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PART IV

CALIBRATION AND APPLICATION OF DIHAB MODELS

very small percentage
->:

(Klinger ~ingsley

be few in number (Barrett et al. 1984) and represent a

mainstem locations which possess these two requisite characteristics appear to

'n t-. ~ ku~ 01 0· J<....-n.~ rF7 , 1-, /'.~ '1;'"Jl~ -+v--J- '-'1 1Il.~~·A~ Lv :.v-~I /\ c ci» -:' :/'f!

Because of the s~g tendency for chum '<spawn inq to occu1 in backwater and .
J,.-,-~

spawn- f -..( r.J
effec- (....L/.. I '

-',? J~~_

. . r..:........~~:.
tive to apply. Hydraul ic simulation models can be replaced wlth stage di s- ' :-_~j.~"

Introduction

1985) •

those of juvenile chinooJs.., Most notable is their dependence on upwell ing- -

1ikely reason.

The habitat requirements of spawning chum salmon differ considerably from

generally associated with backwater or low velocity areas along shoreline
'0'/ ..;'"0

margins. A very limited amount of mid-channel chum salmon spawning has been --V••,J. l :
'/;:.( 't

reported. In part this may be attributable to extremely poor sampling con- , ~ " t":;
- 1 ":, ,,, 2

ditions, but high velocities and unsuitable substrate conditions are the more D , ! ~,

shoreline margins, traditional approaches for modeling the response of
~--_..:-.:.---

ing habitat to incremental changes in streamflow are not the most cost

water and suitable spawning gravels which limit the availability of potential

spawning habitats and fix their locations to specific areas. Side channel and

of the total surface area of the middle Susitna River

The chum spawning which occurs in mainstem and side channel habitats is

charge relationships and direct measurement of depth and velocity since depth

,
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is a far more re?ponsive microhaE-ltat ~qriable than velocity in typical chum- --
spawning habitats.

To facilitate the cost ;effective analysis of mainstem and side channel chum

spawning in the Middle River a simplified version of the HABTAT program was

developed to allow direct input of measured depths and velocities and replace­

ment of hydraulic simulation modeling with stage discharge relationships and

velocity estimates.

The Direct Input Habitat (DIHAB) model performs ~UA calculations in a manner

identical to the IFG HABTAT program. However the DIHAB model requires far

less calibration effort than the more traditional linkage between IFG hydrau-

lic models and HABTAT.

Hydraul i c data (depths and velocities) collected at several discharges supple--- ------
mented by additional data sets derived from off ice calculat ions were used

with upwell ing and substrate data to provide chum spawning WUA forecasts at

twelve locations for a range of mainstem discharges between 5,000 and 25,000

cfs.

Methods

Study Site Selection: Fifty candidate study sites were selected following a

systematic review of aerial photography and relevant project l iterature (ADF&G

1981, 1983, and Barrett et al. 1984) (Table IV-1). Study areas were selected

for two purposes: (1) evaluation of with-project effects on ma instem and side

channel areas where chum salmon spawning had been observed, and (2) evaluat ion

IV-2
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Table IV-I. Fifty candi date areas for side channel and mainstem chum spawning evaluation.

Slte1 Spawning Slte1

River Hll e Reported St udy Site River Hlle

100.5 R 1981 129 . 2 R
100.9 R 129.8 R
101. 2 R IFG-4 rearing ~ spswnlng 130.5 R
102.0 L 3 transect spawning 131.0L
105.8 L 3 transect spawning 131.1 L5105.2 R 131. 3 L
110. 1 L

Q-slte2 133.7 R
110.8 L3 134.0 L
112. 2 L3 IFG-2 rearing ~ spawning 134.6 R
112.7 L IFG-2 rearing ~ spawning 135.0 R
113.5 e 135.4 R
114.0 e 3 transect spawning 136.1 R
114 .6 R4 1982, 1983 136 .8 R
115.1 R 1982, 1983 Q-slte 137 .4 R
115.9 L 138.3 L4117.9 L 138.7 L
118.9 L 1983 3 transect spawni ng 139.0 I.
119.1 L 4 transect spawning 139.4 L
119.4 L 139. 7 R
119.7 e 140.5 R
124.0 L

Q-slte~
141. 2 R6124.9 L 141.4 R

125.0 L Q-slte 141.6 R
125.1 R 148.2 e
127.1 L
128.6 R 1982

Spawning
Reported

1981
1981 , 1982
1981
1982, 1983
1981, 1982
1982, 1983

1981, 1982, 1983
1983
1982
1982
1982
1982, 1983

1981, 1982, 1983

1982

Study Site

No open lead
J transect spawning

4 t rans ec t spawning
IFG-4 rearing ~ spawning
J transect spawning
Sel0 , IFG-4

Lower se II , IFG-2

Upper se II, IFG-4

3 transect spawning

3 transect s pawn i ng
4 transect spawning
3 transect spawn i ng

se 21, IFG-4

No open lead

~

<
I

W

L, R, and C indicates left. right , and central cha nnel locations, respectively. looking upstream .

2 Emphasis Is placed on measuring total side channel flow 8S a function of malnstem discharge .

3 Spawning sites 112.2 Land 112.7 L are contained within the IFG-2 resrlng site 112.3 L.

4 Chum salmon were observed s pawn i ng at these s i te s In 1982 by EWT&A personnel but not reported by ADF&G.

5 Spawning site 131 .3 L Is contained In IFG-4 resrlng site 131.5 L.

6 Side O,anne! 21 Identifi ed as side s l ough sp awning esca pement In ADF&G reports.
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Information regarding upwelling was compiled on aerial photo mosaics to
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of with-project effects on ma i nstem and side channel areas with apparent

upwelling but where spawni ng chum salmon had not been previously reported.

The location of upwelling in mainstem and side channel portions of the Middle

River was identified using aerial photography obtained in March 1983 and a

provide a convenient reference of potential study areas.

Fourteen sites were chosen for deta i 1ed study from among the 50 candidate

areas to represent three types of habitat : 1) side channel areas influenced

by backwater, 2) side channel areas not influenced by backwater, and 3)

mainstem marg in areas (Table IV-2, Figure III-I). Of these areas, chum salmon

spawning has previously been reported at six by ADF&G Su Hydro (ADF&G 1981-83,

Barrett et al , 1984) and the other eight sites were suspected of having

upwelling but had not been reported prior to 1984 to be used fer spawning by

chum salmon.

Field Procedures: Field data collected included water depth and velocity

measurements, substrate and cover descriptions, upwelling and fish utilizat ion

observations, and streambed profile surveys •

Depth and Velocity: Depth and velocity data were collected over a range of

mainstem discharge from 4,300 to 31,700 cfs. From one to five data sets were

collected at all DIHAB modeling sites with three sets of measurements being

typical. Procedures followed were similar to those used while measuring
{"

discharges at IFG model sit7i (see Section III). A minimum of 10 cells were

IV-4
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Table IV-2. 1984 middle rive r spawn ing study areas .

1ype of Study Site
Reported Back Mainstem Side

• Site Spawning Wa ter Marg in Cha nnel

/'

• -120.0 L No X
105.8 L No X
114. 0 C No X
115. 1 R 1982, 1983 X• 1 118.9 L 1983 X
119.1 L No X
125. 0 R No X

• 129.8 R 1981 , 1982 X
131.1 L 1981, 1982 X
133.7 R No X

• 137.4 R 1982 X
138 .7 L No X
139.0 L 1982, 1983 X
139.4 L No X•

•
•
•
\I

n

•
•
•
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measured for each data set. Field data collected included: horizontal

di s t ance from left ban k streambed marker, depth of w~ter, mean column velocity
{.fJJ'.JI

(si x tenths the depth beneath the water surface)'Ahose velocity (0.4 ft above

the streambed when the depth was greater than 1 f t l , Depth and velocity

measurements were collected until depths or velocities become unsafe for

wading. Estimates were made of how far the habitat was representative beyond

the last cell of each cross section , and above and below

each cross section of each study site.

Substrate and Cover: Substrate type was visuall y determined and coded us i ng

criteria in Table 111- 3. Cover type and percent were coded using criteria in

Table 111-4. Water clarity (t ur b i d or clear) was also noted.

Upwe ll i ng and Fish Ut ilizati on: Prese nce of upwell ing was determined a t t he

direct input study s ites f rom field cbserva t i ons during the 1984 open wa t e r

se ason and duri ng two wint er fi el d reconnaissa nce t rips in 1985, as well as

•
•

f r om t emperat ur e data. The strength of the upwellin g was recorded as sl i ght,

moderate or strong based on vi s ua l observations. Actual rates of upwelling

• were not rec orded . Sl ig ht upwell ing was coded i n a reas where upwell ing was

observed during the open wat e r season but wher e no open leads were pr ese nt

• duri ng the winter season . In areas where less than t en percent of the a rea

wa s affect ed by upwelling , a s l i ght value was a lso ass i gned . Mode rate upwell -

i ng was recorded for areas whe r e 20-60 pe rce nt of the area was affected .

These areas had open leads t hat were f rozen ove r dur in g parts of the wi nter

season. Strong upwel l ing occu r red where gro undwa t e r could be observed i nsur q-

• ing from the substrate above and be low the water line. Some upwelling a r eas

•
• IV-6



n
were observed to be heavily used by spawning chum salmon. Fish observat ions

were also recorded.

Upwe11i ng areas were sketched on aeri a1 photography and fi e1d notes . These

areas were referenced to cross section flagg ing or identifiable land marks .

Fi gure IV-1 shows an example of an upwelling map which summarize; the data

collected for a study site.

I Streambed Profile Surveys : Streambed profile surveys were completed for six

study sites us i ng the procedures described in the ADF&G Procedure manual

(1984). This i nf orma t i on is presented in Figures C-1 .1 through 1.6 and Tables

C-1.1 through 1.7.

I Input Requirements of DIHAB Model: Input to DIHAB is similar to that for the

IFG's HABTAT model with the exception of depth cards which replace the

y-coordinates on the COORD cards and WSEL ' s on the QHEAD cards. Input data

I
I
D

I
I
I
I

required by DIHAB are ma instem discharge, water surface elevations, and wa ter

depth, velocity, substrate type , and upwell ing information at each

x-coordinate. Suitab i l ity criteria f or spawni ng chum salmon were also

required as input for the DIHAB model.

Mainstem Discharge : Average daily streamflows for the Susitna River were

obtained from the USGS Gold Creek gaging station for each date depth and

velocity data were collected .

Water Surface Elevatio~: Water surface elevations for each cross sect ion were

determined from st ~-d i SC h a rge curves developed at each study s ite ( see

r

0-
IV-7
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Section I I ) . Normal ly only one stage-discharge curve wa~ deve loped per study

area since water surface elevations at cross sections within study areas were

approximately the same for any given ma instem discharge (gent le gradient and

relatively short reaches between cross sect ions ). At f ive study areas as many

as three stage-discharge curves were developed to account for differences in

stage between cross sect ions.

Depth and Velocity : Average streambed profiles were calculated by subtracting

measured depths from water surface elevations at each cross section (Tables

C-2.1 through 2.14).

Depth and velocity values are required for each cell of each cross sect ion.

It was necessary to interpolate and extrapolate some depth and veloci ty val ues

in order to complete each data set. Direct field measurements of depth and

velocity were not always taken for each cell because of the uniformity of the

hydraulics along a cross section. Skipping unnecessary measurements expedited

field data collection. In some instances depth and/or velocity prohibited

direct field measurements but fie ld not es regard i ng hydraul ic conditions

allowed the estimation of additional depth and velocity data. Interpolated

and extrapolated values are noted on work sheets which summarize field data

for each study area (Tables C-3.1 through 3. 14). All inte rpol at ions and

extrapolations were l inear using data from adjacent cells.

Reach lengths assoc iated with the representativeness of the hydraul ic con­

dit ions at each cross sect ion based on f iel d est imates and aer ia l pho to

interpretation were entered into the model .

IV-9
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II
Substrate Type: Substrate codes were entered for each cell and are presented

ill in Tables C-3.1 through 3.14.

personnel with temperature data for the mainstem. Upwelling was evidenced by

II Upwelling Information: Suspected upwelling areas were evaluated by comparing

temperature data collected at the study sites during the winter by ADF&G field

•
I warmer temperatures from inflowing groundwater than were measured in the

cooler surface waters of the mainstem. If there was not a significant temper­

I ature difference between upwelling areas and the adjacent mainstem it was

I

I

I

I

concluded that upwelling was not present. Several areas suspected of having

upwell ing were classified as not having upwell ing after this analysis with

binary criteria used in previous studies (Estes and Vincent-Lang 1984). A

suitability index value of 0.0 was entered for cells where upwelling was

absent. Slight, moderate and strong upwelling, coded as I, 2 and 3 respec-

'/) ,'. -/ , - ' -1- - -./t i vely , were assigned a suitability index value of 1.0. • I - '. . / l /

~_.: ,,7 ... ,.,( CF./ ~ ..t, :.,,/V'-(" •

I The x-coordinates bounding upwelling areas were estimated by reviewing aerial

photography and streambed profiles of cross sections. Lengths of effective

I a reas associated with each cell were estimated from field observations. For

example, at cross section 3 slight upwelling was estimated to occur from

II x-coordinates 48 to 54 ft with an effective length of 20 ft. At the same

cross section, moderate upwelling was estimated to occur from x-coordinates 54

to 60 ft with an effective length of 175 ft. Table C-4 summarizes upwelling

surface areas and strengths for the DIHA8 modeling sites.

I

I
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"
Suitability Criteria: Suitability criteria curves for spawning chum salmon

eu have been identified for the Middle River (Estes and Vincent-Lang 1984). They

appear as Figures IV-2 through IV-4.

"

Development of Weighted Usable and Wetted Surface Area Curves
•

• Output of the DIHAB model includes mainstem discharge, total surface area, and

weighted usable area values. Summaries of DIHAB output for each study area

•

•

•

•

-
•

•

II

••

...

•

•

•

are presented i n Table C-6. Procedures to develop weighted usable and surface

area curves are presented below.

Weighted Usable Area Curves: Plots of WUA values versus mainstem discharge

were made usi ng DIHAB output for each study area. Curves were developed

assuming linearity between plotted values. Weighted usable area values were

generally available for mainstem discharges ranging from 7,600 to 18,000 cfs.

Generally, during the chum salmon spawning season (August 12 to September 20)

mainstem discharge ranges from 5,000 to 25,000 cfs. To extend the curves to

describe this flow range, it was necessary to develop addit ional WUA values.

Additional WUA values were calculated using stage-discharge curves, cross

sections and measured veloci~y data .

Water surface elevations were determined for additional mainstem discharges

(OA ) using the stage-discharge curves developed for each study area (Secti on

II). Water depths corresponding to 0A were determined by subtracting

streambed elevations at each cross section from water surface elevations. In

this manner, depths were determined for each cell .

IV-ll
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To estimate velocities for additional ma instem discharges, the following

l inear relationship was used for each cell:

where :

VA = cell velocity (ft/sec) of additional discharge

0A = mainstem discharge (cfs) of additional data set

OM = mainstem discharge (cfs) of a measured data set with similar
hydraulic condition to 0A

VM= measured cell velocity (ft /sec )

Estimated cell depths and velocities were combined with substrate and upwell­

ing codes, and cell areas, to calculate WUA. These WUA values were plotted

with WUA calculated from measured data to develop WUA curves for discharges

rangi ng from 5,000 to 25,000 cfs.

Wetted Su rface Area Curves: Plots of WSA va1ues versus ma i nstem di scharge

were made using DIHAB output for each study area, Curves were developed

assuming l inearity between plotted values. Wetted surface area values were

available for mainstem discharges ranging from 7,600 to 18,000 cfs.

To further define the wetted surface area curves, additional WSA values were

calculated using stage-discharge curves, cross sect ions and reach le ng;'s.

Water surface elevat ions were determined for addit ional mai nst em dt schar qes
~ ,

(OA) using stage-discharge curveAdeveloped for each study area (Section II ).

For each cross sect ion, wetted top wi dth was determined by proj ect ing t he

IV-15



water surface elevation on each cross section. Surface areas were calculated

II

II

for each cross section as the product of wetted top width and reach length.

By surrming the surface areas associated with each cross section, the total

surface area was determined fo~ each QA. Insufficient cross section informa­

tion was ava i l ab l e to ca1cu1at~d ~etted surface areas for QA greater than the
../

hi ghest QM"

I
Development of Time Series Curves

I

•f,
/' j ' / : /-1 /.'
.-r-

c:: ~ ~-

..-- I
I ?-/ .

2

this period. 2
n·~ I 'I c;, I

~
t-..A -

/Yt.!!
tJ .

7
»:

""
~~../ / / r . ..-,.'./'/.

Results ~/l I' , -"/ - .. T~ " IJ. -+ ~

I/" v.....
Site 101. 7L

Pl ots of weighted usable area and mainstem di scha r ge as a function of time

were made for the period from August 12 to September 20, 1984. Mean daily

mainstem discharges were used t o calculate weighted usable area values for

&P.r~ __ jt,J]..,#./ ~
IJ~ Co ( t" . "J ••

~ '~~ .-1~I

­
I

I

Site Description: This site is located about 0.5 miles above the mouth of

Whiskers slough on the west bank of the Susitna River (Plate IV-I ). The study

reach i s 2450 feet long and 150 feet wide. " Three cross sections were estab-

lished t o describe the shallow, low velocity backwater area in the upper ./
-h, .~

two-thirds of the study site and a four/Fross section to describe the deeper,

faster flowing channel at the lower end of the study site (Figure IV-5). The

substrate is predominately cobble/rubble overlayed with a thick layer of

I silt/sand in the upper half of the site. This backwater site was selected for

study because of the amount of upwelling present however chum salmon spawning
I /

I IV-I6
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had not previously been reported at the site nor was any spawning observed

during the 1984 field season.

The sparsely vegetated gravel bar located at the upper end of this site (A) is

overtopped at a mainstem discharge of 25,000 cfs. At discharges greater than

9,600 cfs the gravel bar (B) which separates the channel from the mainstem is

overtopped and directs flow into the channel. At 23,000 and 10,600 cfs, the

entire site is influenced by the mainstem. At 7,400 cfs, the lower half of

the study site is affected by backwater and the upper half wetted by upwell­

ing.

Access to the site is not limiting due to the large backwater area in and

below the lower ha1f of the site. However, passage above cross section 1 is

not possible below the breaching discharge (9,600 cfs).

Upwe11 i ng was observed upstream of cross secti on one throughout the study

site. During winte / the warm water influences the water downstream of cross

sect ion 1 causing an open lead approximately the same size as the wetted area

in unbreached conditions .

Spawning Habitat: The total wetted surface area and WUA curves are provided

in Figure IV-6a for study site 101.7L. Figure IV-6b is plotted at an expanded

vertical scale to emphasize the response of WUA discharge.

The range of depth and velocity measurements extended from 11 ,400 to 18,500

cfs. A backwater area is present from cross section 1 to 2 at mai nstem

2

I

discharges below 9,600 cfs. Upwel i i ng can be observed at the upper two cross
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sections but is too shallow to be uti lized by spawners. The gravel bar along

the right side of the channel is overtopped at discharges greater than 9,600

cfs , The areas that were previously too shallow to support spawning are no

longer limiting. As the mainstem discharge increases, the velocities in the

upwelling areas increase which in turn decreases usable habitat.

B ~ h~f ..J , d ' h h 'ecausef..t e (range 0 matnstem 1SC arges for w tch site specific depth and

velocities were measured tonl y extended-froi?U,400 to 18,500 Cf~ W'a-S-so small';

additional data sets were developed for discharges of 5,100 and 24,000 cfs

using aerial photography and data-~btained~treambed survey notes. The

wetted surface area as determined by digitizing enlarged aerial photographs at

mainstem discharges of 5,100 and 7,400 cfs were compared and found to be the

same. This is an indication the total wetted surface area throughout the

study reach remains constant in the unbreached conditions (mainstem flow less

than 9,600 cfs). Water surface e1evati ons as measured in the streambed

profile survey (Table C-1.1) were used in conjunction with the cross section

e1evati ons (Tab1e C-2.1 ) to determi ne the depth of flow in the upwell i ng

areas. These depths di d not exceed 0.2 ft, therefore the WUA unbreached

conditions was assigned a zero value.

The ratin~rves for the site (Sect i on II of this report ) were used to

develop ~ data set at 24,000 cfs which corresponded with an August 10 site

visit at which time the upstream berm (A) was overtopped and the backwater

area had become a flowing channel. Because of the influence of velocity the

WUA index decreases at higher discharges. This agrees with the habitat

response curves for other side channel sites in the middle river . The s lope

of the WUA curve was extended to 25,000 cfs, thus covering the entire range of
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discharges from 5,000 to 25,000 cfs. Actual WUA values used to plot th i s

curve are presented in Table C-6. Time series plots of WUA and average daily

mainstem discharge are presented in Figure IV-7.

Site 105.BL

I
Site Description: This study site is located approximately 2 miles upstream

of Talkeetna Camp on the west bank of the Susitna River (Plate IV-2). The

I study area is 1,000 feet long and located along the ma i nstem margi n, Four

I
cross sections were established to describe the mainstem margin (Figure IV-B ).

Large boulders are predominate throughout the site . This mainstem margin
r

study site was selected because of the presence of upwelling are' howeve~ chum
,/

salmon spawning were not previously recorded.

The study are1appears similar over a broad range of mainstem discharges . Ba nk ~

f \
seepage appears along cross section 1 at low discharges. No spawning or

juvenile salmon were observed at the site.

I; Open thermal leads in the ice were recorded in the 19B3 winter photography and

during our winter reconnaissance visits. Strong upwell ing and bank seepage

was identified from cross section 1 through 3. The upwelling strength

decreased to moderate above cross section 1.

Spawning Habi t at: The WUA response curves plot ted in Figure IV-9a are plotted

with total surface area and WUA at the same scale. Figure IV-9b provides a

plot of the hab itat response curve at an expanded vert ical scale.
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Data sets were collected at 7,320, 15,300 and 18,500 cfs. The stage-discharge

curve presented in Section II of this report indicates the WSEL response t~-­

: ma inst em-di scharge throughout this range of flow rema ins constant up to a .a- ~

I
I
II

II

II

II

I

II
II

II

II

II

II

I

mainstem discharge of 24,000 cfs. Bank seepage was observed along the channel

margins. At discharges above 7,000 cfs; the depths over the upwelling areas

are sufficient for spawning. The substrate throughout the site is generally

too large to be used by spawners, explaining the small ampl itude of the

habitat response curve. An increase in mainstem discharge causes the veloc­

ities at the upwelling areas to increase above the range used by spawning chum

salmon. Thus WUA indices decrease with increasing discharge.

Additional data sets were developed for mainstem discharges of 5,100 and

24,000 cfs. The latter flow corresponds to cond~s observed during a trip

to the study site on August 10. Stage diScharg~ curves for cross sections 1

and 4 were used to determine the water surface elevation at both flows.. J L
~ t'4

Nearly all the upwelling area possessed depths less than 0.2 feet at the 5,100

cfs flow level. Thus the WUA rapidly decreases from 7,320 cfs to 5,100 cfs.

Velocities at this site are generally unsuitable for spawners at all dis­

charges and become almost entirely unaccep table for spawning at high dis­

charges. Thus the trend in the weighted use of WUA cur~e continua l ly

decreases as mainstem flow increases. Time series plots of WUA and average

daily mainstem discharges are plotted in Figure IV-10.

( - .

?
o

Site 114.1R ,"../ )
• , f, I ) - I t/ 2..
I t", - ,

L Site Description: This site is located 0.4 miles upstream of Lane Creek

located mid-channel on a vegetated gravel bar (Plat e IV-3) . The study reach
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Mainstem flow is conveyed through the study reach at discharges less than

5,000 cfs through Channel A and at 10,000 cfs through Channel B (Plate IV-3) ..,..- - ------- - -
At 23,000 Cfs, \the lower end of the study site a backwater a!ea is_pres:n~~.RMQ'---
/1"..9~V\ ' . _ _ ._ .~

-4-s ~ cros ,s section 1. Access to it he -.:;2 t e ' and passage through\ ff ts not
~-J ' C :""'_ ~eJ

limiting t~ReYt the-PaRge f~em 5,OOO-te 25,000 cfs.

Spawning Habitat: Total surface ~rea and WUA curves for this study site are

provided in Figure IV-12a and b. Surface area and WUA values are provided in

Appendix Table C-6. A comparison of the two curves in Figure IV-12a
. Q

indicates a very small proport ion of the wetted surface area provldes spawnIng

habitat for spa :ni ng chum salmon over a broad range of mainstem discharges.

However Figure IV-12b, plotted at an expanded vertical scale, indicates that

WUA indices are highest for mainstem discharge in the range of 15,000 cfs.

is 675 feet long and 60 feet wide. Cross section 1 is located in the back­

water area at the mouth of the channel. Cross sections 2 and 3 define the

shallower, high velocit~ area (Figure IV-II). This study site was selected

because of the open leads visible in March 1983 photography which suggested

the presence of upwelling in this side channel. No previous spawning had' been

reported at this location, but spawning chum salmon were observed in moderate

numbers during our study.

I
I
II
II
II
II
II
I

I

11

II

I

I

I

I

I

(' --""' .~ -J 1.

Open leads are visible in winter photography of this site ~nd ,1 dur i ng OtW

winter field work !Jpwel 1ing was identifiedyin slight to moderate amounts,
J -

concentrated along the left bank, beginning below cross section 1 and
(- '

" ./ r: Iextending upstream of cross section 3 thlougReyt the-sftg.

f-.J- f
(~YJ(I•.' c , • 0

h .J...1 J ;
I

. - "-l ,-.e. ..t.:...~,
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Three data sets were collected at discharges ranging from 7,680 to 17,900 cfs

(Tabl e C-3.3 ). The depths in the upper portion of the study site are shallow

and poor substrate is present in the upwelling areas. As the channel conveys

additional flow, these upwelling areas are no longer limited by shallow depth

and WUA indices for spawning peak near 15,000 cfs. Above this flow velocit ies

exceed the maximum velocities preferred by chum salmon which causes a decrease

in WUA. Below 8,800 cfs, the water surface elevation remains constant sug­

gesting the wetted surface area of the channel remains relatively constant

during unbreached conditions. This corresponds to f ield observations made

from September to October.

Additional data sets were determined for mainstem flows of 5,100 and 23,000

cfs. Field personnel were at the site when the discharge was 23,000 cfs ,

Water surface elevations for unbreached condit ions remained unchanged which

enab1ed the WUA response r urve to be extended from 8,800 to 5,100 cfs ,

Comparisons between the cross section and stage-discharge data, reveal that

depths are too sha11 ow in the upper ha 1f of the study site for spawni ng. A

backwater at the lower end of the study site provides the ma jority of t he

usable spawning habitat at low flows. Time series plots of WUA and mainstem

discharges from August 12 to September 15, 1984 are shown in Figure IV-13 .

Site 1I5.0R

Site Descript ion: This site i s located in the lo.... er portion of Ma instem II

Side Channel which is on the east bank of the Susitna River (Pla te IV-4). The

study reach is 1,525 feet long and vari es from 40 to 80 feet wi de. Two

channels (A and 8) direct mains tem flow into the study site. Cross section 1
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the study site has not been a problem.

years.

IV-36

7

2
species have also been observed in the site. Access to

()\ --
However, number of ,passage reaches

-c:>
potential problem at flows below

backwater.

was established to define the large backwater area present in the lower half

of the site (Figure IV-l4). Cross section 2 described a riffle area just
(. ;

upstream of the backwater . Above this cross section, the channe~s divid~,but

the study site is confined to Channel B. Cross section 3 defines a deep pool;

cross section 4, a shallow low velocity run. This study site was selected as

Adult chum, coho, and sockeye salmon have been observed in the side channel.

Upwelling is slight at cross section 2 increasing to moderate at cross

sections 3 and 4. Bank seepage was noted along both banks at cross section 1.

a known upwelling area where chum spawning had been observed in previous
l

Channel s A and B breach at 12,000 and 23,000 cfs respectively. When non­

breached, a large backwater area extends from the mouth of the Mainstem II

side channel upstream nearly to the confluence of channels A and B. At 23,000

cfs, the entire channel is flowing bankfull. At mainstem discharges of 10,600

and 7,400 ~fs, the upper three cross sections are conveying streamflow derived

from groundwater and local runoff. Cross sect ion 1 is always influenced by

23,000 cfs. -"I /

Juveniles of the same

wi th i n the channel have been ident i fi ed as
r ?

J .'./ ;. -
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Spawning Habitat: Figure IV-15a is a plot of the total we tted surface area

and WUA curves . Figure IV-15b i s t he same WUA curve plotted on an expa nded

vertica l sca le to bet ter see how the WUA changes with discha rge.

Depths and veloc ities were measured at all cross sect ions for two ma instem

fl ows, 7,680 and 14,500 cfs . The northwest head was breached at the t ime

f ield data were obtained at the higher flow. Neither head was breached when

data were collected at 7,680 cfs. Usable habitat rema ins relatively constant

at flows below 10,400 cfs. Above th is flow, the infl uence from the mainstem

increases the water surface elevation of the backwater which in turn increases

the depth of flow at the upwelling areas creating slightly more usable spawn­

ing habitat. WUA cont inues to increase with i ncreasi ng discharge up to 14,500

cfs where it remai ns nearl y constant un ti l the northeast channel is breached

at 23,000 cfs. No information has been obtained regarding the influence

higher st ream flows would have on velocities at the upwelling areas.

Add it ional data sets were developed for discharges of 5,100, 10,600 and 23,000

cfs. The stage-discharge curve developed for cross section 1 indicates the

depth remains consta nt for mai nst em flows below 10,400 cfs. Therefore, the

WUA and to ta l surface area measured at 7,680 cfs, was assumed to remain

constant and be appl icable to flows between 5,100 and 10,600 cfs. The

upstream portion of the study site, cross sect ions 3 and 4, provide the same

WUA and tota 1 surface area until the northeast channel (B) i s breached. An

add itional data set was develop~d for a mainstem flow of 23,000 cfs by assum­

ing the linear trend i n velocities occurring at transec ts 3 and 4 between

mai nstem discharges of 7:680 and 14,500 cfs would cont inue to 23,000 cfs.

Above 23,000 cfs, the habita t response curve is expected to decrease as the
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Site 118.9L

in Figure IV-18b .

section 3. Rubble and cobble predominate throughout the site with a layer of

were observed in the ice

seepage kept the area from

This mainstem margin study site was selected (~
/ .. " . (... ·· c ....

spawning was previously recorded at this location . Chumbecause chum salmon

velocities in the upwelling areas are expected to increase above the preferred

Spawning Habitat: The total surface area and WUA curves for spawning chum are

presented in Figure IV-18a, with the WUA curve replo tt€d to an enlarged scale

do not appear to be a problem.

freezing for part of the winter season.

During our April site Vis y \open thermal leads

throughout the study area. Slight amounts of bank

range. This expected response is similar to the responses forecast for ot her

study sites in the Middle River where data are available. Time series plots

of WUA and mainstem discharge for the 1984 chum spawning season (August 12 to

September 15) are shown in Figure IV-16.

silt and sand deposited along the bank at cross section 3. Access and passage

salmon were observed spawning at the site during the 1984 field season.

Site Description: This site is located along the mainstem margin approxi­

mately 1.7 miles below Curry Station on the west bank of the Susitna River

(Plate IV-5). Three cross sections were established in the study area which

is 475 feet long (Figure IV-17). A small tributary enters the mainstem just

above the site. At mainstem di~charges less than 23,000 cfs, a small channel

is evident immediately downstream of the tributary and extends beyond cross
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Four data sets were collected from ma instem discharges of 7,680 co 17,900 cfs.

From Sect ion I I of this report, the stage discharge indi cates t he relat ionship

between water surface elevat ion and ma instem discharge rema ins constant from

5,000 to 23,000 cfs. The gravel bar wh ich exte nds from above the study area

down to mi dway between cross sect ions 2 and 3 provides sha 11 ow depths in

upwe ll ing areas. As flows i ncrease up to 15,100 cfs , t he depth of f low

increases in the upwelling areas until the entire area is optirrum for spawning

habitat. The WUA funct ion beg ins to decrease as t he veloc i t ies begin to limit

spawning in the upwelling areas.

To expand the range of flow covered by the WUA curve, additional data sets

were developed at 5, 100 and 23,000 cfs. The stage-discharge curve for cross

section 2 was used to determine the water surface elevation a1 both flows. A

gravel bar influences the stage at the upper end of the study area, particu­

larly, the upwell ing areas. At low discharges, the upwelling area appears as

bank seepage and is very shallow. The ma instem beg ins to flood the upwell ing c~, <"'e-.. •

above 7,680 cfs and continues until the entire area is flooded at 15,100 cfs.
r ' , . r ... I ' . (,,, J -

, ".~_--.--e--- V\ "0 ~ "(
Above 15,100 cfs velocit ies begin to exceed 1.3 ft/sec the-l.~"ft~~' ,~...)

~""" p
veloc ity for chum salmon spawn ing. This decreasing trend i s similar to the :- Jd,"'-(

habitat response at other side channel sites in the middle river '. Tillle series

plots of WUA and ma instem discharge are shown in Figure IV-19 for site 118.9l.

Site 119.1l

Site Description: This site is located approx imately 1.5 miles below Curry

Station on the west bank of the Susitna River (Plate IV-5). II large side
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channel enters the mainstem at the upstream end of the study area. The st udy

a rea is 425 feet long and located along the ma instem margin. Three cross

sections were establ i s hed to describe the mainstem margin; a fourth cross

sect ion a clear backwater area (F igure IV-20). Below discharges of 18,000

cfs, the backwater area is dewatered. Cobble and l a rge gravel are present

throughout the site with some silty sand deposits along the bank and larger

substrate in the mainstem . Thi s ma instem study site was selected as a sus­

pected upwelling area however chum salmon have not been previously observed at
I I

the site .

'\G() ) .L- '1.

Cross section 4 has clear water down to 18,000 cfs. Chum salmon were observed

spawning in the study site. Juvenile chinook salmon were also observed in the

s ite. No passage or access is limiting at th is site except at cross section

4. No open thermal leads in the ice were observed in the winter reconnais­

sance trips .

Spawnin9 Habitat : Because no upwell i ng areas were observed throughout the

1984 and 85 fie ld season, no habitat response curves were developed for t he

site. Clear water was observed ponded above cross section 3 through cross

section 4 at discharges greater tha n 18,000 cfs. Field measurements were made

at the site at discharges less than 18 , 000 cfs when the area was dry. Time

series plots of WUA and mainstem discharge is shown in Figure IV-20.

Site 125.0

Site Description: Skull Cree k i s located below th is study site on t he east

bank of the Susitna River (Plate IV-6). The study reach is 1,475 fee t long

IV-47
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right bank.

found using the site. Access or passage are not problems at this site for any

di scharge.

Chinook fry were

A deep, low velocity area is present along the left bank of cross section 1.

A large shoal area is present along the left bank of cross section 2. At low

mainstem discharges, a gravel bar alters the water surface elevation from ;::

horizontal across cross section 2.

Adult Chum and pink salmon were observed using the site.

Open therma1 1eads kept the entire channel free of ice and snow. Strong

upwelling was observed along the left bank of cross section 1. Slight amounts

of upwell ing was recorded mid- channel and along the right bank. At cross

section 2, moderate amounts of upwelling is present mid-channel and along the

Spawning Habitat: The wetted surface area and chum salmon WUA response curves

for this site are representative of medium to large side channel areas (Figure

IV-22a and b). Surface area and WUA response cu rves are presented in Figure ~ . (')
e)( l ~ '; c

IV-22a for site 125.2R. A relatively narrow range of spawning chum WUA~at

mainstem discharges between 5,100 and 23,000 cfs. This is probably caused by

and 250 feet wide . Two cross sections were estab lished to describe the high

velocities present throughout the channel (Figure IV-21). Substrate through­

out the site is sharp, flat gravel and rubble unlike the typical smooth round

substrate generally present throughout the ri ver. Thi s side channel study

site was selected as a suspected upwelling aret1l\ow";;shum salmon adults
~ -

have previously recorded to use the site. - y c. ;;.. ~ ~ f

f \
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Site 130.2R

the response curve.

the left bank at cross
e-

ar not limiting in this
It " I

~ 1.- -;,~ 11-1'
1., ~ I L­

c

Velocities

15,000 cfs, a small backwater area can be observed separate from the side

Site Description: Sherman Creek is located just above this large side channel

along the east bank of the Susitna River (Plate IV-7). At discharges below

The extrapolation flow at 23,000 cfs was selected due to the availability of

aerial photography at this flow. A field reconnaissance trip was made to the

comparable rates of gaining and losing habitat at the site. The upwell ing

areas are located along both banks range in strengths from slight to strong.

Most of the suitable spawni ng habitat occurs along

section 1 in the large backwater area.

area through the range of available data.
~ - -- - -

spawning areas limit the upwell ing. Time series plots of WUA and mainstem

discharge are presented in Figure IV-23.

Variations in the mainstem disc~arge with respect to \oIUA is shown in Figure

IV-22b plotted on an expanded scale. The increase in WUA is caused by the low

velocities in the shallow upwelling areas. As the discharge increases, the

upwelling areas along the left bank reach an optimum depth wh ile the veloc­

ities along the right shore begin decreasing in suitability. The substrate in

the study reach is not of optimal quality thus explaini ng the fl at shape in

1, were too shallow for use. At 23,000 cfs, the high velocities in the

study site when mainstem flows were 4,300 cfs , Much of the upwelling areas

along both banks, with the exception being the backwater area at cross section

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



• • • • • • • • • • • • • • • • • • •

A
ooסס1

9000

8000

.... 7000- 6000

C" 5000..!!!
4000

...: 3000
~
~

2000

1000

0

SEPT

35000
B

'" 31550-~ 28100

'" 24650Cl
e,

21200'".J:::.
u 17750
'"....
Cl 14300
E 10850
'"....

;400'"c:.... l !l5O
'"::E

SOO

SEPT

<:
I

Ul
.t>

FiQure IV-23. Time series plot s of spawni nQ chum salmon WUA as a functi on of discharge from
August 12 to Sept ember 15, 1984 for 125.2R modeling si te.



- - - - - - - • • • • • • • • - - ..

~

<:
I
c.n
c.n

.',

: :"; ~ .

Plat e IV-7 .

STAFF GAGE
- CROSS SECTION

1" = 250 '

Modeling si t e 130. 2R on Sept ember 6, 1983 at mainst em discharge : 16, 000 cfs .



I

I
channel. The study reach is 700 feet long and varies between 100 feet at

cross section 1 to 30 feet wide at cross section 3. Three cross sections were

installed to define the shallow. low velocity area (Figure IV-24). Cobble and

rubble is present j hrOughout the upper half of the site overlayed with a layerI ( Q,... ?
of silt. sand in the lower half. This backwater study site was selected as a

suspected upwelling area with some spawning activity previously observed.

At 23.000 cfs. the study site is turbid and connected to the side channel. At

10.600 and 7.400 cfs. the channel flow is maintained by groundwater.

I
strength of the upwelling is slight since the site remained frozen over during

the winter.

I

discharges above 14.500 cfs.I

Spawning Habitat: Total wetted surface area and spawning chum WUA curves are

I presented in Figure IV-25a. Both curves are plotted to the same scale. The

largest proportion of wetted surface area provides good spawning habitat at

I

Above 14.500 cfs. the gravel bar which sepa-

I

I

I

The WUA curve plotted in Figure IV-25b at an expanded vertical scale increases

near 14.500 CTS when the upwelling areas are no longer too shallow to be used

by spawners. Below 14.500 cf's , much of the study reach and upwelling areas

are limiting to Ispawni ng chum.
t _/

rates the study area from the side channel retards the flow thereby not

I
permitting velocities to become limiting.

- - -----------~----- - - -
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To expand the range of the habitat response curve, ext rapolation data sets at

5,100 and 23,000 cfs we re deve loped. From t he stage discha rge curve for cross

section 2, it is apparent the water surface elevation remai ns constant at low

flows. The WUA value determined for the data set collected at 7,6BO cfs was

ass igned to 5, 100 cfs. The water surface elevation as determined from t he

stage discharge curves were used in conjunction with the data set collected at

19,900 cfs to determine the WUA at 23,000 cfs. Time series plots of WUA and

mainstem discharge are shown in Figure IV-26.

Site 131.3l

Site Description: This study site is located immediately upstream from the

confl uence of Fourth of July Creek between vegetated gravel bars on the west

bank of the Susitna River (Plate IV-B). The study reach is 1,075 feet long

and 130 feet wide. Cross section 1 is located in a deep low velocity area;

cross sections 2 through 4 in faster, sha11 ower areas (Fi gure IV-27). The

substrate is predominately gravel and rubble throughout the site with a laye r

of silty sand in the backwater area at the mouth of the channel. This side

channel study site was selected as a known upwelling and chum salmon spawning

area.

Two heads (A and B) direct flow into the site at 9,000 and 10,700 cfs respec­

tively. Below breaching discharges , groundwater ma intains flow through the

study reach. ChulT. salmon were observed spawn ing i n the area particu la rly

along the right bank . A moderate number of~inook fry were collected during

sampling efforts. Access to the site is possible below both breaching
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discharges. Passage through the site is possible , but difficult below the

breaching discharges.

I;.? ; I I,;,
Moderate to strong strengths of upwelling was noted along the right bank in "(

the lower half of the study site. Moderate volumes of upwelling~mea s u~

along the left ban k in the upper half of the site. c>~~~
c,l l d~ .r""/~J

Spawning Habitat: The surface area and spawning chum WUA curves for 131.3L

are plotted to the same vertical scale in Figure IV-28a with the WUA curve

replotted to an enlarged scale in Figure IV-28b.

The range of depth and velocity measur ements extend from 7,680 t o 19,900.

Below 9,000 cfs, f l ow is maintained through the site by upwell ing and

groundwater i nf l ow. Above 9,000 cfs, the gr avel bar on the left s i de of t he

channel is overtopped directing flow i nt o the bottom of the study site.

Upwelling areas that were previously too shallow for utilization are nO~1

available. The habita t response curve continues upward as the head to the

channel breaches near 10,700 cfs . At medium and high discharges the stage i n

the lower half of the channel becomes directly influenced by the mainstem

fvrming a backwater area and depositing a laye r of silt. Substra te such as

s ilt and sand are too small to be used by spawning chum thereby decreas ing the

magnitude of the habitat response curve . Vel ocit i es become limit ing t o t he

spawners above 16 , 100 cfs decreasing the trend in tile habitat curve.

Extrapolat ion data sets were constructed at discharges of 5,100 and 23 ,000

cfs. The stage t hroughout the study reach remai ns constant below 9,000 cf s
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wh ich means the WUA in this range also remains constant. The same WUA value

determined for the 7,680 cfs data sets was assigned to 5,100 cfs. Time series

plots of WUA and mainstem discharge are plotted in Figure IV-29.

Site 133.8R

Site Description : This study site is located at the head of Slough 9A on the

east bank of the Susitna River (Pl ate IV-9). Three cross sect i ons were

established beginning on the right bank and converging at a common point on a

gravel bar. jhese cross sections describe the fast velocity area along the
~

mainstem margin (Figure IV-3D). The substrate throughout this area varies

from silt along the shore to cobble in the main channel. This mainstem margin

study site was selected as a suspected upwelling aretland no chum salmon
I ' (IrL~:' .-;.J 'e.,.J

spawning we~e Aet previously recorded.

Below 15,600 cfs , the shoal area along the mainstem margin begins to have a

pronounced effect on the depths and velocities in the study area . No adult or

juvenile salmon activity was observed at this study site . fhere are no access

or passage limitations at this site.

Sma11 upwell i ng and open therma1 1eads in the i ce were observed along cross

sect ton> 1 and 3. The upwelling is assumed to be slight to moderate in
( ,

strength as the area was frozen over during part of the winter season.

Spawning Habitat : Total surface area and WUA curves for spawn ing chum salmon

are presented in Figure IV-31a. The WUA curve was replotted to an enlarged
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IV-32.

Site 137.5R

curve for cross section 3 was used to determine the water surface elevation at

relativelythat habitat remains

Site Description: This study site is located one mile upst ream of Gold Creek

on the east bank of the Susitna River (Plate IV-I0). The study reach is 550

Additional data sets were developed for discharges of 5,100, 10,400 and 22,700

all discharges and become less 1ikely to be used at high discharges. This

cfs. The latter two discharges correspond to condit ions observed during trips

to the study site on September 22 and August 24, 1985. The stage discharge

explains the decreasing trend in the WUA curve as mainstem flow increases.

Time series plots of WUA versus mainstem discharge are presented in Figure

the thru flows. ) Most of the upwelling areas have depths greater than 0.2 ft

at the lower t(~flows and the entire area is optimum with respect to depth at

22,700 cfs , Velocities at this site are usually unsuitable for spawners at

Data sets were collected at discharges of 7,680, 16,100 and 19,900 cfs ,

Throughout this range, the depths over the upwelling areas are sufficient for

spawning. Substrate i s also good for spawning. However, there is only two

small upwelling areas present within the site which explains the small ampli­

tude of the habitat response curve. An increase in mainstem discharge causes

the velocities at the upwelling areas to increase beyond the range of suitable

velocities for spawning.

I
scale in Figure IV-31b. Figure a~hows

constant from 5,000 to 35,000 -~

I
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feet long and varied from 100 to 30 feet wide. Two cross sections were

estab1i shed to descri be the sha11 ow, low veloci ty area throughout the ent ire

site. Cross section 3 describes the riffle area at the head of t he study

reach (Figure IV-33}. Substrate is predominately boulder and cobble overlayed
/ 1>1-

with a layer of silt sand. This backwater study site was selected as suspec-

ted upwelling with some chum salmon spawning observat ions made in 1982.

Below 11,800 cfs, flow in the site is maintained by upwelling. At discharges

greater than 11 ,800 cf's , a backwater area extends upstream throughout the

site. Above 23,000 cfs, flow begins entering the site through channel A.

Turbid water is present i n the site at 23,000 cfs but not at either 10,600 or

7,400 cfs. Adult chum and juvenile chinook salmon were observed to utilize r ' -V " ':

the site .

Upwelling was observed throughout the study reach during the streambed profi le

survey (Figure C-1.5). During the 1984-85 winter season, nearly 50 percent of

the site was open for a period of time then f roze over. This is an indication

the upwelling is slight to moderat e in strength .

Spawning Habitat: The total surface area and WUA curves are provided in

Figure IV-34a for study site 137.5R. Figure IV-34b is plotted at an expanded

scale to emphasize the response of WUA to discharge.

I

I

One data set collected at 19,000 cfs. The entire study area is influenced by

backwater at mainstem discharges greater than 11,800 cfs. Data sets at 5,100,

16,000 and 21,000 cfs were extrapolated to finish an analysis for the site.
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(Fi gure

channel

ban« to
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Site 138.7L

Figure IV-35.

Nearly the entire upwelling areas is too shallow to be utilized by spawning

chum at 5,100 cfs , As discharges increase and the backwater area begins

extending up into the study area, the depths no longer are limiting. The

habitat response curve continues on an upward trend then begins to decrease

just prior to overtopping of the gravel bar surrounding the site. The upwell­

ing area at cross section 2 provides the WUA for the site as substrate is

limiting at the remaining cross sections. Time series plots are shown in

rubble and boulder in the main channel. This mainstem margin study site was

~selected as a suspected upwell ing area «nu/"u auult chum salmon have been

previously recorde1Ain the site. ;CL--

Site Description: This study site is located immediately above the confluence

of Indian River

~ r
This study area appears tOAsimilar at 23,000, 10,600 and 7,400 cfs. Adult

chum salmon have been observed in the site along with juvenile chinook salmon.

I
e. ~,. a..-<.-"­

There are no access or passage limitations at this site.

study ar~is 675
f\.

sections describe the mainstem along a gentle slope into the main

while cross section 3 describes 2 steeper slope~with some debris

IV-36). The substrate varies from small and large gravel along the

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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Large amounts of bank seepage were observed from the mouth of Indian River

upstream above cross section 2. The amount of upwelling decrease near cross

section 3.

Spawning Habitat: The WUA response curves plotted in Figure IV-37a are

plotted with total surface area and WUA at the same scale. Figure IV-37b

provides a plot of the habitat response curve at an expanded vertical scale.

A total of 7.8 percent of the total surface area at 5,100 cfs is considered

good habitat compared to 1.0 percent at 27,700 cfs.

Five data sets were collected at dis charges from 10,400 to 27,700 cfs. Up to

14,500 cfs, depths are less than optimum to be used by spawning chum salmon.

Above 14,500 cfs , higher velocities are present over the upwell i ng areas
c--

reducing the good habitat~ A small percentage of the total stu~y area

is influenced by upwell ing and good substrate.

An additional data set at 5,100 cfs was constructed to determine the habitat

response at low discharges. The stage-discharge curve for the site (Sect i on

II) with the cross section elevation (Table C-2 .13) were used to develop the

depths at 5,100 cfs. A multiplier of 0.49 was used to adjust the velocities

measured at 10,400 cfs to provide estimates of the veloc ities associated with

the 5,100 cfs. The suitability values of the depths and velocities, as well

as the substrate and upwelling were combined and used in determining the WUA

at 5,100 cfs. For the 1984 spawning season from August 12 to September IS,

time series plots of WUA and mainstem discharge are presented in Figure IV-38.
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Site 139.0L

Site Description: Slough 17 is located directly below this site on the west

bank of the Susitna River (Plate IV-II). The study area is 750 feet long and

along the mainstem margin. Four cross sections describe a small channel along

the shoreline margin (Figure IV-39). Gravel and rubble are predominant sub-

strate throughout the site. This mainstem margin study site was selected as a

suspected upwelling area known to be used by chum salmon spawning .

A gravel bar extends into the mainstem to separate the study

channel at discharges below 22,500 cfs. At 10,600 and 7,400

a
areAfrom the main

cfs, ground water

I

I

I

I

I

I

I

maintains non-turbid flow from cross section 2 to the mouth of the channel.

Chum and sockeye adult salmon have been observed to spawn in th is area.

Chinook and coho juvenile salmon were also identified to use this study area.

Access to the site is not limiti ng at any discharge. Passage above cross

section 2 is limited to discharges greater than 12,000 cfs.

No open thermal leads in the ice were observed in the winter. During the

streambed profile survey for the site, upwell ing was observed to begin ju st

upstream of cross section 2 and the clear water extend below cross section 1.

Spawning Hab itat : Total wetted surface area and WUA curves are plotted in

Figure IV-40a for spawni ng chum sal mon . Both curves are plotted to the same

scale. The largest proportion of wetted surface area provides good spawning

habitat at discharges between 14,500 and 19,000 cfs .
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The WUA curve plotted in Figure IV-40b at an expanded vertical scale increases

up to 14,500 cfs when the depths are no longer too shallow for spawning.

Upwelling and groundwater inflow maintain discharges below 10,400 cfs at

approximately the same water surface elevation. A large backwater area begins

forming above 10,400 cf's and continues to extend upstream with increase in

discharge. The gravel bar which separates the study area from the mainstem, )
w'f ~ (

is overtopped and begins to increase the velocities in the upwelling areas.

Near 20,000 cf's , the velocities begin exceeding the optimum usability range

which in turn decreases the habitat response curve.

An additional data set at 5,100 cfs was developed using stage and cross

section data. The constant water surface elevation below 10,400 cfs implies

the WUA at 10,400 is the same at 5,100 cfs. Time series plots of WUA and

mainstem discharge are shown in Figure IV-41.

Site 139.4L

Site Description : This study site is located about 0.7 miles above Indian

Rive ' on the west bank of the Susitna river (Plate IV-ll), The study area is

575 feet long and along the mainstem margin. Three cross sections were

estilblished to describe the mainstem margin (Figure IV-42). Cobbles and boul-

ders are present in the upper two cross sections while gravel and rubble is

present at cross section 1. This mainstem margin study site was selected as a

su spected upwelling Jrea , No chum salmon spawning have been ob~erved at this

site.
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This study area appears to be simila r at 23,000, 10,600 and 7,400 cfs . No

adult salmon were observed in the study area although some chinook juvenile

were present during the fall. There are no access or passage limits at this

I site. A small open thermal area in the ice was recorded near cross sect ion 2

for a short period of time before freezing over.

I

I
Spawning Habitat: No upwelling areas were observed throughout the 1984 and 85

field season therefore, no habitat response curves were developed for the

I

I

site .

1"
Discussion ;/

fAl ,:, L<~ Ier/e--(
Side channel areas influenced by backwater had increasing trends

I

I

/ '/

in the WUA versus discharge curves then leveled off. These areas were limited

by depth in providing usable habitat for spawning chum salmon. Generally,

high velocities were not present in these areas.

Mainstem margin areas had downward trends in the WUA versus discharge curves.

Depth was usually not l imiting in these areas. The amount of available,

I

I

I

I

habitat was controlled by high veloc ities. Increases in discharges
, ,_ V J c. e_

to increases in velocities. As the VelOCities;\in t he upwell ing

amount of suitable habitat for spawners decreases.

correspond

areas the
'7

U

I
Side channel study areas not located in backwater areas appea r to have both

increasing and decreas ing trends in the WUA versus discharge curves. These

I areas were initially 1imited by depths. As discharges increased, the depths

in the upwell ing areas became optimum (greater than 0.8 f t ) then as the

I

I

I

velocities in the upwelling areas exceeded 1.3 ft/sec the wetted usable area

values decreased.
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The amplitude of the WUA versus discharge curve is determined by both the
&f

amount of upwell ing and qual ity/l.subst rat e present within the site . Qual ity

substrate in upwelling areas yield higher WUA val ues than sites where either

the upwelling is associated wlth poor spawning substrate or no upwelling /S

present with quality substrate.

Total wetted surface area and WUA curves for spawning chum were obtained at~
DIHAB study sites corresponding to a range of mainstem discharges from 5, 000

to 25,000 cfs . t;wo of the study areas had no observed upwelling and are not

presented.
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APPENDIX FIGURES

Figure c-i . i . Streambed profile at site 101.7L.

Figure C-l. 2. Streambed profile at site US.OR - northwest and northeast
channels . Source: Estes and Vincent-Lang 1984.

Figure C-1.3. Streambed profile at site 130.2R.

Figure C-1.4. Streambed profile at site 131.3L .

Figure C-l.S. Streambed profile at site 137.SR.

Figure C-1.6. Streambed profil e at site 139.0L.
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I
I Table C- 1.1. St reambed prof i le at s i te 101 .7L; surveyed on October 2,

1984 (TBM ID : R&M101.2Wl LB 1982).

I
I St reambed Streambed

Station Elevation WSEL
(ft ) (ft) (ft) Conments

I 0+00 365 .03 366.68 Cross sect ion 1 - SG 101.8S1
1+39 365.56 366.73 Pool

I 2+40 365.78 366.76 Pool
3+19 365. 45 365 .76 Pool

I
4+05 365 .25 366.72 Divided channel
4+74 366. 26 366.7 2 Pool

I
6+72 364.96 366. 79 Constructi on i n pool
7+99 364.42 366.84 Pool
9+30 365.63 366 .89 Pool

I 9+85 367. 67 DRY Cross sec t ion 2
10+09 366. 90 367. 46 Large pool

I 11+01 366.86 367.46 Pool
11+50 366.49 367.46 Pool

I 11+96 367.20 367. 44 End on pool
12+75 368.02 368.22 Pool

I
13+77 367. 76 368.21 Cross sect ion 3 - SG 102. 0Pl
14+83 368.82 368.90 Beginning of pool/end of run
15+30 368. 61 368.94 Mi ddl e of pool

I 16+37 368.97 DRY
~ 6+88 368.92 368.99 Cross sect io n 4 - SG 102 .0P2

I 17+67 369.18 DRY Edge of upwell ing
18+77 370.65 DRY Edge of gravel

I
I
I
I
I C-7



I
I Table C-1.2. St reambed profile at site 115 .0R Nort hwest Channel;

surveyed on Semptember 28, 1983 (TBM: ADF&G Alcap 114.4 H3

I RB i. Source: Estes and Vincent- La ng 1984.

I Streambed Streambed
Station Elevation WSEL

I
(ft l (ft l ( f't ) Comments

-1+21 471.86 474 .85 Mainst em

I
0+00 472.61 474.78 Mouth of Mainstem II,

Backwater
1+06 473.74 474.64 High point in back-

I water pool
2+91 472.47 747.50 Backwater

I 5+99 472.47 474.54 Backwater pool
7+96 472.08 474.52 Backwater pool

I 8+26 473.60 474 .42 Riffle/bac kwater
11+02 474.45 474.81 Pool /riffle

I
11+60 473.66 474.83 Pool at Gage 114.4S7,

mid pool
12+39 474.53 474.85 Riffle/pool

I 13+86 475 .82 476. 21 Poo l / r iffl e
15+36 473.48 476.22 Pool

I 16+13 474.21 476.22 Pool, right channel
joins at th is po int

I 16+47 475.74 476.26 Riffle/pool
19+19 476.30 476.69 Poo l /riffl e

I
20+18 475.88 476.68 Pool
21+06 476.3 ~ 476.60 Ri ffl e/ poo1

I
23+20 477.11 477.48 Riffl e
25+04 478.34 478.70 Pool /riffle
28+91 477 . 29 478.73 Dool

I 33+08 478.32 478.59 Riffle /pool
35+40 478.60 478.95 Pool/riffle

I 38+99 477 . 66 478.80 Pool
41+53 477.11 478.82 Pool

I
I

C-8
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I

Tab le C- 1.2. Streambed profile at site 115 .0R Nort hwest Channel ;
surveyed on Semptember 28, 1983 (TBM: ADF&G Alcap 114.4H3
RB ) . Source: Es tes and Vincent - Lang 1984.

Streambed St reambed
Station Elevat ion WSEL

(ft ) (f t) (ft) Conments

42+03 478.61 478.83 Riffle/pool
42+41 479.09 479.39
43+02 481.09 481.09 High point
43+52 480.90 480.90 SG 114.4H3
44+06 480.30 480.68 Edge of solid ice
44+41 478.85 480.7 Mainstem, head of

1eft fork

C-9



I
I Table C-1.3 . Streambed profile at site 115. OR northeast channel ;

Surveyed on September 28, 1983 (TBM 10: AOF&G A1cap

I 114 .4H3 RB ). Source: Es tes and Vincent-Lang 1984.

I Streambed St reambed
Stat ion Elevat ion WS EL

(ft) (ft) ( ft ) Comments

I 16+13 474.21 476 .22 Mouth of ri gh t channel

I
16+73 475.63 476.20
16+85 475.94 476.18
17+13 475.13 476 .10

I 17+48 474 .09 476.09
18+26 473.29 476.14

I 18+69 473.85 476.15
18+87 473.41 476.16

I 19+05 475.77 476.17
19+21 476 .63 476 .78

I
19+53 477.20 477 .35
20+64 477 •65 477 . 75
21+18 477 . 17 477 .77

I 21+57 477 .46 477.76
22+17 476.82 477 .77

I 22+84 477 .32 477 . 22
23+90 477.35 477.75

I 25+07 477 .38 477.83
25+43 477 .24 477 .76

I
26+30 475.87 477 .77
27+25 476 . 32 477. 72
27+37 476.77 477.77

I 27+46 477.35 477 .70
27+80 477.72 477.77

I 28+48 476 .69 477 .64
30+10 475.44 477 .64

I 30+96 474 .48 477 .68

I
I C-10



Streambed profile at site 115.0R northeast channel;
Surveyed on September 28, 1983 (TBM 10: AO F&G A1cap
114.4H3 RBl. Source: Estes and Vincent-Lang 1984.
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I

Table C-1.3.

Streambed
Station

(ftl

32+08
33+85
34+62
36+32
37+03
37+18
37+31
37+83
38+46
39+20
39+33

40+16
41+48
42+07
42+54
42+96
44+36
45+34

46+69
47+32
47+48
47+59
48+17
48+43
48+67
49+20
50+34

Streambed
Elevation

(ftl

475.05
478.77
478.30
477.62
477 .92
478.38
478.29
478.65
479.55
479.67
479.62

479.28
478.47
478.81
478.40
478.84
479.33
479.71

480.25
480.51
480.68
480.14
480.05
479.83
481.54
481.00

481.12

WSEL
(ftl

477.70
478 .77
478.40
478.42
478.42
478 .58
478.58
478.75
479.65
479.77
479.77

479.78
479.79
479.81
479.80
479.79
479.73
479.71
480.25
480.51
480 .68
480.54
480.46
480.47
481.54
481.00

481.12

(-11

Comments
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Table C-1.3. Streambed profil e at site 115.0R Nort heast Cha nnel;
Surveyed on September 28, 1983 (TBM IO: AOF&G Alcap
114.4H3 RB). Source: Estes and Vincent-Lang 1984.

Streambed Streambed
Station Elevat ion WSEL

(f t ) (ft) (ft) Comments

53+39 482.71 482.71
55+00 482.59 482.59
56+41 482.77 482.77
56+98 482.65 482 .65
57+39 482.55 482.65
57+66 482.42 482.67
58+07 482 .55 482 .67
58+26 481.80 482.69
58+40 482.61 482.61
58+46 483.84 483.84
59+88 484 .55 484.55
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I

I Tabl e C-1. 4. Streambed profil e at s ite 130 .2R; surveyed on September
27, 1984 (TBM ID: R&M TBM9-1 1982) .

I

I
Streambed Streambed
Sta t ion Elevation WSEL

(ft ) (ft) ( f t ) Comments

I -0+68 605.22 605.61 Mouth
0+00 605.00 605 .64 Cross sect ion 1 pool

I 1+00 604.87 605.63 Pool
1+92 605.20 605.68 Pool

I
2+22 605.17 605.67 Cross sect ion 2 SG 129.8Pl
2+48 605.50 605.69 Top of pool/bottom of riffle
2+69 605.71 605.92 Riffle

I 2+84 605.99 606.20 Top of riffle/bottom of pool
4+29 605.14 606.22 Cross section 3 poo l

I 4+55 605.40 606 .22 Pool
5+35 604 .54 606.21 Pool

I 6+43 606 .33 Edge of pool
7+16 607.38 Beg inni ng of cobb le/rubble

I
8+07 608.50 Sand
8+32 608.02 Sand
7+85 608 .48 Sand

I 9+96 608.36 Edge of veget ati on

I

I

I

I

I

I

I C-13



I
I Table C-1.5 . Streambed prof i l e at site 131.3L; surveyed on Septembe r

28, 1984 (TBM ID : R&M LRX-35 LB 1980) .

I
I

Streambed Streambed
Station Elevation WSEL

( f t ) (ftl (ft ) Corrments

I -0+89 613.20 613 .88 Backwater
-0+64 613.49 613.88 Riffle

I -0+29 613.27 613.98 Riffle
0+00 613.53 614 .07 Cross section 1 - SG 131.1P2

I
Riffle

0+94 613.59 614.29 Riffle
1+42 614.01 614.46 Bottom of pool

I 1+60 613.47 614.47 Pool
2+17 613.88 614.47 Bottom of riffle

I 2+51 614.47 614.82 Bottom of pool
2+88 614 .08 614.82 Pool

I 3+02 614.37 614.84 Cross sect ion 2 - SG 131.1Pl
Bottom of riffle

I
3+79 614.45 614.83 Riffle
3+93 614.78 615.23 Bottom of pool
4+18 614 .27 615.27 Pool

I 4+39 615.08 615.27 Bottom of riffle
5+42 615.76 615.95 Cross sect ion 3

I 5+70 616.11 616.23 Bottom of pool
6+15 615.51 616.25 Pool

I 7+83 616.08 616.27 Bottom of riffle
8+16 616.50 616.69 Cross sect ion 4 - ri f fle

I 8+64 616 .50 616.85 Bottom of pool
8+72 616.24 616.84 Pool

I
~"'14 616.47 616.84 Bottom of r iffle

I
I
I C-14



I
I Table C-1.6. Streambed profile at site 137.5R; surveyed on September

28, 1984 (TRM 10: R&M LRX-48 LB 1980 ).

I
I

Streambed Streambed
Station Elevat ion WSEL

(ft ) (f t ) (ft ) COllll1ents

I -1+13 687.43 689.43 Bottom of riffle
-1+02 689.20 689.55 Bottom of pool

I -0+69 689.17 689.52 Pool
0+00 689.74 690.11 Cross section 1 - SG 137. 4Pl

I
Bottom of riffle

0+13 690.30 690.79 Bottom of pool
1+34 689.90 690.81 Cross section 2 - SG 137.4P2

I Pool
2+72 690.55 690.91 Bottom of riffle

I 2+86 690.80 690.93 Cross section 3
2+97 692.31 Top of rise - boulder/cobble

I 5+08 694.16 Top of r ise - boulder/cobble
6+39 695.07 Top of rise - boulder/cobble

I
8+07 696.05 Top of rise - boulder/cobble
8+39 696.27 Top of rise - boulder/cobble

10+65 698.15 Head of channel

I
I
I
I
I
I
I
I C-15
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Table C-1.7. Streambed profile at si te 139.0Lj surveyed on September
20, 1984 (TBM 10: R&M "Ind ian " LRX-51 1980).

Streambed Streambed
Station Elevation WSEL

(ft) (ft) (ft) COll1Tlents

-1+69 707.20 708.60
-0+68 707.46 708 .72 Beg inning of gravel bar
0+00 707.79 708.71 Cross section 1 - clear
0+35 707.94 708.71
0+69 708.48 708 .71 Edge of pool
1+13 708.70 708.95 Cross sect ion 2 - SG 139.0 1
1+56 709.18 Edge of upwell ing
2+36 709.82 Cross section 3
3+08 710 .58
3+65 710. 46 Cross section 4
4+25 709.99 Rubble/large gravel
5+19 709.92 Rubble/sand
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•

Table C-2. 1 Cross sect ion elevat ions at s ite lOl . 7L.

•
I

I

I

I

•
I

I

I

I

I

I

I

I

I

Horizontal Streambed
Locat ion Distance Elevation

Within s ite (ft) (ft) Comments
----------- ---------- --------- - --- --- - - -

Cross Sect i on 1 0 .0 LB marker
Station 0+00 67 .0 369.90

68.0 368 .93
70.0 367.79
74.0 367.79
75.0 367.79
77.0 367.54
78.0 367.48
82.0 367.25
83.0 367 .19
86 .0 367.01
88.0 366.89
92 .0 366.84
94.0 366.54
97.0 366.24
98 .0 366.17

102.0 365.89
107.0 365.59
108 . 0 365.60
110.0 365 .62
112.0 365.64
117.0 365 .59
118.0 365 .62
122.0 365.74
126.0 365.76
128.0 365.77
132.0 365.79
134.0 365.76
138 . 0 365.70
142.0 365.64
148.0 365.61
150 . 0 365 .60
152.0 365 .5 :'
158.0 365.47
162.0 365.39
164.0 365.34
166.0 365 .29
172.0 365.14
174.0 365.15
180.0 365.18
182.0 365.19
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I

Table C-2.1 (cont .) Cross sect ion elevat ions at s ite lOl.7L.

Horizontal Streambed
Location Distance Elevat ion

With in site ( ft) ( ft ) Comments
------- ---- - --------- --------- ----------

Cross Sect ion 1 187.0 365 . 19
Stat ion 0+00 188 .0 365.32
( eent . ) 190.0 365.58

192.0 365.84
196 .0 365 .44
197.0 365.34
202.0 365.44
204.0 365.34
207.0 365.19
208.0 ' 365.23
212.0 365.39
214 .0 365.6 1
217 .0 365.94
220 .0 365.97
222 .0 365 .99
226 .0 366.55
227 .0 366.69
228 .0 366 .81
232 .0 367.29
235 .0 367.79
236 .0 367 .79
238.0 367.79
239.3 367 .79
241.0 367.79

Cross Sec t io n 2 0 .0 LB Marker
Sta t ion 9+85 19 . 0 372 .99

20.0 37 ' .87
21.0 371.50
22. 0 371.10
24 .0 370.60
26.0 370.10
28.0 370.10
34.0 370 .10
36.0 370.10
40.0 370.14
46.0 370.20
52.0 369.96
56.0 369.80
58.0 369.80
64.0 369 .80
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Tabl e C-2. l (cont . ) Cross sec t ion elevat ions a t s i te l Ol . 7L.

Hor izon ta l Streambed
Locat ion Distance Elevat ion

With in s ite (ft ) ( ft) Comments
- ---- - - -- -- ---------- -------- - -- - - - - - - - -

Cross Section 2 66. 0 369.80
Stat ion 9+85 70.0 370.08
(cont.) 76.0 370.50

82 .0 370 .50
86 .0 370.50
88.0 370 .54
94 .0 370.66
96.0 370.70

100.0 370.74
106.0 370.80
112.0 371. 19
117.0 37 1.50
118.0 371.50
125.0 371.50

Cross Sec t ion 3 0 . 0 LB Marker
Sta t ion 13..32 51.5 372.99

56.0 372 .69
60 .0 372 .69
64.0 372.39
66.0 372 .33
68 .0 372.27
72.0 372 .15
74.0 372 .09
76 . 0 372 .09
79.0 371.50
80 . 0 371. 45
83.0 371. 30
84 .0 371.32
87.0 371.40
90.0 370.95
91.0 370 .80
94 .0 370 .87
95 .0 370.90
99 .0 370.70

100.0 370.72
103.0 370.80
104. 0 370.80
107.0 370.80
110.0 370 .80
111. 0 370 .80
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Tab le (-2 . 1 ( c cn t v ) Cr os s sect ion e levations at s ite 101. 7L. '

Ho["izon tal St["eambed
Loca t ion Dis tanc e Elevation

Wit h i n s ite (ft ) ( ft) Comments
- - - - - - - - - - - ---------- --------- - ---------

(["os s Sect ion 3 114 .0 370 . 80
Stati on 13+32 115. 0 370 .80
( c on t . ) 119 . 0 370. 80

120 .0 370 .77
123.0 370 .70
124 .0 370 . 65
127.0 370 .50
130 . 0 370 . 27
131.0 370.20
134 . 0 370 .12
135.0 370. 10
139. 0 370 .30
140 .0 370. 47
143 . 0 371. 00
144. 0 371. 10
148. 0 371. 06
150. 0 371. 17
154 .0 371. 39
160.0 371. 50
164 .0 372 . 19
168 . 0 372 . 34
170. 0 372 . 6 1
172 . 8 372 . 99

( ["055 Section 4 0 .0 LB Ma ["k e["
Sta t i on 16"44 28 .7 373 . 66

30 .0 373 . 16
31.2 373. 09
32.0 373 . 04
34 . 0 372 . 9 1
36 . 0 372.84
38 . 0 372 . 76
40 .0 372 . 73
42. 0 372 . 71
46 .0 372 . 68
52. 0 372. 66
58 . 0 372.56
62 .0 372. 46
64 .0 372 . 52
70 . 0 372 . 70
72 .0 372. 76
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Table C-2. l (cont . ) Cross sect i on elevations at site 101.7L.

Horizonta l Streambed
Locat ion Distance Elevation

Wi t hin s ite (ft) (ft) COllllDents
----------- ---------- --------- ----------

Cross Sect ion 4 74 .0 372.94
Stat ion 16+44 76.0 373 .11
(cent , ) 77.6 373.28

81.2 373.66
87.4 373.66
92 .0 373.36
96.0 373 .66

Reference elevation: R&M Alcap 101.2Wl LB 1982.
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Cross sect ion elevat ions at s i te 105.8L.

I
I
I
I
I
I
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I
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I
I

Table C-2.2

Hor izontal
Location Distance

With in s ite (ft)

Cross Sect ion 1 0 .0
Station 0+00 42.0

45.0
47.0
48.5
49.0
51.0
53 .0
55.0
56.0
57.0
58.0
59 .0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
68 .0
70.0
72.0
74.0
76 .0
78.0
80.0
82 .0

Cross Section 2 0 .0
Sta tion 2+88 30.5

33.0
34 .0
-5 . 0
37.0
39 .0
41.0
43.0
45.0
47.0
49.0

Streambed
Elevation

(ft)

400.10
399.31
398.34
398.31
398.23
398.20
398.09
397.97
397.86
397.26
397 .06
396.86
396.81
396.76
396.66
396 .56
396.46
396.36
396 .26
396 .16
396 .26
395.96
395.96
395.66
395.56
395 .46
394.96
394.76

401 .90
401. 70
401.65
401.60
401.50
401. 35
401 .20
400.70
400.20
399.70
399 .90
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-------------- --- -------------------------------------- - ------

Table C-2.2 (cont . ) Cross sec tion elevations at s ite lOS.8L.

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

Hor izonta l St reambed
Location Distance Elevation

Within s ite (ft) ( ft ) Comments
----------- - --------- --------- - ---------

Cross Sect ion 2 50.0 399.90
Stat ion 2+88 51.0 399.65
(cont.) 52 .0 399 .40

53.0 399 .35
54 .0 399.30
56.0 399 .00
58.0 399 .20
60.0 398.70
62.0 398.70
64.0 398.20
66.0 397 .50
68.0 397 .40
70.0 397.20

Cr oss Section 3 0.0 LB Mar ker
Stat ion 4+64 17. 4 401 .94

18 . 0 401. 69
21.0 401. 43
22.0 401.33
23.0 401 .23
25.0 400.93
26.0 400.83
27.0 400 .73
29.0 400 .53
30 .0 400 . 28
31.0 400 .03
33 .0 399 . 93
34 .0 399 .73
35.0 399 .53
36 .0 399. 48
37.0 399 .43
38.0 399. 18
39 .0 398.93
40.0 398.88
41.0 398 .83
42.0 398.90
44.0 398.70
46.0 398.50
48.0 398 .30
50.0 398 . 10
52 .0 398.30
54.0 397.90

- --- - - ------- ----- --- ---- - ---- - ---- --- ------ ----- - - - - - -- - -----
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Table C-2.2 (cont. ) Cross sec t ion elevat ions a t s ite lOS.8L.

Horizontal Streambed
Locat ion Distance Elevat ion

With in s ite ( ft ) (ft) Comments
----------- ---------- --------- ----------

Cross Sect ion 4 0.0 LB Marke r
Stat ion 7+49 24.0 401.94

25.5 401.43
27.0 401. 23
28.0 401.03
29.0 400.83
31.0 400.43
32 .0 400.33
33.0 400.23
35 .0 399 .83
36 .0 399.73
37 .0 399.63
38.0 399.58
39 .0 399.53
40 .0 399 .38
41. 0 399 .23
42 .0 399.28
43.0 399 .33
44 .0 399 .13
45 .0 398.93
46.0 399 .10
48.0 398 .60
50.0 398.40
52.0 398.10
54.0 397.80
56.0 397.50
58 .0 397.30

Ref er ence e leva t ion: R&M Alcap LRX- 10B RB 1982.
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Horizontal Streambed
Locat ion Distance Elevat ion

Within s ite (ft) (ft ) Commen ts
----------- ---------- ---- - - - -- ----------
Cross Section 1 0.0 LB Marker
Stat ion 0+00 11.0 470.65

15.0 470.25
24 .0 469.98
25.0 469 .95
26.0 469.88
30 .0 469 .60
35.0 469.25
36 .0 469 .15
40.0 468.75
45 .0 468.25
50.0 468.20
55.0 468 .15
60.0 468.25
65.0 468.35
70.0 468.35
75.0 468.35
80. 0 468.35
85.0 468 .35
90.0 468.35
92.4 468.29
94 .0 468 .19
95.0 468.14
96.0 468.09
98 .0 467 .69

100.0 467 .49
102.0 467. 49
104.0 467.49
105.0 467.44
106.0 467.39
108.0 467. 19
110.0 467 .29
112.0 467 .29
114.0 467 .39
115.0 467 .44
116.0 467 .49
118.0 467.59
120 . 0 467 .79
122 . 0 467 .89
124.0 467.89
125.0 467.94

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

Table C-2.3 Cross sec t ion e leva t ions at s i te 114 .1R .
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Table C-2.3 (cont .) Cross section elevat ions at s ite 114 .1 R.

Horizontal Streambed
Locat ion Distance Elevation

Within s ite ( ft) ( ft) Comments
----------- ---------- --------- ----------
Cross Section 1 126.0 467.99
Station 0+00 128.0 467.99
(e ent , ) 130.0 467.89

131.0 467.89
132.0 467.89
133.0 467 .89
134.0 467 .79
135.0 467 . 89
137.8 468.29
140.0 468.25
145.0 469.25
148.0 469.85
149.0 470 .05
152.0 470.65

Cross Section 2 0.0 LB Marker
Stat ion 3+25 53.0 470 . 65

57.0 470.02
58.0 469 .86
60.0 469.55
64.0 469.07
68.0 468.59
70.0 468.35
72 .0 468 . 31
78.0 468 .19
80 .0 468. 15
82.0 468.15
84.0 468.15
86.0 468.15
88 .0 468. 15
90 .0 468 . 15
92 .0 468. 11
94 .0 468.08
96 .0 468.05
98.0 468 .01

100.0 467.98
102 .0 467 . 95
104 . 0 467 .9 1
106 .0 467 .88
108.0 467 .85
110.0 467 .81
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Tabl e C-2 .3 (cont . ) Cross sec t i on e leva t ions a t sit e 114 .1R.

I

I

I

I

I

I

I

I

I

I

I

I

I

I

Horizont al St reambed
Loca ti on Distance El evati on

Wi thin s i te ( ft ) ( ft)
- ---------- ---------- ---------
Cross Secti on 2 114.0 467 .75
Stat ion 3+25 116.0 467 .71
( c ent , ) 118.0 467 .68

120. 0 467.65
122. 0 467 .8 1
124.0 467 .97
126. 0 468.13
128.0 468 .29
130.0 468.45
138.0 469.25
140. 0 469. 45
150. 0 469. 85
160. 0 469 .45
163 . 0 470.17
165.0 470.65

Cross Sec t ion 3 0.0 470 .65
Stat ion 7+45 71.0 470. 65

72. 0 470 . 55
76.0 470 .25
76.5 470 .15
80.0 469 .45
84 .0 468 . 81
85 . 0 468. 65
90 .0 468 . 65
91.0 468 . 29
92 .0 468.24
94.0 468 . 19
96.0 468 . 09
98 .0 467 .89

100 .0 467. 79
102. 0 467.69
104 . 0 467. 49
106.0 467. 39
108.0 467 .29
110.0 467.19
112.0 467.29
114. 0 467.49
116 . 0 467.59
118 . 0 467.69
120.0 467 .79

Comments

LB Mark er
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Table C-2 .3 (cont.) Cross sect ion elevations at site 114. 1R.

Horizontal Streambed
Locat ;on Distance Elevation

Within site ( ft ) (ft) Comments
----------- ---------- --------- ----------

Cross Section 3 122.0 467 .89
Station 7+45 124.0 467.99
(eent , ) 128.0 468.24

130.0 468 .90
132.0 469.05
134. 0 469.15
136.0 469.25
140.0 469 .45
142.0 469.41
144.0 469 .37
148.0 469.29
150 .0 469.25
152.0 469.34
156.0 469.53
158 .0 469 .62
160.0 469.71
162.0 469.81
165.0 469.95
168.0 470 . 25
172.0 470.65

Refe rence eleva t ions: R&M Alcap 114.1Hl RB 1982.
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Horizont al Streambed
Locat ion Dis tance Elevat ion

Within s ite eft) eft) Comment s
----------- ---------- - - - - ----- ----------

Cross Sect ion 1 0.0 480 .25 LB Marker
Stat ion 0+00 11. 0 478.93

29.0 476.62
52 .0 476.12
60.0 475 . 92
70. 4 475 . 41
74.0 475.01
75 .0 474.9 1
78.0 474 .8 1
82 .0 474 . 61
86.0 474 . 61
90 .0 474 .6 1

100 . 0 474. 11
101. 0 474 . 10
102 . 0 474. 08
104 . 0 474 .05
105 . 0 474. 04
106.0 474.02
108.0 473 .99
110.0 473.96
112. 0 473. 88
114.0 473.80
116 . 0 473 . 72
118.0 473.64
120. 0 473. 56
122.0 473.48
124 .0 473.40
126 . 0 473. 32
128 . 0 473.24
130 .0 473.1 6
132 . 0 473.19
134.0 473. 22
135 .0 473. 24
136.0 473. 25
138.0 473 .28
140.0 473. 31
14~ . 0 473. 50
144.0 473. 69
146 .0 473 .88
148 .0 474. 07
150 . 0 474 .26

·1
I
I
I
I

I

I

I
I

I

I
I

I

I

I

I

I

I

I

Tabl e C-2. 4 Cro s s section elevat ions a t s ite U5 .0R .
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Table C-2.4 (cont.) Cross section elevations at site IIS.OR .

Hori z ont al Streambed
Location Distance Elevation

Wi thin s ite (ft) (ft) Comments
----------- ---------- --------- ----------

Cross Sect ion 1 152.0 474.23
Station 0+00 154 . 0 474.20
(ecat , ) 156.0 474.17

160.0 474.11
161. 7 474.17
165.0 474 .26
170 . 0 474 . 41
180.0 474.41
190.0 474.31
195.0 474.16
200 .0 474. 01
210 .0 474.36
220.0 474 .61
225.0 474.89
230.0 475 . 16
240 .0 475.21
244.0 475 .11
246.0 475 .21
247.0 475.41
255.0 475.52
278 .0 476.12
299.0 476.12

Cross Sect ion 2 0 .0 483 .03 LB Marker
Stat ion 2+73 2.00 477 .86

5.50 476 .68
31.0 475.55
33.0 475 .35
35 .0 475.35
37 .0 475.25
41.0 475.05
41.5 474 .46
42.0 474.36
45.0 473.96
48.0 473.76
49.0 473.63
51.0 473 .36
53.0 472.83
54 .0 472 .56
57.0 472.56
60.0 473.36

----------------------------------------------- --- ---- ------ --
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Tabl e C-2 . 4 (cont.) Cross s ec ti on el evat ions a t s ite l lS .OR .

Hori zont al St reambed
Locat ion Dis tance Elevat ion

Wi th in s ite (ft) (ft) Comments
----------- - --------- --------- ----------
Cross Sect ion 2 61.0 473. 46
Station 2+73 63.0 473.66
( eent . ) 65.0 473.79

66.0 473.86
69.0 473.76
72.0 473 .96
73.0 474 .06
75 . 0 474. 26
77 . 0 474 .33
78.0 474.36
81.0 474.43
82 .5 474.46
83 .0 474. 46
85.0 474. 46
87 .0 474.46
88. 9 474.46

Cross Section 3 0 . 0 477 .84 LB Mar ke r
Sta t ion 5+82 8 .0 477.21

14.0 475.55
16 .0 474.46
17.0 473 . 96
18 .0 473 . 26
20. 0 472. 46
22.0 471.6 1
24.0 471.56
26 . 0 471. 46
28 . 0 471. 26
30. 0 470. 86
32.0 470.26
42.0 470 . 46
44.0 470 . 86
46 .0 471 . 76
48 .0 472.36
50 .0 473 .06
52 .0 473 .96
54.0 474 .26
55 . 0 474 .46
60 . 0 474 .46
61.8 474.46

107.0 476 .15

- ------------------------- ---------- ---- -- --------------------
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Table C-2 .4 (cont .) Cross sect ion elevations at site II S. OR.

Horizonta l Streambed
Location Distance Elevation

Within site (ft) (ft) Comments
----------- ---------- --------- ----------

Cross Section 4 0.0 477.60 LB Marker
Station 9+28 11.0 474.97

25.0 474.5 1
25.2 474.46
26.0 474.46
27.0 474.36
29 .0 474.26
31.0 474.26
33 .0 473.96
35.0 474.01
37 .0 474.06
39.0 474.01
41.0 473 .96
43 .0 474.06
45.0 474 .16
47.0 474.11
49 .0 474.06
51.0 474.01
53.0 473.96
55 .0 473.96
57 .0 473.96
59.0 473.9 1
61.0 473 . 86
63.0 473 .7 1
65 .0 473 .56
67.0 473.46
69.0 473 .36
71.0 473.31
73 .0 473.26
75.0 473 . 21
77 .0 473. 16
79.0 473.21
81.0 473.26
83.0 473.36
85.0 473 .36
87.0 473.36
89 .0 473.36
91.0 473 .36
93 . 0 473 .56
95 . 0 473 . 76
97.0 473.96
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Tab le C-2 .4 (con t .) Cross sect ion elevations at site l 15. 0R.

Hor izontal Streambed
Loca ti on Distance Eleva t ion

With in site ( ft ) ( ft) Comments
--- --- ---- - ----- - - - -- - ------- - ------ - ---

Cross Sect ion 4 99 .0 473 .96
Sta tion 9+28 101. 0 474 .36
( c en t , ) 102 .0 474.46

103 .0 474.59
117 .0 475.04
126 .0 475.55
133 .0 481. 10

Refe rence e leva t ions : ADF&G I BM Na i l i n t r ee base 1984 .
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Hor izontal Streambed
Locat ion Distance Elevation

Within site ( ft) (ft) Comments
----------- ---------- --------- ----------

Cross Section 1 0.0 509.92 LB Mar ker
Station 0+00 7.0 509 .92

8 .0 509.42
9.0 509.17

10.0 508 .92
12.0 508 .42
12.5 508 .32
14.0 508.02
16.0 507.62
17.0 507.35
18.0 507.05
19.0 506.85
20.0 506.85
21.0 506.25
22.0 506.25
23.0 506 .15
24.0 506.15
25.0 505 .85
26.0 505 .85
27.0 505 .85
28.0 505.45

Cross Sec tion 2 0.0 LB Ma rker
Stat ion 1+36 8 .0 509 .5 7

10.0 509 .07
12.0 508.57
14.0 508.17
15.0 507.97
16. 0 50 7. 77
17.5 507 .39
18.0 507.27
20.0 506.77
22.0 506.80
24 .0 506 .70
26.0 506.50
28.0 506.60
30 .0 506.60
32.0 506 .90
34.0 506.85
36.0 506.90
38.0 506.90

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

Table C-2 .5 Cross section elevations at si te 118.9L.
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Tabl e C-2. 5 (cont .) Cross sect ion elevations a t si t e ll8. 9L.

Horizon ta l St r eambed
Locati on Distance Eleva t ion

Within s i te ( ft ) (ft) Comments
----------- ---------- --------- ----------
Cross Sect ion 2 40.0 506.90
Stat ion 1+36 42.0 506. 95
(eent , ) 44.0 506 .90

46 . 0 506 .70
48.0 507. 00
50.0 507 . 10
54.0 507 .00
56.0 506 .95
58 .0 506 .90
62.0 506 . 70
64 .0 506 .65
70.0 506 .50
78.0 506 .70
86.0 506 .30
94 .0 506 . 20

102. 0 505.80

Cross Sec t ion 3 0.0 LB Mar ker
Stat ion 2+45 12.0 509.57

16. 0 509 . 17
18 .0 508 . 55
22. 0 508. 75
24.0 508 . 75
26.0 508 .75
30.0 508 .75
34 . 0 508 .65
36. 0 508 . 40
38 . 0 508. 15
42.0 508 .05
44.0 508.02
48.0 507.97
50. 0 507.95
52. 0 507.97
54.0 507.99
56 .0 508.01
60 .0 508 .05
64. 0 508 .01
68 . 0 507.97
70.0 507.95
76.0 507. 71
80 .0 507 .55
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Tabl e C- 2.5 (cont .) Cross sect ion eleva t ions at s ite 118.9L.

Ho rizontal St reambed
Location Dis tance Elevation

Within s ite ( ft) (ft ) Comments
------- ---- ------ ---- --------- ----------

Cross Sect ion 3 84.0 507 .35
Stat ion 2+45 88 .0 507.15
(c cn t , ) 90.0 507.05

92 .0 506.95
96.0 507. 10

100. 0 507.10
104. 0 506.60
108 .0 506.40
112.0 506.40
116. 0 506. 40
120. 0 506.30
124. 0 505 .70
128 . 0 505 .70
132.0 505.60

Refer ence e leva t ion : USGS A107 1965.
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Horizontal St reambed
Locat ion Di stance Elevation

Wi t h i n s i t e (ft) (ft ) Comments
- ------ - - - - - --------- --------- ------ ----

Cross Sec tion 1 0 .0 511. 02 LB Marker
Sta t ion 0+00 14. 0 511.02

16 . 0 510 .62
18. 5 510.37
20.0 510.22
21.0 510. 04
22.0 509.87
24 .0 509.52
26.0 509 .07
28 . 0 508 . 62
30.0 508 .27
32.0 507.92
34.0 507 .95
36 .0 507.85
38. 0 :'07 . 80
40 .0 507 .75
42.0 507 .55
44 . 0 507 . 35
46.0 507 .25
48 .0 507 .15
50 .0 506.85

Cro s s Sec t ion 2 0 .0 511.02 LB Marke r
Stat ion 1+66 14.0 511. 02

16. 0 510.62
18. 0 510 .22
21.4 509 .20
22.0 509 .02
24 .0 508 .82
25. 0 508. 72
26.0 508 .62
27.0 508.54
28 . 0 508.47
30 . 0 508.32
32 .0 508 .12
34.0 507 .92
36 .0 507 . 50
38 .0 506. 97

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

I

I

I
I
I

I
I
I
I
I
I
I

I

I
I

I

I

I
I

Tabl e C-2 .6 Cros s sect ion eleva t ions a t s i te l19.1 L.
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Table C-2.6 (cont .) Cross section elevations a t s i te l19.1L.

Horizontal Streambed
Locat ion Dis tance Elevat ion

Within s ite (ft) (ft) Comments
----------- ---------- --------- ------- ---

Cross Section 2 40.0 506.45
Stat ion 1+66 42.0 506.40
(e ent . ) 44. 0 506 .35

46.0 505.55

Cecs s Sect i on 3 0.0 LB Marker
Stat ion 2+42 31.0 511.02

32.0 510 .82
36.0 510.32
40 .0 509.72
43 .5 509.28
44.0 509 .22
44 .5 509.12
46.0 508.99
48.0 508.69
50 .0 508. 49
52 .0 508 .34
54.0 508.09
56.0 507 .89
58 .0 507.64
60.0 507 .49
62 .0 507 .69
64 .0 506.89
66 .0 506.89
68.0 506.39
70.0 506.29

Reference e levation USGS A1 07 1965.
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Horizontal Streambed
Locat ion Distance Eleva t ion

Within s ite ( ft) ( ft) Comments
----------- ---------- --------- ----------

Cross Sect ion 1 0.0 558.10 LB Marker
Station 0+00 9.0 558.10

12.3 557.49
13 . 0 557.36
16.0 556.80
17.0 556 .57
20.0 555 .90
21.0 555 .82
25.0 555.50
29.0 555 .18
30.0 555. 10
33 .0 554.9 1
43.0 554.11
85.0 554.20
89.0 554 .40
93.0 554.70
97.0 554 .80

101. 0 555.20
105. 0 555.50
109 . 0 555.50
110.0 555 .50
113.0 555.50
117.0 555 .40
121.0 555.10
125. 0 555.00
129.0 554 .70
133.0 554.60
137.0 554.70
141. 0 554 .80
145.0 554.60
149 . 0 554.80
150. 0 554 .80
153.0 554.80
157.0 554.60
161. 0 554 . ;" 0
165.0 554 . ':'0
169.0 554.30
173.0 554.50
177. 0 554.30
180 . 0 554.30
185. 0 554 .30

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

Table C-2. 7 Cross sect ion eleva t ions a t s i te 125.2P. .
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Table C-2. 7 (cont.) Cross sec t ion e levat ions at s i te 125 . 2P. .

Hori zont al St reambed
Loca ti on Di s tance Elevat ion

With in s i te (ft ) (ft ) Comments
----------- --- - - --- -- --------- --- - --- ---

Cross Sect ion 1 186 .0 554 .30
Stat ion 0+00 189.0 554.10
( e en t , ) 193. 0 554.30

197.0 554. 30
201.0 554.30
209 .0 554.40
210.0 554.40
213.0 554 .70
214.0 554.75
217.0 554.90
221.0 555. 10
222. 0 555.1 4
225 . 0 555.25
229 . 0 555 .40
232 .0 555.45
235. 0 555.50
237.0 555 .60
241. 0 555.70
242 .0 555.80
245 . 0 556 . 10
246 . 0 556. 20
250 . 0 556 .20
252.0 556.8 1
254 .0 556.85
255 .0 556 .40
258.0 556.49
262.0 556 .61
265.0 556. 70
266 . 0 556 .77
269 . 0 55 7. 00
270 .0 557.07
273. 0 55 7.30
274.0 557. 40
277 .0 557.70
278 .0 557 .72
281.0 557 .80
282.0 557 .87
285.0 558. 10
310 . 0 559 .63
325.0 560. 55
335 . 0 56 1. 03 RB Marker

--------------------------- --------- - ------------------- --- ---
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Tabl e C- 2 . 7 (cont .) Cr oss se c t ion elevati ons a t s i te 125 . 2R.

Horiz ontal St reambe d
Locat ion Distance Eleva t ion

Within s ite ( ft) ( ft) Comments
----------- ---------- --- ----- - ----------

Cros s Sect ion 2 0 . 0 561.32 LB Harker
Stat ion 7+97 68.0 560 .51

110.0 559 .36
130. 0 559. 36
140. 0 559 . 16
144. 0 558 .96
147.0 558 .81
150 . 0 558.66
151. 0 558 .63
155. 0 558 .5 1
159.0 558 .39
160 . 0 558. 36
163. 0 558 .2 1
167. 0 558 .01
170.0 557 .86
171. 0 557. 77
172.0 557 . 67
176.0 557 .5 7
177.0 557.27
180.0 557 .57
184. 0 557 .32
187 .0 557 .28
188 .0 557 .27
192 . 0 557 .3 7
196.0 557 .37
197.0 557 .37
200. 0 557. 52
204.0 557 . 52
207. 0 557 . 41
208 .0 557 .37
216.0 557. 17
217.0 557. 16
224. 0 557. 07
227. 0 557.14
232.0 557.27
237 .0 557 .27
240 .0 557 .27
248. 0 557. 47
256 .0 557.67
257.0 557.62
258.0 557. 57

C-41



I

I

I

I

Table C-2. 7 (cont . ) Cross sec t ion eleva t ions at s ite 125 .2R .

I

I

I

I

I

I

I

I

I

I

I

I

Hori zontal St reambed
Loca ti on Dis tance Eleva t ion

Withi n s i te ( ft) ( ft )
--- -------- ---------- ---------

Cross Sect ion 2 274 .0 557. 47
Stat ion 7+97 277.0 557 .38
( e e n t , ) 284. 0 557 . 17

294.0 557. 17
300 .0 556.93
304 .0 556 .77
314.0 556 . 77
324.0 556.57
330.0 556 .57
334.0 556 . 57
344.0 556 . 07
354 . 0 555.87
364 . 0 555 .67
374.0 556 . 07
384 .0 556 . 77
394.0 556. 07
402.0 556 .31
404.0 556 . 37
408.5 556 . 86
410. 5 557. 08
412 . 5 557. 30
414.0 557. 47
414.5 557.5 4
416 .0 557. 77
416. 5 556 .83
418.5 557.33
419.5 556 .76
421.3 556 . 96
423 . 5 557 . 76
425 .5 558. 56
427. 5 559 .66
428. 5 559.86
435 .0 565. 71
437. 5 566 .12

Comments

RB Mar ker

I

I

I

Date of Survey : Sept . 29 . 1984.
Reference eleva tion: R&M Alcap 124 . 7T1 RB 1982 .

C- 42



I

I

I

I

Table C-2.8 Cros s s ecti on eleva t ions at site 130.2R .

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

Horizonta l Streambed
Loca t i on Dis tance Elevat ion

Wi th in s i te ( ft) ( ft) Comment s
----------- ----- - -- - - --------- --------- -

Cross Sect ion 1 0.0 609 .60 LB Marker
Stat ion 0+00 20.0 606 .74

24.0 606.34
25.0 606 .26
26.0 606 .19
28.0 606 .04
30.0 605 .94
34.0 605.74
36 .0 605 .64
38 .0 605.54
40 . 0 605 . 44
42. 0 605.34
46 . 0 605 . 14
50.0 604.94
54 .0 604.74
58 .0 604 .54
60.0 604.63
62 .0 604 .73
66 .0 604.92
70. 0 605. 11
74.0 605 .30
78.0 605 .49
80 .0 605 .5 4
82.0 605 .60
86.0 605 . 71
90 . 0 605 .82
94.0 605 .93
98.0 606 .04

100.0 606 .06
108 . 0 606. 1. 4
110 . 0 606 . 16
118 . 0 606.24
123 . 0 606.39
128 . 0 t.06 . 54
136 . 5 606 .74
146. 0 606.62
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Table C-2.8 (cont.) Cross sect ion e levations at s i te 130 . 2R .

Horizon ta l Streambed
Loca t ion Distance Elevat ion

Wi thin site ( ft ) ( ft) Comments
----------- ---------- --------- ----------

Cross Sect ion 2 0.0 609.21 LB Marke r
Stat ion 2+27 11. 2 606 .74

20.0 606.64
30.0 606.54
40.0 606.24
41.0 606.18
41.6 606.14
42.0 606.12
46.0 605.88
50.0 605.64
53.0 605 . 46
54.0 605.40
58.0 605.16
60.0 605 . 04
62 .0 605 .07
66.0 605.13
70.0 605.19
74.0 605 .25
78.0 605.3 1
80.0 605 .34
82.0 605 .52
86.0 605.89
87 .8 606.05
90.5 606.29
91.0 606 .34
95.0 606 .54
99.0 606.74

131. 0 607. 0 1

Cross Sect ion 3 0.0 609.12 LB Marker
Stat ion 4+21 9.0 606.74

10.0 606 .56
11.8 606.25
12.0 606.21
13.0 606.04
14. 0 605 .91
15.0 605. 79
16.0 605.66
17.0 605.54
20.0 605.35
21.0 605.29

-------------- --------------------------------------- ---------
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Table C-2.8 (cont .) Cross section elevat ions at s ite 130.2R.

Hor izontal Streambed
Location Distance Elevation

With in site ( ft ) ( ft) Comments
- ---------- ---------- --------- ----------

Cross Sect ion 3 24 .0 605. 10
Station 4+21 25.0 605 .03
(e ent , ) 28.0 604 .84

29.0 604 .61
30.0 604.39
32.0 604.51
33.0 604.58
34.0 604.64
36.0 604 .69
37.0 604 .71
38.0 604 . 74
40.0 604.94
41.0 605 .04
42.0 605 . 14
44 . 0 605.31
45 .0 605.40
46.0 605.49
48 .0 605.69
49.0 605 .79
50.0 605 .89
53.0 606.04
54.0 606 .09
55.0 606 .15
57.0 606 .28
58.0 606.34
62.4 606 . 74
74 .0 606 .04
97.0 607 .62

Date of Sur ve y: Sept. 27, 1985 .
Reference elevat ion: R&M TBM 9-1 1982.
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•

•
----------------------- - - --------- - ------------- - - ----------- -

• Table C-2.9 Cros s sect ion elevat ions a t s ite 131.3L .

•

•

-
•

-
-
-
-
-

-
-
-
-

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

Horizon tal Streambed
Locat ion Distance Eleva t ion

Withi n site ( ft) (ft) Comments
----------- - - - - --- --- ------- -- ----------

Cross Sec tion 1 0 .0 609 .13 LB Marker
Stat ion 0+00 17 .0 616.00

20.0 615.50
24 .0 615 .10
28 .0 615 .00
32 .0 614.90
40.0 614.80
50.0 614.20
60 .0 613 .40
70.0 613.00
80.0 612.90
90.0 613 .40
91.0 613 .40
93.0 613.40
95.0 613.40
97 .0 613 . 40
99 .0 613.40

100 .0 613 .40
101.0 613 . 40
103.0 613. 40
104.0 613 . 40
110.0 613.40
115 .0 613.60
117. 0 613.62
119.0 613 .59
120. 0 613 .58
121. 0 613 .57
123 . 0 613. 52
125. 0 613. 47
127. 0 613.69
129.0 613.92
130 .0 614 .01
131.0 614 .09
133 .0 614.27
135 .0 614. 32
137 .0 614.37
141. 0 614.67
145. 0 615.47
149.0 616 .32
150 . 2 616.77 RB Marker

--------- ---------------- ------------- --------------- - - -------
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Table C-2 .9 (cont.) Cross sect ion eleva t ions at s ite 131. 3L.

Horizontal Streambed
Loca t ion Distance Elevat ion

Within si te ( ft) ( ft ) Comments
----------- ---------- --------- --------- -

Cross Sec t ion 2 0.0 617 .08 LB Marker
Sta t ion 2+93 11.0 616 .52

34.0 616 .00
38.0 615.80
42.0 615.30
46.0 615.20
50 .0 615 .00
54 .0 614.90
60 .0 614 .50
64.0 614 .33
66.0 613.93
68.0 613.93
70.0 613. 83
72.0 613.73
74.0 613.83
76 .0 613 .93
78.0 613.73
80 .0 613 .83
82.0 613.83
84.0 613.83
86.0 613.93
88.0 614.07
90.0 614. 17
92.0 614.27
94.0 614.37
95.0 614.42
98.0 614.57

100.0 614 .71
108.0 615 .27
110. 0 615 .44
118.0 616.12
120.0 616 .32
122.0 616.52
124.0 616 . 77
126.0 616.77
131.0 616.38
140. 0 617. 15 RB Marker

-- -------------------- -------- - - - -----------------------------
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Table C-2.9 (cont. ) Cross sec t ion elevations at s ite 131. 3L.

Horizontal Streambed
Locat ion Distance Elevation

Within site (ft) (ft) Comments
----------- ---------- --------- ----------

Cross Sect ion 3 0.0 619.62 LB Marker
Station 5+37 8.0 617.71

10.0 617.71
14.0 617.71
20.0 617 .29
30 .0 616 .59
34.0 616.31
35.0 616 .28
40.0 616 .13
44.0 616 .01
48.0 615.89
50 .0 615.83
54.0 615.71
56.0 615 .72
60.0 615.74
64 .0 615.76
66.0 615.82
70.0 615.94
72.0 616.00
74.0 616.06
76.0 616.09
80.0 616 .15
84.0 616. 21
88.0 616 . 17
90.0 616 .15
92 .0 616 .13
94.0 616. 11
96 .0 616. 13

100.0 616.1 7
104.0 616.21
108.0 616.17
110.0 616.15
112.0 . 616 .13
114.0 616. 11
116.0 616.11
120.0 616.11
124.0 616 .11
128.0 616. 11
130.0 610.1 1
132.0 616 .11
134.0 616 .11
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Table C-2.9 (cont . ) Cross sect ion elevations at s ite 131 .3L.

Horizontal Streambed
Location Distance Elevat ion

Wi th in site ( ft) (ft ) Comments
---------- - ---------- - --- - - - -- -- --------

Cross Sect ion 3 136.0 616.09
Station 5+37 140.0 616.05
(cont. ) 144 .0 616.01

148.0 616.25
150.0 616.37
152.0 616.49
154.0 616.61
156.0 616.59
157.0 616 .58
160.0 616.55
164.0 616.51
170.0 616.57
174.0 6 16.61
180.0 616.49
182.0 6 16.45
184 .0 616.41
194.0 616.6 1
204 .0 617.21
214.0 617.41
224.0 617.46
228 .0 617.41
231. 5 617 .71
236.0 618 .36
245.0 619.90
264.0 6 19.50
278.0 622.10 RB Harker

Cross Sec t ion 4 0 .0 LB Harke r
Sta t ion 7+66 11. 0 617. 19

28.0 6 17. 19
48. 0 616.76
50.0 616.76
52.0 616.76
54.0 616.66
56.0 616.56
58 .0 616.46
60.0 616 .36
62.0 616 .26
64 .0 616.32
66 .0 616 .38
68.0 616.44

----- ----------------------------------------- -------- --------
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Table C-2.9 (cont .) Cross sec t ion elevat ions a t s ite 131 .3L.

Hor izontal Streambed
Loca t ion Dis tance Elevat ion

Within s ite ( ft) ( ft) Comments
------ - ---- - --------- - -------- ----------

Cross Section 4 70.0 616.50
Stat ion 7+66 72.0 616.56
(eent . ) 74.0 616.66

76.0 616.76
88.0 616.76
92.0 616.76

102.0 616 .76
108.0 616.70
112.0 616 .66
122 . 0 616.56
128 . 0 616. 44
132.0 616.36
142.0 616.26
148 .0 616 .26
152.0 616.26
162. 0 616 .36
168. 0 616. 18
172.0 616.06
178.0 616.00
182.0 615.96
188 .0 616.08
192.0 616.16
196.0 616 . 12
197.7 616.10
202 .0 616.06
212 .0 616.16
222 .0 616.26
227.0 616.76 RB Marker

- - _._- - -- - _._- - - - --- --- -- - - -- - - - - - - - - - - -- - - -- - - - --- - - ---- --- - - - -
D. te ~: Survey: Sept. 27, 1984
R ~ference e levat ion: R&M A1 cap 131.1 51 RB 1982.
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Cross section elevat ions at s ite 133.8R .

I
I

I
I
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I

Table C-2. 10

Horizon tal
Locat ion Distance

Wi th in site (f t )

Cross Sect ion 1 0 .0
Station 0+00 13.6

16.0
20.0
24.0
28.0
32.0
34 .0
36 .0
40.0
44 .0
50 .0
52 .0
60 .0
68 .0
70.0
76.0
80 .0
84. 0
92.0

100 .0
108 . 0
116. 0
124.0
132.0
140.0

Cross Sec t ion 2 0.0
Stat io~ 0+44 19 .7

22.0
26.0
30.0
34.0
36.0
38.0
40.0
42.0
44.0
48.0
50 .0
52.0

Streambed
Elevat ion

(ft)

650.64
650 .34
649.84
649.44
648.84
648 .34
648.14
647.47
647.62
647 .77
647.84
647.87
647.87
647 .47
647 .37
647 .07
647 .07
647 .07
646.87
647 .37
647 . 07
647.07
647.27
647.77
647.37

650.64
649.94
649.24
648 .44
647.74
647.67
647 .42
647 .17
647.32
647.47
647.57
647.57
647 .57
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Table C-2.10 (cont .) Cross section elevations at si te 1 3 3 .~R .

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

Locat ion
Within s ite

Cross Section 2
Stat ion 0+44
( c ont , )

Cross Sect ion 3
Sta ti on 1+46

Horizontal
Distance

( ft)

56.0
60.0
64 .0
68.0
70.0
72.0
76 .0
80.0
84.0
88.0
90.0
92.0
96 .0

100.0
103 . 0
110.0
113 . 0
114.0
118.0
120.0
122 . 0
126 . 0
130.0
140.0
150.G
160 .0
170.0
180.0
190.0
195.0

0 .0
16.7
18.0
20.0
22.0
24.0
26.0
28.0
29.0
30.0

Streambed
Elevation

( ft )

647.57
647 .37
647.37
647.17
647.07
646 .97
646.77
647.67
647.87
647.87
647 .87
647.87
647 .87
647.87
648.37
648.37
648 . 37
648.27
647.87
647.72
647.57
647.37
647.07
646.97
646 .97
647.07
647 .37
647 .3 7
648.07
648.37

650.64
650.44
649 .99
649.54
649 .5 1
649 .49
649.26
649.15
649.04
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Table C-2 .10 (cont . ) Cross section elevations at site 133. 8R.

Hor izontal Streambed
Locat ion Distance Elevat ion

With in s ite ( ft) (ft) Comments
----------- ---------- --------- ----------

Cross Section 3 32.0 648.86
Station 1+46 34.0 648 .69
( eon t . ) 36.0 648.46

38.0 648.24
40.0 648 .29
42.0 648.34
46 .0 648.25
50.0 648.33
54.0 648.13
58 .0 647.93
60.0 647.83
62 .0 647.91
66.0 648.07
70.0 648 .23
74.0 648.35
78.0 648. 47
80 .0 648 .53
82 .0 648.53
86 .0 648 .53
90.0 648.53
92 .0 648 .57

100.0 648 . 73
110.0 648.73
120. 0 648.93
130.0 648.93
140.0 649 .23
150.0 649.23
187.0 649.23
188.0 649 .03
192. 0 648.33
196.0 647 .83
200.0 647.63
204.0 648.23
208 .0 648.43
212.0 648.53
216.0 648.53

Reference eleva t ion: ADF&G Al cap 133.8W RB 1983.
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Cross section elevat ions at s ite 137 .5R.
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Table C-2.11

Horizontal
Location Distance

Within site (ft)

r.ross Section 1 0.0
~ t a t i on 0+00 20.0

26.0
32.0
36.0
42.0
58.0
60.0
64.0
74.0
82.0
88.0
96.0

100.0
106.0
111.0

Ccoss Section 2 0.0
Station 1+84 23.0

24.0
26.0
36 .0
40.0
46.0
56.0
60.0
64 .0
70.0
80.0
90.0
97 .0

Cross Section 3 0.0
Station 4+16 20.0

22 .0
28.0
30.0
36.0
38.0

Streambed
Elevation

(ft)

692.00
690.80
690 .50
690.90
692.00
692.00
691. 70
691.50
690.70
690.00
689.30
689.30
690.00
690.70
692 .00

692 .00
691.80
691.60
690 .90
690 .90
690 .60
690.60
690.60
690 .40
691.00
690.90
691.50
692.00

692.00
691. 70
691.20
690.80
691. 20
691. 20
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Tabl e C-2.11 (cont .) Cros s sec t i on eleva t ions a t s i te 137.5R.

Horizont al St r ea:ubed
Locat ion Distance El eva ti on

Within s ite (ft) ( ft) Comments
- ---------- - - --- --- - - - - - - ---- - ----------

Cross Sec t ion 3 42.0 691. 30
Stat ion 4+16 46. 0 691. 20
(cont.) 50.0 691.80

54.0 692.00

Reference eleva t ion : R&H Alcap LRX-48 1982.
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Cross section elevations at s ite 138.7 L.
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Table C-2 .12

Horizontal
Locat ion Distance

Within site (ft)

Cross Sect ion 1 0.0
Station 0+00 11.0

16.0
20.0
21.0
24.0
24.3
26.0
28.0
30.0
32.0
34.0
36.0
38 .0
40.0
42.0
44 .0
46.0
48.0
49.0
50.0
53.0
54.0
56.0
57.0
60.0
61.0
65 .0
68 .0
69 .0
73.0

Cross Sect ion 2 0.0
Stat ion 2+83 8.0

12.0
16.0
20.0
24.0
28.0
31.7
32.0

Streambed
Elevation

(ft)

710.61
709.81
709.41
709.31
709.01
708.98
708.81
708.61
708.46
708 .31
707.45
707.25
707.05
706 .78
706.52
706.25
706.10
705.95
705 .81
705.67
705.26
705.12
704.85
705.05
704.67
704.55
704 .05
703.82
703.75
703 .35

710.91
710.71
710.41
710.31
710.11
709.81
709.44
709.41
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Table C-2 .12 (cont. ) Cross section elevat ions at site 138.7L.

•
•
•
•
•
•
I

I

I

I

I

I

I

I

I

Location
Within site

Cross Section 2
Station 2+83
(cont.)

Cross Sect ion 3
Station 5+09

Horizontal
Distance

(ft)

34.0
36.0
38.0
39.0
40.0
42.0
44.0
46.0
48.0
50.0
53.0
54.0
57.0
58 .0
60.0
61.0
62.0
64.0
65.0
69.0
70.0
73.0
77 .0
80.0
81.0
84.0
85.0
89.0
93.0

0.0
9.0

12.0
18.0
20.0
22.0
22.6
24.0
26.0
28.0
30.0

Streambed
Elevat ion

(f t )

709.16
708.91
708.76
708.68
708 .61
708.46
708.31
707.21
707.01
706.81
706 .31
706 .21
706 .16
706.01
705.98
705.93
705 .91
705.87
705.79
705.76
705.71
705.56
705.31
704 .93
704.81
704.81
704.81
704.81
704 .21

710.61
710 .3 1
709.71
708.15
707.95
707.89
707.75
707.80
707.85
707 .65
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Tabl e C-2.l2 (c ont.) Cross se c t i on e levations a t s i te l38 . 7L.

Horizontal Streambed
Locati on Distance Elevat ion

Within s ite ( ft) ( ft) Comments
----- - - --- - --- - - --- - - --- --- --- - - - - - - ----

Cross Sect ion 3 32.0 707. 45
Sta t ion 5+09 34.0 707.40
(cont. ) 36.0 707. 35

38.0 707.18
40 .0 707 . 02
42.0 706.85
44.0 706 .75
47 .0 706 .60
48 .0 706 .55
51.0 706.02
52.0 705.85
55.0 705.65
59. 0 705.l~

60 .0 704 .95
63.0 704 . 35
67 .0 704 .15

Reference elevation: R&M A1cap l38.6Tl LB 1982 .
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Horizonta l Streambed
Loca ti on Distance Elevation

Within s ite ( ft) ( ft ) Comments
----------- ---------- --------- ----------

Cross Sect ion 1 0.0 LB Harker
Stat ion 0+00 2.0 712.62

4.0 711. 52
8.0 711. 02

11.0 710.57
12.0 710 .42
13.7 710.16
14.0 710 .12
16.0 709.82
18.0 709.44
20.0 709.44
22.0 709.22
24.0 709.00
26.0 708.78
27.0 708 .67
30 .0 708.34
31.0 708.26
32.0 708.18
35 .0 707.94
39.0 707 .62
40.0 707 .54
43 .0 707.66
47.0 707 .82
50.0 707 .94
51.0 707.97
54.0 708 .06
55.0 708.09
60.0 708.24
61.0 708 .34
63 .0 708.54
68 .0 709.04
70.0 709 .24
74.0 709.12
80 .0 708.94
82.0 708.78
90.0 708.14

100.0 707.84
110.0 707.54
120.0 706.54
130.0 707.14
140.0 706.84
150. 0 706.54

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

I
I

I

I
I

I

Table C-2.13 Cross sect ion elevat ions at s ite l 39. 0L.
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I
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Table C-2 .l3 (cont .) Cross sect ion e leva t ions at site 139 . 0L.

Horizontal St reambed
Locat ion Distance Eleva t ion

Within s ite ( ft) ( ft) Comments
----------- ---------- --------- - - - - - -- - - -

Cross Sec t ion 2 0 .0 LB Marker
Station 1+05 4.0 711. 62

8.0 710.52
9.0 710.06

10.2 709 .82
12.0 709.46
13.0 709.38
14.0 709 .29
16.0 709.13
18.0 708.96
19. 5 708 . 93
20.0 708.93
22.0 708 .89
22.7 708.88
24.0 708.86
27.6 708.68
29.0 708.61
::'0. 0 708.56
32.0 708.73
34 .0 708.89
36 .0 709 .06
41.6 709.59
42.0 709 .66
46 .0 709.63
56.9 709.57
58.0 709.56
60 .0 709.46
64 .0 709.26
68 .0 709. 06
70.0 708.96
78.0 709.12
80 .0 709.16
88 .0 709 .16
90 .0 709 . 09
94.0 708.96
98.0 708.83

100.0 708.76
106. 0 708.56
108.0 708 .37
110.0 708.19
118.0 707.45
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Tabl e C- 2 . 13 (c ont. ) Cros s section elevati ons a t sit e 139.0L.

Hori zontal Streambed
Locati on Di s tance El eva ti on

Wi t hin s ite ( ft) (ft ) Comments
----------- ---------- -- --- ---- - - --------

Cross Sec t ion 2 120.0 707 .26
Stat ion 1+05 130.0 706 .84
(eent , ) 140.0 706 . 34

Cross Sect ion 3 0.0 LB Marker
Stat ion 2+29 1. 3 712. 62

4.0 711. 72
8 .0 710 .62

10.0 710.06
12.0 709 .96
14 . 1 709. 85
16. 0 709.76
22.0 709.66
26.0 709.56
30.0 709.46
35 .0 710 . 06
35 .6 710.06
54 .0 710 . 06
56 .0 709 .76
61.7 709 .47
63.0 709 . 41
64.0 709. 36
66 .0 709 . 39
68 .0 709.43
70.0 709 .46
74.0 709.26
78.0 709 . 06
80 .0 708 . 96
82 .0 708 .86
84.0 708.76
86 .0 708 .46
89.0 708.01
90 .0 707. 86
92.0 707.76
93.0 707. 71
94.0 707.66
97.0 707. 51
98 .0 707 .46

100.0 707.36
101. 0 707.28
104.0 707.06

. C-61
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Table C-2 .13 (cont . ) Cross s ec t ion e l eva t ions a t s ite 139 .0L.

•
•
•
•
•
•
•
•
I

I

I

I

I

Hor i zont al St reambed
Locat io n Distance Elevat ion

Withi n s ite (ft) (f ~)

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

Cross Sect ion 3 105. 0 707.29
Station 2+29 108.0 707 . 14
( e ent , ) 111.0 706.99

121. 0 706.29
126 . 0 706 .09

Cross Sec tion 4 0.0 711.72
Station 3+58 4.0 711. 22

8 .0 710.52
12. 0 710. 32
13.0 710 . 30
15.8 710.24
16.0 710.12
22 .0 710.12
24 .6 709 .74
28.0 709. 64
40.5 710. 01
42.0 710.06
44.0 709 .81
46.0 709.56
47 . 0 709 .43
48 .0 709 .3 1
50 .0 709 .06
52.0 708.86
54 .0 708 .66
55 .0 708 .6 1
56.0 708.56
58.0 708.46
60.0 708 .31
62.0 708 .16
64 .0 708 . 13
66 .0 708. 09
68 . 0 707.76
70 .0 707.46
72 .0 707 .49
74 .0 707.29
76 .0 707.09
80.0 706.69
90 .0 706 .19

Commen ts

LB Mar ker

I

I

Refe rence eleva t ion: R&M TBM "Indian" LRX- 51 1982.
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Table C-2 . 14 Cross sect ion eleva t ions a t s i te 139.4L.

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

Hori zont al Streambed
Locat ion Distance Eleva t ion

With in s ite (ft ) ( ft) Comments
----------- - - ------- - --------- ------- ---

Cross Sect ion 1 0.0 LB Marker
Stat ion 0+00 8.8 714 .99

14.0 714.59
18.0 713.99
20.0 713.74
20.2 713.71
22.0 713 .49
23.0 713.29
24.0 713.09
26.0 712.69
27.5 712.70
28.0 ;°12. 64
30.0 712.40
32.0 712.40
34.0 712.30
36.0 712.00
38.0 711. 80
40.0 711. 55
42.0 711. 30
44.0 711.15
46.0 711. 00
48.0 710.75
50.0 710 .50
54.0 709.90
58 .0 709.70

Cross Section 2 0.0 LB Marker
Station 1+68 3.5 714.99

8.0 713.89
10.0 713.34
11.5 712.93
12.0 712.79
14.0 713.24
16.0 712.70
18.0 712.25
20.0 712.20
22.0 712.25
24.0 711. 50
26.0 711. 20
28.0 711. 20
30 .0 710 .94
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Table C-2. l 4 (cont .) Cross sect io n e levat ions a t s i te 139.4l .

Ho dzon ta l St reambed
loca tion Distance Elevat ion

Wi th in s i te ( ft) ( ft) Comments
----------- ----- - ---- --------- ----------

Cross Sec t ion 3 0 .0 lB ~ar k e r

Statio: 2+72 2.0 715.19
6.0 714.39
9 .0 713 .34
9.6 713.1 3

10.0 712. 99
11.0 712 .79
12.0 712.59
14.0 712.19
16 .0 712.70
18.0 712 . 50
20 .0 712 . 25
22.0 711. 90
24.0 711. 40
26.0 711. 20
28 .0 711. 30
30 .0 711.10
32.0 710.90
34 .0 710.70
38.0 710.20

Reference elevation: R&M TBM "Indian" lRX-51 1982 .
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I Ta bl e C-4. Summary of surface areas and strengths of upwelli ng at
direct input model ing sites .

I
Hori zonta1 Reach

I Study Cross Distance Length Upwell ing
Site Sect tort (ftl (ftl Strength

I 101. 7L 1
2 21 - 46 850 MOD

I 46 - 117 600 MOD
3 64 - 170 250 MOD

I 4 -32 - 76 350 STR

I
105 .8L 1 56 - 70 350 STR

2 50 - 70 225 STR
3 35 - 46 - 250 STR

I 4 36 - 45 175 MOD

I 114 .1R 1 92.4 - 108 300 SLI
2 78 - 90 225 MOD

I 3 91 - 104 100 MOD

• 115. 0R 1 101 - 106 250 MOD
148 - 152 90 SLI

2 42 - 78 27 5 SLI• 3 16 - 55 350 MOD

4 26 - 102 425 SLI

• 118 .9L 1 16 - 20 70 SLI

I 2 18 - 50 150 SLI
3 30 - 70 120 MOD

I
119.1L 1

2r 3
4

r
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Table C-4. Summary of surface areas and strengths of upwelling at
direct i nput mode ling sites.

Horizontal Reach
Study Cross Distance Length Upwell ing
Site Section (ftl ( f t ) Strength

125.2R 1 30 - 43 550 STR
106 - 110 400 SLI
235 - 265 450 SLI

2 200 - 208 350 MOD
408.5 - 416.5 100 MOD

130.2R 1 38 - 80 300 SLI
2 54 - 80 175 SLI
3 16 - 49 400 SLI

131.3L 1 123 - 133 225 MOD
2 86 - 95 350 MOD

95 - 100 30 STR
3 48 - 54 20 MOD

54 - 60 175 SLI
120 - 150 60 STR

4 60 - 70 275 MOD
172 - 182 100 STR

133.8R 1 40 - 50 5 MOD
2
3 30 - 40 20 SLI

137.5R 1 32 - 36 280 MOD
2 60 - 64 70 MOD
3 36 - 42 30 MOD
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I

Table C-4 . Summary of surface areas and strengt hs of upwell ing at
direct input modeling sites.

Hori zont al Reach
Study Cross Distance Lengt h Upwel ling
Site Section (ftl (ft l Streng t h

138.7L 1 44 - 61 175 STR
2 50 - 70 275 STR
3 44 - 55 225 MOD

139 .0L 1 27 - 63 250 SLI
2 27.6 - 34 125 MOD
3
4

139.4L 1
2
3
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I
SITE FOURTH OF JULY SPAWNI NG S I TE RM ( 131 . 3L )
NX SEC 4

I NOS 3 768 0 .0 I GI 00 . 0 19900.0
WSELS 613 .93 616.00 61 6 .7 7
XSEC 1 40 1 225 .0 225 .0
CELL X S C U RL 01 Vl D2 V2 03 V3

I 1 . a 3. . 0 . 0 · a . 0 .0 . 0 . 0 . 8 . 0
2 17 . 0 3 . . 0 · a · a . 0 . 0 . 0 · a .8 · a
3 20 . 0 3 . . 0 . 0 · a · a . 0 . 5 . 0 1.3 · a
4 24 .0 3 . .0 · a · a .0 .0 . 9 .3 1.7 · a

I 5 28 .0 3 . . 0 .0 . 0 .0 . 0 1.0 . 3 1. 8 · a
6 32.0 3. . 0 .0 . 0 . 0 .0 1.1 . 5 1. 9 . 0
7 40.0 3 . · a · a .0 · a .0 1. 2 . 7 2.0 . 0
8 50 .0 3. . 0 .0 .0 . 0 . 0 1. 8 . 8 2.6 • C

I 9 60 .0 3. . 0 . 0 · a .0 .0 2 . 6 1.2 3 . 4 . 0
10 70 .0 3. .0 . 0 . 0 . 0 . 0 3.0 1.4 3 . 8 · a
11 80 .0 3 . · a · a . 0 · a · a 3 .1 1.1 3.9 .0
12 90.0 3. · a . 0 .0 .0 · a 2.6 . 9 3 . 4 . 0, 13 91.0 3 . · a · a .0 . 2 . 7 2 .6 . 9 3 . 4 .0
14 93 .0 3. · a . 0 .0 .2 .7 2 . 6 . 9 3.4 . 0
15 95.0 3. . 0 · a . 0 . 3 . 9 2 . 6 .8 3. 4 . 0
16 97.0 3 . · a . 0 · a . 2 . 8 2 . 6 . 7 3 . 4 · a

I 17 99 .0 3 . . 0 . 0 . 0 . 0 . 9 2 .6 .7 3 .4 .0
18 100.0 3 . · a · a . 0 . 2 . 9 2 . 6 . 6 3 .4 . 0
19 10 1. 0 3 . .0 . 0 . 0 . 2 . 9 2 . 6 .6 3 . 4 . 0

I
20 103. 0 3 . . 0 . 0 . 0 . 1 . 0 2 . 6 . 5 3 . 4 . 0
2 1 104.0 3. .0 . 0 . 0 . 0 . 0 2 . 6 . 5 3 . 4 . 0
22 110 .0 3. . 0 . 0 . 0 . 0 . 0 2 .6 . 3 3 . 4 . 0
23 115.0 3 . . 0 . 0 . 0 . 0 . 0 2 .4 · 1 3.2 . 0

I
24 117 . a 3 . . 0 .0 . 0 · 1 .0 2. 3 · 1 3 . 2 1. 5
25 119 .0 3 . . 0 . 0 . 0 . 1 . 0 2 . 2 · a 3.2 1. 5
26 120.0 3 . .0 .0 .0 · 1 .0 2 .2 · a 3 . 2 1. 5
27 121. 0 3 . . 0 . 0 . 0 . 1 . 0 2.1 · a 3 .2 1.5

I
28 123. 0 3 . .0 .0 225 .0 · 1 . 0 1.9 · a 3 . 3 1.3
2 9 125 .0 3 . . 0 . 0 225 .0 . 2 . 6 1. 7 · a 3.3 1. 0
30 12 7. 0 3 . . 0 . 0 225.0 .4 . 7 1.5 . 0 3 . 1 . 9
31 129 .0 J . . 0 . 0 · 225 . 0 . 4 1.2 1. 3 . 0 2 .8 . 8

I
32 130.0 3 . . 0 . 0 225 . 0 .4 1.1 1.2 . 0 2 . 8 . 8
33 131. 0 3 . . 0 . 0 22 5 . 0 . 4 1.0 1. 0 .0 2 .7 . 8
34 133 .0 3 . . 0 . 0 22 5 . 0 . 0 · a .5 . 0 "2 .5 .8
35 135 . 0 3 . · 0 · 0 . 0 . 0 .0 · 0 · 0 2. 5 .11

I
36 137.0 3 . · 0 · 0 · 0 · 0 · a · 0 · 0 2 .4 · 8
37 14 1. 0 3 . · 0 · 0 · 0 · a .0 · 0 · 0 2.1 . 5
38 14 5 . 0 3 . . 0 . 0 . 0 . 0 .0 . 0 . 0 1.3 . 3
39 14 9. 0 3. . 0 .0 . 0 . 0 . 0 . 0 .0 . 4 . 0

I 40 150 . 2 3 . .0 . 0 . 0 .0 . 0 . 0 . 0 .0 . 0
WS ELS 61 4. 33 6 16 .0 0 616 .77
XS EC 2 34 1 350.0 350.0
CELL X S C U RL 0 1 VI 02 V2 0 3 V3

I 1 . 0 5 . . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 8 . 0
2 34 . 0 5 . . 0 . 0 . 0 . 0 . 0 · a .0 .8 · a
3 38 . 0 5 . .0 . 0 : 0 .0 . 0 . 2 .4 1.0 . 0
4 42 . 0 5 . · a . 0 .0 · a .0 . 7 2 . 2 1.5 . 0

I 5 4 6 . 0 5. . 0 .0 . 0 . 0 .0 .8 2 . 2 1. 6 .0
6 50.0 5. . 0 . 0 .0 .0 . 0 1.0 1. 9 1. R . 0
7 54 .0 5 . . 0 .0 . 0 . 0 . 0 1.1 2.0 1. 9 .0
8 60.0 5 . . 0 · a . 0 . 0 .0 1. 5 1. 6 2 . 3 . 0

I 9 64 . 0 5 . · a .0 . 0 · a · a 1.5 1. 3 2 . 3 .0
10 66 . 0 5 . · a . 0 · a .4 .2 1. 6 1.5 2 .4 · a
11 68 .0 5. · a · a . 0 . 4 . 2 1. 7 1.6 2 .5 · a

I Table C-5. Example of input data deck for DIHAB model at site 131 .3L .

I
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I
12 70.0 5. .0 . 0 . 0 . 5 .3 1.8 1. 7 2.5 . 0

I
13 72 .0 5 . .0 .0 .0 .6 .3 1. 8 1. 8 2. 6 . 0
14 74.0 5 . . 0 .0 . 0 . 5 . 3 1.9 1.9 2 . 6 . 0
15 76.0 5. . 0 . 0 . 0 . 4 · 1 1.9 2.0 2 .7 . 0
16 78 . 0 5. . 0 . 0 . 0 . 6 . 2 2. 0 2 .1 2 .7 . 0

I
17 80 .0 5. . 0 .0 .0 . 5 .3 2 .0 2.2 2 . 8 .0
18 82.0 3 . . 0 . 0 . 0 .5 . 2 2 . 0 2.1 2 .8 . 0
19 84.0 3 . . 0 . 0 . 0 . 5 · 1 2 .0 2 . 0 2 . 8 .0
2 0 86.0 3. .0 . 0 350 .0 . 4 . 0 2 . 1 2 .0 2 . 8 . 0

I
21 88 .0 3 . .0 .0 350 .0 .4 . 0 2. 1 1.9 2 .7 3 . 3
22 90.0 3 . .0 .0 350.0 . 3 . 0 2 . 1 1. 8 2 .6 3. 2
23 92 .0 3 . .0 .0 350 .0 . 2 . 0 2 . 1 1.7 2 .5 3 .2
24 94 .0 3 . . 0 .0 350.0 . 1 .0 2.1 1.7 2.4 3.1

I 25 9 5 . 0 3. . 0 . 0 350 .0 . 0 .0 2.1 1.6 2 .3 3. 1
26 98. 0 3. . 0 . 0 30 .0 . 3 .0 2.0 1.6 2 .2 3 .0
27 100 :0 3 . .0 .0 30.0 .3 .0 2 .0 1.5 2 .1 2.8
28 108 .0 3 . . 0 . 0 . 0 . 0 . 0 1.3 1.2 1.5 2 .2

I 29 11 0 ; 0 3 . . 0 .0 .0 .0 .0 1.1 1.1 1. 3 1.9
30 118 . 0 3 . . 0 .0 . 0 .0 . 0 . 6 .8 .6 . 9
31 120.0 3. .0 .0 .0 .0 .0 . 5 .7 . 4 . 6
32 122.0 3. .0 .0 . 0 . 0 . 0 . 3 .5 . 3 . 4

I 33 124.0 3. .0 . 0 .0 .0 .0 .2 .2 .0 . 0
34 126.0 3. . 0 .0 . 0 . 0 . 0 . 0 . 0 . 0 . 0

WSELS 616.24 616.76 617.19
XSEC 3 63 450.0 400 .0

I CELL X S C U RL 01 VI 0 2 V2 03 V3
1 .0 9 . . 0 . 0 . 0 .0 . 0 .0 . 0 .0 . 0
2 8 .0 9. . 0 . 0 .0 .0 .0 . 0 .0 . 0 . 0
3 10 .0 9. . 0 . 0 .0 .0 . 0 .5 .0 . 0 . 0

I 4 14 .0 9 . . 0 . 0 .0 .0 .0 . 6 .0 . 0 .0
5 20 .0 9. . 0 .0 .0 .0 . 0 . 8 .0 .4 . 2
6 30.0 9. . 0 . 0 . 0 .0 . 0 1.2 . 2 1.1 .4
7 34. 0 5. . 0 .0 .0 . 0 . 0 1.2 . 1 1.4 . 5

I 8 35.0 5 . .0 .0 . 0 . 0 .0 1.2 · 1 1.4 . 5
9 40.0 5. . 0 .0 .0 .2 .0 1.2 .0 1.6 . 3

10 44 .0 5. .0 . 0 .0 . 3 . 0 1.3 . 0 1.7 . 2
11 4 8.0 5. .0 .0 2 0.0 .5 . 0 1.4 · 1 1.8 . 5

I 12 50.0 5 . .0 .0 20 .0 . 5 . 0 1.4 · 1 1.9 . 6
13 54 .0 5 . . 0 . 0 20.0 . 6 . 0 1. 2 · 1 2 . 0 .9

. 14 56.0 5 . .0 . 0 175 .0 . 6 . 0 1.2 .2 2 .0 .9
15 60 .0 5. .0 . 0 175 .0 . 6 .0 1. 0 .2 2 .0 . 9

I 16 64 .0 5. .0 .0 .0 . 5 . 0 1. 0 .4 2 . 0 . 9
17 66 .0 5 . . 0 .0 .0 .4 . 0 . 9 .5 1. 9 .9
18 70.0 5. .0 .0 . 0 . 3 . 0 . 9 . 7 1.8 1.0
19 72 .0 5. . 0 . 0 .0 .2 .0 .9 . 8 1.7 1. 1

I 20 74.0 5 . .0 . 0 .0 . 2 · 1 . 9 . 8 1.6 1.1
21 76.0 5. .0 . 0 . 0 .2 · 1 . 9 . 9 1.6 1.1
22 80 .0 5 . .0 .0 . 0 · 1 . 0 .9 1. 0 1. 6 1. 2
23 84.0 5. .0 .. 0 . 0 · 1 . 0 . 9 1.0 1.5 1. 3

I 24 8".0 5 . .0 .0 .0 · 1 . 0 . 8 1.1 1.5 1. 3
25 90 .0 5 . .0 .0 . 0 . 2 · 1 . 8 1.1 1.6 1. 3
26 92 .0 5 . . 0 .0 .0 .2 · 1 . 8 1.2 1. 6 1. 3

I
27 94.0 5. .0 . 0 . 0 .2 · 1 .9 1. 2 1. 6 1.3
28 96.0 5. . 0 .0 . 0 . 2 .0 . 9 1. 3 1.6 1. 4
29 100. 0 5. .0 . 0 . 0 · 1 . 0 1.0 1.4 1.5 1.5
30 104.0 5 . . 0 . 0 . 0 · 1 . 0 .9 1.7 1.5 1.5

I
31 108 .0 5 . .0 . 0 .0 .2 . 0 . 8 2 .0 1.5 1. 6
32 110 .0 5 . . 0 . 0 . 0 . 3 · 1 . 8 2 .2 1.6 1.6
33 112 .0 5 . .0 . 0 . 0 . 3 · 1 . 8 2 . 2 1.6 1. 6
34 114 .0 5 . . 0 . 0 . 0 . 2 · 1 . 9 2.2 1. 6 1. 6

I
Table C-5. Example of input data deck for DIRAB model at site 131.3L.

I
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•
35 116 .0 5. . 0 . 0 . 0 · 1 . 0 .9 2 .1 1. 6 1.6

• 36 120.0 5 . .0 . 0 60 .0 · 1 . 0 1.0 2 . 1 1.6 .1. 5
37 124 . 0 5. . 0 .0 60 .0 · 1 .0 1. 0 2 .0 1. 6 1.4
38 128.0 5 . .0 . 0 6 0. 0 · 1 .0 1. 0 1. 9 1. 6 1.4
39 13 0 . 0 5 . . 0 .0 60 .0 · I . 0 1. 0 1. 9 1.6 1. 4

• 40 132.0 5. . 0 .0 60.0 · 1 . 0 1.0 1. 9 1 . 6 1.4
4 1 134 .0 5 . . 0 . 0 60 . 0 · 1 .0 1.0 2 .0 1. 6 1 . <I
42 136 .0 5. .0 . 0 60 .0 · 1 . 0 . 9 2 . 0 1. 6 1.4
43 140.0 5. . 0 . 0 60.0 · 1 . 0 . 9 2 .1 1.7 1.5

• 44 14 4 .0 5. .0 . 0 60 .0 . 2 . 3 .9 1.6 1.7 1.5
4 5 14 8. 0 5 . .0 . 0 60 .0 . 2 · 1 1.0 1.1 1. 5 1.5
46 150. 0 5. . 0 .0 60 .0 . 2 · 1 1.0 . 8 1.3 1. 4
47 152 .0 3. .0 . 0 . 0 · 1 . 0 1. 0 . 7 1.2 1. 4

• 4 8 154.0 3 . . 0 . 0 .0 · 1 .0 1. 0 . 6 1.1 1.4
49 156 .0 3 . . 0 . 0 . 0 · 1 . 0 .9 . 5 1.1 1.4
50 157 . 0 3 . . 0 . 0 .0 .0 .0 . 9 . 4 1.1 1.4
5 1 160 .0 3 . . 0 . 0 . 0 . 0 . 0 . 9 .3 1.2 1.3

• 52 164 .0 3 . . 0 . 0 . 0 . 0 . 0 . 9 .9 1. 2 1.3
53 17 0 . 0 3 . .0 . 0 .0 . 0 .0 . 8 1. 9 1.1 1.4
54 174 . 0 3 . . 0 . 0 . 0 . 0 . 0 . 6 1. 5 1.1 1. 5
55 180.0 3 . . 0 . 0 .0 .0 .0 . 4 1. 0 1.2 1.4

• 56 18 2 .0 3. . 0 .0 .0 . 0 . 0 . 0 . 0 1.3 1. 4
57 184 .0 3. . 0 .0 . 0 .0 .0 . 7 . 0 1.3 1.4
58 194.0 3 . .0 .0 .0 . 0 . 0 . 5 . 0 1.1 1.3
59 20 4.0 3. . 0 . 0 . 0 .0 . 0 .0 . 0 . 5 1.2

• 60 2 14.0 3. . 0 .0 .0 .0 .0 . 0 . 0 . 3 1.3
61 224.0 3. .0 .0 . 0 . 0 . 0 . 0 .0 .3 . 4
62 228.0 3. . 0 .0 . 0 . 0 . 0 . 0 .0 .3 . 4
63 2 31. 5 3 . . 0 .0 .0 . 0 . 0 . 0 . 0 .0 . 0

• WSELS 6 16 . 24 616.76 617 .19
XSEC 4 4 2 1 27 5 .0 275 . 0
CELL X S C U RL 0 1 VI 02 V2 03 V3

1 .0 9 . . 0 . 0 .0 . 0 . 0 . 0 . 0 . 0 . 0

• 2 11.0 9 . . 0 . 0 .0 .0 . 0 .0 .0 . 0 . 0
3 28.0 8. . 0 . 0 . 0 . 0 . 0 . 0 .0 1.0 . 9
4 48. 0 8 . .0 . 0 . 0 . 0 . 0 . 0 . 0 1.0 2 . 5
5 50 .0 8. . 0 . 0 . 0 · 1 . 0 .0 . 0 1. 0 2 . 6

• 6 5 2 .0 8 . . 0 . 0 .0 · 1 . 0 .0 .0 1.0 2. 8
7 54 . 0 8 . .0 . 0 . 0 · 1 . 0 · 1 . 0 1.0 2 . 9
8 56 .0 8 . . 0 . 0 . 0 · 1 . 0 . 2 .0 1. 0 3 . 0
9 58.0 8. .0 . 0 .0 . 2 .3 . 3 . 0 . 9 3 . 2• 10 60 .0 8 . . 0 .0 275 . 0 . 2 · 1 . 4 .0 .9 3 .3

11 62 .0 8 . .0 . 0 275 . 0 . 2 .2 .5 . 0 . 9 3. 4
12 64 .0 8 . . 0 .0 275 . 0 .2 · 1 . 4 .0 .9 3.5
13 66 .0 8 . . 0 . 0 275 .0 . 2 . 2 . 4 . 0 . 9 3 .7• 14 68 .0 8 . .0 .0 275 .0 · 1 .0 .3 .0 . 9 3 . 8
15 70 .0 8 . . 0 . 0 275. 0 . 2 .0 . 3 . 0 .9 3.7
16 72 . 0 8 . . 0 . 0 .0 · 1 . 0 . 2 . 0 . 9 3. 7
17 74 . 0 8 . . 0 . 0 . 0 · 1 .0 · 1 . 0 . 9 3. 6• 18 76.0 8 . .0 .0 . 0 . 0 .0 . 0 . 0 .9 3. 6
19 88 . 0 8 . .0 . 0 . 0 . 0 .0 . 0 . 0 1. 0 3 . 2
20 92 .0 8 . . 0 . 0 . 0 . 0 . 0 .0 .0 1. 0 3 .2

• 21 102 . 0 8 . .0 . 0 . 0 .0 .0 . 0 . 0 . 9 3 .0
22 108. 0 8 . . 0 . 0 .0 . 0 . 0 · 1 .0 . 8 3 .0
23 112 .0 8. .0 . 0 . 0 .0 . 0 · 1 . 0 .8 2.7
24 122.0 3 . . 0 . 0 .0 . 0 . 0 . 2 1.0 . 7 1. 9

• 25 12 8 .0 3 . . 0 . 0 . 0 . 0 . 0 . 3 1. 5 . 6 1. 5
26 132.0 3 . . 0 .0 . 0 . 0 .0 . 4 1.9 . 7 1. 3
27 142 .0 3 . .0 . 0 . 0 . 0 . 0 .5 1.8 . 8 .7
2G 148.0 3 . .0 .0 . 0 . 0 . 0 .5 1.6 . 9 . 3

• Table C-5. Example of input data deck for DIHAB model at site 131.3L.

•
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I

I

I

29 152 .0 3. . 0 .0 . 0 .0 . 0 . 5 1.4 . 8 . 4
30 162 .0 3 . . 0 .0 . 0 .0 . 0 . 4 1.8 .8 .6
31 1 6 8. 0 3. .0 . 0 . 0 . 0 . 0 . 6 2 .2 .8 .8
3 2 172 . 0 3 . . 0 . 0 100 . 0 . 0 .0 . 7 2. 4 1.0 1. 0
33 178. 0 3 . . 0 .0 100 .0 . 0 . 0 . 8 2 . 4 1. 2 1.3
34 182.0 3 . .0 . 0 10 0. 0 . 0 . 0 . 8 2. 4 1.0 1 . "35 18 8.0 3. . 0 .0 .0 . 0 . 0 . 7 2.3 . 6 1. 5
36 19 2 . 0 3. . 0 . 0 . 0 . 0 . 0 . 6 2.3 . 6 1. 3
37 196 .0 3. . 0 . 0 .0 .0 .0 . (; 2 . 2 .5 . 9
38 197.7 3 . .0 . 0 . 0 .0 . 0 ? 2.2 . 0 . 0
3 9 2 0 2. 0 3. . 0 .0 . 0 . 0 . 0 . 7 2 . 1 . 0 .0
4 0 2 12 . 0 3. . 0 . 0 .0 .0 . 0 . 6 2 .0 . 0 . 0
4 1' 2 22. 0 3. . 0 . 0 . 0 . 0 . 0 . 5 . 4 . 0 .0
42 22 7 . 0 3. . 0 . 0 .0 . 0 . 0 . 0 . 0 . 0 .0

I

I.

I,
I'

Tab l e C-5. Example of input dat a deck f or DIHAB model at site 131. 3L.
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Table C-6. Ha bita t response and wetted surface areas with

I
cor respond in g mai ns t em di scharges f or di rect input
mode1i ng s ites .

I
Mainstem Wetted Spawning

I
St udy Di scharge Surface2 Chum
Site (cfs ) Area (ft ) WUA (ft2)

I 101.7L 5100. 134000. O.
11400. 255925 . 5395l.
15300 . 313420 . 42700.

I 18500. 372685. 25705.
24000. * 16013 .**

I
105. 8L 5100. 17575 . 199.

7320. 21700. 3434.
15300. 35144. 1412.
18500 . 44850. 952.

I 24000. * 354.**

1I4 . 1R 5100. 36840. 22 1.

I
7680. 36840. 22l.

15100 . 74400. 1512.
17900. 80550. 644.
23000. * 208.**

I 1I5. 0R 5100. 82900. 35608.
7680. 82900. 35608.

I 14500. 151743. 42877 .
23800 . * 40176.**

I
1I8.9L 5100. 1937 5. 145.

7680. 224 13. 2484.
10300 . 30238. 2817.
15100 . 36550 . 4609.

I 17900 . 37675. 320l.
23000. * 2934.**

I
125.2 R 7680. 332038. 490l.

13600. 376033. 7595.
19100 . 4382 18. 42 16.

II
* Val ue not avail able at ti me of publ icat ion.

II ** Va l ue determi~ed from ext ra pol at ed data set .
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I

Table C-6 . Habitat res ponse and wetted surface areas with

I
correspondi ng main s t em discharges for direct input
modeling sites.

I
Mai nst em Wet t ed Spawning

I
Study Di sc harge Surface2 Chum
Site (cf s ) Area (ft ) WUA (ft 2)

I 130.2R 5100. 31613. 272.
7680. 31613. 272.

14500. 48480. 724.

I
16100. 56388. 737.
19900. 67600. 790.
22500. * 790.**

I 131. 3L 5100 . 135.
7680. 77344. 135.

16100. 176463 1117 .

I 19900. 21 5549. 1144.
23000 847.

I
133 . 7R 5100. 10133. 96.

7680. 10980. 124.
10400. 12425 . 144.
16100 . 13930. 44.

I 19900. 14032. 30.
22700 . * 20. **

I
137. 5R 5100. 14725. 1.

16000. 27050 . 14.
19000. 34038. 86.
21000. * 16.**

I 138.7L 5100. 11100. 865.
10400. 20250. 2001.

,I 14500. 28813. 3459.
17900. 34324 . 1762.
19000. 35138. 1195.

I
27700. 45950. 460.

139 .0L 5100. 33875. 4533.
10400 . 43838. 4533.

I 14500. 6331 3. 10269.
17900. 71 331. 10825 .
19000. 80950. 1071 2.

II 31700. 91919. 917.

* Val ue not available at t ime of pu bl i cat ion.

II ** Val ue determined from ext rapolated data set.
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