upland slcugh habliftats
are normally clear and not expected to become turbld as a result of the
construction and operation of the proposed Susitna hydroelectric
project. However, the natural turbldity regimes within malnstem, slde
channel, and side siough habitats are expected to be altered. A three-
step process was used 1o select elght model sltes that represent
mainstem, side channei, and side slough habitats. Initially, project
hydrologlsts and biologists were consulted. Aerial photography was
reviewed to provide a quick assessment of the response of wetted surface
area to mainstem discharge at various sites and to ldentify whether
these sites might transform from turbld to clearwater areas as malnstem
dlscharge declines. Hydraullc and morphologic attributes ldentifled by
Aaserude et al. (1985) to classlify sites Into representative groups were

used as Indlicators of "representativeness"”,

Tabie 4 describes the hydrologic and morphologic characteristics of the
10 representative groups deveioped by Aaserude et al. {(1985). Also
shown to the right of the definltlons are the model slites chosen for
this analyslis. Representative groups with similar channel geomeitry and
morphologlic atiributes are represented by the same mode!l or combination
of models (l.e., groups I!l and VIiil, V and VI, IX and X). However,
model results have not been extirapoiated fto the middle Susitna River in
proportion to the surface areas of the varlous representative groups.
Upland sloughs (Group |} are not expected to be affected by the project

and thus are nct Included In the analysls.
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Table 4. Primary hydrologlc, hydraullic and morphologlic characteristics of
representative groups ldentifled for the middle Susitna Rlver.

REPRESENTATIVE
GROUP

LR

by

Vi

Vil

Vil

DESCRIFT {ON

Predominantly upland sioughs. The specific areas comprising this
group are highiy svable due to the perslstence of non-breached
conditlons (l.e., possess high breaching flows). Specific ares
hydraullcs are characterized by pooled clear water with velocltles
frequentiy near 0.0 fps and depths greater than 1.0 if. Pools sre
commonly conectad by short riffles where velocitles are less than 1.0
fps and depths are laess than 0.5 1.

This group Includes speclfic areas commonly referred to as side
sioughs. These sites are characterized by relatively hlgh breaching
flows (19,500 cfs), clear water caused by upwelllng groundwater, and
large channel length-to-width ratlos (>15:1)

Intermedlate breaching flows and relatively broad channel sections
typlfy the specific sreas within thls representative group. These
sltes are side channels which transform Into side sioughs at Malinstem
dlscharges ranglng from 8,200 10 16,000 cfs. Lower breaching flows
and smaller length to wldth ratlos distingulsh these sltes from those
In Group ll. Upwelllng groundwater ls present.

Speciflc areas In this group are side channeis that are breached at
low discharges and possess intermediate mean reach velocitles (2.0 to
5.0 fps) at a malnstem dischargs of approximately 10,000 cfs.

This group Includes malnstem and side channel shoal areas whlich
transform to clear water side sloughs as malnstem flows receds.
Transformations generally occur at moderate to high breaching
dlscharges.

This group Is similar to the preceding one In that the habltat
character of the specific areas Is domlinated by channe! morpholiogy.
These sltes are primarily overflow channels that parallel the adjacent
mainstem, usualiy separated by a sparsely vegetated gravei bar.
Upwelllng groundwater may or may not be present. Habitat
transformations wlthin this group are variable both In type and timing
of occurrence.

These specliflic areas are typlcally side channels which breach at
variable yet falriy low malnstem dlscharges and sxhiblt a
characterlstic riffle/pool sequence. Pools are frequently large
backwater areas near the mouth of the sltes.

The specific areas in this group tend to dewater at rejatively high
mainstem discharges. The dlrection of flow at the head of theswe
channels tends to deviate sharply (>30 degrees) from the adjacent
malnstem. Modeling sites from Groups |1 and Il possessing
representative post-breachling hydraullc characteristics are used to
model these speclflc areas.

This group consists of mainstem and slde channels, Including
Indistinct (l.e, shoal) areas, characterized by low breaching
discharges. Speclfic areas tend to elther retaln thelr hablitat type
character or transform from Indistinct to distinct channels.

Large mainstem shoals and the margins of malnstem channels which show
signs of upweiling are Included In this representative group.

Source: Aaserude et al. 1985
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101.5L
(Fram {X)



RESPUNSE OF EUPHOTIC SURFACE AREA TO CHANGES IN DISCHARGE AND TURBIDITY

An [llustrative example of euphotic surface area response to varlations
inturbldity and flow Is presented as Figure 5. Two Types of channel
geometry are used to demonstrate how the euphotic surface area responds
to changes In water surface elevation (depth) and to turbldity
(compensation depth). The top two illustrations are of a typlcal
streambed cross sectlon (transect 3} at Side Channel 6A at two stream
flows. Water surface elevation for the same stream flows are shown for
a typlcal cross section at Fat Cance island (Transect 5) In the bottom
two [llustrations. Each [llustration is divided In half and the right
and l[eft portions of the [llustration are assigned different turblidity
values. Compensation depths corresponding to these furbidity values are
Indicated, and the width of the euphotic surface area (shown by cross

hatching) Is approximated by the wldth of the overlylng water surface.

Side Channel 6A, representing broad shallow side channels, has a8 maximum
depth of about 3.2 feet at 10,000 cfs and 5.6 feet at 25,000 cfs. In
contrast, sites such as Fat Canoe Island with a weil-incised, steep-
slded channel have less varlation In streambed elevations. Compensation
depths for the turbidity leveis used In this lilustration are 3.5 feet

for 50 NTU and 1.0 foot for 200 NTU.

in comparatively broad and shallow channels such as the Side Channe! 6A
site, relatively small changes In turbldity or flow can have a dramatic
effect on the size of the euphotlic surface area. When the flow drops

from 25,000 cfs to 10,000 cfs at 50 NTU, the wlidth of the euphotic

surface area Increases 48 percent In this example. Similarly, at stream

{7
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flows near 10,000 cfs a change In turbldity from 200 to 50 NTU results
in @ 75 percent Increase In the euphotic surface area. This
sensitivity to turbidity and stream flow Is due to relatively broad,
shal low areas (riffles, shoals and channel bottoms) belng found at this

site.

By reducing stream fiow from 25,000 o0 10,000 cfs at 50 NTU at the Fa?
Canoe Island site, approximately a 10 percent change In the wldth of the
euphotic surface area ls observed. At stream flows near 10,000 cfs, a
change [n turbidity from 200 to 50 NTU increases the width euphotic
surface area by 328 percent. This sensitivity to turblidity butv
insensitivity to streamflow Is attributabie to the steep gradient

shorel ines and Inclsed nature of the cross sectional geometry.



SITE-SPECIF{C RESPONSE OF LIGHT ENERGY AVAILABLE
TO THE EUPHOTIC SURFACE AREA

Because of the Influence of channel geometry on euphotlc surface area,
the mode!l was appllied at eight locations on the mlddle Susitna River.
Application of the mode!l at each site Is discussed separately. Flrst,
site charecterlstics that Influence the euphotic surface area response
are described. Next, a famlily of |ight energy response curves ls
presented for six turbidity valiues from 10 to 800 NTU and a range of
mainstem discharges between 5,000 and 35,000 cfs. A PAR value of 50
einsteins per square foot was used to determine the famlily of response
curves for each site. Flnally, annual response curves are presented for
the site using seasonal solar Insolation, trbldities and streamflows
for both natural and two with-project scenarlos. The seasonal values
for sach varlable used In the time series anzlysls are presented in the

methods sectlion.

The time serles analysls curves for natural condlitlons Include only the
open water season (May through October). With-project curves are
presented for the entire year; however, they do not incorporate any
effects of Ice and snow cover. For thls reason, the discusslon of
anticipated project effects on avaliable [light energy at the euphotic

surface Is generally limited to the open water season.

Several factors suggest that |light Intenslty beneath an ice and snow
cover Is not blologlcally significant at this latitude. Two Important
factors are the seascnal reduction In PAR durling the wlinter months and

the reflective effect of the snow and lce cover on Incoming llight. Rowe

w2(e



{1985} compared the hourly PAR at Big Lake, Alaska for the summer
solstice (June 71) and wlinter sclstice (December 21). AT summer
solstice, the lake received 55.8 Elnstelns per square meter during the
20 hours of dayllght, whereas the six hours of dayllght at the wlinter
solstice provided only 0.9 Einstelns per square meter. Rowe also found
a major dlifference between reflectlon coefficients between summer and
winter. During summer about five to fen percent of the solar radiation
was reflected, but in the winter from 85 to 95 percent was reflected.

These results agree with studles on reflection by Roulet and Adams

(1984) and Chow, ed. (1964).

Fat Canoe represents typical malnstem habitat. This site and the
following site (Whiskers West) are assoclated with Representative Groups
IX and X (refer to Table 4). The channel at Fat Canoe is approximately
820 feet wide throughout its length. The entire left bank Is near
vertical; the right bank has a steep to moderate gradlent. An exposed
cobble shoreline extends the full length of the righ? bank
(approximately 2,070 feet). The breaching fiow for this site Is [ess
than 5,000 cfs. Therefore, it conveys turbld mainstem water throughout

the open water season.

The [ Ight energy available at the euphotic surface (PAR curves) show
jittle variation to changes In flow (Figure 6A). This can be explalned
by the narrow width of the euphotic zone along the shorel Ines and the

constant steep slde slopes of the inclsed channel. The most signlficant

changes In |light energy (PAR) are assoclated wlith changes In
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turblditles, which directiy affect compensation depth. Between 5,000
cfs and 8,000 cfs, turbidities less than 100 NTU result In descendling
PAR curves, This Is attrilbutable to the slight Influence of

Irregularities in stream profiie,

Flgure 6B iilustrates the time series response of available |lIght energy
(PAR) at the Fat Canoe Island site. The most significant difference
between natural and with-project frends occurs durlng late summer and
fall (September, October). Energy Input to the system during this time

is significantly higher under the natural scenarlo.

This Is a large deep side channel simliar to vhat of Fat Canoe Island
that also represents mainstem habitat at flows above 10,600 cfs. Below
10,600 cfs this site represents slide channel hablitat but remalins
relatively desp. The left bank Is steep, and the right bank has a
moderate slope. An exposed gravel bar exists at low flows. The study
site ls approximately 3,200 feet long and 362 feet wide, wlth a surface

area of 27 acres at 23,000 cfs and 21 acres at 10,600 cfs,

The Whiskers West slde channel conveys approximately 30 percent of the
total malnstem discharge and therefore remains a relatively large
channel even at low flowss The PAR response curves, llke fthose
iliustrated for Fat Canoe lIsland, are generally Insensitlive to
varlations In streamflow (Figure 7A). The anomaly In the PAR response

curves between 23,000 and 30,000 cfs reflects the lnundation of a shoal

-3



WISKERS WEST SIDE CHANNEL
A

(RM 101 .5L)

20.00

18.00

i

I

16.00

1

i4.00

{2.00

i

10.00
§.00
6.00

(einsteins / 1, 000, 000)

4.00

2.00 -

PAR

BOONTU

—_

//\\w—"—/,’————-————_—""‘\
—

™ 1o N

30 NTU

100 NTU
200 N

0.00 ,
i I ] ] ] !
0 4000 8000 {2000 46000 20000 24000

MAINSTEM DISCHARGE

!

28000

(cfs)

| ]

32000 36000 49000

30.00 -

i

27.00 -

A

24.00 \
J \ STAGE 11T
L)

i

21.00
18.00
15.00 / \v/ '\
12.00

9.00 .'/ \

5.00

1

1
—
—

H

(einsteins / 1, 000, 000)

i

3.00

PAR

NATURAL

0.00 T T T T T 71777
JAY FEB JUN JUL

MONTHS

Figure 7. The response of |light energy avallable to the euphotic surface

area for (A) turbldity curves and (B) time series curves at

Whiskers West Slde Channsl.



withlin the upper portion of the model site. As the depth of {low
continues to Increase over the shoal light Intensity decreases. The

net effect is reflected In decendlng PAR curves above 30,000 cfs.

The time serlies response of PAR at the euphotic surface for Whiskers
West (Figure 7B) s similar to that for Fat Canoe lIsland. A significant
difference In avallable | ight energy exlsts between natural and both
with-project scenarios during the fall transition perlod. As botTh
natural and wlith=-project turbidities Increase from May to July, all
three curves show a8 signiflicant decrease In available |ight energy. It
Is evident that this response Is atiributable to Increasing turbidity,
rather than to Increasing mainstem discharge because the PAR response
curves for all turbldity levels at Whiskers West (Figure 7A) show an
Insensitivity to variations In mainstem discharge. And llke Fat Canoe,
Whiskers West shows significantly more | ight energy avaliable at the
euphotic surface In the fall for natural turbidities than for with=

project turbldity, even though fall streamflows are similar for all

three scenarlios.

This slte and the followling site (Fourth of July) are associated with
Representative Group VI (refer to Tabie 4). Side Channel 6A
ls approximately one mile long and 300 feet wlide. At high flows, It
typifies mainstem habitat. Betwesn 12,500 and 10,600 cfs, the channel
narrows conslderably and transforms Into riffle/pool habltat found In

many large side channels at fow flows., The site breaches at a malnstem
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discharge less than 5,100 cfs, and thus, conveys turbid water throughout
the open water season. The lower half of the site Is characterized by
extensive mld=channel gravel bars and riffle ereas. The upper portion
of the study site Is characterlized by a well defined single channel,
both banks of which gradually slope Inward to form a broad, parabolic
channel. A large gravel bar extends about 1,200 feet downstream from
the upsiream berm along the left bank. This gravel bar becomes
partially exposed and forms a riffle area at mainstem discharges of

11,000 cfs.

Flgure 8A shows that the |ight energy recelved by the euphotic surface
area ls Influenced by both dlscharge and turbldity. The lnteraction of
channel geomeiry and flow has Its greatest Influence at flows around
8,000 cfs for turbldities less than 50 NTU. At flows greater than about
9,000 cfs, the PAR curves for all turbidity levels descend due to the
Influence that increased depths have on the total PAR lnput 1o the

euphotlic zone,

The most obvious trend depicted by the time serles PAR response curves
(Flgure 8B) Is the Increased |light energy avallable to the euphotic
surface during the fail transitlion perlod under natural conditlons,
whlch Is suppressed by with-project turbidities. Durling the summer
months (June and July) the avallable [Ight energy Is lower for natural
conditions than for wlth-project conditions. This ls attributable to
wlth~project streamfiows belng less than natural streamfiows during this
time period, and the Influence of malnstem discharge and channel

geometry on the energy Input to the euphotic surface.
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Fourth of July (RM 131.71)

This large side channel represents side channel and mainstem shoal
habitat at high flows that transforms to well-defined, single~thread
side channel habitat as streamflow decreases. Llke Side Channel 6A,
this site Is assoclated wlith Representative Group IV (Table 4). A
pool/riffle sequence predominates throughout most of the site at
moderate flows. In general, the right bank Is gently sloping as
compared to the left bank which Is moderate to steep. A large, moderate
sloping polnt bar extends from the Inside of the bend on the rlght bank
mldway through the site. At malnstam flows above 10,000 cfs this bar
and the wide shal!iow channel at the upstream end of the site create
extensive shoal areas. The downstream portion of the site is a large,
moderately deep backwater zone within a well-defined single channel wlith
steeper banks. Since the breaching flow for this site Is about 5,000
cfs, the site generally conveys turblid water throughout most of the open

water season.

Figure 9A provides a good Illustration of the repsonse of PAR to
mainstem discharge and turbidity levels within shoal and riffle areas
typlical ly assoclated with the mainstem and many large side channeis. As
streamflows rise above 5,000 or 6,000 cfs, water flows out of the
thaiweg and beglins to Inundate adjacent gravel bars and mild sloping
shorel ine areas. As a result, the euphotic surface area Increases and
avaliable PAR at the streambed Increases until depth of flow begins to

exceed compensation depth. The PAR curves In Figure SA show an increase
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and 12,000 cfs. Above thls discharge range, the PAR curves decrease for

aj | turbldities greater than 30 NTU.

Revlew of the time series PAR plots (Figure 9B) indicates that the net
effect of forecasted with-project streamflows and turbidites Is an
Increase of avaliable |ight energy from June through mld-August, but a
decrease during fall. This Is attributable to the larger amount of
shoal area comling Into the euphotic zone as a result of lower summer
streamflows than occur naturally. Higher than natural fall turbidities
and spproximately the same streamflows result in a net loss of euphotic

area from mid-August through mid~October.

This study slte represents shorf; wel l-def Ined stralght slide channels,
and is associated with Representative Group Vil. It Is simlilar In plan
form to many sites in the mliddle Susitna River., {ts channel geomeiry
consists of shallow riffles and gently slopling stream banks In the
upstream portion of the site, which gradually transforms Into a deep
backwater area at the downstream end. This siie breaches at a malnstem
flow of 10,000 cfs. The wide riffle area at the head narrows
considerably at flows below 16,000 cfs. At high flows the riffle

disappears and the site becomes a {arge run and backwater area.

-30-



Prior to its head berm belng overtopped at malnstem flow of 10,000 cfs,
The large backwater area has a signiflicant effect on avallable |Ight
energy. As water surface elevatlons Increase between 5,000 and 7,000
cfs, extension of the water surface further upstream into the site
increases the slze of the euphotlc surface area and the assoclated
energy Input to the site. Thls Is reflected by the ascending PAR
response for thls flow range (Figure 10A). When the head berm Is
overtopped at 10,000 cfs, there Is a substantlial Increase In wetted
surface area (euphotic areal. The maximum energy Input to the site
occurs near 12,000 cfs. Above this flow level, Increasing depth and
decreasing euphotic surface area causes a gradual decline In the amount

of light energy reaching the streambed.

Time series response curves for Little Rock (Figure 10B) reflect trends
similar to those descrlbed for Fat Cance Island and Whiskers West. A
significant difference in available light energy (PAR) exlsts between
natural and wlith~project scenarlios during the fall. Since fall
streamfiows are simllar and the site Is breached for natural and with-
project scenarios, the decrease in PAR values at the streambed are

principaliy a functlon of hlgher wlith-project turbidites.

This site is simllar to Little Rock except that Its head berm Is not
breached until 13,000 cfs, and mainstem dlscharge does not have a
pronounced effect on the slite untll about 16,000 cfs. Prlor to
breachling, streamflow In the channel Is maintalned by groundwater

Inflow. A backwater also exists at the mouth of this site at moderate
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malnstem discharge. The area upstream from the backwater Is dominated
by & long, shaliow riffle that transforms into a moderately deep run as
malnstem discharge lIncreases. Both the right and left streambanks
possess exposed shorelines of moderate sliope except when Inundated by

high streamflows.

The avallable |light energy at thls site responds differently to the
Inftuence of mainstem discharge above 16,000 cfs depending upon
turbidity (Figure 11A). When the site Is controlled by mainstem
discharge above 16,000 cfs, the avallable |ight energy decreases I[f
turbiditlies are greater than 50 NTU. Below 50 NTU, the Influence of
controlling mainstem flow Increases PAR values. The apexes of the PAR
curves for turbidities less than 50 NTU are found around 28,000 cfs,

while for higher turbidities, the maximum energy Input occurs around

16,000 cfs,

The time serles response curves (Figure 11B) Indicate with-project
streamfiows and turblditles would Increase PAR at the streambed
throughout summer. During the fall, a small decrease would exist. Thls
Is attributable to the backwater and unbreached conditions existing for

both scenarlios and the relatively shal low depths In the site under these

conditions.

This site [s typlcai of long sinuous sloughs that are breached at

intermediate malnstem discharges (16,000 cfs). Siough 9 Is asscclated

wlth Representative Group Il. Below 16,000 cfs the slte transforms from

w3 B




UPPER SIDE CHANNEL 11 (BM 136.3R)
A

5.00
4.58
4.0 ~

3.80 -

3.00 S~
40 WU
2.50 — _///———~__m.//

2.00 ///—— \\\\N//”\\\\M~NN\

§.90

1.00 - *\\\\\__%\\“NJ//\\\\\”“»mt

- DN

?-°°!111\\351:.
0 4000 8006 {2000 16000 20000 24000 28060 32000 36000 40000

{einsteins .~ 1, 000, 000)

PAR

MAINSTEM DISCHARGE (cfs)

5.00 -
4.5 -
4.00 -
3.50 -
3.00 -
2.50 —
2.00 -
1.50

{einsteins »~ 4, 000, 000)

1.00 —

PAR
i

0.00 ;

JAW  FEB  MAR  APR MAY  JUN  JUL  aUs  SEP  OCT MOV DEC

MONTHS

Figure 11. The response of [light energy availadie to the euphotlic
surface area for (A) turbidlty curves and (B) time serles
curves at Upper Slde Channe{ 11.

-34-



a turbld side channel to a clearwater slough maintalned by smail
tributarles and groundwater. The upper portion of the study slte
conslsts of pool hablitat with a vertical right bank and a miid sloplng
left bank. The middie portion of the site Is principally riffle and
run habltat with both banks having amiid slope. At high flows, the
entire site becomes a long run with a backwater area at [ts downstream

end.

The PAR response curves for Siough 9 reflect a sharp Increase In the
avallable |ight energy above 16,000 cfs (Figure 12A). This Is a resultT
of the head berm belng overtopped and dramatic lncrease in wetted
surface area. Although clearwater exlsts at this site below a malnstem
dlscharge of 16,000 cfs, the wetted surface area [s too smal! In
comparison to the wetted surface area of the breached channel to

Influence the responses of the PAR curves.

The Time serlies PAR response curves for Slough 9 converge to form cne
line for the fall transition period (September and October) (Figure
12B). Thils occurs because both natural and with-projsect fall
streamfiows are Ilnsufficlient to breach the site and clearwater flow
exists under both scenarios. Durlng summer, wlth-project flows are also
Insufflclent to overtop thils site and slough flow remalns clear. Hence,
substantially more PAR is avallable at this site throughout the year for

both with-project scenarlios than occurs naturally.
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This site Is typlica! of side slioughs that are breached at very hlgh
mainstem dlischarges (33,000 cfs). Thls site Is In Representative Group
Il. The site Is approximately two mliles In length with an average wldth
of about 100 feet. It Is separated from the mainstem by two large
vegetated lIsiands. Both the right and left banks are relatively steep
and similar to those found In Tributary streams. Below the breaching
discharge of 33,000 cfs, approximately 10 cfs of clearwater flow Is

provided by local runoff and groundwater.

The PAR response functions for Siough 8A are simliar to those for Slough
9. Below the breaching flow, the PAR response curves do not respond to
mainstem discharge (Figure 13A). Above 33,000 cfs the curves descend
abruptly as a result of furbld mainstem water entering the site. This
Is cppostte to that trend evident at Slough 9 (Figure 12A). The trend
at Stough 8A Is attributable to mainstem flow belng contalned within the
steep banks of the channel allowing an Insignificant Increase In wetted
surface area while the Increase In depth decreases avallable light

energy at the streambed.

The time serles response curves for Slough 8A are shown In Figure 13B
These response curves refiect the Influence of the high breaching flow
(33,000) at this site in comparison to the average monthly malinstem
discharges for natural and w!th-project conditions that do not exceed

33,000 cfs. Hence, site-specific flow and turbidity values are the same
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for all three scenarlos, and the single time serles PAR curve represents
both natural and wlth-project conditlons. The shape of the curve

reflects only the seasonal change In solar radiatlon.



SUMMARY

A model was developed that estimates the amount of photosynthetically
active radiation (PAR) available to the euphotic zone at selected sltes
fn the middie Susitna River. The mode! was designed to accept four
Input varlables: (1) malnstem discharge, (2) turbldity, (3) solar
Insciation, and (4) channel geometry. Channel geometry varies according
to the slite selected. The remain!ng three varliables are seasonally
dependent, but natural varliation in malnstem dlscharges and turbidity
wil! be affected by project development. The purpose of the model was
to estimate the effects of altered mainstem discharge and turbidity

regimes on PAR.

The modei w+~: developed In three general steps. The flrst step slmply
estimated the amounts of euphotic surface area avallable at each site
under different combinations of malnstem dlscharge and turbidity. This
provided insight Into how avallablie surface area responds to alterations
In These two variables. The second step Included a constant solar I[nput
and the attenuation of thils snergy with depth under the same malnstem
discharge and turbidity regimes analyzed in step 1. The resuits of step
2 provlided an analysis of photosynthetically usable |ight energy from a
constant solar Input reaching the surface areas calculated In step one
and the effects of mainstem discharge and turblidlity on that energy.
Finally, step 3 correiated turbldity with malnstem discharge as they
covary In the middie Susitna Rilver naturally, and as they are expected
to covary under wlth-project conditions, Monthly combinations of

turbldity and malnstem discharge were then used In the model In a Time-

serles lncorporating monthly varlations in solar insolation. The end
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results were estimates for the amcunt of PAR reachling the euphoilc
surface areas at each site durling the course of a year for both with=
project and natural condltions. Three concliuslons can be drawn from the

results:

First, photosynthetically avallable light energy Is universally
sensitive to changes In Yurbldity. That Is, at all sites, the total
amount of |light energy that reaches the euphotic zone lncreases as
turblidity decilnes. Although this should be Intultively obvious, 1T
must be Inciuded In & discussion of conclusions because of Its extreme

Importance.

Second, malnstem discharge signiflicantly influences |light input to the
euphotic zone only at selected sites, those with large shoal and riffle
areas, such as Fourth of July and Side Channel 6A, and those that are
likely to be Influenced by the effects of breaching flows, such as Upper
Side Channel 11 and Slough 9. These sites exhibit optimal energy Input

to the euphotic zone at specific mainstem discharges.

Third, the model illustrates that whether the project wll! have
positlve, neutral, or negative effects on the amount of PAR reaching
submerged surfaces depends upon the speciflic site affected, the time of
the year, and the operational fiow regimes selected. By applylng those
flow regimes seiected under the Case E~VIl scenarlio to the model, ftwo

further conclusions are supported:
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(1)

{2)

CGlven the estimated with-project turbldities presented In the
License Amendment, the project wlll have signlflcant negative
ef fects on the amount of PAR available to the euphotic zone only In
the fall, and then, only at selected sites. Those sites that wlill
be affected are those that have low breachling flows, relatively
deep channels, and are assoclated with malnstem or side channel
habitat. Examples are Fat Canoe, Whiskers West, Side Channel 64,
Little Rock, and Fourth of July Side Channel. The predicted
reductions In PAR at these sites under wlith-project condltions are
a result of thelr relatively low breaching flows. Thus, regardiess
of whether the project Is constructed, these sites wili convey
water all year. But under wlth=-project conditions, negative
Impacts on PAR will occur because of Increased turbldities In the
fall. Other sites (e.g., Upper Side Channel 11) with Intermediate
breaching flows may also be affected, but not as greatly because of
the Influence of turbidity Inflow and upwelling in maintalning

clearwater Input to these sites.

Beneficlal effects from the project may occur during the summer
months at almost all sites for two reasons: (1) the reduction of
turbidities expected during these months, and (2) the effect of
lower flows and water surface elevations exposing more of the
bottom to PAR., Agaln, however, thesse concluslons are supported
only by the turbidity regimes presented in the amendment. The most
pronounced lncreases in euphotic energy input under wlith-project
conditions wlil occur at those sites that demonstrate optimal
amounts of euphotic surface areas at flows that correspond To with-

project flows during the summer.
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