


SUSITNA HYDROELECTRIC PROJECT

FISHERIES MITIGATION OPTIONS

Revised (March, 1982)



Ly

IT.

ITI.

IV.

VI.

DRAFT

TABLE OF CONTENTS

Introduction ——-——r=mm oo mme e e 1
Loss of grayling habitat in the impoundment zones-------- 2

Dissolved gas supersaturation downstream of the Watana
and Devil Canyon reservoirs and in the Devil Canyon
PESEPVO T = e = e o e e e e e 5

Alteration of the natural temperature regime of the water
downstream of the dam--------commmmom - 13

Altered flow regime in the reach of river between Devil
Canyon and the Chulitna River confluence-----=-——cecoo-- 29

Downstream impacts on the fisheries resources of the Susitna
River below the confluences of the Talkeetna and Chulitna
P VB S e e e e e e 38



DRAFT

INTRODUCTION

Mitigation alternatives for impacts associated with the Susitna Hydroelectric
Project can be divided into the categories avoid, minimize, rectify, reduce or
eliminate, or compensate. However, except for a few very clear, well defined
alternatives the placement into one or another of these categories may be very
subjective, The intent of this report is to describe, in detail available at
this time, the various choices that exist for mitigation of impacts that are
believed feasible at this time. The technology is available to accomplish any
or all of the wmitigation techniques described or mentioned. Mitigation
techniques described in one section may also be suitable for other impacts.
However, for the purpose of this report, repetition of description has been
avoided as much as possible. For example: temperature control is discussed
in detail in the section on temperature impacts, but it alsoc may be an

integral part of other impact mitigation techniques.

In summary, all mitigation options are viewed as reasonable and possible at
this point in time. Additiomal studies are planned, or being planned, that
will add information that will be useful in selecting the most appropriate
mitigation method., These studies include the cost of the options, and their

conflict with other project objectives.
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IMPACT: Loss of grayling habitat in the impoundment areas.

The creation of the Watana and Devil Canyon impoundments will cause the
inundation of the mainstem Susitna River and reaches of the tributaries in the
impoundment area below the high water (full reservoir) elevation. The tribu-
taries of the Susitna provide grayling habitat in the impoundment =zomnes,
supporting approximately 10,000 grayling (ADF&G, 1981). The mainstem Susitna
has useful habitat areas in clearwater zones, usually associated with stream
mouths. The stream reaches above the high water mark should not be affected
negatively., A positive impact for grayling in the stream reaches above the
impoundments could come from the reserveoirs providing an abundance of over-

wintering area, if overwintering habitat is population limiting.

4 secondary impact, increased fishing pressure, could be caused by the con-
struction personnel working on the project and increased access after the
project 1is operational., Grayling are sensitive to fishing pressure and the

populations may not respond well to increased sport fishing pressure.

MITIGATION: Avoiding, minimizing, or reducing the impact on the grayling
fishery in the impoundment zones all have project limiting implications. They
would all include such options as lowering the height of the dams, relocating
the dams, or possibly building only one of the dams. Inasmuch as both dams
are needed for the project to be viable, and other more suitable dam locations
are not as viable economically and/or environmentally other mitigation options
will be more viable. The most practical mitigation methods appear to be
associated with management and enhancement of fishery resources. The
reservoirs' fishery potential is not completely predictable. However, based
on the water quality report (Peterson, 198l) and the reserveoir sedimention
report (R&M, 198l) some potential may exist for a limited fishery in the
Watana reservoir. Additiomal areas that may be investigated for mitigation of
the sport fishery resource that will be lost to inundation include any barren
clearwater lakes and streams in the Susitna drainage for their potential for
providing a wviable sport fishery. It is probable that any clearwater lakes,
or streams, that have potential already have fish resources in théem. There-
fore, although this should be investigated, it is not probable that this will

be the most viable option.



DRAFT

The reach of the Susitna mainstem between Devil Canyon and the Chulitna River
confluence should alsc be evaluated in light of the postproject conditions
that will exist there. The potential for developing a downstream fishery, in
the Devil Canyon to the Chulitna confluence section, is contingent upon the
water quality conditions that exist in the postproject period. The post-
project water quality conditions will be an improvement over the current
summer conditions. A reduction in the solids and turbidity during the summer
will result from settling of solids in the reservoirs (R&M, 1981). Alsc,
other mitigative measures associated with controlling the temperature of the
discharged water and the flow rates from the project are necessary to develop
a sport fishery in this region. These measures are described in other
sections of this report. If the proper downstream flow criteria could be met
and if the turbidity of this reach of the Susitna is similar to the conditions
of the Kenai River, it is possible that substantial improvement in the chinook
and cohc salmon populations in the Susitna mainstem could occur. Continued
and future dinvestigations may further define the potential of this area.
These investigations should be designed to provide very specific information
about the future possibility of increasing the production of this stretch of

river.

Mitigation of reservoir impoundment impacts on the fishery resources could
also be accomplished by increasing the fishery resources in other areas,
outside the Susitna drainage. However, several lakes in the Susitna drainage
have been identified as having potenfial for increased production of one or
more species of salmon. Larson Lake, an 800 acre lake near Talkeetna is a
candidate for fertilization, as is Shell Lake, a 1,000 acre 1lake on the
Skwentna, and Byers Lake, a 400 acre lake on the Chulitna drainage. These
lakes have been identified as having the potential for increased sockeye
production. Finger, Delyndia, and Butterfly lakes have also been identified
as lakes that may have increased fishery production potential for additional

coho salmon.

Increased fishing pressure, caused by construction personnel, can be mitigated

for in the writing of the labor contract. The contract can be written in such
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a fashion that fishing is prohibited. This would probably be more effective
than trying to control fishing through regulation. Regulation control will

probably be required when general public access is provided.

The loss of grayling habitat, because of the uncertainty of the reservoir
potential, should be considered for mitigation outside of the reservoir areas
at this time. In the future, when mere is known about the postproject
reservoir conditions this view might change. The technology is available to
enhance the fishery in other areas, such as the ones previously mentioned.
However, because the loss is primarily of a sport fishery nature, the miti-
gation efforts should, most appropriately be directed toward the enhancement
of other sport fishery resources. Increased coho and chinook production in

the regions previously discussed could satisfy that goal.
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IMPACT: Dissolved gas supersaturation downstream of the Watana and Devil

Canyon reservoirs and in the Devil Canyon reservoir.

Nitrogen and oxygen supersaturation downstream of hydroelectric developments
can be a problem for fish survival. Gas bubble disease can be caused below
dams by total gas supersaturation of about 116 percent. The gas embolism that
accompanies this condition occurs when a fish swims near the surface of the
river or reservoir where the hydrostatic pressure is less than the pressure
required to keep the excess gas in solution. As a result, the gas comes out
of solution in the gills and bloodstream causing small bubbles to form in the
circulatory system of the fish. If the embolism is sufficiently severe, the
fish will die directly from the gas bubble disease. In the milder cases, the

fish often dies from secondary infections which set in the damaged tissues.

As large volumes of water spill over a dam into a stilling basin below, air
bubbles are entrained and plunged with the main flow deep into the stilling
basin. Here, the gas, under high pressure is driven into solution in the
water causing a supersaturated condition to exist. The excess gas is not
easily liberated from the water. Should a slackwater condition exist down-
stream, as in another impoundment, the supersaturated condition will exist
through the entire slackwater pool and be passed along downstream, In
addition, Alaska statutes call for dissolved gas concentrations no higher than
110%. These levels are exceeded under natural conditions downstream of Devil

Canyon during the summer.

This problem was recognized early in the design of the Susitna project. In
addition, the sequence of development, Watana first then Devil Canyon nine (9)
years later, has to be considered in mitigating this dimpact. Thus, gas
supersaturation mitigation is incorporated in the design of both the Watana

and Devil Canyon dams.

MITIGATION: The mitigation alternatives that can be used to avoid or minimize
nitrogen supersaturation impacts are associated with operational modifications

and design of the spilling structures. The following information explains the
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techniques that have been incorporated to aveid dissclved gas supersaturation

at the Watana and Devil Canyon developments.

1.

a.

Watana

Spill Frequency

Several operational procedures for power production were studies to
minimize the frequency of spilling from the Watana reservoir., A
simulation of monthly reservoir operation over a period of 32 years
of recorded streamflow has been carried out (Appendix Al). The
results indicate that the Watana reservoir would spill only rarely,

once, in say, 30 years (See Table 1).
Spill Discharge

On the basis of monthly simulation (Table 1), the spill rates are
estimated to be around 2,300 cfs averaged over ome month perioed. To
take account of shorter duration summer floods when spills occur, a
flood routing analysis was carried out to estimate peak discharges

from the dams.
Design and Operation of Outlet Works

In consultation with the fisheries study team, it was decided that
spills from the reservoir up to 1:50 year recurrence frequency
should be discharged in such a manner as to reduce the potential of
nitrogen supersaturaion in the spill discharge and the river flow
downstream. Special facilities dincorporating fixed-cone wvalves
(Figure 1) have been designed to cater to this requirement.. These
valifes are designed to disperse and break upstream the discharge
into small droplets which fall into the river water below with
little plunging. For description of the values refer to Volume 1 of
main report. It 1is expected that nitrogen levels in spill dis-~

charges will be reduced below about 110% by these facilities. It



L ; , v \ o g e B M
-' .l\.- : i 3 3 4 .

. i

[} J

5Pkl _oFa__. . - : e e e et e« e e ———— RO e -

[} . .

- o My Dsc. Jaw i-sb ey Apf /77& Joo \L/ Mg SE(?/

: 0..0 0.0 0.0, 0.0 1.0 L 0.0 o, n 0.0 — 0,0 —0..0 —r— — e R

! 0.6 . - 0,0 040 v G0, B0 ST 040 . T 040 0. G- b d.n 0.0 . 0.0

! 040 d.o 0.0 "010 0,0 i 0. 0. 0.0 0.0 00 0,0 0.0

M e 000 e 000 000 e 000 040 ceeeene 000 ey 00O e 04Dl O 000 040 040 . . - ~

o 0.0 .0 0.0 0.0 0.0 0.0 0.0 ‘010 )] 0,0 0.0 0.0

L 0.0 0.0 0.0 0,0 ] ¢.0 - 0.0 0.0 0.0 0,0 0.0 0.0

" Q.0 Q.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0.9 0.0 S

o 0.0, .o-'-'o.o‘ ;blo. u-'-oio mo‘ Y TR Y I T RS ET Y PR T D d,0 ) '

" 0.6 lo o0 pie" A Y 0.0 0 040 -ro.d A 000, 04 00 ¢.0

e = 000 0.0 Da0_ D Do 00l L Q0 0,0 0 b, t_.-.-_.._i!pﬂ._._ S W « 'Y ¢ - .

d 0.0 0.0 0,0 0.0 0,0 0,0 .0 0.0 0.0 0.0 0.0 0.0 Y

J 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0,0 ¢.0 '

Mo 00, 0, n_. 0.0 0.0 Ml 0,40 flan 01fhe 040 f.0 IR 00 - e .-

N @ 0.0 040 = 040 T L thd b0 o 040 Lo 040 w00, 00 0,0

Moo 040 T g LT 0,000 0 00 " lh0 0,0 0,0, 0 Beo 2T did et 0ae 040

" _L:J__o.o__om_,__o.n MRS FE | DU 7Y ¢ X S TL RSN F1: 0 bl bl 0l T O U -

." 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0

) 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0,0 0.0 ¢.0

B . 0.0, [ 4] 4.0 (.. 0,0 1.0, ._......_ﬂ 0. - 0.0 - !) 0 — . Q.0.. [ N [, — - - .

W 0.0 ", 0.0 2RO A G0 0 [ I (Y RTRRRY IV TR o BN I SRR (2% /B [PV

. 0.0 “ui0,¢ Vg0 f'o.o"-- : oinu*“ Gogie 7 0ve Beldie Hoth R " 010

" S 0.0 0.0 0 Y BRALLARE 94 B CoQuf Lo . a (TR DRI TR ) Do .0 .0 I

» 0.0 - 0.0 0.0 0,0 0,0 0,0 0.0 0.0 0.0 0,0 0,0

L 0.0 0,0 0.0 0.0 0.0 s 0,0 0,0 0.0 0,0 3.0

:r“"". W0, 0 ({21 Oaﬂ - 0.0 0;_0_._ |0 Ql(‘ QLQ [ 0' - . - e - - -

’ 0.0 FOAD e v 0.0 D 000 T v Oab. it ; o400 S

” 0.0 0.0 000 e RN .00 n.d__. R I z .t Mg o

IR 1Y U TN RS CMTI TN L 1 PR A 1 "'1- -mo ?nm-""'f*'o.d- d 1 I 40 O S

3 0.0 0.0 0.0 0,0 0.0 0;0 040 0.0 0.0 v.0

: 0.0 040 0.0 0,0 0.0 0,0 040 LR ) 0,0 0.0 0,0

! . .010. e —— ,.Qa 0-...- 0. 0‘0 - Daf. ﬂ-.O.-__.._ 0., 0 — 4,4 I-L-ﬂ. ..........010...._,.,.._.01 0.._._......._0_1 A

;i 0.0 0,0 0 o ;n.u . mo ﬂoo 00 e a0 e tno ; t) v .!.'!4 S0i0 '

o » I ; - 5 . |:_',I ' 4 ..; o , 'g ,.'-"I- ‘-";_ ey :, - 5 (N

o Table 1 : ‘

" Hatana Sp111 Pred1ct1ons

";_...._......_._._ . — - - : T e v e era e s i e mr o —— 1 e s ire

" - ,.,"‘;f;.] - iy T .

]

“1 RN [ ——— TR - . woh wma mrwr w v - w raEs e ——— - - . —— -

~ .

",n!

! e e ot e AR _— : '

.,l

.. e ettt tie e e mmpamnm st o . . - . e

¥

o _ PO e e e e . ] . ) .

}.' -

i

[} - —_— - - - - - —



1 AT . K
X \
t = ‘
r _ \
[ E l l .
. == \ A
. "4 E COME whAl T EL,
| s ose e —] ENY ELIA IS e e TS ga
——-—— | a— - - ._‘l.’
|
- o1
82"0lk STEEL LINER AT EC, 230"
IW"’A STEE.L LINER AT B.. 1060"
DETAIL 1
scaE B
i_ﬂ___.,_u_uuu.; }
B B o Ig ? FEET
""""""" N ——————
Mo FRET
CALE A pmsmmm
SE‘GTION A-A
#AOLE B
AEEB ALASKA POWER AUTHORITY
SUSITHA HYDROELECTRIC PROJECT
Figure 1z
Cone Valves
Watana and Devil Canyon

DEVIL CANYON
OQUTLET FACILITIES

PLATE
MARCH 982

T6A




2.

DRAFT

is, of course, possible that for floods of lesser frequency than
1:50 year, higher supersaturation levels will occur and such risk is

considered acceptable.

Watana and Devil Canyon

d.

Spill Frequency and Discharge

A similar analysis, as described above, was carried out for the
period when both Watana and Devil Canyon development are
operational. The frequency of spills increase somewhat (4 times in
30 years, Table 2). Results of the flood routing analysis are
presented in Table 3 where pre-~ and postproject flood peaks are

compared.

As in Watana, the spill discharges up to 1:50 year return frequency
will be discharged through fixed-cone wvalves in the Devil Canyon
dam., The facility will avoid increasing the gas supersaturation
below Devil Canyon to levels higher than natural levels due to

project operatiomn,

Spilling Rate

The rates of spills that are expected to occur are approximately
321, 1390, 1149, and 3138 c.f.s. (Table 2). The rates are averaged
over a 30 day period and the actual spills that occur can be
expected to be greater than this average and for a shorter duration
than a 30 day period because the flood periods that occur in the
Susitna drainage are generally of shorter duration tham 30 days. 1In
addition, the reservoirs should be full, or near full, at the time
when floods are expected and the excess water will have to be passed

by spilling.
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Table 2
Devil Canyon Spill Predictions



TABLE 3
ESTIMATES OF PRE AND POST PROJECT
DISCHARGE AND STAGE FREQUENCY ANALYSIS

Devil Canvyon Damsite

Preproject Postproject
Revised
Recurrence Q Q
Interval {cfs) {cfs)
2 47,000 11,000
3 61,000 12,000
10 71,000 13,000
25 84,000 28,000
Susitna River at Gold Creek
Preproject Postproject
Change
Recurrence Q Stage Q Stage In Stage
Interval {cfs) {(ft) {cfs) {(ft) {feet)
2 49,500 13.4 13,500 8.7 ~4.7
5 66,000 14.9 17,000 9.6 -5.3
10 78,000 15.8 20,000 10.1 -5.7
25 94,000 16.7 38,000 12.3 ~4.4
Susitna River at Sunshine Station
Preproject Postproject
Change
Recurrence Q Stage Q Stage In Stage
Interval {cfs) (ft) (cfs) {ft) (feet)
2 95,000 12.5 59,000 9.3 -3.2
5 124,000 14.8 75,000 10.8 -4.0
10 144,000 16.3 85,000 11.7 -4.6
25 174,000 18.4 118,000 14.3 -4.1
Susitna River at Delta Islands
Preproject Postproject
Change
Recurrence Q Stage Q Stage In Stage
Interval (cfs) (ft) (cfs) {(ft) {feet)
2 105,000 94.6 69,000 92.7 -1.9
5 138,000 95.6 89,000 94.0 -1.6
10 159,000 96.3 101,000 95.0 -1.3
25 193,000 97.3 137,000 96.0 -1.3
Susitna River at Susitna Station
Preproject fostproject
Change
Recurrence Q Stage Q Stage In Stage
Interval (cfs) (ft) (cfs) (ft) (feet)
2 157,000 16.7 121,000 14.8 -1.9
3 206,000 19.3 157,000 16.7 -2.6
10 239,000 20.9 181,000 18.0 -2.9
25 289,000 23.0 233,000 20.5 -2.5
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c. Design and Operation of the Spilling Structures

The structures incorporated into the Devil Canyon dam design for
spilling of excess water are cone type valves exactly like the ones
in the Watana dam (Figure 1). The valves are designed to disperse
and breakup the spilled water. The droplets will fall onto the
surface of the stilling basin below and will not penetrate very far
below the surface. This will avoid increasing the nitrogen and
oxygen supersaturation below Devil Canyon above that which occurs

naturally as a result of project cperation.

Summary Discussion

Total dissolved gas pressure (supersaturation) values are directly
related to the waterhead pressure and inversely related to temperature.
Thus an increase in the pressure caused by water depth on plunging flows
with entrained air below the water surface will increase the amount of
dissolved gas in solution. The spill water from a dam can cause this to
happen. The mitigation measures described in the preceding paragraphs
describe the equipment designed into this project to avoid increasing the

amount of gases in the downstream waters or the reservoir waters.

Dissolved gas levels were taken at sites in the Devil Canyon region in
1981 (T.E.S., 1981). The total dissolved gas supersaturation ranged from
105.3%Z just above Devil Canyon to 116.7% just below Devil Canyon and
above ©Portage Creek at relatively high discharges. Design and
operational procedures have been incorporated into the project to avoid
the possibility of having an increase in the amount of dissolved gas
downstream as a result of the project. 1In addition to the cone type
valves for spilling, operational modes have been explored that reduce the
magnitude and frequency of spills to the point that up to the one in 50
year €lood can pass through the cone valves and the generating units.
The problem of supersaturation of gases has been minimized through design

and operation of the facilities.

-12-
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IMPACT: Alteration of the natural temperature regime of the water downstream

of the project.

o The changes in temperature regimes downstream of hydroelectric projects have
caused serious problems for survival of fish stocks downstream of the
- discharge outfall. Shifting of the temperature events, increased winter
temperatures, and decreased summer temperatures have commonly occurred.
Structures that provide for selective withdrawal of water from the reservoir
to control downstream temperature are essential to aveid adverse impacts on
downstream fisheries, Several configurations of the intake structures at

Watana and Devil Canyon have been examined to achieve acceptable control of

downstream water temperatures during the different seasons.

L The temperature structure that normally occurs in the Devil Canyon to Chulitna
- confluence reach is available from many sources (R&M, 1981, ADF&G, 1981, ADF&G
. 1975-77, USGS data record, ACRES, 1981). Figures 2 through 8 present the
temperature structure of the river reach previously mentioned for wet, dry,
and average postproject conditions as well as natural conditions. The winter
,,,,, projections assume 4 €, water discharged from Devil Canyon reservoir, In
addition, ADF&G (1975) reports the slough surface waters in the winter to be

about 1.2 C. on the average. A slough intergravel measurement taken in

September 1981 (ADF&G) reported the temperature at 3 C.

An intergravel temperature study presently being conducted will provide needed
information concerning the winter intergravel temperatures in the reach of the
river between Devil Canyon and the Chulitna confluence. Predictions of the
extent of winter impacts of post-project temperature regimes will be facili-
tated by the information gathered during this investigation. The source of
the water in the sloughs that are productive is from groundwater. The tempera-
ture of this groundwater and the intergravel water in the mainstem will be
compared to postproject water temperature predictions. The degree of impact
associated with the postproject temperature regime will depend on the variance

from the normal intergravel conditions.

Preliminary data indicate that the intergravel temperatures of the redds is in

the vicinity of 2.5 to 4 C. If this temperature is determined, to be the

~13-
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DRAFT

winter requirement for egg incubation, winter discharges of warmer water may
be determined tc be desirable. At this time any conclusion regarding winter
requirements of downstream temperature for the existing fisheries would appear

to be premature.

MITIGATICN: To avoid or minimize the dimpact of shifting of temperature
events, adversely affecting winter temperatures, and decreasing summer
temperatures, structures that provide for withdrawing water from strata within
the reservoir which provides for control of downstream water temperatures are
essential. The intake design has been altered many times and various con-
figurations have been examined. Presently, the project design includes a
multi-level intake at the Watana development (Figure 9} and a single level

intake at the Devil Canyon develepment (Figure 10).

The impact of low water temperatures during the critical summer spawning
months has not been alleviated by the adoption of a "multilevel” turbine
intake system. By proper control, water can be drawn from the surface layers
of the reservoirs in the summer. This water will average between 9.8 C and
11.8 C. This is with the normal summer time temperature variability of the

system.

The impact of altered water temperatures during the winter months (i.e., from

0.0 C. -~ 1.0.C. to 3.9 C.) on fisheries has not been established.

The effects of altered temperatures during the winter period could potentially
benefit downstream fisheries as well as create adverse conditions. If the
existing stock of salmon in the river below Devil Canyon are dependent on
groundwater temperatures in the range of the project temperature water
discharge, the release of warmer water from the reservoirs during the winter
period could provide a large source of warm water that meets the thermal
requirements of the incubating eggs and developing alevins. If other
conditions are met for successful spawning and incubation, significant

enhancement of the fisheries resource may occur.

Alternatively, if the cold water of the mainstem is needed to provide the

proper development rate of the eggs and juveniles, similar warming of
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the downstream discharges could provide earlier development of the immature
fish and the resultant early downstream migrants could be subjected to adverse
conditions that would decrease their survival rates. The studies of these
thermal phenomena and the development rates of eggs incubating in the spawning

gravel should help resolve this question.

The ocutlets of the Watana reservoir are currently designed with multiple level
intakes, During the summer period, these are predicted to selectively
withdraw water from the proper thermal strata of the upper layers of the
reservoir water column to provide downstream water acceptable to migrating
anadromous fish and the resident species., These temperatures are also well
within the tolerance levels of the early incubation period for the chum and
sockeye eggs. During actual operation of both reserveirs, this warm water
layer will be éﬁored in Devil Canyon reservoir and discharged through a single
outlet 70 feet below the full pool level of the reservoir. During the summer
months, the water level of Devil Canyon reservoir can be maintained below full
pool so that the water temperature discharged downstream of Devil Canyon is
drawn from near the surface of this reservoir. The projected downstream
temperatures from this operation scheme are depicted in Figures 2 through
8. The establishment of an inverted ;hermal strata during the winter period
for both reservoirs is a possibility with significant layers of water cooler
than the maximum density layers of 4 C. The extent that this layer develops
will determine the downstream water temperature discharged in the winter
months. Data from the Corps of Engineers studies of Bradley Lake, indicate
that in December, this layer may extend to 70 meters. However, since a
precise prediction of the thermal strata of the reservoirs is not available at
this time, the worst case assumption has been used for winter discharges in
projecting downstream temperatures; that is continuous winter discharge of 4 C
water. This value most significantly departs f%om the natural thermal regime.
Using these discharge temperatures from Devil Canyon reservoir, the downstream
temperatures during the winter months do not decrease to the normal stream
winter temperature of 0 C. wuntil near the Chulitna-Susitna confluence

(Figure 11).

Further evaluation of the fisheries studies currently ongoing will be required

to determine whether this condition is beneficial or adverse to the fishery

~94-
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DRAFT

resource of the river. If adverse impacts are predicted, an altered operation
scheme and multiple level discharge structure at the Devil Canyon reservoir
will have to be explored to determine if this would alleviate any adverse
impacts. If determined to be beneficial, discharge from the 4 C. thermal
layer of the Devil Canyon could be accomplished by maintaining sufficient
dépth in this reservoir during the winter or routing warmer water from the

Watana reservoir lower pbutlets during the winter periods.

During both the summer and winter periods, the use of multiple level outlet
structures of proper design and operated in a manner to provide the required
downstream temperatures will probably be adequate to meet the water

temperature requirements of downstream fisheries.
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IMPACT: Altered flow regime in the Devil Canyon to Chulitna confluence and

it's effect on the fisheries resources.

The fisheries in this reach of the river use portions of the wetted portion of
the system during different times in their life cycle. Resident fish are
found overwintering in the mainstem of the river and are usually concentrated
in the mouth areas of the tributaries during the summer. The mainstem is also

a migratory corridor for these species in the spring and fall.

Sockeye salmon adults migrate during the summer months of July and August
through the mainstem and spawn exclusively in the slough habitat. Little
information is available on the rearing of this species, but they apparently

rear in this type of habitat also.

Chum salmon behave similarly to sockeye salmon in that they migrate into the
system in early August and spawn primarily in the slough habitat with minor
use of the tributaries. There is also use of side channels of the mainstem
for spawning by this species. Chum salmon will outmigrate in a relatively

short period of time after emerging from the gravel to the Cook Inlet estuary.

The odd year pink salmon which run in this area primarily use the clear water
tributaries for spawning with very little use of the slough habitats. This
species immediately outmigrates upon emergence with very little fresh water
rearing. No information is available on habitat use during the large even

year runs.

The coho salmon adults migrate into the system during August and September
with these individuals primarily using clear water tributaries for spawning.
Limited use of side channel or peripheral portions of the mainstem was
observed. The juveniles of this species, upon emergence, rear for one to two
years in the associated riverine habitat. This rearing occurs in the clear
water tributaries and in the mainstem of the Susitna with the main concen-

trations associated with the slough habitats.

Chinook salmon in this reach of the river were observed to spawn only in the

clear water tributaries. The juveniles rear in habitat similar to the coho
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juveniles, primarily concentrated in the slough habitats. Both coho and
chinook juveniles were observed in the mainstem and some of the sloughs during

the winter months.

The alteration of the natural flow regime of the Susitna River will be a
requirement of the storage facility operation of the proposed project in order
to meet the seasonal load demands for electricity. The overall effect of this
process is to substantially increase the winter flows and decrease the summer
flows in this reach of the Susitna River. Figure 12 depicts the pre- and
post-project monthly average flows under the proposed operation scheme with
both Watana and Devil Canyon on line. The flow variability of the pre-project

conditions are also shown in this illustration.

The proposed flow regime for the project will sufficiently decrease the stage
of the Susitna River so that access of adults to the slough habitat and
possibly to the side channel of peripheral mainstem habitats will not be
possible. This will effectively eliminate the spawning populations of the
species using this habitat in this reach of the river, the chum and sockeye
salmon. Approximately 15% of the Susitna chum and 1% of the Susitna sockeye
use this section-of the river. The effects on the odd year pink salmon run
will be minimal, in that access into the clear water tributaries should not be
affected. These streams have sufficient gradient to establish a new channel
adequate for fish passage between the tributaries and the lower stage Susitna.
Likewise, coho and chinook spawning should not be significantly affected
although the present rearing habitat will be reduced. It is not known whether
rearing habitat will be sufficiently limited for these species to adversely

affect the populations currently using the system.

MITIGATION: The postproject flow regime associated with the previously
described impacts has been developed to maximize power production. Many
alternatives are available for mitigation of these impacts. However;
mitigation activities within the Devil Canyon to Chulitna confluence reach of
the river will require that flood and flow control be maintained at some flow
above the power production level. Mitigation options that have been

identified including the flow control options are described in the following
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DRAFT

sections. The technology to mitigate by using any or all of the techniques is
available. Detailed investigations, aimed at determining which method would
be the most suitable would be implemented before a final program could be

instituted.

One option is to maintain or improve conditions in side sloughs utilized by
salmon. Upwelling water in the channels or sloughs provides the necessary
flow to hatch the eggs and to maintain aquatic food organisms during the
winter freeze-up period. Such groundwater flow is not sufficient to provide
the necessary depth and velocity required by spawning adults., This flow is
either supplied by the river flowing through the slough or by backwater
entering the slough from the downstream end. A river flow level near 19,000
cfs at Gold Creek is presently required to provide the upper end flow in the
sloughs. This level of flow is above the summer power requirements and must
be spilled during critical times. The reservation of a quantity of water as
acre feet can be established and used for this extra spill. Sufficient water
could be provided during the late summer to allow access of spawning chum and
sockeye salmon to the side slough habitat currently used by these species. In
addition, flows could be manipulated over a short period of time to provide
adequate water to run through the sloughs to clean the spawning gravel. The
exact time of the spill and the duration, while generally known, requires
additional refinement before a flow regime can be worked out and submitted for
inclusion in the operating schedule or for rule curve operation. Although
significantly different from the natural flow regime, flows sufficient to
avoid adverse impacts to the fisheries of the river are possible if they can

be regulated on a short term basis during the summer months.

The flow from upwelling groundwater may or may not be available as the
recharge water source for the aquifers has not been established. This
requires that a program be developed and executed to establish both source and
quantity of the ground water’ supply and the resultant temperatures. The
techniques for developing this type of survey and assessing the findings are

known and may be applied to the problems associated with the sloughs.

To insure an upwelling flow, it may be necessary to recharge an aquifer. If

the aquifer is supplied from river flows and stored in the island(s) between a
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channel and the main river, an upper river flow sufficient to recharge the

aquifer may be required.

Besides establishing a level of river flow to provide the necessary supportive
depth and velocity required by spawning fish in the sloughs, there is the
possibility of altering the water level control of a slough. This may require
excavation at one or both ends of the slough and a physical structure at the
upper end. The useful spawning area of many of the sloughs is not at either
end. The upper end may serve primarily as a channel for high water flows to
enter through and it may be severely scoured. The lower end may be an area of
deposition for suspended material that settles out as the water flowing
through the slough slows down. It may be possible to alter the water control

level without disturbing the useful area.

If the control is lowered below the stage of the high winter power flow, the
introduction of river water at that time in the sloughs may produce undesired
results by this water freezing, ice blocks, by anchor ice, or frazil ice
formation. Thus, .the control should not be lowered below the stage of the
winter high flow unless a physical structure that can be closed is placed at

the upper end of the slough.

The river cross section profiles produced an indication that either flow or
bed level adjustments are practical. To establish precisely the appropriate
flow or bed level or combination requires that a detailed survey of the upper
and lower ends of the sloughs be made to define the type of control needed at
such points. Water can be introduced either through a culvert or through the
bed with shape adjustments to give the necessary supportive depth and
velocity. Except for the required field survey, the technology necessary to
undertake this type of mitigation is established and available. The require-
ments for spawﬁing are established for these species in other regions, as are
flows needed to keep deposited eggs alive. Data is scheduled for collectioﬁ

that will be stock specific for this regionm.
The necessary excavation varies for the sloughs wunder study. The exact

quantities must await a detailed field survey and the choice of flow control.

There are 32 sloughs at the present time that are used by spawning and rearing
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salmon. The annual cost of maintenance of the proper conditions within the
slough will depend on the level of flood control achieved. With proper flood

control this would be expected to be minimal.

Construction materials such as culverts, gates, and gabions may be considered

as shelf items. Their use depends upon the control needed for the individual

slough.

Major floods have altered the sloughs and side channels. Destruction is
generally caused by deposits of gravel, the scouring of the slough bed, or the
isolation of the slough from the main river. To insure stabilization in the
sloughs that are used by the salmon for spawning or rearing it is necessary
that the level of a major flood with a return period of approximately 20 years
be reduced to about 28,000 cfs at Gold Creek. This requires the allocation of
storage room in the reservoirs and the development of a release pattern to
maintain the desired flow level at Gold Creek. Without flood control, miti-
gation by altering the occupied sloughs may be found to be impractical. The
final levels of flow regulation must await the development and completion of

the surveys of the sloughs to find their levels and slopes.

Improving conditions in sloughs now not available to spawning salmon is
possible under the same scenario as mentioned above. There are a number of
sloughs now not used by spawning salmon either because of the lack of water to
supply the needed supportive depth and velocity required by spawning salmon,
lack of suitable substrate, or because the upwelling flow required to maintain
the eggs and fry is not present. The 'existing transect surveys are not
adequate to determine the precise bed levels in the main Susitna. A field
survey of the most promising non-used sloughs could result in channel alter-
ations similar to the approach suggested for slough now used by salmon to
bring such sloughs into useful production. Until additional field surveys can

be made these sloughs must remain as potential for production.

It has been suggested that the existing sloughs now used by salmon could be
augmented by additional flow from the mainstem by maintaining water Ilevels
that permit greater wetting of the slough beds. There is a preferred

temperature for spawning salmon. Through control of the water temperature by

-3



DRAFT

the use of a multi-level intake it may be possible to maintain the slough
temperature levels as near as possible to the preferred levels, thus resulting
in maximum production. These levels are established but they need further
site verification, for Susitna stock, in order that a temperature regulating
schedule for water releases, primarily through the hydroelectric turbines may
be suggested. It has been mentioned previously that it may be undesirable to
have a small amount of river water passing through the slough area during the
cold water period. This requires a further examination to determine whether
such water would be wuseful or harmful. If useful, it would expand the

productive area of the slough; if harmful, it should be excluded.

Maintaining areas in the main river where salmon presently spawn can be helped
in part by increasing the water clarity. If the level of clarity of the water
can be improved after it has passed through the reservoirs, it is possible
that the main river may become more productive and the suspected areas where
salmon may now spawn will be improved by the removal of silt. It is assumed
that there is little use of the river by chinook salmon. In other large
streams chinook salmon are known to spawn in the mainstem. With most of the
silt removed and with flow control spawning adults may utilize new areas for
the production of large chinook salmon. It is not recommended at this time
that additional gravel be placed in the mainstem for spawning purposes. If
spawning areas develop, they will develop under the new flow conditions as the

river is freed from scouring floods and entrapped silt.

It is believed that there is a limited use of the main river by coho for
spawning. With water that is relatively silt free, and with river discharge
control, river areas may become more productive or additional areas in which
the coho salmon will expand their activities into may be developed naturally.
Additional stocking of these habitats may also be desirable to more rapidly
develop new populations. The value of this approach requires additional study

to evaluate.

Increased food production may be expected in the main river areas as the
stream becomes clearer. Additional studies should be made of this to predict
a possible increase in rearing area for both coho and chinoock fry, fingerlings

and yearlings.
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Man-made spawning beds could be constructed and operated in suitable areas, in
or out of the Susitna basin. Man-made, or artificial spawning beds have been
successfully built and operated for sockeye salmon in cold areas. At this
time there is no location picked for such spawning channels, but it remains as
a potential for mitigation or augmentation, as the mechanics of their
construction are known and the potential resulting efficiencies established.
Chum salmon are known to spawn in upwelling spring areas and it would be
expected that they would respond to conditions in an upwelling artificial
spawning bed. It is possible that coho, chinook, and sockeye salmon may use

such an area also.

The operation of artificial spawning areas under freezing conditions requires
a carefully designed system., Such spawning beds would have to be protected
from scouring flood flows. Sufficient numbers of channels have been con-
structed so that a general overall cost may be established, subject to site
specific conditions, particularly the water source. In addition development

costs and annual maintenance costs must be added.

"Hatchery facilities could be located in or out of the Susitna basin to

mitigate for fish losses as a result of the project. Hatcheries have long
been used for salmon production. Hatchery conditions vary, but production
techniques are well established. Hatcheries have been built and operated in
cold areas where there are salmon runs. The costs will vary depending upon

the climatic conditions and the species of salmon to be hatched and reared.

The species found in the wupper Susitna have been cultured elsewhere in
hatcheries, but require details for site specific conditions. A volume of
pure, well oxygenated water of proper temperature is required. The cost of
supplying one or all of such requirements at a given site may be prohibitive.
Temperature control may be a very costly factor. While 4 C. water may be

desirable in the winter time, it would be undesirable during other periods.
The resulting production from a successful artificial spawning channel or

hatchery operation calls for additional management techniques to protect the

natural runs which co-mingle in a mixed fishery. Hatcheries, as an in lieu
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mitigation, might have to be located outside of the Susitna basin. The
technology of construction and operation is established and such a facility

remains as a potential for mitigation or augmentation.
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IMPACT: Downstream impacts on the fisheries resources of the Susitna River

below the confluence of the Talkeetna and Chulitna rivers.

The installation and operation of the proposed hydroelectric project has the
potential of altering the natural flow regime, temperature, water quality,
river morphology, and ice processes in this reach. All of these changes have
the potential for adversely impacting or benefiting the fisheries resources of

this reach of river.

Preliminary baseline measurements and data analyses have been conducted for
these parameters for the river reach below Talkeetna. The Sunshine Station at
the Parks Highway Bridge has provided the basis for evaluation of this river
reach along with supportive data from the Alaska Department of Fish and Game
fisheries investigations. These data have provided information on the distri-
bution of resident and anadromous fisheries resources within this reach and
the wvariability of the other physical and chemical parameters of the pre-

project river system.

The operation of the project is projected to estimate changes in the monthly
average flows in this reach (Figure 13 and 14). Fish will experience post-
project discharges that are within the range of natural variability but
generally lower by some 20% of average natural discharges during the months of
August and September at Sunshine Station and around 10% lower at Susitna
Station. As these months are associated with the majority of spawning
activity of the anadromous species, 1little effect of the project on these

species within this reach is anticipated.

The winter months will create conditions substantially different from the
normal variation of the system, with significant increases in the discharge.
During this period of time, the mainstem is used for overwintering habitat for
anadromous juveniles and resident species with wvery 1little incubation of
salmon redds occurring. Although the increase in winter flows is substantial,
it is still a small amount compared to the capacity of the channel and there
is presently no data available that suggests the flows will cause adverse
effects on the fisheries. The increase in discharge during this period may

improve winter conditions on the river, but there is also no data suggesting
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that overwintering habitat limits the abundance of the species in this portion
of the river. Additional data collected which will more clearly define the
changes in stage with respect to the cross sections in this reach of the river

are planned for this coming field season.

Examination of discharge data at Susitna Station indicates that the months of
May through October are well within the natural variability of the system, but
as at Sunshine Station, the winter months provide for significant discharge
increases (Figure 14). These changes are not predicted to have significant

effects on the fisheries resources of this system.

The water temperature changes induced by the project versus preproject con-
ditions at the Susitna River confluence with the Chulitna River have been
provided by ACRES American (Figure 11-LRX-3). As this water will mix with the
other two tributaries in this vicinity, the temperature effects during both
the summer and winter periods should be well within the natural variability of
the water temperatures during these periods, and not significantly different
from the actual preproject conditions. Therefore, the downstream postproject

temperature potential impacts will not be affected in this reach of the river.

The water quality parameters measured during the 1981 summer at the Sunshine
Station sampling site have been used as the basis for evaluation of the
postproject effects on water .quality. ©Postproject water quality conditions
have not been clearly established, but evaluation of the parameters by R&M
Consultants indicates that no hazardous concentrations of any chemical

constituents are expected.

Although decreases in the summer suspended sediment concentrations and
associated turbidity are predicted for the river upstream of the Chulitna
confluence, the effects of the Chulitna River sediment load on the system
should be sufficiently high to mask any benefit that could be expected below
this reach. This is caused by a reduction in volume and a subsequent lesser
contribution of the total water volume by the mainstem Susitna as well as the
Chulitna being the major contributor of sediment per unit volume. Addition-
ally, analyses of the water quality parameters variability during 1981 indi-

cates that the variability between sampling periods is of sufficient magnitude
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that any decrease should not be distinguishable in this reach of the river.
This relationship also holds for other chemical parameters as well. Winter
turbidity may have minor increases over the normal conditions. There is no
data available to suggest these changes will be adverse to the existing

fisheries.

River morphology changes may occur in this reach of river because of the
decreases in volume and subsequent bedload transport by the mainstem Susitna
in the confluence area near Talkeetna. A long term aggradation of materials
may occur in this reach and thus cause an increase in stage at any particular
discharge in this reach. The flood frequency of the lower river will be
decreased. This may produce a long term change in flood pattern and provide
more channel stability. The magnitude of these changes do not appear to be

sufficient to project any changes in the fish habitat in this area.

The 1ice formation processes are predicted to change because of winter
temperature effects on the river above Talkeetna. On average year conditions,
an ice cover is not projected to form above the confluence of the Chulitna
River. As a consequence, the ice formation processes will occur in the
vicinity of this confluence. ACRES American has provided a detailed analysis
of the ice formation process. There is currently no information that suggests

these changes will adversely affect the fishery resource.

MITIGATION: Based on the current level of information available, postproject
planned operation of the reservoirs should provide conditions in the river
sufficiently close to preproject conditions that significant changes in the
existing fishery are not predicted. Therefore, impacts in this reach may be
avoided by operation of the project in the currently planned framework. This
includes downstream temperature control and dissolved gas control in the
spilled water and a flow regime that is within the minimums currently

projected.

42—



DRAFT

ADF&G. 1975. Pre~authorization of the Susitna Hydroelectric Project:
Preliminary Investigations of Water Quality and Species Composition.

Alaska Department of Fish and Game, Anchorage, Alaska.

ADF&G. 1977. Pre~authorization of the Susitna Hydroelectric Project:
Preliminary investigations of the Water Quality and Aquatic Species

Composition. Alaska Department of Fish and Game, Anchorage, Alaska.

ADF&G. 1981. Susitna Hydroelectric Project Environmental Studies Report
Subtask 7.10 - Adult Anadromous Fisheries Investigations, Chinook Salmon
Species Report. Prepared by Alaska Department of Fish and Game for the

Alaska Power Authority, Anchorage, Alaska.

ADF&G. 1981. Susitna Hydroelectric Project Environmental Studies Report
Subtask 7.10 - Adult Anadromous Fisheries Project. Phase I Final Draft
Report. Prepared by Alaska Department of Fish and Game for the Alaska

Power Authority, Anchorage, Alaska.

ADFEG. 1981. Susitna Hydroelectric Project Environmental Studies Report
Subtask 7.10 - Species Reports, Juvenile Anadromous Fish. Prepared by

the Alaska Department of Fish and Game for the Alaska Power Authority.

ADF&G. 1981. Susitna Hydroelectric Project Environmental Studies Report
Subtask 7.10 - Resident Fish Investigations, Upper Susitna River
Species/Subject Report. Prepared by the Alaska Department of Fish and

Game for the Alaska Power Authority.

APA. 1981. Susitna Hydroelectric Project Environmental Studies Report
Subtask 7.10: Fish Ecology Studies. Submitted by Terrestrial
Environmental Specialists, Inc. to Acres American, Inc. for the Alaska

Power Authority, Anchorage, Alaska.
Peterson, L. and R&M Consultants, Incorporated. 1981. Susitna Hydroelectric

Project Hydrology Studies Draft Final Report. Impoundment Effects on

Water Quality. Acres American, Inc. Buffalo, New York.

~43-



R&M Consultants, Incorporated. 1981. Susitna deroelectric Project
’Preliminary Report Subtask 3.10: Lower Susitna Studies - Preliminary

Open Water Calculations. Submitted to Acres American, Inc., Buffalo, New
York.

R&M Consultants, Incorporated. 1981. Susitna Hydroelectric Project Interim
Report Subtask 3.07: Sediment Yield and River Morphology Studies -
Reservoir Sedimentation. Submitted to Acres American, Inc., Buffalo, New

York.

G~




DRAFT ANALYSIS




Draft Analysis of Fisheries Mitigation Options

The various stages of Susitna hydroelectric development (cofferdam con-
struction, dam construction, reservoir filling, and reservoir operation) are
expected to cause various impacts on the fishery of the Susitna River.

Many potential impacts associated with hydroelectric projects have been
examined and, where possible, techniques to minimize these impacts have been
incorporated into the design of the dams and ancilliary facilities. These
potential impacts include supersaturation of gases in the water, changes in
water temperature, loss of habitat, and interference with anadramous fish

migration.

Information attached describes the proposed .operation of the Susitna
hydroelectric development including reservoir drawdown, downstream flows,
and temperature.

Supersaturation of gas, particularly nitrogen, can be lethal to fish. This
condition can result from plunging flows from the dam spillways. Design for
the Watana and Devil Canyon dams have been modified so that cone type valves

will be used for the spillway mechanism thereby wirtually eliminating the
potential supersaturation problem.

Changes in water temperatures downstream could result in potential impacts.
This problem has also been examined and designs modified to reduce the
potential for impacts. A multiple level intake structure has been incorpor-
ated and should result in a minimization of temperature changes from those
that naturally occur.

Operation of the two dams also has the potential to create impacts to
fisheries. These impacts will vary for each segment of the river depending

upon the distance from the dams, changes in stream conditions, and fisheries
resources present. These segments of the river can be classified as: the
impoundment areas, Devil Canyon to the confluence of the Talkeetna and Chulitna
rivers, and from the confluence of the Susitna, Chulitna, and Talkeetna

rivers to Cook Inlet.




In the impoundment area, the greatest impacts will occur due to loss of
habitat. Tributary streams utilized by grayling will be inundated.
Although the mainstem river of the Susitna js not considered a productive
area, this area will be lost as riverine fish habitat. Other changes
occuring in the reservoir area will be settling out of sediment load and an
increase in productivity.

The section of the river from Devil Canyon to Talkeetna will be subject to
the largest potential impacts. This area includes natural spawning areas,
primarily sloughs outside of the main stem of the river. Reduction of flows
during reservoir filling will result in flows of 900 cfs in the winter and
6000 cfs in summer. These winter flows approximate ambient conditions while
the summer flows are substantially reduced from natural conditions. The
reduction of these flows will 1ikely result in the elimination of access to
sToughs used for spawning by chum, pink and sockeye salmon. Following
reservoir filling, power production flows in the summer will also prohibit
access to the sloughs. In contrast to these impacts, reduction of flood
flows and elimination of most of the suspended sediment load could improve
existing mainstream conditions. Additional enhancement of mainstream
conditions is being actively considered as a means of mitigating the loss of
side slough habitat in this Talkeetna to Devil Canyon reach.

The least impacts will occur in the river downstream of the confluence with
the Chulitna and Talkeetna rivers. Flow and temperature variations will be
dampered greatly downstream from this confluence as flows from major
tributaries will compensate for much of the changes. Operation of the
reservoir will, however, result in a reduction in flood flows and an increase

in winter flows.

Many mitigation alternatives are presently under consideration. The TES
annual 1980 report more completely outlines the potential impacts associated
with hydroelectric development. These impacts will be addressed in the
feasibility report. Possible mitigation measures are presented in generic

form inthe following table.



MITIGATION OPTIONS FOR OPERATION FLOW - DOWNSTREAM FISHERIES

A)

Avoidance

no change in natural flows - no project
option

provide adequate downstream flow on

diel basis throughout year - possible no
project option

B)

Minimization

alternative flow regime to minimize impacts
on fisheries resource

C)

Rectify Impact

mechanical alteration to provide access to

spawning areas at newly created flows,
transporting of gravels to suitably
maintain spawning areas.

D)

Reduce or Eliminate
Impact Over Time

basically monitoring of resource as impacts
develop, and also monitoring of planned
mitigation measures. This may include the
following examples: repair stream alter-
ations due to flooding, proper operation
and maintenance of any artifical propoga-
tion facilities

E)

Compensate

Take fertilization for sockeye enhancement
fish hatchery

artificial spawning channels

creation of new habitat sites not currently
utilized

fish passage structures

lake and or stream stocking management



MITIGATION OPTIONS FOR IMPACT OF IMPOUNDMENT CREATION

A) Avoidance

No impoundment creation; meaning no project option.

B) Minimization

Lowering height of reservoir pools, therefore
reducing the number of tributary miles inundated by
the impoundments.

Eliminate Watana Reservoir - opting for single dam
site at Devil Canyon. Proposed Watana impoundment
has most of the productive tributaries.

Move dams to sites where a smaller number of streams
would be inundated.

Provide for enhancement of other species such as
salmon or resident salmonids. Flow regulation
downstream may provide this opportunity.

Development, if possible, of a fisheries in the
impoundments.

C) Rectify

Possible stocking of portions of tributaries, inclu-
ding areas that will not be inundated.

D) Reduce or Elim-
inate Impact

e
Monitoring of tributary stream systems to determine
impoundment effects upon fisheries.

E) Compensate

Intensify management efforts in existing habitats
to enhance populations. Also stocking of laKes,

other drainage systems, removal of fish barriers

and other habitat improvement measures.



MITIGATION OPTIONS FOR DOWNSTREAM TEMPERATURE REGIME ALTERATIONS

A.

Avoidance

Multi-level discharges that effectively provide
controlled temperatures during summer months.

Consideration of floating intakeé structure to allow
colder winter intake water to be discharged.
Improved multi-level discharge schemes could also”
accomplish this.

During filling time, consideration of feasible
options for discharging water with a temperature
closely following the existing temperature regime.

Minimize

Multi-Tevel discharge structure should at least
reduce any significant impact on summer rearing and
adult behavior. Proper operation, design, and
control of water releases at both dams are
necessary.

During filling, possible variation 1in flow releases
to allow water temperatures downstream of the dam to
obtain temperatures as close to the present regime
as possible.

C.

Rectify

Importing artifically reared stock to the affected
area.

Reduce or
Eliminate

Monitoring water temperature regime and fish
population response to the altered temperatures.

Compensate

Introduction of other species or stocks more
adaptable to altered temperature regimes.
Replacement of lost population in other geographic
areas.

Artificial propogation in suitable portions of the
Susitna through spawning channels or hatcheries, if
Tosses confined to the reproductive cycle of the
salmon.

o



Reservoir Operations and Temperature Modeling

1. Pre and post-project average monthly flows at Gold Creek, Sunshine, and
Susitna stations for 30 year hydrology record utilizing Case A (proposed
operation scenario).

2. Pre and post-project average monthly stream temperatures for Case A for
average, wettest, and driest flow year of record in the reach from
Devil Canyon to Talkeetna.

3. Post-project stream flows during Watana reservoir filling sequence.

4. Reservoir temperature profiles for average year conditions.

5. Post-project stream temperatures during Watana reservoir filling

sequence.
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BOLD CREEK FOST-PROJECT FLONS (LASE A) DEC. 2341982

1D }
7734,
4947,
7444,
10094,
7496,
70048,
LLERN
749A,

. 10104,

972,
Bast,
94604,
7700.
8414,
al41,
70R2.
9097,
6874,
75R09.,
4793,
7172,
7144,
4900,
4430,
7040,
8914,
9631,
7194,
9231,
ZI4|-

776A.,

NOV
9073,

T 7875,

10435,
11344,

9991,
10074,

7791,
10941,
11845,

7686,
10741,
10091,
105914

104691,

10141,
9042,
989,
7599,

10244,
7864,
noo4,
7760,
7738,
99687,
7922,
7773,
7884,
81734

11414,
7951,

9452,

TY GCCFST.DAT

REC
12449,

?414.,
13130,
L2930,
12729,
131274,
12529,
13371,
14487,
10229,
13430,
13923,
13329,
13229,
12723,
12440,
12841,
11735,

13204, .

9304,
9519,
a9A7,4
11879,
12494,
9300,
9304,
12310,
97174
13819,
9349,

1i930;

JAN

108144
8340,

11384,
1o884.

11087, ¢

11501
10744,
11487,
11759,
11234,
11432,
12239
11487,
11387,

10835,

10747,
115884,
11204
11744,
10510

FER
AvALy -

.84844.,

9173,
BY92,
7173,
9573, .

9143,

9473,
9480,
24080,
94623,

94

94734

C 94737

420, " .

8222,

12024,
10964,
784414
#2274

{0740,

819t
118135,

1

-

9139,
2033,
9473,
9573,
00734
ARS S -

4RO ..

71285

10201

8126,

10574,

9372

87981

'6515633 .
VA0S

9123,
8160,

90411 .
4998y

‘ﬁ?4jotf

HAR

7877,
6404,
031,
7971,

7932,

p2s1.,
BO?2,
BI52,

8299,

IETY

R348,

#9481
03524

0182,

760464,

9452,

A3SK,. .

7947
4948,
7442,
B974.
aLsl.

7074, -

?5730

- 9o0ni. .

'

BASL:

7846,

CELEE

o147,

©HOBY:

d

AFR
29318,
4355,
7834

CRL19Y.

BO31.
7998.
79724

VL X P

B

Bioy,
7947
LRI B

A2681. .

7793,

7678,

79414
A3%4,

HOS54.

A%
091,
3079,
84034
B291,

. 785147
78594

A173i

8050 -
haso..

288,

H030,

C ye904

i ey

‘

IR

1661

v gl
Y
HAY JUN
104340 10174,
10016.-° 9342,
<. ARYd. - lazsa,
11v09:° 12914,
13161, 172846,
10179, 12109,
12287, h3a2sy,
11151, - 11789,
10318 10704,
134284 12095 -
fos1zs  v23¢,
11297, 137414,
A3, 16353,
11310, 12404,
8373 16524,
9800, 11402,
10127, 14134,
10504, 11884,
10929, - 12y27,
9312, B547,
6737: ¢ l1ssa
8918 128341,
13492, 14059,
05284, 11044,
.losés9.. 10044,
112544 127145
{1250 144984
114883 1372294
82984 ;. HOdE:
¢ B074i ¢ heroi
‘104160'

JUL.
GRRT:N

7450,

v211.,
7642,

' A0AOD,

HHHA .,
15441,
8472,

- 7992,

9401,

159

107149,

14423,

is775%,
14787,
9908,
. 8370,
12937,

© 13800,

. 4053,

. 75600
14430,

9504,
8084,
i4508,
4587,

6434,
11817

- 7514,

139914

“ih3a,

Allg
5773,
4118

wozzy

9453,
9420
14554,
16005,
10243,
9257,
14402
5411,
12031,
164482,
147134
8482,

" 10848,

7412,
17240,
83294
5164,

4034, -

4732,

10428, -

H5HE
5482,
v124.
5271,
9834,
572774

]ll?lo‘

LA RRT

SEP
A904,
12518,
4692,
a148,
6109,
815y,

14417, .

. 12789,

4995,
Y909,

11258,
LYY
42177,

P13,
51364,
12339,
IS5,
bagos.,
5032,
A95374
5154
$270,
5434,
4932,
5413,
£298,
35070,
5841,
507244

5024,

17100

YR avo
8724,
B152,
7514,

10033,

- 9489,

10135,

J11A12,

10347,
9796,
fo104.

94494
10759,

11522,
10990,
10020,
9089,
y548,

10912,
10124,

7772,
7445,
2061,
10343,

L BS30. . -

HO19,

e 92974

A942i

PLo927d,

9057,

T 8598,

"o



.
.

- e ——

SUNSHINE 5TA., FOST PROJEGT FLOWS (CASE A) DEC. 23,1980

ocY
15404,
15345,
154606,
19206,
13117,
13824,
12903,
17144,
20291,
13739,
17024,
18884,
16343,
150849,
20447,
146244,
20400,

-14264.,

)

13395,
11544,
13444,
14420,
15344,
15392,
14411,
15479,
17457,
13940,
17905%.
13457,

13839,

NOV
12129,
11287,
13593,
15090,
12983,
13454,

12258,

14920,
14923,
10047,
14304,
14000,
143548,
13943,

13798,

13735,
13212,
102794,

13304,
10082 .

10747,
11040,
11410,
13752,
1to9n.
11013,
12129,
11413,
15021.
11064,

12014,

" DEC

140841
2118,

15012,
15310,
15204,
15542,
14390,
16134,
17342,

12308, .

14053,
14733,
16049,
15919,
14742,
157435,
t5194,
14091,

15792,

11072,
11501,
11627,
14291,
15259,
11790,
11478,
13943:
12599
14543,
11974,

143541

TY SHNCFIT.OUT

JAN
12535,
10310,

13256, -

12604,
134354,

i3714¢
12398,

13793,

-13dat,

13173,
13844,
14524,
14009,
13841,
12584,
13160,
13190,
13484,
13948,
12004,
10194,
10105,
14044,
13090,

98523
10257,

12293,

10593,

13999,
fo403,

Absln

FER

10449,

B2%Y9,

10484, -

10513,
135062,
11342,
10459,
11644,
11149,

t123%, .

11374,
11450,

11515,

11794,
10620

11135,

11182,

11447
12159,
10355, -
AR, .
8404, -

11974,
11154,
10540;
0034,

10524, -

10182.°

“11400:.
A94B,

16459

HAR
9104,

T R00R.

9433,
IALLE

t 9575,

9728,

93414,

L9996,
9794.
?431.,
§A24.

10631,

10127,
5514

9144,
7969

ton27,
L9944,
11049,
9224,
A574.
BRI

10404,

9797,
C 93724
© A?83,

9432,
doaa22,
lo1s3.
’lOﬂl‘o

‘ 5653,

AFR

93724 -

wiol.,
9293,

108723

10000,
94548,
9264,
9700
9980,
9748,

9595,

11690,
10142,

6908,

514,

10016,

10179,
95281

10940%
100d9, -

7945,

C 9941,

9791,

645

9783,
§7403
9971,
tolizy
10123,

10264,

9400,

+

HAY
23424
ag122,
14477,
42041,

20474,

22418,
27784,
31544,
25377,

. 24894,

293344

. 44375,

20742,
27525,

2711,

21207,
16941
27936,

317104

19771,
21044,
15823
27702,

18504,

26175

5204, .
21313

24298

A9052i
‘290024

PITICH

JUN
36!ﬂ9¢
47444,
50120,
9670,
47421,
51935,
3054,
40902,
45754,
530481,
33040,
15177,

"40420,

43035,
770175
44370,
50753,
40538,
SHL47,
334514
40524,
54112,
45445,
43199,
35489

532340

43482,
43532,
370594

440294 -

" Ad3ad.

Jues
449174
54554,
47758,
41473,
41084,
52192,

45420, ¢

47444,
14962,
GLY22,
43403,
49764,
54529,

NP4,

50623,
A7110.
A3753,
43242,
57145,

35220,

A7417.
48923,
54030,
A0048.
40027,

A28642,

43200,
51141,
44424,
5395,

49545,

.

Allg

40742,

44797
40470,

In797

413229, -
64494 -

A0509,
429440
43419,

553700

JH134,
#0547,
54093,
43981,

38416,

461235 .

474589,

87347, .

37809,

0941,
A0980,

493414
42592,
14374

32884

42712

31503,

396030_

‘397‘0;

_ SEP
24339,
42347,
24249,
44415,
21545, -
29254,
40762,
110,
17543,
299044
33034,

291474

- 34998,
249%3,
19652,
A6692.

23740 °

35414,
171010 .
14132,
23221,

27390, -
21094 - -

1649104
23740 -
19204, .
21044,

aRAAL

$32320 >

222774
;2 2855%, -
374240
AS7814

YR AVQ
20954,
25072,
22014,
24395,
21848,
25845,
27424.
246448,
23053,
24804,
22498,
24931,

244648

24086,
24047,
24429,
23992,
272132,

-24381.,
© 14480,

203460,
ARIH0.

23803,
20810,
19508, -
. 23953,

24319,
20694
22144,




4

£a

SUSITNA STATION POST FROJECT FLOWS (CABE A) DEC.23,1981

ocr

28270, °

21145,
32944,
A8044,
22041,
25532,
21815,
43714,
54528,
32704,
27447,
33474,
30813,
29409,
39738,
29538,
38445,
29109,

40414,

18911,

26731, .

34473,
33614,
28584,
24303.
22497,
13442,
334460,
39890,

39044,

32203,

Nov
17857
13508,

. 24253,

241080,
19720,

16482,

10413,
29439,
27778,
15044,
18054,
2080%.,
20934,
16644,
19593,

16721,

20204
18942,
23744,

12640,

13348,
20980,
19507,
22387,
164512,
16475,
17824,
23795,
203521,

20414,

19643,

DEC
17427,

14295,

18219,
20976,
14501,
17412,
18524,
25375,
21858,
13479,
10235,
24997,
202064,
20094,
14853,
17354,
20389,

. 18537,

24310,
12701,
13449,
15330,

- 18140,
19374,

14347,
17120,

17229,

20414,
18759,
14974,

is3z1.

JAN
15059,

14454, -

10040,

17853, -

14969,
17042,
15965,
20387,

17547,

17501,
16501,
22436,
1RA37.,
18458,
16138,
14739,
17817,

17813, .

21391,
14419,

. 13670,

13209,
191467,
17395,

‘14372,

15308,
16315,
14442,
14740,
15552,

17027, -

FEB

13429,

13089,

15209,

14947,
13146,
14018,
15004,
14529,
14560,

"14737.

14483,
10206,
14334,

14027,

13935,
14349,

15642, °

13899,
19705,

" 13310,

11614,

t23d4,.
166314

15449,

14748,

12848,

137874 -

15453,
14944,
13658,

14748,

HAR
12528,
12244,
13004,
13501,
12132,

12447,

13474,
14505,
13830,
12817,
12802,

16344,

13103,
13210,
12041,
13321,
14243,
13834,
15923,

12323,
T 11924,

12395,
137297,
134464,

43444,
13271,

125919,
13925,
13741,
14183,

133430

i

AFR
12718,
12092,
f2921,
14573,
13102,
15210,
14204,
14498,
14640,
13321,
12497,
14364,
13216,
12520,
124664,
13701,
14629,
14170,
15344,
13033,
10564,

. 13109,

13474,

- 14512,

13030,
13447,
13730,
12813,
13614,
152463,

13601,

HAY
NETITR

55199,
48713,
CTRPAN
54397,
59074,

77113,

4040%,
47939,
54039,
44994,
79394,
50796,
46183,
39402,
44095,
52794,
53131,
a8R92,
42579,
48393,
34962,

. 6564464,

64825,
54147,
43444,
49098,
55104,

45015,

74444,

S7%544.

JUN
92192,
J0RL7,

113927,

114154,
v4497,

1512v4,

141241,

158048,
97901,
99377,
77064,

134006,

134132,
72054,

119070,
Y5957,

106367,

117257,

119244,
74273,
87514,

102142,

155653,

106043,
40014,

10y200,
94116,

141859,
20745,

io40n0,

107831,

L
110678,
1087244,
120143,
113391,
104432,
140175,
153344
125440,
107392,
ts0418,
114762,
125117,
132214,
127795,
114643,
120475,
104117,
122443,
11784,

97074,
119831,
123319,
134525,
111499,

Y0944,
122470,
102894,
132847,
104094,
124711,

1142y9,

Al
vy,
87380,

103293,
FYYERR
112415,
108924,
121095,
114514,
6324,
121756,
V479K,
104428,
114123,
97750,
/4322:
101594,
104311,
1219318,
76034,
SA453,

103782,,
108132,
YIS

Y2552,
49714,
B2A94.
as1et,
114074,
91487,
118911,

Y91,

SEF
KHER AT
A4749.
742080,
37044,
N9444.,
47374,

1060503,
AORL 4,
50498,
40893,
72343,
BBA0Q,
21093,
AATP T,
411495,
62733,
47492,
75462
4401,
KRAZ A
784615,
59AS1.,
53454,
A108%,
49247,
70720 .
47099,
77031,
1944,
AHSGYA,

50504,

YR AVO
AR5,
40403,
49502,
4BVA2,
AT046,
%1079,
ne39N.
SREGT .
47886,
ABAAA .,
44401 .
%4001,
529864,
44712.
44340,
47400,
47373,
$2%4.

. 50440+

33439,
44824,
45881,
53572,
45449,
J4474.
44940,
4348145,
54928,
42428,
32488,



FORM NO. 152

REV, 1

il

H

i

R SIVLLITIEMR Y  YN-TSAT :193ranS

suoije[nojen

Stream Wanir TemraraturT  For  Avernar YEAR  Case A (ec)
“FLomNﬁ" INTAKE AT WATANA AND JINGLE LEVEL fToTAKE AT 70 FT, AT DEVIL CANYon

Cross JIam ' FFB ; Mar AFR V Mny R P Jw Nuc Ser Oecr Novy Dec

Srcrion ’ '

LRx ¢ | 39 39 ] 39 3.9 57 7.1 q.¢ .6 | ¢, 4.3 39 3.4
¥ Bilow

DANIL- CAMIEN )

Dam, S : : : b )

Lrxel | 3% R 35 | . 39.] 5% 1 9% | 9.7 2.¢ 4.3 19 3¢

PoRTAGE . ,

CREEK. . Lo v b .

LRx 54 | 3.3 YO 4o | ¢ 15 | Jor |12 | w2 [ 35 | 35

LRxu? | 30 32 1] 3¢ 9.1 L2 | 18 lo.2. | J0.3 | 7.8 4.2 3.9 3.3
K Gou_oaeed( | . ’ ,

. , . ’ ’.
LRAYY | 2.9 3,2.] 3¢ 41 ¢.3 1.9 lo.3 104 79 ¢ %2 3.3 3.2
' V ‘-" ‘ . - .

LRxad | 2.6 29 | 34 | 42 | 63 8.2 10.§ 10.7 2.4 4.1 30 2.9

ka7 |20 |25 | 33 43 | ¢8 [ % 1oz | o | g0 | M1 |27 2.5

Ryt | 17 | 2.3 3.2 1Yy 7.0 8.9 10.9 .3 1 .1 o | 2.5 1.2

s | L8 3.0 .5 7.3 9.4 "o "n.g €.2 39 2,1 "7

trra | o5 | 1y 2.8 97 | w7 | 99 [ 1S |22 | 83 | 3% 17 13

ey o Lt Jae | ag |23 |03 7 [zl | w4 | 38 |1t | o9
SleonpLugede. ‘

Discunrae| 105 | @e3 | 8072 | 7903 | G344 | jo2%¥ | Go?0 | B | (972 | 7403 | quas5| 1LY

8glow be

CFs ) ,

ddv

STy A8

3iva

8332z 31va

HS

13
HY3IGWAN 3T7id

40

YIEWNN 907




FORM NO. 152

REV. 1

’
:;‘i /s

s
'F’.//l/

/j'/_ V4

v Feh

Strepm  Water Temeerature

For Wetr Year Chse A (°C)

il

o

“FL:SM'ING: ‘IN‘IAKE AT WATANA AND  SINGLE LEVEL TrTAKE AT 7T0FRT AT bﬁvtL CANYON |

Cross | Jans | Fen - | Mer | Aem . | Mav Jonw | Joe | Ave Ser Ocr Nov Dec
Scvion

wrnca | 39 31 | 39 | 34 | £7 |70 fre | a7 | 73 w2 | 3g | 39
IRx L1 | 3.8 38 . 34 39 5.8 7.2 10, G.% 7.3 Ll.l' 3.9 3.9
R sy | 3.3 35 | 37 ho | <o 15 19.3 jo.0 1.4 H KNS s
',‘”tn 3,0 33 '3'(“ 9.l b2 1.8 18,4 19.2 2.5 4.1 3.3 3.3
wiy) | 29 32 3¢ |wt fex |79 fws Jrez |15 A |33 |32
LRA 34 2.6 2.9 34 | 4..7; ¢ H g.1 10.C 104 15 4.0 3.1 2.9
LRy a7 2.1 2.4 ’ 3.3 h.3 L7 3.5 10.3 19.7 1.¢ 31 2.7 2.6
LRX 2! 1.8 1.3 .3.1.' "l.‘l ¢.9 %.3 10.9 0.9 2.2 3.9 2.5 2.3
LRX 15 1. l.9 30 ""5 | 1.2 9.3 . .2 7.9 38 2,1 13
LRY § 0.6 1.5 2.9 | '4’.7‘ 2.5 5.2 1.3 \.c 7. 37 17 LY
: LR')l'3 Ol 2 2.4 ’f.? 7.2 0.2 1y 1.5 7.9 3L (.5 [o
‘%Ecgs; Q’olvos. dotc. | oo, | 7989, | 10¢ot, | 11052,| 13743, | 14085, | 12293, | (svo, | Tlvo, l'.'l%(-'.

2 0
gl ¢))
| 5
—-'
--C
U)"
s o
r(-'
4 Q
Z J
LN ()]
1
£
v
2
0
fi
b
6
\
4
7t
9
()] '.'
TREE8
—1zé
%’Ezﬁ
m
ol 57
o o Qo
> m
m

1332 Q27 31vaq




FORM NO. 152 REV. 1

; : 0
Stream Warer TEmParATURE For. Dry Yemrr Case A

"
FLomatrrg InTakeg

At Warawm

(°c) eve Laravie AT 0 1T AT DG,
Cross Jawm ) Feo Manr Ppr Mnvy Jow Joo Auc Sep. Ocr Nov Dec
Tsecrson ‘ B v
IRx ¢8 | 34 29| .39 | 39 |.,s7 69 | 9.4 T3 | e 3 3.9 3.9
!'/’//ch ' . )
/’/r‘i[//A/,; Caf iy R
/V// / N . B . . . ,.,
LRX 41 3.8 38 | 3,9 3.9 5.8 .9 9.4 9.3 74 4.3 3.8 3.%
LRxsy | 3.2 3 3.7 w0 A;Z 2 7.4 9.7 0o | 7.4 Y2 1.5 34
trx? | 2.8 30 | 35 | w2 | ¢s | 2 |64 Y | 2.7 w1 | 3.2 3.1
Ccrrl iy ! : _ ‘ |
x| 2.7 30 |35 (w2 | ¢t |27 |mo |ros |72 N 3. 3.0
R | 23 | a6 | 34 | w3ifes |so | fno |28 |al |29 | 23
Wiy | 17 | az |3z | w§ | 72 |gs |05 [He [ 'O | Ho |25 | 22
LRt 2! 1.3 .9 3. 4.5 0.5 4.7 0.7 2.0 2.1 39 2.3 1.9
wRx15 | oe |ty |26 |97 8o |93 |no | 127 | g3 | 38 1.8 .3
kx9 | oo | 09 | 2L | us gd | 98 | 3 3.3 | 64 | 37 |1+ | 0%
LRX 3 oo | ot las | so |'s72 |10z | e 7 | &5 | 37 i 0.4
Sen b g .
1&41&:“ 8353, | 46742, | G, | s842, | LO79, |fo0d), | 798, | 4707, | HYM, | 4914, | 7934,| 43,
{4 YN ! : : . \ R
(c_'r-'s i '

|

]

H

i

g0
a4V
)
-
g
Y oo
I)c’.'.
zm_l
nHO
-3 3
P ¢ W0
>
&
_(I
m <
P D
A
2o
Mm
3Ir
2 m
m
r 9
T
]
c H
?3“
"
C
m
[‘. .
R
m’“z
—!zc
¢ &3
| & @
~
g:u

3tva

{A333%g 2Z 3Lvya

40




Bnin CREEK ‘FOST® FROJECT FLOWE (NATANA RES, FILIING) DEG.2L. 1901

oacr Hay DEER JaN FER Hak AFR HAY S R AN SFE YR AUn
3665, 1399, 1170, 1Lz, LtoAs, 1057. 1050, nsd, 2144, é107, ueeaa, 3i1:5 I 10172,
2559, 1053, 1091, 152, 1017, 1020, 1215, 4410, 621772, #HrHx. vy, nai4. 4017,
078, ta74, | B 1225, 105%, 1045, 1014, 5202, fonvv. o2, 9nRA, 7509, 1141,
3746&, 1440, 1315, tini; 1108, 1047, 131, a2, RS0, RAAT. VAR Hava, 4717,
2435, 1400. 12164, 1112, 1097, 1012, 180, v, 9773, Y376, M1467S. n3%a, 1734,
Isa. 160%, 1195, 1306, 1249, 114, 1159, 601, ag79, 772, nr, 5412, 1700,
pl: AN 1212, 1161, 1063. fues. 1146, 1137, B707., 10168, 11255, 11377, §7X4. nont,
Jz4n, 1673, 1335, 1227, t21, 1165, 1155, 7uIA, nANsS., wAAY ., §2272. YRSY ., ALAR,
4227, 1518, 1505, 1384, 1165, 1071, 1164, 6942, 7602, S197. wESTY, AV LTS
Its3,. 1320, [ §ed-12 1267, 1258, 1184, 1244, QAT , Heg0. 10507, 43240, F053. 5202,
3442, 1534, 1420, 1345, 1213, 1134, 1130, LYRTE 4297, eAYA, 10247, 024, 1419,
3755, 1572, 1621, 1572 1347, 379, 1585, 7722 10&E&. 10730, neno, 7824. AN70.
3370, 1237, 1240, 1igt, 1143, 1123, 1143, 5256, (i25%, BAOK, 7663, 7744, 1407,
Y3213, 1171, 1191, 191, 1215, foté. ¢354, 7731, £337, 11433, Hesy. £120, 14754,
R § B 1341, 1159, 1056, 1on4, 1039, 1036, 4720, 11738, A&7, nlez, 6hAT, 1708,
1582, 1338, 1041, §¢7, 4: LA AT tozn., 4024, uso7. 104604, 9726, 7724, 1177,

v 4034, 1433, 1327, 1240, 1215, | ST 1337, 6550, 110f0, $706, {0ARe, 21364, 1770,

' 2943, 1298, 137a, 1250, 1249, 1211, 1217, 6924, A79R. 10R13,  forEn, 7797, 4710,
2914, 1319, t2st. 1263, 13240, 1240, 1233, 7353, vuda, 10237, 022, &5, 1111,

{ 2737, {175, 1oz, toos, to1s, iodo, 1148, 57364 k830, 7256, 7107, 5433, 3154,
2774, jo94.  “fos7, iong, 1044, 10532, 994, 50445 w2st, 10250, 9716, EATT 41230,
3570, (§: RN tsozx, 1245, 159, 1133, $14n,  Anag, $317.  HBTA, 10463, 4051, 4320,
a9in, 1406. 1453, 1468, 1417, 1as7. {305, 917, Jioot, . pos0. 7780, 4014, A5ne.
575, 175, [REE: N 1048, 1100: tons, 1013, Avan, 7941, 7899, RA7Y, 5574, 1643,
2724, 1048, 1002, 9nH, 907, 97 1020, 7294, 7089, na20. A494, 7064, 3900,

1 2700, tLns, 1226, 1200, 1261, f239 [ Bed: J 7478, 9421, foyvo, By4s3. 7RIS, 4537,

’ 4t 10, 1292, , 1105, 1146, 1107, 1109, 1213, 7684,  BiB6, 7925, 7406, 769, 1018,
2950, 1673, 1645, {300, {3tse ' tz2a9; 1377, hitd: fodt7,  914%, BA3d, 4427, 4542,
3827, t7n0. 1509, 1351 i3o00, 1244, 1194, A7in,  s773:  we3s. BR7H, 074, 046,
A3, 1490, 1248, {tso, L1391, 995, 1032, 4550l n§7ES.  9v4R.  $7@9. 4273, A4,

i ) ’ .

’ ; 3296,  (40s. . lzee.  tz04.  g145. tizs. 1taAL A9tE. BH3S, o509, 7444, TIRT7. .

g . WM OUV‘ QW& . ‘ .

| | 9 hoso  boo 6000 booo 2205

, , o0

C Bosp G0 foo oo oo Feo .



B
e

SUNGHIIE $Th.

e
L1338,
195777,
11170,
13158,
11058,
10375,

8759,
13074,
14114,

F260.
12015,
12997,

11991,

10446,
15418,
12764,
15037
10331,

8737.

7508,

5063,
10546,
11381,
11337,
10277,

- 11263,

%

11936,
F656.
13655,
7A9G,

11347,

Hou

LR NHN
1505,
1432,
T30
1372,
3187,
3475
36522,
55548
1501,
5101,
4681,

3274,

A4A3.
5018,
5004,
A6T54
3993,
4377,
3593.
3857,
5871,
5058,
AFAQ .
1244,
4344,
3337,
061,
5385,
1603,

4768,

FOSTT FROJECT FLUUS‘(UﬁTﬁNﬂ EFS. FILLINGY DEC,Z21.176)

BEC

3342,
2778,
3181,
14857,
3653,
3663,
1027,
1100,
4780,
3377,
4051,
41431,
3960,
3881,
3238,
4366,
38h1.
3634,
3759,
2796,
3035,
4113,
385,
3483,
3472,
3400,
2758,
4457,
4233,
3855,

3715,

Jnait

B33,
3022,
3055,
2295,
347? 3
3437,
28700,
3533,
386,
3206,
J55% .,
3359,
3513,
36865,
2845,
3110,
1214,
3A96,
34463,
2499,
2861,

31284

3186,
3180,
2994,
3230,
2645,
3782,
3534,
3437,

3251,

FER

2534,
2662,
2870,
2631,

© 2986,

3038,
2431,
3182,
2854,
3010,
2962,
30773,
2985,
3336,
25465,
3089,
2924,
3143,
3324,
2375,
2746,
2637,
3210,
28814,
272%9.
2780.
2512,
3337,
2859,
3051,

il 1: 3 AN

HNR

2364,
2AZA,
2417,
2314,

260835,

25%1.,

2415,
2809,
2567,
2484,
2614,
3017,
2658,
2415,
2338,
2911,
2790,
2804,
3234,
2291,
2658,
2534,
2847,
26724
2493,
2669,
2490,
2540,
24475,

2762,

3641,

2707,
2758,
A4,
3021,
FAR TR
2672,
%103,
3140,
260%,
3682,
3056,
3064,
2724,
1905,
2R07 .
2914,
1849,
3139,

a3,

4031,
ARG,

fhy
Y282,
31546,
11041,
3772465,
JAGTE.
12940,
24209,
27564,
21801,

S0846,°

17631,
13385,

24356,

28134,
14195,
20151,
11775,
24207,
14928,
22597,
21708,
17236,
22723,
154775,
35507,

20318,

ENIH
32161,
4354,

AGATR
ABBOG.
GDTEY .
57878,
426054,
197056,

30078,
42007,
55520,
39966,
72221,
A127%,
47429,
A%A50,
55064 .
30440,
37201,

C GRG0,

A3427,
AQ074.,
27932,

50147,

A0372.
60420,
JA767
10714,

AT1905G,

18353,
16097
53528,
A1718.
192800,
0312,
53452,
41753,
A7R04,
150897,
61138,
334652,
356423,
2183461,
194661 .
18472,
ALR4&0.
11295,
TR262,
414591,
ARARB7 .
AGTAG.

G062

ARRAG,

432890,
[ S
an881.

540089,
11952,
V7134,
47254,
37527,
38326,
A4981,
50614,
62642,
38582,
22884,
4Q662r
53077,
39714,
315048,
35653,
12551,
35761,

L4250,

31704,

226,

A38R7,

AEF
RGN
BERT NN
TUNBSH

:" al 3 *

;6537.
35501,
$/8BC.
18719,
257048,

AL600.
20524,
30565,
22982,
20313,
21077,
25542,
20806,
18321,
11408,
215467,
2AR13,
27800,
21738,
23928,
27082,
17350,
26706,
202079,

ey
SREFR

6290,

A3 RN
207A7.
17622,
18901,
17267,
12041,
15529,
17351,
18231,
171140,
18111,
21009,
19575,
12039,
146853,
184627,
18027,
15723,
15467
17172,
15717,
175883,
15504,
17530,



SUSTTHA GTATIOH "FOST" FROJECT FLOWS (WATANA RES. FILLING) UFC.2L1e1%8)

UPY NU” BEC JANR FE® MAR ISR May JUH JuL auG SEF TROAYG
¥ 728, 5157 el 5798. BBy T 614838, BPI8A. LIL&FY.  FUULG. Jéﬁil‘ Coantga,

U970 71486, 7322, 544623, i G148, &7FTES ]QIJ,/. FOA5T . 9365 Js87,

6388, - TBFT. 7075, 6010. AGOFT. 110770, A2 L. 1046820, r;iOH. 3450?‘

T340, 8150, 7043, ' 77303, 113054, 11 1. ggFee &34

17B8, 701, 9050, FIICA. 103798, 11144,

5&33- b6 D659, 1ARTAA, 1X10BF. LI2383.

13_7\,
15145,

P R 6REL 6576, 138174, 1IRF6A. 118467, 7 75624,
J?Sn . 13339, 10127, 6067 126365, 1133475, 77534,

61;5&. 108527 BH766. 1674,
G069, 134720, 1203710, A00X7,
41018, A7), TIGRTT. 1004817, F0077%,
TAN1P. 1329340, 125129, 103217, 56758,
AF220. 126957, 107331, Ab6640. i
123653, 1674, 6AGBL, 38377,

fl‘:,“,;’(‘)- 6’-_"’ (’21'3'
41514, 7611, 6515,
5333, 62146, D71,
. 11434, 12455, 11787, 7627,
f ’6\41‘ L1482, BL17. 8341, 5326,

2VE046, 'ldb. 8054, B262, 7567, 426049,
’ ? 5331, 6375, 56880, 33757, 110723, BA232, ATLEBE. IB546.,
{ GG 78T 6323, A18G17 . At 1Et7L. 100452 FUIIE. 11885 .
8B55. AL 7100, 7005, 4207, 1032438, 107432, 1073328, 57273,
8100, 0 7027, TTETU 6ET . 17558, 1219849, 120315, 117213, 80454,

109846, 10872, g1t Ho84,  BG3L6. 114163, 114431, 7972/, 38821,
s N 5430, G386, &0FD, 39003, 73281, F32VF. | 603F6H.  INI2G.
6338, G875, 6008, 1483, 17500, 4 120575, 107164, 7U56¢L.
6312, H6377 6066, BE7A. 30952, 100057, LUIBed.  ALATE,
7744, 9505 . 7867, 6130, 5170, 62039, 1285747, 76087, 33864,
7309, FATT 7377 6335, 7870, HYZAT. 113011, P54, 41727,
6012 7516, 6957 6567 . &771. G2567. PRI T2728, BOYIRE,
7042, gL, 7554, 670/ H3%4. 37848, 106111, 118270, B;Zl?. A?265.
H0249, 6671, G771 UH77. /093. 653521, SE0046. 104185, 7256 AYT7T8.

12312, 651, B603, 5363, D161y, 13ARGAF. DX0LTE. 114673. 77757,
6115, 627 A 6403, 63133, 41138, 77458, 1065215, 544688, 527567, 37437,
B8?3. ]384 . 7791, 6831, 7287). 100574, 123588, 117327, 69843, 47854,

““Cl‘n
24531
19567,
18431.
27321
292 6.
34406
35086,

27711, 11557, 7730, 7657, 5487, 6331, 6T A 5407, 104405, 117588, 78828, GSFAY,
1
" Ed



W HPHTH AT 13 L : m.“ BERandNges ' ] SREAR AN TR w;. , T |
L ELE L A i T RARAS RANRARARANNAN g ,, : .“, HHaa
(A : ; FH P : T R TR NRRRRREN NARERNEEARNRRRAARRE AREANE NS
- q i SRARE - E R P LR T i 11 s
il is aanqREARs L RuRREREE RESESRANSRERAARENNRE EHIEERNARREREE L EHEA T
s118 i fak N8 HERERE THAEH R b L ARRANARARRREAHREddAat] ;
TH - : T - A THEH R P T o ; SR LR THHE
1 AARBARAREN S NENAHERN ; HENNARAAR LT L iR
T (NI R I R e e T R
SRR (8 THE VEEHEEEN AuNREN LA T R R EL A L T e T T d
3 H LS T E TR RacayRaslBhdRERdRE
LR T T HHH kS RundRRERRARNARRRARRARS 1L 1L
1HE mx : - SRR PR 1 T bE AEEHE S
’ T MU ANERRARRARNRRRARE RREAdRRRARNRSARRARES e
1] HHHHH TR N PR PP EECLEEFETE FERFHEREH  ERFR I
i TR kR ¥ RoiagEE RHARERRuARRRAHE I HA ERERH R M
LRI 01 1 - TN ARG RAM R AR N Ay SR R R
1v_ 3 _ 1 HERENN £ PR IHAET- 1 FHAH ~.§ - -+ .H. |4 - . uw‘ Au.‘.mxva
R R T AR RS L HH L
1o NE ; - TR B R L S H R R
g ARiEedd1Eediecs ; T e T L
et i : g 8 PR fueddE R ny gy ae A s e : i FHHE T HEH HH
17 gl 9 ’ T ¥ - T R TR TR
r RUBRR g iN R AT . R MEREAN : A S HE e
LRaRanARERY FEEEHE B 1 FEHAH T T
n 4 8 RREREEANNRE NN N NARREE N NEERNN
1 LA : NN 1] JHEELE THE ot LELEET SRS
o ST : Eals ARH
T REE : BUBENNE ¥ TE O
male : TR AR R B TR T
: MNERNA AR ga C AT L E YT
| w W@ AT ST SO TH G R HHHH B HHHL RIS
rl SrHH R HHERD TN R B THER FEETEH SR L FH hi T [ SHHTH AR
: JRARSRNARANE [BEE AL L ._&._ T ‘4 - - il
] WA
- 0ZET 9% Sonna S S B oM o

EY-1Y I

(_
o




w
LHUTHLRLTE e e L e e e e e e, =
T BT T R R T T R T T I @
HHHHHH R L A S 2
“,_m.v R T TR T TR R LT T R T T T
TR HH TR A R TR L HE |
UL died e caec Lol iedcanal andnacd anca oncd il R NI “
AR UL EHEHEE L T HHHITH _
TRt RN A - N T SREEEr SR L R A e e e R L 1 !
I MV RANNN EEE NER A AR A LR R 3 NENEMKN N ERRNRAN mer !
] .r_ui.i, a RS R A A S PR B U6 0 00 0 OO 00 O S 0 SRNNENEAN ¥ RSN NA RS : i
1 . RN XN L] ] JANREENN - " N Tip - AEERANEENE AN EX et AERARN ¢
o 1V TR R E iR e e R R R R R s R TR IR
LR LR I i WL FHHE L
m_m Al REN ST FEHAEE [ | HERERANERAERANN AN R RN AN AR NN JERAN Ly
LIY 1 “N s AHEENSY [ - S 050 00 0 JEELLE AP UEECT A LA NARR RAN NS
T
Ll O A A R R R P R R e e e R PR e e R R

S3&-
:
T
T
H
+
T
T
T
I}
T
)
T
T
A

: | LR EH R R R B R R R ;

rat
X YOS

T

T

T

1

u

i

=

T

, il .w.‘ - FEEES Ht -t - T TR R H.,,., : .W
TN B MRy R HE S

]
. TRATHTH HH g RanNN T N !
2ak RRYARARENEH) Rudiad - RR SRR FL |
.V.wv feo B Ot Al y N AR NN - N M ENNERNNY !
iy ;mu HEH A A ne RuAANNE TR FRHF BARRNAREN BRaniAdRuSRuURERARREgRuE] JRURY !
. g 2 SR L EaNERRuNARNN iE N LT T i
L NANE : s e L TR PR A : SR R A
: RS CCEEE L e e e e ERReRuRES CLEH e e REARSERNES nERs !
113}~ H4-t 14 4 b1 1 -4--] g - |- 4-4-3-3-8 - |- At - || SEER - §- -1 ne g4 <3} b - v s -
TR R " SRR AT TR AR e A Adnlunan AT R :
U L R L LR B e L R LR LR L L L L LB L R T L L R R E R L LT u
U L R T L LR T R T LG L LU et E LT |
. FH i AT - ) LR N CU FEECRE P CEEE T O T O THE S e 8 '
L : . LEHE 3 T T | T 1 i. FHAT xu*.r

. : NGNS

N S3HONI 0t X ¢ HONI 4 OL 0l X 01

{ \ QC¢tl o i . ¥ CYSA REIAYK 'O3 H3SSI B V3H4N3IN WOY_ : /, .




1 k y NERR FHHTE ] £l ; ,. PP e u‘. x... T v
- N - o 8 060 O 0O O Y M1 o 0 [1- FEEEE L TR T N X i ) ¢
BAS RN ARRNENEERNNARNE 1 NRER NN NN - TR BNAREER N 3 EARSNERARNNRRRE NN RN § N L L . 5 . . <
. N NN D . R A A A B HERUERREMERERAREN AN R RENEN ) v
’ . - N EaE - N} i 1) EEEE LR : - .. NN ‘ BENENN . BESRNNE » 3 g ) } )
N EEN T " I1T NNEAENARN 1] T v
L - 5 " RN AT N HENNRE RN 000 S L§] ERal 3. RS

T

It
o 43

ra

N " 1] N I A EEL- ne ENAN ST YT " ] n N 0490 3% 00 00 00 0 R 00 R O O |'i- L1 . N
B R TEEET: - NN 1l SRR RN NAREN AN 11 : R EHARARN R NN - nEal X - "

i
T
=
NI
)
a.
T
4
y AN
T
y 4
i
1
1
T
3
T
T
T
Y ¥
™5
Y
T

Nt
]
]
F A
L.
1
T
T
1

T NEan SN NN - HAH RS M\
M A H NEAN //I.J/ N 0 0 0 O 0 AR R EaNS ]
1 h 1171 b T 1] 1 2Enkn 1 'l NS 1 | -1

G XA

T
T
t
T
a4
il
"
T
T

S

3

AXI A

B B & o B o Y
&
L

il G
e T MWH S HHE R ] L R R | L
mv TH TR - A e T e H &
S B TEATHE 15 P R R T 2
:m U R B E R AT - w
N HER -+ ax : L Nedt -
TR b EE RARRRUARANEAN LR T ¥ W
_mm S FEEH L il T Rnad T + S Ras T A R T ¥

N e 1] RHANRER BENNSRRERRENS NN | BEEXNANE NERNNERN R ARERNERN RN Ly y :
Zalian RN BERRNER NN RANA G NN y NEE . N

£ JA

, NRERNNE fes SENN N e RENNEANENANESY ¢‘ :»~ 1 . ! <
- SR H-A-EH- Lt o JEEE- AR .'.,».” T ,H, . ~
A T - i R T L O TR LT TR R LN
] . 1) TR EE ,Qw T8 R QT T EHR U B 1 E 1
R TR TR R R R E R R T T FE TR R T L e SR

{ ) ONm.ﬁ w\q . 1 WAL u.o<x ‘0D MISSA W 134NN Wﬁx . )

. i ) S3IHONI 0t X £ HONI % O 0t X 0!




¢

Sz

S0

T R e
O T FR T R : it AR HH 1
HHAL P H il L fiit ,.
KA - T ] T :
ALRENN 4L o 4 RSN I 3 I
FH LA HERT FH +H i :
..smm ‘n.nl L . Eus ‘ ;., ! :
[ TR u RS TS ATRG
L L il st icaisatataticl
it T TR TR T RAERANRNRRERINERANRSE
12 RERRARNRRARAS H R B FLEHEH L ]
o s LT LT L
lwh H.N~ T 'H I N AN NERaE o 5
,g--E, RRINNERRRREARRREE 1 LR A -
» L LT 1] HE £ :
w DS AR i -+ R R
-xxk%hm : U.n THHT R :
iR ekt ey eeadi T TR el
~REEbAE JTHE H H R R
3 ,xm MW T | HHH , :
EREREREE i REERARD B THHHE Rak I .
u - A R ,w : WHN . - M_ VR T
ik fuiid _ _ L ! . A A il
P \ pedRddizitutas TR SERRRRENALY ki

38

26

32

0CET 9t

‘OD YISSI B 1344NIN

HONI 3 OL 0of X Ot

RS 20065

F.
a

TEMPERATLURE.



Walbssia

Flow —>

sk fore
oud fhus Termp

LRX f"' P

LRX 15

WX 9

LRX

foon i f AT S
f,/,./?.v'/"‘./»/n,/./p~ “o

boadown Elorie

Thnfpoatl
LAx 42

Aeweory

00
37

o.0

Hoo

0.0

©.0

o.0

qo00

00

Aoorge /;/.,.,% S Tempoiloves (C°) A Felliy ot yeocs (o S )
&(/4,4,.“}_ e servod . ’
Yebisoyg Pocch Aori! Sy Tone T4 fgos F </ art Ao
S y
900 PO f00 4pov +000 2000 2000 000/3200 2200 J1s 200
. ,' MJ_,: 2boo aQdfz 7080 .
39 A 3.9 3.9 3.7 , 3.9 3.9 39 39 kA
0.0 0.0 5.6 67 '?'l. £.3 2./ 49 z:a o0
1070 1045 1070 5570 7103 [ 2LTA gz28 7299 /000 1225
0.0 0.0 56 .7 8¢ 7.5 7.1 49 25 o0
0.0 oo ¢! 21 7z 28 7e 5/ 2.4 0.0
0.0 0.0 L3 P X 9.5 g.0 79 L2 2.y 0.0
BN
0.0 0.0 R 2.5 96 8.1 8.0 2 zd 0.0
0.0 0.0 A 77 7.9 g4 g3 £ 2y 0.0
0.0 0.0 .8 &.l 2.4 27 8.8 L5g 3.3 )
0.0 0.0 &9 3.3 /0.8 89 e/ 57 2.3 0.0
0.0 0.0 7.2 &8 7y 9.2 27 £9 22 0.0
oY) 0.0 7.3 ?2 /7.9 9.7 /0.2 &/ 2.2 0.0
0.0 0.0 24 20.7 /2.3 10.0 6. ¢ 4.2 z.2 0.0
9o00 T 7ua bGovo lioov ltpeop lboos Go‘of‘/gno 37.(»/1»0 Feo
4.0 0-0 4.3 €5 84 4.9 s 4.7 28 70

Drc

F00

1"Hsc

a.¢

oo

00





