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1 - HYDROLOGICAL AND CLIMATOLOGICAL STATIONS

1.1 - Station Location

A map showing the current hydro1ogica1 and climatological stations in the

Susitna River Basin is atfached at the end of this document.

1.2 - Water Quality Monitoring

Copies of cokrespondence among APA,'ADF&G, and Acres on current R&M water

quality monitoring and analyses are attached along with the Minutes of the
Coordination Méeting held on May 7, 1981, and a technical discussion among
ADF&G, USGS, and R&M held on May 14, 1981, dealing with the resolution of

the differences in USGS and R&M data collection methods and their

comparability..
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MINUTES OF MEETING - File No.
Coordination Meeting on Fisheries Habitat,

Vegetation, Instream Flow, and Engineering

Studies Programs on the Lower Susitna River.

Held in Acres American Offices in Anchorage,

Alaska on May 7, 1981

Present were:

Name o Affiliation

James D. Gil1 Acres American Inc.
G. Krishnan _ Acres American Inc.
Milo Bell TES

Woody Trihey Acres American Inc.
Christopher Estes ADF&G

Bob Lamke : USGS

Bob Madison USGS

Andy Hoffman ' ADF&G

Bruce R. Bedard ’ Alaska Power Authority
Thomas Trent ~ ADF&G

Dana Schmidt ° TES

LesTlie Griffiths R&M

Brent T. Drage R&M

Jeff Coffin R&M

Larry Peterson R&M

Russell Nemecek TES

Robert Williams TES

Bob Krogeng TES

ITEM 1

Jim Gi11 opened the meeting by introducing key project
personnel in attendance. He reviewed the meeting objectives
and mentioned the review studies completed so far and planned
for 1980-81. He also stressed the need to set up coordination

“procedures for groups involved in -the downstream river (Watana

to Cook Inlet) studies on the Susitna River with special
attention on fisheries habitat, vegetation, and instream flow
studies.

ITEM 2

Woody Trihey, a special consultant to Acres, reviewed the
draft FERC Ticense requirements as outlined in the Federal
Register on February 2, 1981, in terms of downstream river
studies on the Susitna River. Pertinent sections of the

_Federa] Register are included as Attachment A.

Mr. Trihey explained that FERC would be looking for a general
description of the project, i.e. setting, locale, nature of
the project, as well as discussion on the project's potential

P5700.13.30
P5700.14.03
P5700.14.07
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effect on existing uses of flow in the Susitna. Baseline

data collected during the study should describe normal and
seasonal variability in streamflow and water quality. With

this information the long and short term effects of the proposed
project on the natural variability of background streamflow
conditions can be explained.

Mr. Trihey felt the baseline data collection currently

being carried out on the river was adequate for the first
phase of the study and initial license application in that

the project effects on the normal and seasonal variability

of stream flows can be described. As more specific infor-
mation is obtained on instream flow uses which may conflict
with the proposed hydro-development additional data collection
and analysis can be incorporated into later work phases. He
stressed that there is no requirement by FERC that the initial
Ticense application be based upon a detailed.environmental
analysis, but the application must be complete and comprehensive.
Meaning that the magnitude and consequences of the proposed
development needs to be considered with respect to all other
existing/competing uses for streamflows in the project area.
In addition the license application must describe actions
which could be undertaken to mitigate any adverse impact
associated with the project. The mitigation plan must be
prepared in consultation with State and Federal Agencies. The
FERC will review the ¥ticense application, request an outside
review by appropriate State and Federal Agencies, then

decide on its adequacy. When FERC determines the Ticense
application is deficient they generally provide the applicant
with a statement of what additional data, analysis, or
inter-agency consultation is required.

It was Mr. Trihey's opinion that a license application could Acres/TES
be submitted in the spring of 1982, but it would be returned

to the -applicant with the statement that considerable -

additional work would be required in several areas.

ITEM 3

Mr. G. Krishnan of Acres, Buffalo opened the next section
of the meeting by outlining hydraulic and hydrologic
projects completed by Acres/R&M team during the first
year of the feasibility study. These included the
following:

- Compilation of historical streamflow, climatological
and water quality data on the Susitna River Basin.

- One year of climate and hydrological data collection
in the basin during 1980.

- Freezeup and breakup observations on the river.

- Hydrographic surveys completed in the reach from
Talkeetna to Deadman Creek.
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- Regional flood analysis showing re]ationship of flood

. peak and flood volume, and recurrence in the Susitna Basin.
- Preliminary report on Subtask 3.10 - Lower Susitna Studies

addressing pre and post project flows and flood peaks
based on either a one or two dam scheme.

He added that future analysis downstream will be based
on the flows from a two dam scheme.

Brent Drage from R&M Consultants followed with more
detailed description of work items completed to date by
R&M on the Susitna River. Attachment B is a summary of
this descr1pt1on

Bob Williams, a consu]tant working with Terrestrial
Environmental Specialists (TES), explained TES's role

in the first phase of the Susitna project. They are

currently compiling an . extensive literature review on
fish species as applicable to the Susitna River system
which should be available to project personnel by mid-
summer. They have also provided input to Acres on
selection of dam development plans, access route, and
transmission corridors. Christopher Estes suggested
they coordinate their fishery literature review with
the ADF&G fish habitat preference literature review
project supervised by Rich Cannon. He also requested
a copy of the bibliography, listing all of the
Titerature reviewed.

Milo Bell, also working with TES, described several
literature reviews he has prepared in.connection. with

this project including one on dissolved nitrogen studies
in rivers. He is currently working on an extensive liter-
ature review on the effect of silt on fisheries. Copies
of this review will be made available to interested
project personnel when it is completed.

Christopher Estes and Tom Trent from ADF&G concluded
this section of the meeting by presenting an outline
of the fisheries studies to be conducted on the river
primarily from Talkeetna to Devil Canyon. The field
program has been designed to better define the
relationship between various fish species and habitat
in terms of water quality, substrate, and streamflow
parameters. In addition, numerous staff gages will
be installed throughout the project area in order

to identify those habitat areas where prob]ems may
occur due to flow regulation.

ACTION BY
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Christopher reminded Acres of their committment to supply Acres
Leitz Levels and an electronic distance finder. Bob Williams

verified that John Hayden has agreed to this. Estes also

referenced a November 30, 1979, letter to Eric Yould on
this subject. Jim Gil11 said he would follow up on this.

A procedures manual is being developed describing the
specific data to be collected outlining the three elements
of ADF&G's Phase I program: -anadromous. adult study group,
resident juvenile fish studies, and the aquatic habitat
study group. Further discussion of this program was
continued under Item 4 of the meeting agenda.

The meeting proceeded to discuss the Acres/R&M water
quality program as being conducted in the 1ight of
observations made by Tom Trent in a memo to APA
(Attachment C).

Krishnan briefly traced the development of the water
quality program as currently being carried out by

R&M citing the meetings last year with representatives,
of USGS, ADF&G, APA, DNR, TES, R&M, and Acres.

Bob Madison of USGS. stressed the point that the
methods of USGS and R&M for water quality sampling
were not comparable. It was difficult, however, to say
how the sampling procedure affected the anlaytical
results. Christopher Estes emphasized the need for
the compatability of results of the R&M and USGS
observations so that R&M could compliment and extend
the USGS historical records. He also stated that

it would be logical to insure that the same paremeters
be evaulated at each sampling site as discussed in the
memo from Tom Trent to Dave Wozniak (April 15, 1981).

Dana Schmidt indicated that the WQ parameters presently Acres/TES/
measured by R&M are adequate for purposes of preparing ADF&G

the initial license application and Phase II study plan;

hence expansion of the present WQ data collection program

is not necessary at this stage.

After some discussion it was agreed that:

(a) R&M will collect depth integrated WQ samples and
three surface samples during their next field
observations at Gold Creek and analyze the two
samples. The results would be evaluated jointly
with USGS to determine the comparability of the
two sampling procedures.
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~~ (b) Brent will set up a meeting with USGS personnel to R&M/USGS
determine the sampling schedule and analysis tech-
niques which will be followed to resolve the present
. question concerning incompatability of WQ data.
Christopher requested that the APA-consider funding the Acres/APA
Chulitna water quality program, with the understanding that
- R&M and the USGS would resolve the comparability issue,
L. adding that the Chulitna data would be of value to all
study participants. Jim Gil1l said APA would have to -
- make the final decision on the Chulitna water quality
monitoring. -
ITEM 4
- During this segment of the meeting, each of the agencies
involved gave a short description of their 1981-82 field
= programs and analyses to be undertaken.
Mr. Krishnan'began.by dut]ining the propoéed Acres
™ activities for the comming year. Four key tasks
. were described:
— (a) Water Surface Profile Modeling
= Water Tlevel and d1scharge observations made during R&M/Acres
i 1980 field -program along with river cross section
: data in the reach from Talkeetna to above Watana
- dam site gathered during hydrographic surveys
is presently being computerized for input into the
= - HEC-2 water surface profile model. - This model
Lj will be used to estimate water surface elevations
during the open water seasons for various stream-
- flows at different sections along the river. The
B model 1is proposed to be calibrated using 1980 obser-
= vations and will be independently verified with 1981
R data. The model will be used to predict water levels
fi under pre and post project flows under open water
3 conditions.
Ef (b) Ice Modeling
- Ice observation carried out during freezeup and break- Acres

up will be used to calibrate an ice model developed
by Acres to simulate ice cover formation, stability,
and thickness in the river reach. An associated

. backwater profile program will use the information
- from the ice simulation model to predict water

— levels for ice cover conditions under pre and post
project conditions.

ol




[

T

(c)

(e)

ACTION BY

Reservoir Modeling

Both HEC-2 and ice modeling will be carried out 1in Acres
the reservoir pools to determine the upstream effects
of various water -levels  in the reservoir. Ice cover

formation on. the reservoir, its behavior, and

stab111ty will also be evaluated with respect to
various reservoir operations.

Reservoir Temperature and Sediment Modeling

It is proposed to use HEC models for temperature and Acres

“sediment modeling of the reservoirs. The prime

objective in using the models will be to arrive at
multilevel power outlets that may be required to con-
form to environmental requirements as to temperature
and sediment concentration in the downstream flow.
There is essentially scant data available on river
water temperatures and sediment loads. Data from
the continuous water quality monitor near Watana
Camp will be used as supplement to historical and
1980 data collected for input in the models.
Correlations where possible will be made between
observed long-térm-air temperature and water tem-
peratures to extend the data base for analysis.

A reevaluation of the extent of mathematic modeling
is under way in view of limited base line infor-
mation available.

Morphological and Sediment Yield Studies

These were discussed by Brent Drage (R&M). For
morphology studies below the dam sites the river
will be divided into two parts - Susitna River
upstream of the Chulitna River confluence and the
river downstream of the confluence up to the mouth.

Regime type relationships will be developed for the
upper, more stable part of the river, above the
Chulitna confluence. Once these regime relationships
are developed for natural flow conditions, sediment
discharge and flow parameters can be altered to
identify possible changes in river characteristics
such as gradient and channel width under regulated
flow conditions. Significant problems of aggredation
or degradation if expected to occur will be addressed.

The river downstream of the Chulitna confluence is R&M
a more complex situation and much Tless historical

data is available. Reports such as the Subtask

3.10 Preliminary Open Water Report provide some
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guidelines for problem identification and further
studies. The analysis carried out will be refined
as more data becomes available and also extended to

address needs of environmental groups for such
information. . '

Bob Lamke of the USGS was asked about the status
of a USGS bedload measurement program for the

Susitna. He explained that their three year study for

bedload, bed material, and suspended sediment data
collection was being negotiated with the Alaska
Power Authority. Bill Emmett (USGS, Denver, Co.)
is being consulted on developing the. program

based on his previous experience in sediment
transport and discharge on other Alaskan rivers.
Bob Lamke did feel that it would not be possible
to get geared up to begin data collection this
summer.

The aquatic studies program was outlined by
Christopher Estes (ADF&G). Five locations

are to be selected as representative of the
reach between Devil Canyon and Chulitna
confluence. At these selected sites

substrate and water quality data will be
collected at three times during the year

based on seasonal discharge changes and will
include pH, dissolved oxygen, specific conductance,
water temperature, and turbidity measurements.
Water samples will also be taken in the sloughs
for more detailed analysis by the USGS. This
will permit the ADF&G to compare the water
quality/discharge relationships between the
mainstream river and sloughs, thus adding
further importance for all water quality

data collected to be comparable. ADF&G need
some input from R&M on selection of five typical
reaches. - Brent Drage will get together with
Christopher Estes for finalizing the reaches.

Numerous staff gages will be installed at

sampling sites in the side channels or sloughs
of.interest for habitat studies and readings
collected at varying intervals (from 3 times daily

. at selected sites to twice weekly at others)

to correlate water levels in the main stem with
those in the selected sloughs and channels.

Periodic discharge measurements and water velocities
will be carried out at several sites to refine

ACTION BY
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stage discharge relationships. Joint crews consisting
of representatives from the adult anadromous section,
resident juvenile section, and aquatic habitat section
will work on the river from Cook Inlet to Watana -
collecting the information outlined above, as well

as maintaining fishwheels, sonars, and thermographs

to be set up at several Tocations along the river.

These fisheries studies should characterize and
identify locations of typical fish habitat areas

for different species, improve our present under-
standing of fish movement in the Susitna River
system and provide some initial insight as to
responsiveness-<0f the various habitat types to
changes in stream flow. From the data collected

it would be possible to answer questions like how
readily are the side channels or sloughs watered
and dewatered, are they relatively stable or subject

to rapid changes, etc. Woody Trihey stated that

the final product from ADF&G Phase I field program
should be an initial characterization of typical
fish habitats inthe project area and utilization

of these habitats. Knowing this and post project
stream flow conditions TES could provide initial
comments pertaining to the generic type of impacts
that might occur to the various habitats due to the
project.

The final review of the 1981-82 program was
presented by Bob Williams (TES). He explained
that last year TES identified 50-60 impact
issues associated with different phases of the
project. During the coming year, they will
take information generated by other involved
agencies and apply it to the various impact

issues.

The detail of the impact analysis will be based
on the relative importance of the issue as time
and budget constraints prohibit addressing all
issues in great detail. A composite list of impact
issues is included in the TES Procedures Manual -
produced last year, and a more detailed list will
be available soon. Kevin Young (Acres) should
follow up to obtain the details. Literature
survey will be continued for species of salmon.
Reviews are nearly complete for Chinook and Coho
salmons; others are still being developed.

ACTION BY
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Mr. Williams stressed that reports submitted to TES Acres/ADF&G
must be in good final form following the approved
Acres' format as there is no time available for TES
to do any rewriting. '
It was agreed that TES wi]1,$upp]y Krishnan with a TES/ADF&G/
detailed description of hydraulic and hydrologic - Acres
information that is required for their analysis and
evaluation. A similar 1ist should be drawn up by
ADF&G as well. This will enable producing timely
data/information to meet needs of different agencies.
A plan for coordinating and channelizing information Acres/TES

exchange among the study team members was discussed.

It was concluded that Woody Trihey and Dana Schmidt
should form the focal point of all field data-collection
and hydraulic analysis and information. Jim Gill

would keep in touch with the pragress. Al1l corres-
pondences should be copied to Kevin Young to continue

"coordination of all efforts in the environmental

studies. :

Iz

/
Reported by (;//(/L~L7§z”w~a-

GK/1jr G. Krishnan

Attachments
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Acres Agnerican, Incorporstad, Anshorage
sy 14, 1831

WATER QUALITY SAMPLING COQRDINATION MEETING
Susitna Hydroslectric Projact, Sublask 3.403

Ths mesling was stianded by:

Andy Hoffman ADFEG

Bobh Lamke ’ ‘ UsGs

Bub Madison - uses

Derrill Cowing - . USGs

Brent Drage R&M -
Lesiie Griffiths R&M

Basically, it was decidad that itotsl phosphorous and tota! nifrogsn
shouid be reported as total dissoived phosphorous and nitregan
since In cur snalyses wez enly anslyze the disselved fraction in the
water and not the totais available in the water-zediment minturs,
The tarminclogy conforms 1o those terms as deflned in the 1972
“Water Resourcas Dalz for Alaska" (USGS).

There wis i3 stme guastion as to what exactly was definsd by
the totai suspended solids znalysis reporied in our watsr quallty
reports. Brant esxplained how this relasted to the suspendsd

sediment analysis and settiashia solids Tield festg. Generally, it

misce?/e -1 -
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was agreed wald bBe savad a lot of confusion if this psrametar was

- deleted fram our water quality program, leaving the sstliezbile

solitis measursments and sctual suspandsd zediment analysis tsken
from ths denth - intagraisd samples,

There was some discussion on the valus of ICAP 2can versus wat
chemistry techniques for water quality anasiyses. It was agresd
that for this phase, the ICAP scan would provids bassiine dsts
that was adsguats fo destribe tha system. As specific psremsiers
were identified as being of greater impertance, different, parhaps
more sccurate or refined analvsls technigues could be implemented.

To rescive the immedisty problemy we agresd W coordinsts a
sampling trip with this USGS whers they would <o sampling
foliowing their normal procedurss and we would coliget beth grab

 samples  and  depth  integrestsd samples  for  analysis  and

comparison. As it stands, that trip is sthedulsd Ter the Z6th and
27th of #ay. - -
R&M will meet again with the USGS (o compare rasults for the
anéiyses and detarmine what, if anyihing needs to be done W
Improve or change our program to optimize the usefulnéss of water
quzlity dats cdileciad,
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X ALASKA POWER AUTHORIT

L33 T 4th AVENUE - SUITE 31 - ANCHORAGE, ALASKA 99501 Phone: (907) 277-7641
33 WES (907) 276-2715

. ’ ’ May 19 ]98]

.

Mr. John Lawrence

Acres American Incorporated
The Liberty Bank Building
Main at Court

Buffalo, New York 14202
Attn: John Hayden

Dear John:

E caola l ; 1S 4

Attached is a memo dated April 15, 1981 from Tom Trent that cr1t1ques
the water quality sampling programs. His recommendations would. incur a

scope change of at least $29, 740.00 for USGS serv1ces and an undeter—
»m1ned amount for R&M serv1ces

(.

ALASKA POWER

T LB v

. Please ana]yze Mr Trent s comments and have your staff be preparefi t étZ:ﬁ?gA

|- discuss them in the May 7 ]98] meet1ng you have schedu]ed here in

= Anchorage.:_,l--;a___ o R FILE Pi/oo

[x v : Sincerely, SEQUENCL NO.
gl e

~ . S z(l—“:: g 2

[; David D. Wozniak . 28] E | £

* 2|2} 5 | 2

~ Project Manager
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APR2 4 1981
ALASKA POWER AUTHORITY

MEMORANDUM

TO:

FROM:

State of Alaska

Dave Wozniak  atE: April 15, 1981
Su Hydro Project Manager

Alaska Power Authority FILE NO:

333 W. 4th Avenue, Suite 31

Anchorage, Alaska 99501 TELEPHONE NO: f
LA -

Thomas W. Trent 72/d% 7 ) SUBJECT: USGS Water Quality

Aquatic Studies Coordinator Measurements

Su Hydro Aquatic Studies

Anchorage

The present USGS and R&M Su Hydro lHater Quality sampling programs for

sites on the Susitna River downstream from Devil Canyon (figure 1) have
been reviewed by my staff. Inconsistencies with the types and level of
analysis will prevent comparison of these sites for hydrologic appraisal

of the overall lower Susitna Basin. Following is a summary of the

existing USGS and R&M water quality program and our recommendations for
improvement.

According to the present USGS work plan, sediment samples are analyzed
by particle analysis (Attachment 1) and suspended sediment at the Gold
Creek Site; whereas the samples at the Sunshine site are analyzed to

the sand break (Attachment 2). In addition, the water quality analysis

at the Sunshine site is more comprehensive than the Gold Creek site
(Attachments 3 and 4).

R&M is collecting water quality data above the proposed dam site and at
Gold Creek (Attachment 4). -

There are three basic differences between the R&M and USGS sampling and

analysis schemes: 1) parameters; 2) methods of collection and preservation;
and, 3) methods of analysis.

Parameters

The differences in parameters being analyzed are: USGS measures
suspended sediment and R&M measures settleable solids and total
suspended solids. These are not comparable (Madison 1981). The
specific nutrients which USGS and R&M measures are different. The

USGS will measure a broader range of inorganic cations and anions
than R&M.

Collection and Preservation

The differences between the methods of collection and preparation
are significant and make comparison of samples questionable if at
all possible at 3 stations. R&M composites 3 grab samples which

are collected 1 foot under the surface across the river (right and
left bank and center channel) (R&M 1980), whereas USGS takes a

depth integrated composite sample at several points along a transect
across the river. The USGS depth integrated method accounts for
differences in concentration which will otherwise result if a

sample is collected in too shallow of water or the water is stratified
and not homogeneous, thus give a better representation of the river
water quality. The 3 R&M surface arab samples mav not be sufficient
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techniques for nutrients are not the same; thus, data comparison is
questionable. v *

Analysis

- The methods and level of analysis used for trace metals by R&M are
different; thus data comparison is questionable.

With this wide variety of differences in sample collection and analysis, R
comparison of the USGS data which are collected on the Chulitna and Sun- ‘
shine Stations to R&M data at their Gold Creek stations would be inadvisable.
USGS concurred with us concerning the advantages of modifying their

program (attachment 1) to permit comparative analysis. It was also their
opinijon that a coordinated uniform hydrologic appraisal of the lower

Susitna Basin would be beneficial to the overall Su Hydro Feasibility

Study Program. In addition, the USGS suggested that the Chulitna River
station be included in this proposed revised sampling and analysis

scheme because of its proportionally high contribution to the Susitna

River and potentially significant influence on water quality and channel
geometry (Attachment 5).

A summary of the suggested revisionéato the USGS program currently
funded by the APA and R&M program follow:

USGS Modifications

WATER QUALITY* SEDIMENT*

present: change to: &¢ﬂu present: change to:

Gold USGS mini- USGS compre- ‘particle. -
Creek mal and hensive size
" R&M data -

P T T

Sun- USGS com- - ,~“sand particle \‘géi(vu;/

shine rehensive \break size
Chulitna  none USGS com- )0 particle -
prehensive size

*

*axamples of minimal and comprehensive water quality and particle
size and sand break analysis are attached.

Estimated additional costs to the existing APA/USGS cooperative sampling
program to implement these changes would be:
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- ARoril 15, 1881 -

ry A~ | Y
4/1-6/30 1981 7/1-9/30 1981 10/1-6/30 1982
’ 2

Chulitna $4,120 $4,120 $9,100
River . A L

Susitna $2,340 . $2,340 $7,720 @7@4/
River at i (.
Gold Cr.
Susitna
R. at
Sunshine

ool

ety

TOTAL $6,460 $6,460 $16,820

R&M Modifications

To enable the use of R&M data for comparison purposes with exiéting
and historical USGS data, uniform data collection and analysis
procedures which are approved by USGS should be adopted by R&M.

R&M and USGS Evaluation

The Steering Committee should review the overall USGS and R&M water
quality and hydraulic sampling and analysis procedures to evaluate
the validity of the existing programs and determine whether they -
are integrated. It is our understanding that the only Su Hydro
study participants which are presently required to author procedure
manuals are TES subcontractors and the ADF&G.

We strongly support the changes to the USGS program and believe they .
will benefit all study participants. With respect to the Department of
Fish and Game's use of this information, it will be evaluated to assess
the -present relationship between discharge and water quality on the
river and eventually used to determine the physical and chemical changes
which will occur with changes in flow regimes if the proposed dams were
constructed. Therefore we suggest and request that these minor changes
to the existing USGS APA program be adopted and funded by the APA.

Madison, B. 1981. Personal communication pertaining to evaluation
of R&M water quality procedure manual. April 15, 1981. USGS.

R&M. 1980 Susitna Hydroelectric Project. Procedures for water quality
data collection. R&M Consultants. Anchorage. 11pp.

cc: R. George - USGS
B. Drage - R&M
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SOUTH-ZENTRAL ALASKA
15292000 SUSITNA RIVER AT GOLD CREEK-~-Continued

WATER-QUALITY RECORDS

PERIOD OF RECORD. --Water years 1949-58, 1962, 1967-68, 1974 to current year.

PERIOD OQF DAILY RECORD.-=-
WATER"TEMPERATURES: June to

SUSPENDED-SEDIMENT DISCHARGE:

INSTRUMENTATION. --Temperature recorder since July 30, 1974,

June (o September 1957.-

-»
. -~

REMARKS.--No record Dec. 1% to May 21 and July 10-31, sensor frozen in ice and clock stopped; respectively.

EXTREMES 'FOR CURRENT YEAR.--
WATER TEMPERATURES:

Maximum, 15.0°C July 3,

minimum, 0.0°C on most days during winter period.

WATER QUALITY DATA.

. TIME
= DATE
. Jut
. 10... 1431
i - 10... 1432
A 10... 1433
- 10... 1434
10.ea 1435
10... 1636
- 10... 1437
. 10... 1438
) 10caa 1439
10ca. 1440
10cae 1641
10... 1642
10... 1443
STREAM-
FLOW.
INSTAN~
TIME TANEOUS
DATE {CFS)
MaAY -
2leee 1450 17400
JuL
10eee 1430 25700
SEP
0Seee 1430 8820
SED. SED.
SUSP. SusP
FatL STEVE
Olam, D1aM
% FINER § FINE
- o THAN THAN
DATE «03]1 MM 062 M
MAY -
r4 2 -
JuL
18... 40 &
SEP
0Seee - -

WATER YEAR OCTOBER 1978 TO SEPTEMBER 1979

SAMPLE DEPTH
LoC~ AT
ATINN, SAMPLE
CROSS SAMP- LoC-
SECTION- LING ATIONs. TEWPER-
(FT FM DEPTH TOTAL ATURE
L BANK) (FT) (FEET) - (DEG €) . cmd e
60 1.6 8.00 12.3
60 . 6ab 8.00 12.3. - a
130- 2.2 10.8- 12,3 - ~ el a0
130 8.5 10.8. 12.3 = e <o,
185 - 2.5 12.5 12.1
185 10 12.5 12.2
230 2.5 12.5 12.1
230 10 12.5 12.1
290 2.3 11.3 12.0
290 9.0 11.3 12.0
345 1.5 7.60 12.0
345 6.1 7.60 12.0
400 3.5 5.80 12.0
SED1- SED. SED. SER. SFDa s
HMENT SusSP. SUSP. SUSP. SUSP.
SEDI- DIS- FALL FALL FALL FaLL
MENTs  CHARGE, DIAM. _ DIAM. - DIAN. D1aM,
Sus- sus-~ ¥ FINER & FINER & FINER & FINER
PENDED PENDED THAN THAN ~ THAN THAN
(MG/L). (T/DAY] .002 MM .004 MM 008 MM 016 MM
168 7890 - - - -
627 43500 16 . 21 27 e
67 1600 - -~ -— -
SED. SED. SED. SED. SED.
. SUSP. SUSP. SUSP. SusP. suseP.
STEVE SIEVE SIEVE SIEVE SIEVE .
. nlamM, DIAM, D1AM, DIaM.  OTam.
R % FINEP & FINER % FINER % FINER & FINER
THAN THAN THAN THAN THAN
4 L1256 MM ,2S0 MM .S500 MM 1,00 MM 2,00 Mw
7 56 72 91 98 98 |

4 (may have been greater during period of no record July 10-31); _

September 1957, July 1974 -to September 1978 (seasonal-and fragmentary},-October- -~--. i~
1978~to September 1979 ~-———= oo .
May to September 1952,
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DATE

oCcT
N2cee
2/ X+
20eee
JAN
15...
PR
09,0
“AY
14oas
JUN
19
Jut
Pfheae
AUG
°9...
SFe
17¢ae

DATF

ocT
N2..0
DEC
20..e
Jan
ls“‘
APR
0Seae
MAY
14cee
JUN
19...
JuL
26...
AUG
e P
SFP
17eee

DATE

ncT
02...
OEC
20..0
JAN
15¢.a
APR
05...
“AY
14caa
JuN
19...
S
2hene
AUG
29...
SE®
17...

CORaL T,
SUsS~-
PENDED
RECNV-
FRARLF
(6L
A< COY

“aNGA=-
NFSE .

Tie SUS-

PENDED
RFCOV.
tuG/L
AS MN}

530

ZINCs
SyS-
PENDED
R COV~--
ERaBLE
(tuG/L
AS IN®

40

EL]

L]

E ESTIMATED

coRat Te
DIS~

SOLVFO
uG7L
As CO?

<3

*x3.

HANGA~
NESF o
Nn1s-
SOLVED
(We/L
A5 “N)

10

10

7INC,
DIS=-
SNLVED
UG/
AS 7N}

10

10

15294350

SOUTH-CENTRAL ALASKA

- s

;o
sSeh& or

SUSITNA RIYVER AT SUSITNA STATION:-Continued

WATFR QUALITY DATA. waATER YFaR NCYINRFQ 197R TO SEPTERER 1979

COPPFQ,
TOTAL
RECOV~
ERARLE
ALY R
AS Cw)

MEQCURY

TOTALS -

RECOV=-
EQABLF
(UG/L
AS HG)

CARBNN
ORGanIC

SOLVED
(MG/L
AS C)

6.8

9

Y]

COPPER.
SHS~-

PENDEN - COPPER,.

RECOV-
FRARLF
thGrsL
ag Cin

34

“ERCURY
SIS~

PENDEN-

RECOV-
ERABLF
(uG/sL
AS HG)

el

CAQAON.

ORGANIC
SUS-~

PENDED
TOTAL
(MG/L
AS ©)

01s-""
SALVED
UG/t

AS cwy

MERCURY

NIS=-
SoLven
w6/L
AS HG)

-0

LENGTH
oF
ExPO-~
-SURE
{DAYS)

1PNN,
TNT AL~
PECOHV-
EQARLE
sy
AS FE)

SELE- -
NIUM,
TOTAL
6/
AS SE)

PERT -
PHYTNN
RIQMASS
asSH
wETGHT
G/50 M

JPON.
<US-

- PFNOED -
of Cve
FRABLE
(G
AS FE)

14000

12000

SFLE-
NIUM,
SUYS- -
- PENDED
TOTAL
(G7L
as SE)

oFRl=-
oY TON
RINMASS-
TATAL

DRY
wF IOMT
G/SQ w

IRON¢ =~
o1s- -

SOLVED
(UG/L
aS FE»

170

SELE~
NiuM,:
Dis-
SOLVED
UG/
AS SE)

CHLOR=A
PERT-
PrYTON

CHROMO -

GRAPHIC

FLUOROu

{MG/M2)

-

FRABLE
G/
AS P8)

- -
—

11

60

12

16--

SILVER.
TOTAL"
RECOV-
ERABLE
tuG/L
AS AG)

CHLOR-A
PFRI-
- PHYTON
CHROMO-
GRAPHMIC
FLUORQu
(MG/M2)

«N00

.000

zak.

LEAD.
SUG=-

DENDFN.-

RECHV=- T

ERSQLE
UG/,

AS PH)

~0

1n

’l“" -

SILVFR,
SIS~
PENDFD
PECNHV=-
EQARLE
(UG/L
AS AR

SEDT=-—
uENT,
<yS-
PENDFD
(MG/L)

FHRATY
%16
2370
762

9nl

LT tr g e
- R A

» . —
- T

pIs=" "
SOLVEN ~

(UG/L
AS PQ]y

CILVER,:

Nis=-
SNLVER
(1367
4SS AG)

3 oreTy TN .
SO

I3 AER

MANG A=

H

¢

i

. H

NF SR ¢ .._1
TLEAOVTL TUTOTALTT 12y

RECHV- -
ERARLE ~ -
(VY4 R
A5 MN)

4«0

7INC, .
TOTAL T ST ree
RECOV~

EQAQLE

UG/ '
AS 7N) r

e e

S
2
;..:
?‘

ééfg i
2

RNt
DY

NI
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- Aitazhment 3. comprahensive water quality analysis trat iooe
T‘Sﬂ ln-.
- SOUTH-CENTRAL ALASKA 173
o 15294350 SUSITNA RIVER AT SUSITNA STATION--Continued
WATER-QUALITY RECORDS
PERIOD OF RECORD.--Water years 1955, 1970, 1975 to current year.
PERIOD OF DAILY RECORD: Tt TEITT
- -— WATER TEHPERATURES: -M:y‘1975 to-current ye.r (seasonnl).—:-v Memvr——mmarynomTa: B i SR T 4 -
INSTRUMENTATION.--Temperature recorder since May 23, 1975. ot
—- REMARKS. --No record Oct. 1 to May 14, when gage was shut down for the winter. Records represcnt water temperature
at sensor within 0.5°C. Temperature at the sensor was compared with the average for the river by temperature
- cross-sections Oct. Z, Jan. 15, Apr. S, May 14, June 19, July 26, Aug. 29, and Sept. 17. A maximum variation of
' 2.5°C was found within the cross-sections.
... EXTREMES FOR PERIOD OF DAILY RECORD.--
WATER TEMPERATURES: Maximum, 16.5°C July 9, 1976 and July 3 and 4, 1579; ninimum, 0.0°C oa most days during
winter periods.
EXTREMES FOR CURRENT YEAR. --
» WATER TEMPERATURES: Maximum, 16.5°C July 3 and 4; minimum, 0.0°C on most days during winter period.
WATER QUALITY OATA, WATER YEAR ACTNREO 1978 TO SEPTEMBER 1979 -
|
B SAMPLE SPE- ‘- OXYGEN. -
) A LoC- CIFIC Dt mEee DiS- EPCES
— - ATION. CON=- ST T . SOLVED =TT
’ - cross DUCT~- OXYGENs (PER~
s SECTION ANCE PH TEMPER~ DIS- CENT
B £ TIME (FT FH (MICRO=- i1 Fm ATURE .- SOLVED SATURSC PTREN nd SLIUH-
- “DATE 1 RaANK} MHOS) (UNITS) (DEG C} (MG/7L)Y " ATIONY™ N -
=d e .
ocY -
02.cae 1401 1.0 1s8S 7.6 4.0 12.8 98
“"f il 0R... 1402 180, .. 155 T.6 3.9~ 12.8. 98
Y K: - 29 1403 . 380 ... 158. 7.8 3.8 .. 12.8.. 98. . I,
T - 02... 1406 580°-. 160" 7.6 3.8 12.8 9.2 el I
02..0 1405 830 167 .6 3.7 12.8 98
03, 1406 1030 168 Tl 3.6 12.8 58"
-3 0Z2ece 1407 12648 160 - 3.8 12.8 98
= Bl SAMPLE SPE- .- OXYGEN, e
- LOC~ CIFIC D1IS~- Pe -
- ATIONs  CON- SOLVED ;
: CROSS DUCT~ OXYGEN, (PER~
| - - o SECTION . ANCE PH TEMPER~ 015~ CENT
— TIME (FT FM {MICRO= ATURE SOLVED SATUR=-
DATE L BANK) MHOS) (UNITS) (DEG C) (MG/L) ATION)
= JAN
15... 1231} 150 196 8.7 .0 1.4 an
- 1Scve 1232 480 196 6.8 -0 11.5 81
1Scee 1233 942 201 7.0 o0 10.0 70
-
N - SAHPLE SPE-
,;» Loc-~ CIFiIC
K ATION. CON=-
CROSS OUCT~ OXYGEN.
y SECTION ANCE TEMPER=- DIS-
- TIME (FT FM (MICRO- ATURE SOLVED
e DATE L BANK) KHOS) {DEG C) (MG/L)
—~4
APR
3 . 0Seca 1331 250 199 .2 11.0
® 05..0 1332 500 212 2 11.4
- 0S.ee 1333 1000 218 .2 10.3
—
SAMPLE . SPE- OXYGEN.
== LOC- PER~ CIFIC N1S~-
N ATION, CENT CON=- SOLYED
; CROSS SAMP~- OF - DUuCT- - .. OXYGEN, (PER~
SECTION LING TOTAL ANCE PH . TEXPER- DIS~- CENT_.
: TiIME (FT FM DEPTH DEPTH (MICRO~ ATURE SOLVED SATUR-
2 BATE ¢ BANK) (FY) MHOS) LUNITS) (BEG ©) (MG/) ATION)
: MAY
-4 h... 1830 150 19 80 95 7.6 5.5 12.7 100
B £ TN 1532 150... 4.9 20 - — Sa5- -« - —_— -
. ) £ T 1832 250 ) ao0 95 7.6~ 5.5 12,7 ~© 100 - -
¥ 18... 1833 250 3.5 20 — - S.5 — -
oz LL TP 153a 450 10 ao 90 7.6 6.0 12.5 99
i 18, .4 183S 450 2.5 20 - — 6.0 - -
1heuna 1838 700 9.4 80 90 T.6 6.5 12.2 98
Moo 1837 700 2.4 20 - — 6.5 -— -
= ... 1538 950 7.0 1] 95 T.7 6.6 12.0 97
) 1 TR 1539 950 1.8 20 T - 6.6 . - -
M... 1540 -0 - —-— 95 - S.6 12.4 98 S
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DATE

UN

19.00
19.e0
19.4¢
19.s0
19-¢.
19.ue
1%.ee
19..e
19.‘.
19..0
19.ae
19...
19.00
19..0
19.ee
19..
19...
19.a0
19%.ee
1%9.ve
19..0

"19.ee

19.4.
19...
19...
l’-lc'
1%.40
19ee
19...
194
19. 4.
1%« e
19..0
19-ae
190
19...
19...
19.ae
19..0
19...
19.44
19...
19...
19...
19.¢0
19.40
194
19.4a
19...
19.4.

15284350 SUSITNA RIVER AT SUSITNA STATION--Continued

SOUTH-CENTRAL ALASKA | .

WATER OQUALITY DATA, WATER YEAR OCTOBER 1978 YO SEPTEYRER 1379

TIME

1331
1332
1333
1336
133S
1336
1337
1338
1339
1340
1341
1342
1343

13464

1345
13466
1347

1348

1349
1350
1351
1352
1353
1354
1355
1356
1357
1358
1359
1400
1401

1402

1403
1404
1405
1406
14087
1408
1409
1410
1411
1412
1413
1414

1415,

1416

1617

1418
1419
1420

SAMPLE
LOC~
ATION
CROSS

SECTIO

(FT FM

L RANK

50
S0
50
50
50

b k3

150 .

150
150
150
150
200

200

00..

“200

200 .

250
250
250
250
250"
S0
350
350
350.
350"
4507
450
450
450
450
600

EEN

1.

600-- —-

600
600°
600
700
T00
700
700
700
850
850
850
850
850
1000
l1000-
1000
lo00
1000

SAHP~-
LING

DEPTH-L
tF7)

3.4
10
14 -~
‘.57
]—‘!J
3.0
8.9
12
+5

DEPTM -

AY

SAMPLE STREAM

LOC~ s VELOC=3.
ATIONs ve ITY Qe
TOTAL: =~
(FEET)~*

1S.0
15.0
15.0
1S5.0
15.0°
30.0
30.0
30.0
30.0
30.0
27.0
27.0
27.0
27.0
.2%.0°
23.0°
23.0
23.0-
23.0
‘23.0
17.0-
17.0
17.D0
17.0
17.8~

15400 -

15.0
15.0
15.0
15.0
1S.0
1S.0.
15.0
15:0°
15.0
14.0
14,0
l4.0
14.0
14.0
15.0

" 15.0

15.0
15.0
15.0
14.0
14.0
14.0
4.0
14.0

. SPE- -
PER~ CIFIC
CENT CON=- - Ceeeen ce =
Oof GC~ DUCT<L- OF. . SHUT- =T e
TOTAL.., ANCE_ . .. PH s o - —
POINTI . DERPTM. . {HICRO=I. . - [t U
(FPS)ITY . _sF5rs: MHOSIST (UNITS)--m7-. »mns} rrNIrey -
S.30 - 112 - -
S.40 20 -~ -
— 60 - -
S.20 .80 - -

- L 110 - 7.9~ e =
S.40 - 112.. - C .

6.00 20 112 b - .

- . 60 112 - -

4.80 80 112 -

- - 110 8.0
5.560 - 112 -

6.70 20 — —
4.60 — -

- 110-- 7.9 - P
Sek-- 112-: —— --
6.30 — -

T - 60 — - - —
4.60 . 8O ——e —— .- -

-’ — 110-- 7.8 -- e 2.4

S.70-- L= 11S.z —— 22> ~-
T.00 20 118 - .-

- 60 113 -

4.60 ;80 —-—u ——y - .-

—_— Ly % 110-— T.8-~ 13n e A
570 ;= [t d1 3 11S7*¢ - 115 -~
6.30 20 - -

- 60 — -

S.290 80 - —

- - 115 T.7
5.00 - 120 -

6.50. . _20. — — .. —

- 60 -— —-—

3.80 - 80 J— I — —

- — 118 T.7
S.%90 - 122 b s . -
6.60 20 - -

—-— - 60 - —-—

S.40 80 - -—
- - 115 -
4.70 e 126 -
S.90. 20 126 --
- 60 126 --
3.80 80 - -

- d 120- - - LR
3.90 - 127 . --

4.90 .20 - - -

- 60 - - *
3.10 Bo - -~

- - 120 B
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SOUTH-CENTRAL ALASKA
15294350 SUS:TNA RIVER AT SUSITNA STATION--Continued
WATER QUALITY DATA. WATER YEAR OCTOBER 1978 7O SEPTEMBER 1979
OXYGEN. a-lrs. SED. ~
DIS~- TRON, SUSP.
SOLVED BICAR=  SULFATE. TOTAL SEDI~ SIEVE : PR -
- OXYGEN. (PER-  BONATEZM. DIS=-tii~- RECOVSE MENT&="—- DIAMJW¥=" HERTH- - To=ps -~
. TEMPER= pDls- CENT._. (MG/L. SOLYED.. ERABLE_. 'SUS=—_.-% FINERaw - _— .
ATURE SOLVED SATURST AS TED (MG/UT== (UG/LiZ - - PENDEDT - THAN.S2 T.- P e
OATE . (DEG C) {MG/U3S ATIONIT! HCO3) /1 1AS SO&INI ASHFEFRY: = (MG/UT v 062 HNEY:" IMB/L I (D8R s o wt
JUN ~ -
19.4. - - - 46 10 11000 327 70
19¢ee 10.9 - - - - -— —-— —
19... 10.9 — —_— — — -— p— -
19.40 10.9 - - — — -— — -
190 - 11<0-- 99- 3 -——CT —— —— ——— — _—
1904 - - - us 1 11000 365 _se ’ -
19..e 10.9 - —— L6 10 12000 : 362 68 ~ -
19... 10.9 - - -——— —- —— 398..- 60 -~ 1~ -
19240 106.9 -~ —— 45 10 11000 469 53
19..0 -— 11.0 99 -— _— -— - —
19cse - - —-— X3 10 11000 602 39
19..e 10.9 - - - - -— —_— -—
19..e 10.9 -— - - - -— P -— -
]9‘00 10-9 - - —— -—— -—— - -—
19.40 - 11.0 99 S -— iy —— —— —— _— - .
19... - Tee.. ——- 46-- 10 .- -—a %86 48-- 284 =
19cce 11.0 - — -— — — — -—
19..e 11.0 -— - — ——- —— —— —— - -
19... 11.90 L — — — - . - - - -
19.ve - 1190.. 99 -~ et -3 —_—— ——— Y —— -7 -
19... - L — 47 11 13000 413 L39. . -
19... 10.9 - Sl 46 1} 11000- - 343 ‘10t -
- 19... 10.9 - - 46 - 11 - 12000 - sah -1 -
10.9 S——— - — - —— ———— —— ——— .- -
— 11.0.. 99 - ;i) -} —— il — . — it -n —-—
. — iy ——re. . AT 12- :- 11000... 428 e 158 s ney L.
10.8 - - - - -t — e -~
10.8 - - - - - - -
10.8 - - - - - - -
- 11.0 99 - - - ~ -—
— - - 49 14 9000 350 64
10.3 - - - - - —— — --

- 19... 10.3 1S PR} ——— ——— ——— —— —— —_— -
19... 10.3 - - . -- - -- - - - —
19... . - 11.1 99 - - - - —

1%9.q. - - - 49 15 8800 376 56
19.44 1051 —-— — - —— - -— —
19... 10.1 -~ - - - -— - -
19... 10.1 -_— - - — -— - -
19..a e 11.2 99 — - — - -
19... -~ — - S0 1s 8700 614 36
19... 9.9 - - 51 15 8100 314 65
19... 10.0 - - - -~ -— 411 50
19... 10.0 - - -~ —— - — et -
19... - 11.2 99 - - - —_— -
19¢ea - - e Ss1 15 8600 451 45 °
19,53 10.1 - - — -— -— _— .
19... 1a0.1 - - - - - -~ —
19... 10.1 - — - - — _— -
19... - 11.2 99 - - - - - -
”~
SAMPLE SPE-~ e .. OXYGEN. SED.T ..
LoC- . CIFIC Lol SITRL 01S- SUSPe-
ATION. CON=- SOLYED SEDI- SIEVE .
CROSS DUCT~ - BXYGEN« {PER- MENT & - - OIAM, - e T t-
SECTION ANCE PH TEMPER- 018~ CENT Sys- % FINER
TIME (FT FM (MICRO=-_ R ATURE-..~ SOLYED SATUR=> PENDED-_ THMAN =~ =l ranet
DATE L BANK]IS MHOS) tUNITSY * (DEG C¥: (MG/L2 =t ATION)©: (MG/L): * . 062 MM (MGl ¢ J2AD ™M
Jut . .
26cce 1608 147 112- 7.5 11.2:~ 11.1 = 100 ; 2030.: 595 ==
36a.ce 1610 267 ... 115. 1.6 11.2.. 1.1 100._.. 1880.. 6. -
26e0s 1618 YN 4 112° T7 9.0 = 11.5.° 99 ¢ 2158 .~ 81-= =
26... 1820 697 115 7.8 8.4 11.7 99 2790 ~ 75 :
26... 1628 1097 120 7.6 8.5 . 11.7 - 99 2980 . 78~ T -
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. 2%~ 1402
29.a4 1403
29. .4 14046
| .. cm—— 29.2= 140S
-
) ] DATE
) sEP
i 1Teee
™ 17...
b . 1Teee
: 17cee
b 1Tecas
?Teee
T, ) & S
LG e R Raie . 1Tese
» e 17.
| I amEm TSl
17cee
1Teee
27eee
17ces
)  JUN
| & =t
17.0e
) & S
}70ae
1Teee
L: ., 1Teee
2Teea
) 2 9
= 1Tcae
- 1Taee ™
i 17c.s
= | & FON
17-..
. 31Tece
R ]
-
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SOUTH-CENTRAL ALASKA

35294350 SUSITNA RIVER AT SUSITNA STATION--Continued

WYATER OUALITY DATA. WATER YEAR OCTOBER 1978 TO SEPTEMBER 1979

saMPLE DEPTH SPE- OXYGEN« SED, -
Loc- AT CIFIC - - e D15~ SUSP .- s
ATIONe SAMPLE CON=- : SOLVED SED}~ STEVE
CROSS toc~ DUCT~ . . ——— —e.:- OXYGEN, (PER- __ MENT. . _ DIlaM. _ o=
SECTION  ATION»  ANCETIAN  PMIrw . .TEMPER- DIS=¢ - CENTER~ SUS=IS~ & FINERL.. SUS— . S 7i=f
(FT Fu TOTALsy (X]CROw - - pur1aa- ATURE.. . SOLVED . SATUR=_.. PENDED.. . JHAN Y
L BANK)E (FEET) MHOSY -9 (UNLTS2 13 (DES C1) — (H6/L)sy ATION)Ig: (M6/lde o FB2-HN L SSRGS -
110 24.0 122 7.0 10. 11%0 . 99 608 86
210 29.0 123 7.0 10.0 13.0 99 654 79 -
360 17.0 126 1.2 9.6 11.0 99 711 75
60 15.0 130 7.3 8.0 11.3 97 . 810 66
918 ... 13,02 132 Teb s 8.0.. 11.2 - 97, . 927 — S&-- iz —
SAMPLE DEPTH - - == SPE~ “ET-
LOoC- AT PER- CIFIC R
ATION. SAMPLE STREAM CENT CON~
CROSS SaMB~ LOC~ VELOC- of DuCT~- .
SECTION LING ATION. ITY, TOTAL ANCE PH TEMPER- .
TINE (FT FM DEPTH .-  7YOTAL - - POINT DEPTH _ (MICRO-. « v -  ATURE el
L BANK) (FD) (FEETI_. (FPS) . MHOS)  (UNITS)} (DEG C) -
1607 16.0 3.20 — 133 -
1802 16.0 - -— * —— 13s T.2-- —- L,
1606 30.0. 5.00.- Tems 132, — . .
1507 30.0 - - - 135~ Te2-- . I 5.3
1608 30.0.2 S5.40.% 133 - - ==
1609 30.0 - 133 - - 5 _
1818 30.0 &.70 133 - - .
s 27.0 ), 6,60 - 132.» ———, -—32 -
1612, 2707 - 135 “ 7.3 8.2 >
1816 26,0 T 5,201 13275 - —_— ——32s —is
1617 26.0 - 13 T.5 8.1
1621 17.0 s.80 - 131 - -
1622 17.0 - - 13} Tas 8.1
1823 17.0 6.50 20 131 - -
1624 350.. 10 .. 17.0.. - 60 131 - - - .
1828 - 3507, 132 17.0.8 S.10 180g. 131:= - -~ .o -~
1626 450 —— 14.0 .90 - 124 - - - -
1627 450: 37 1440 - - - 124- . 7.6.~ TeDox ~m B
1637 SS0 - 14.0 6.80 - 125 - -
1632 S50 .3 14.0 c—- - 124 7.7 7.0 . -
1636 650 - 14.0 4.90 - 126 - -——
1637 650 -3 14,0 - - 124 7.7 T.0
1641 800 - 16.0 5.10 - 127 - -
1642 800 .3 14.0 - - 127 T.6 7.1
1643 800 2.8 16,0 6.20 .20 - 128 - -—
1644 800 8.4 14.0 -— 60 128 -— -
1645 800 11 14.0 4,00 80 127 —-—— - - -
1666 950 - 12.0 2.90 - 129 - — - --
1667 950 S 12.0 — - 129 - Teb 7.2 .-
' L
~t
\ t
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-.:;
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. . .2y
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DATE

ocT
02.00
O£
20...
JAN
15¢..
APR
0S.ce
HAY
| LR
JUN

19.00 -

JuL
2hene

AUG
29...

SEP
17eee

E ESTIMATED

TIME

1400
1545
1230
1330
1630
1330
1600
16400

1600°

%\

wy

OATE

SEP
17ces
17cae

“1Tews

170

17cee

17eee
17eee
lT-‘.
1Tcee
17cae

17...

17aas

17...

170ee

17eee
17.ne
17cae

1700

17cee

17.4-

17cae

17caea
170e

17000

SRRt S Pt

17.0e
17ees
17...

STREAM
WIDTH
(FT)

1250
1195

17eee _

K NON-IDEAL COLONY COUNT
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SOUTH-CENTRAL ALASKA 177
15294350 SUSITNA RIVER AT SUSITNA STATION--Continued : .
WATER QUALLITY DATA, WATER YEAR OCTOBER 1978 TO SEPTEMBER 1979.. E .
OXYGENs SED.
oS- TRON, ] SUSP.
SOLVED BiCAR- -suvwens SULFATE.  TOTAL  SEDI=-___ SIEVE.L. —— - -
OXYGENe (PER~ ~BONATE i+« CAR=<n~ DIS=wre  RECOV= MENT g =er DIAM4S= L - 137 82 )
0IS~ CENT (“G/Ls - BONATE:T SOLVED_ . ERABLEr - SUSwL=1:& FINERmy -Susmy "% *Ttwi:
SOLYED SATUR- AS_YED (HGALLR- (MG/LS | (UG/L /L. : PENDED:,. THANAY -z VEMNMIG: TreAMe ©
(MG7L) ATIONI™ HCO33 =~ AS COJI™" AS SOAY~ - AS-FEF~=-{MB/LI . D62~ HN->" 1 —esiormen i ALD —tnsm -
_ - S4 o 21 18000 s43 7s
11.2 98 - - - -~ - —
- - S3 [ 21 150600 645 -1
11.2 $99.. ~=.Z —-— % ——— ———— —— —— —_— -
- V- Séee 6-- 21 <S4 17000 o SSa . 18850 <%i SR -
- T S4.m 0-- 21 s4. 17000 o. 616 . 16650 . I —me—- -
—_— PR . Shon 0-- 21 54 17000 878 . 16120 6875 &1- -
- - S 0- 22 t© 19000 =~ 768 1883 TRA s -
11.2 98 e — - -~ -— _— . -
- - sS [] 21 18600 780 s7
11.2 98 -— -— -— — - _—
-— - S5, ] 21 19000 737 61
11.2 98 . - — - _— - _— -
- Ly $5. [ 20 __ 17000 _ 628 I 4 U -
- 1T, S5 — e - 20 =5 19000 =, 749 : 602 RO T
- it SS 0 21 =< 16000 =~ 948 &9.a 23 . a3
- J— Sé6 o 21 : 20000 1380 &2--, - -
11.3 97 -— — -— - -— _—
- L. 57-- 9-- 20 -, 21000 ¢ 1030 1SS . . S
11.4 -97 - - _— - - - A —_ _
- - 56 -~ 6-- 20 =~ 19000 = 1120 s3: i ==
11.4 97 - _— — — - —
- - s7 [ 22 19000 . - 1190 8 -
11.4 197.. T A a S -= -
- - s8 ) 21 . 18000 - 767 B - hod - e
- t .- ST 0-- 2t =7 19000 & 1040 152 - 1349 a2
B - - s7 0. 21 19000 1400 50
- - sa ] 21 18000 1030 60
11.5 98 — — -— _— - _—
SPE- BARO~ coLI~ STREP= SR -
CIFIC —_- METRIC  FORM. TOCOCCI™~ - .itudl  HARD=e1!
STREAM=  CON- PRES~ FECAL, FECAL.  HARD=- NFSSe
FLOW. oucT- TEMPER= TUR= SURE 0.7 XF AGAR. NESS NONCAR=~
INSTAN= ANCE PH ATURE. » 3]10- {NH UM=-MF (COLS. - (MG/L SONATE
TANEOUS (MICRO- ale Ity of (COLS./ PER &S MG /L
(CFS) MHOS) (UNITS) (DEG C} INTU) HG) 100 ML) 100 M) Caco3y  CaCOM)
28200 ° - - - - 75% - - ——— -
8410 183 - -32.0 - - - <1 — -—
9890 - --. E-1.0 2.2 7490 X3 <1 79 13
6700 -~ - - 1.5 - x11 X1 84 - 13
86800 92 7.5 E131.0- 160 765 x1S <1 37 3
95200 119 - - 170 760- - - KT Xl-a 49, - 10 ¢
186400 1118 S 1.7 - 790 - 760--. x91 X655 60%: o2
90700 - — - 260 - - X9 K14 S3-~ 9 -
a71700 130 - 11.5 100 ‘1 x28 x8 59 13
. .
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Alilechmant 2. Fegz £ oF /.
i7g SOUTH-CENTRAL ALASKA
y 15294350 SUSITNA RIVER AT SUS:
» . MAGNE=- POTAS~
S . CAaLcIuM  SluMs SODJUMy. SluMe. BICAR- SULFATE
Z Lhevs s Dge D1S- Digec- DIS=-. BONATE- C3R=ji5- DIS=:7F
. ... SOLVED  SOLVED SOLVED... SOLVEDR_ . (MG/L... RONATE .., SOLVED_
| rmeemmw T (MGAL (MG/L (46/Lry  IMG/LS, AS37L . (MArGoL | (NGRS
T ogrz T &S CA) &S MGYc AS NAP:: ASaKIe-iv HCO3)42)AS CO3IY) AS SOA))
© 0oCT- -
02..- il - - - - —— -
[ DEC _
20... - -— -- - 73 [ -
L JsN oL
R 3-TPerly 25 3:9.. 7.9 1.5.¢ an e 8.< 18 aa
APR — o .
_ 0Seee 27 4.0, 7.6 leb, ¢ R&_ = . 1S .=
Ay . Trieser
} L 12 1.7 3.0 1.0 41 ] 3.7
L. JUN
19... 16 2.3 2.6 lo& ; &R - 17
Jut
- 26... 20 2.6 3.8 1.7 66 [ 9.2 -
AUG .
: 29... 17 2.5.. 2.5 1.5, 53.- Q.- 16 -
- SEP .o -
17... 19 2.7. 2.6 1.5 Sé 0 17
r—
& . -
- - - N1TRO~ - .-... NITRO- MITRPN- MITRO- ..
N1TRO=- GEN. NITRO-_ NITRO~. GEN,aM= GEN,NH&~ GFN:AM=
GENSs NO2+NO3 GENe GENe HONIA o + ORG, MONIA o
I . NGZeNO3 DIS— _ AMMONIA ;.ORGANIC- ORGANIC 5 SUSP. ... ORGANIC .,
3 s yoraL T T SOLVED T TOTALSe  CTOTAL==R TOTAL=. TOTAL&E  NISeSes
jﬁ'}—i’-‘?—r:-— IMG/LT= | [MGIL & ¢ (MG/L st - (MG/LZE © (MG/L.GL- (MG /L. (MG/L .
— OATE 25 N) AS N} AS N}y AS N) AS N3 AS NI AS NY -
-
ocY
: [ - - - - - -- - -
EPEC .

bat 4

JANT

0 eI ;.._._._;:

APR
05.e.
HAY
laoeo .
JUIN-
19...
JuL
26...
AUG
29...
* SFP
) 17-..

"DATE’

ocT
02..0
DEC
20...
JAN
15...
APR
0S...
Ay
16c00
JUN
19...

?6.c00
ALK

29...
sep

17..0

BIS ST

ARSENIC
Sus-~
PENDED
TOTAL’
UG/t
AS aS)

—
—
—

+ 06,1 P ¥ 2NN
- .06 .03
- 01 IS L)
- <Ok 1.2
- .02 45
- .n3 Y
.09 .01 .41
BARIUM,.
BARTUM. sus-
ARSENIC  YOTAL. PENDED
D1s- RECOV-  RECOV~
SOLVED ERaARLE: ERaBLE"*
{G/L (MG/L - uesL::
AS AS). AS ‘BA)-- AS-GAbs-
"1 0 0
1 200 200
2 ‘200 200
2 100 In

«12 1c ol [ e
.00 .11
1017 T .21
1.2 .RA .32
ol Y ’ «01
.43 .} .12.
.42 .00 T .42
capMlum
CADMIUM SUS=-
RARIUM. TOTAL PENDED
nis- RECOV- ~ SECOV~
SOLVED = f EQARLE: £ ERABLER
WG/L:  QIGZL s  (UG/L. .
AS-BAY - AS .CD)-=: AS CDY ..
40 0 0
o 1 T
0 1 0
30 0 [

TNA STATION--Continued

- SOLIDS. SOLIDS, -
CHLO- FLUO-_ STLICA. RESIDUE Sus OF -
RIDE. 21DE. n1s- AT 180 CONSTI- T
D1Sex- DiS=-  SOLVED = OEGsIC. TUENTSyS2  Soimd
_SOLYED ., SOLVED M6/t — _ _DIS—"" ' DIS=" .

L IMGZL - IMGAGZS | AS<ier SOLYED. . SOLVED P
AS-CLYLYs AS-FIDG SI02)TL) iHGILto. (MGZLYY 5.5

11 L) 2 9.8 130.¢ 116. % T30

14 : e} ) 9 113 - 123 _.ina

3.4 .1 6.3 3 52

2.9 1 S.0 ‘6A 71 .

1.5 3. 4.3 70 75

2.3 ol 4.2~ 66. . 72.r o

2.3 .1 4.9 79 78 - T~
S == NpTRO- PHOSe— ——
NITRO- GENe - PHNS- PHORUS e i vee

GENs-, DIS=_, PHORUS.. DIS=><  ARSENIC:, sl

- TOTAL 2. SOLVED: TOTAL::: SOLYEDZ. TOTALa-: -ohpsedl

MG/L 4y, MG/ L 2y 146G/ MO/l rue (UG L. | vroeme

‘AS N AS N}~ a8 By~ - AS Py ASAS): Tre 3w
-, +02-. =% «0S 2. -
——- .01 " <02 - )
.67 - .01 .01 - 8
1.3 - =25 «00 * 10
* .
56 - .77 «01 -
.50 - - b6 - 200~ ——— - -
50 T .51 W36 .01 1m - -
7 ’ -
CHRO- CHRO- -
MIuM, MIuM. CHRO- CORALT.

caDuIUM TOTAL SUS= . U“IUMe . TOTAL —
D1S~--- RECOV~: - PENDED- DIS=-~+. RECOHOV~-T:  T-2<a,

- SOLVED; - ERABLE £ RECOVsin SOLVERL: ERARLE - s
TUS/L, . UG/ UG/L.. IUG/L:. IUGAL.. .. =T
AS CD)... AS.CR}.,, .  AS.CRL.: AS:CRIT: AS_COM. .25 T2

1 - 8 - 0 10 - 1 - iy
[ . 20 10 10 6 N
1 30 20 10 7 -
-— — — — - A
<1 40 - 30 - 10 . A -
*

. o
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‘fitathnment 3. Fage 7 07 /.
E SOUTH-CENTRAL ALASXA 179
T 15294350 SUSITNA RIVER AT SUSITNA STATION--Continued - Lo -
- WATFR OUALITY DaTA. wATER YEAR NCINRER 1978 TQ SEPTEMAER 1979~ 7 <" ==
coRa T, COPPER. IRON, LEAD,. - MANGA-
R = SUS- COPPFR+ S115= i dwBe s (DN - QUS = == ~- STk LFADP—- - GlI§a T TETSE NFSFT o
C = pENDED CORAl T, TOYAL™™ PFNREN” COPPFRS  TOTAC T PENDEDT IRONT T __10TALTI T sENDFN LEADL L - TOTAL —
TR aFcnve - DIS- RECOVEY- PECOV- ° DIS=C2ue RECAVSY- OFCHYe-—DISSH8e- RECOVES~ RECATS S - DIRISIS qECOVaE L.
CIETECS R FRARLE  SOLVEN - ERARLELT FREARUED  SOLVENLT ERARCEEF FERABLERD SOCVENLT £OARLELF ERSRLEED SOCYENEF ERARCENFE T ot
= (uGs/L T HUG/L G/ . (IGsL (UG/L- - ts/L- - G/L-- tUG/L— (UGB — UG/ -. . UGz (URAL - —
DATE A< -cO) As CO) AS CU) A5 CUT™ " as cwy AS FE) AS FE) AS FE) AS P8)Y AS PR) . AS Pq) AS MN)
ncY
0Z2... — - - -~ - -— _— —— . - — ——
nec
e 200ent - e ——— ——— ——— —— ——— ———— ——— ——— ————- - ——
Jan ' . .
T 5.0 e 1%3.. 34 122 2 ¢ 490 ! 00 * 90 - 1132 73z PRE 40 v
o apR B apQ
05.a. - - -- -- - -— - - _— - - -
MAY n 3T . -
| L TR 6 L] .25 21 [N 14000 (%000 170 60 A0 ' a 10
JUN
19.00 3 ] 7 29 2R 1 12000 12000 . [ -12 LI 2- .250° - .
Jut * -
- - Meseim - —— - - - —— ———— —— ———— —— ——— — a——-
TTTTUAUG L “ el -
290 - - - - -— —— - -— — - [ -— .
SFe 4
Teaa S <3 37 L 1 26000 - %0. 16 14 - 4 sa0. -
- i . .
T MANGA= uERCURY SFLE- - S!LV“"-~
L e NESEs MANGA= MERCURY.  SUS=- - . T..3. 7,7, NIUM, SELE~  SILVERe-  SUS=u~ —vimmcwe, 7INCem- -
EoiS e SUS=io.. NESFe.- - TOTALS: . PENDED: MERCURY: SELE~==~ <SUS<w=2¥ NIUMe £~ TOTALS: PENDFN¢ SILVEQSnT TOTVApZem:-af::
x n __DanED,.,,__.DlS— RECOV=~-:. RECOV~= * DIS=irr - NIUM PENOED - - OIS~=, RECOV<ssu PECAVH=:" DISIY- RECOHVET¥~ 7
- T TR QFCOoVv. SOLVED ERPABLFE °~ EPABLF ™ SOLVEN  © TATAL “ ° TATAL 7~ SOUVED - ERARLE" ERAALE™™ SOLVED ~ ERASLE—
/L UG/t tUG/L (UG /7L G/L UG/, » (1G/L (UG/L (UG/L UG/ Gy UG/ .
DATE AS MN) A5 wN) AS HG) AS HG) AS "HG) as SE) AS SE) AS SE) S AGY as an)y AS AR) AS 7N)
1 ] 10
0 (] 50
L]
19... 260 10 -1 o1 .0 1 ] 1 n ] (] 60
Juu ~ .
268c0- - . - —— - - ——— - — - - - -
AUG
29... - - - - - —— -— -— -— . - —
SFo
17... 530 - “ .1 ) -0 1 1 (] 0 [ 9 Ao
A}
ZINC» CARAON. . SEDI-
- SuUS~ CAABON. ORGANIC T . - wFNT -
. e s -.=- 7 PENDED 7INCe ORGANICz:: SUSe: » £ D e e T B - SEOL- 0IS=- TRFAT- Bt 2
RECOV~ 015~ 015~ PENDED .l ” MENT. CHBRGE,s ~...._-- =
ERaBLE SNLVED SOLVED INTAL : . . ) SUS~ SUS~ Il ——
- : G/ (UG/L (MG/L LIV R DENNFN -’ PFNDFD
DATE AS V) AS 7N} AS ©) AS C) (MG/LY  (T/70AY) P
ncr -
02... - - - - . —
OFC .
20.c.. - - - - - -
JAN - .2
1S5¢se 7 3» 9.3 ? 3 an
APR
0Se.. - - - - . . % 72
s 3 ¢ -
léeas 40 10 6.8 1.8 F6RT . -
Jun -
190 . Sa 10. 9. 2.5 . - . 416 107000 - -
2hcee —~ —-— - - 2370 1190000
UG .
29 .0 - - — - T62 182000
see . o
17eee — 88 <3 .6 1.1 - : . 9a1 213000 ==z -
E ESTIMATED - ‘
€ ‘v



) " pitachment 4. List of parameters measured by R & 4 anc ‘Loab
~ ’ e This is alsc an exampie of mmmai USGS kater

WATER QUALITY PARAMETERS TO BE MEASURED

“ ' PARAMETER R&M " USGS
A
L FIELD: g % B
Dissolved Oxygen X X
r pH ’ .X X
T e Specific Conductance” ~ondoli=w=— X el G
I "--5 c,;:. Temperature VeinDeraiure X . XX
- Carbon Dioxide = - X X
Alkalinity X X
~ Sef.tleable Solids + - ;5 7. s X =
.. LABORATORY: "7 = =&
. Turbidity ' _ X
:‘:-"“-2-_:—:‘:-1'013! Dlssolved Solids- - ~*F TUUTX

Total Suspended Solids

Total Phosphorous
A o s At A ot e " v it
R '—&’sﬂrtho Phosphate O “‘v—)r*" EC L

e KJe'd.avhl Nxtro.gen T

4
.-}

Total Nitrogen”
= Nitrate Nitrogen
- Ammonia Nitrogen
= Chemical Oxygen Demand
= Hardness
. Chloride
; Color
Sulfate
j ICAP Scan
- Uranium
- Radioactivity, Gross Alpha
— O}‘ganic Chemicals -
= Total Organic Carbon
;; Total Inorganic Carbon -

Trace Metals - . X

Ll



Attachment 5.
GEOLOGICAL SURVEY: . .=, fu™.T»
Water Resources Division - : .
733 W. Fourth Ave., Suite 400 L

=

Anchorage, Alaska 99501 B

March 31, 1981=. =1 < -s=. - =

Mr. Tom Trent ... ... .. _.. f:

-

“TSusitna River Study-: Tiuos Tt

A S PR S S N A

__Department of Fish. and.Game &

=22 FiScal [Years.Fhoail MEss L b ceten E S e Ik 0T e L "?~;z?“3-

State of Alaska._ <2 == * -
2207 Spenard Road” = -.--- ~
Anchorage, Alaska 99503

-~ Dear Mr. Trent§?~- He Troni -

This letter is in response.to your recent request.for cost estimates_for .. __ -
the collection of additional water-quality parameters ‘at the-two-Susitnanre fea Zets
River stations downstream from Devils Canyon presently operated-under the ~"=° -:-.° °
cooperative program with. Alaska Power.Authority....In.order to provide_the_. __-. __.
T kinds' of.information.needed for~a:hydrologic-appraisal=of: thg75u51tna——i———~=ff*+—ff
.basin we-.feel strongly that the same types of data should also be co]Tected T
at the Chulitna River site. The costs for the increased data collection -

are shown below and are broken .down into per1ods to reflect our different

(TSI
Ko
:

April 1- July 1- - October 1- .
oot ee o 7 June 30, 1981 September 30, 1981 June 30, 1982 i>-
Chulitna R 2,340 2,340 7,720
Susitna R at Gold Creek a
Susitna R at Sunshine. 4,120 ' 4,120 9,100
Total $6.460 $6,460 $16,820

These costs would be in addition to the present operating cost for these
stations.

Listed below is a- breakdown:of- the-spec1f1c ‘parameters “that “would=be: Cotswzommsms it
Tected at each of the stations and the frequency.of collection:. = -~ _- .

T. Nutrients + Organics. 8/year

NO2 + NO3 dissolved, NHy dissolved, NHq + Organic-N dissolved,- -
NO2 + NO3 total, NHp total, NHg "+ Organic N total, Phosphorus a
~-dissolved total, Phosphorus total, dissolved organic Carbon, and
suspended organic Carbon. —

P
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.Flouride, Turbidity;:and dissolved soli ds':a(.r:és:.due atJBOOC)u‘M 3 poas

Page 2 -t

=
Inorganic Constituents. 8/year - Ex
AR T

Silica, Calcium, Magnesium,::Sodium;iPotassium3sSulphates>Chlofidetarus :=§:.,—i—
$ P30

Minor Elements (dissolved and total). . . . .. 4/year

Arsenic, Bariumy;z€admiuni; Chromium;~Cobalt5=Coppers: Iron,_tead.‘—"“_-;::::._
Manganese, Mertury; NickeT‘~Selemi L}m stand Zincsddnsedd Time mooil i sse e ban

. : 3
Field Pardmetefs:h Dr=r—ninm g - IR 8/year orm- |
. = R g d
Specific conductance a1kahn1ty pH, temperature, dissolved- oxygenj;roiona -sba
and bacteria. = -- : - —
Suspended Sedifient and complete particle §ize analysis.8/year. ... = ... . ’
= ' %t 37 Madisonz T o om0 T s 4
: Acting District Chief ;
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2 - LOWER SUSITNA STUDIES - OPEN WATER CALCULATIONS

2.1 - Intrdduction

The Lower Susitna River is considered to be the reach dowﬁstream
of Talkeetna to Cook Inlet. At the confluence with the Chulitna
and Talkeetna Rivers, the Susitna River changes abruptly from a

meahdering single channel configuration to a predominantly braided

pattern. Upstream of Talkeetna to the proposed damsites, the

Susitna River is being studied quite extensively under Subtask
3.06 - "Hydraulic and Ice Studies" and Subtask 3.07 - "Sediment
Yield  and River Morphology Studies". Downstream of Talkeetna, a
reconnaissance level study is b_éing carried out under Subtask
3.10.

A prime objective of this interim report is to quantify, as best as
is practical, Ithe potential changes in the flow regime during
floods. Vegetation and habitat study personnel indicated that
estimates of change in water fevels during various floods would

benefit their programs.

There are cﬁrrent!y only two stations that have existing hydrologic
data; Susitna River at Sunshine and Susitha Station. At these two
reaches, the river is constricted into a single channel which is not
representative of the predominantly braided river pattern. With
respect to potential changes in water levels during various floods
under pre and post-project conditions, these two stations would
probably reflect the extreme case. Therefore, a third station was
added to this study which would represent the flow regime In a
braided reach. A sample section was selected 8,000 feet down-—

stream of the Willow Creek confluence at the Delita Islands. This

1



cross-section was synthesized from a reconnaissance fieid trip and

= ~hydraulic regime relationships which enabled estimating hydraulic
- characteristics under pre and post- project conditions. With three
- . sections in the Lower River, it is possible to interpoiate the

following results to intermediate locations of interest.

.
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2.2 - Summary

Variances in flow and” stage in the Lower Susitna a§ a result of
flow regulation are reasonably bounded by this analysis for open
water floods. The magnitude of change for pre and post-project
floods of -2, 5, 10 and 25 year recurrence inte'rval can be estimated
from this analysis. Since the data base is scant, the procedures
utilized in this study were basic and perhaps oversimplified.
However, generally the assumptions made were conservative and

reflect higher changes in flow and stage than may occur.

A summary comparing each station is presented on Table 2.1. At
Sunshine, the stage in the river is expected to be 1.2 to 0.6 feet
lower during floods with a recurrence interval of 2 to 25 years.
At Susitna Station, a change in-»stage for the same flood intervals
could wvary from 1.3 feet to {1 feet. Comparing these two
stations to the Delta Island Station shows that the potential
decrease in stage for a braided section would be less at just below
2 feet. Since the rivers width increases more with an increase in

stage, this is expected for a braided reach.

Based on these three points, estimates of post project stage
changes could be made for intermediate river reaches. Sunshine is
representative of an upstream constriction, Susitna station
represents a narrow downstream section, and the Delta Island is
representative of a broad braided reach. Therefore, other river
Eeaches would have stage changes equal to or less than Sunshine
or Susitna station and equal to or greater than the Delta Island
section, depending on the characteristics of the river reach being

considered.

Local wvariances in river reaches and effects of debris jamming,
transitional channel changes and other natural influences could

distort these results. However, for the purposes of establishing
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guidelines, it can generally be stated that stages after flow
regulation will be 0.7 to /5 feet lower during floods, depending

on the reach of river under consideration.

Additional field data, that is scheduled to be collected during the
1981 open water season, should provide sufficient information to
carry this study through another degree of refinement. Proposed

activities for 1981 consist of:
o ‘Breakup observations by Acres, R&M, TES.

° Vertical aerial photography on 3" x5" prints at various

water levels.

° Continuous stream gaging by USGS on the Susitnha River
at Sunshine and Susitna Station and on the Yentna

River.

° Staff gage installation and monitoring by ADF&G.

° Field observations by hydrologists, aquatic biclogists,

terrestial biclogists, etc.

° River Regime studies by R&M and Acres. -
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TABLE 2.1

REVISED TENTATIVE ESTIMATES OF PRE AND POST PROJECT
 DISCHARGE AND STAGE FREQUENCY ANALYSIS

Page 1 of 2

PREPROJECT POSTPROJECT
LOWER LIMIT (= TURBINE DISCHARGE) BEST ESTIMATE
DISCHARGE GAGE PERCENT CHANGE DISCHARGE GAGE PERCENT CHANGE
RECURRENCE DISCHARGE STAGE HEIGHT IN DEPTH HEIGHT IN DEPTH
INTERVAL YRS (CFS) (FT) (CFS) (FT) OF FLOW (CFS) (FT) OF FLOW
A. Susitna River Below Watana Dam Site (Installed Capacity 800 MW)
2 42,000 16,000 20,000
5 54,000 16,000 30,000
10 63,000 16,000 40,000
25 75,000 16,000 52,000
B. Susitna River Below Devil Canyon Dam Site (Installed Capacity 600 MW)
2 47,000 16,000 25,000
5 61,000 16,000 37,000
10 71,000 16,000 48,000
25 84,000 16,000 61,000
C. Susitna River at Gold Creek
2 50,000 13.5 19,000 9.8 3 28,000 11.1 17
5 66,000 14.8 21,000 10.1 3 42,000 12.8 14
10 78,000 15.7 23,000 10.4 3 55,000 14.0 11
25 92,000 16.7 24,000 10.6 4 69,000 15.1 10
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TABLE 2.1 Page 2 of 2

REVISED TENTATIVE ESTIMATES OF PRE AND POST PROJECT
DISCHARGE ANP STAGE FREQUENCY ANALYSIS

PREPROJECT o pOSTPROJECT
LOWER LIMIT (= TURBINE DISCHARGE) " BEST ESTIMATE
DISCHARGE  GAGE PERCENT CHANGE  DISCHARGE  GAGE PERCENT CHANGE
RECURRENCE DISCHARGE  STAGE HEIGHT ~ IN DEPTH HEIGHT ~ IN DEPTH
INTERVAL YRS (CFS) (FT) (CFS) . (FT)  OF FLOW . . (CFS) (FT) OF FLOW

D. Susitna River at Sunshine Station

2 96,000 57.9 65,000 56.0 8 74,000 56.7 5
5 125,000 59.2 80,000 57.1 8 101,000 58..1 4
10 ~ 146,000 60.0 91,000 57.7 .8 123,000 59.1 3
25 176,000 61.0 108,000 58.4 9 153,000 60.2 3
E. Susitna River at Delta Islands
2 105,000 94.6 74,000 92.9 11 83,000 93.3 8
5 136,000 95.6 91,000 93.8 11 112,000 94.8 5
10 159,000 9.3 104,000 94.5 14 _ 136,000 95.6 4
25 193,000 97.3 121,000 95.2 11 170,000 96.6 4
F. Susitna River at Susitna Station
2 157,000 16.8 126,000 15.0 5 _ 136,000 15.5 3
5 204,000 19.1 159,000 16.9 5 180,000 17.9 3
10 239,000 20.5 184,000 18.1 6 216,000 19.6 2
z5 289,000 23.0 217,000 19.7 7 266,000 21.9 2
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3 - RIVER MORPHOLOGY AND SEDIMENT YIELD

Details of the proposed morphology and sediment yield studies are included

in the Minutes of the May 7, 1981 meeting presented in Section 2.



4 - ENERGY SIMULATION RUNS - TYPICAL COMPUTER QUTPUTS
Typical computer plots and outputs of energy and reservoir
condifibﬁs for Watana (400 MW) and Watana plus Devil Canyon
(800 + 600 MW) are presented in the following pages. These
simulation runs were based on maximizing firm power from the
development schemes and do not impose restriction on the drawdown

Timits for the reservoirs.
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DEVELOPMENT: WATANA 400 Mle MONTHLY ENERGY, GWH

NV DEC AN FEB MAR APR MAY Jun UL Aug SEP

285.9 308.4 283,30 2467.9 240.4 216.0 199.9 198.0 197.5 207.2 223.0
283.9 308.0 283.,1 267.8 240.2 2146.1 200.9 199.3 198.2 207.2 290.2
283.8 A08.8 2834 2468.,2 240.5 214.1 198.8 199.3 200,46 aB?. 6 291.8
286.7 309,0 283.4 268.0 240.4 2146.3 201.,9  200.9 198.2 291.1 291 .8
285,85 308.4 283.4 258.1 240.,4 214641 200.8 199.6 197.7 287.7 291.8
285.5 J08.7 283.4 268.3 240.4 2162 199.5 199.7 200.,7 290.7 291.8
2855 308.4 283.2 267.9 240.4 216.0 201.1 201.,9 284,48 291.8 291.8
285.7 308.9 283.7 268.3  240.7 216.2 200.4 200.7 199.8 291.1 291.8
28406 2094 284.0 268.4 240.7 2146.4 200.5 199.8 i¢8.9  291.2 -219.7
285.4 308, 4 283.4 268.1 2403 2146.1 200.4 198.9 198.3 287.8 291.8
286.1 308.9 283.7 268.3 240.7 216.3 201.2 198.3 196.7 288.1 291.8
2846.4 309.1 284.0 258,48 240.9 21647 201.7 200.9 288.0 291.8 291.8
285.9 308.9 283.8 2468.4 240.8 2146.5 200.9 203.7 290.8 291.8 291.8
286 .3 309.0 283.,7 268.3 240.7 2146.2 201.8 200.8 2846.7 291.8 291.8
285.9 308,95 283.3 258.0 240.4 214.0 198.5 203,46 289.3 291.8 © 277.1
2846.0 308.7 283.3 268.0 240.5 216.3 200.7 199.8 199.4 290.8 291.8
285.,9 308,40 28%,4 . 268.1 240,46 21464 199.7 . 200.1 199.1 288.8 291.8
285.0 208.2 283.3 268.1 240.95 216.1 2061.0 201.2 200.2 291.2 291.8
28544 208.7 283.8 268.9 241.0 216,48 201.3 201.4 287.4 291.8 263.8
285.0 308.1 283.0 267.8 240.3 216.2 - 200.,2 197.38 195.8 203.7 . 219.6
2754 307.2 282.2 266.2 237.9 213.7 199.4 198.9 198.7 207.9 222.7
288.4 307.0 280.4 264.1 236,7 212.8 195.8 201.8 206.2 213.,2 207.9
288.5 308.1 282.9 266,84 238.2 214.1 202.2 205.4 0 201.8 20704 234,32
280.3 J08.2 282.0 2677 240.2 2156 192.3 199.9 198.9 204.8 223,95
279.5 J07.8 282.7 267 .4 239.9 215,90 200.9 199.3 19643 205,98 2227
2755 307.7 282,46 267.0 228.46 214.,0 200.4 202,48 202.7 207.9 224.1
281.3 308.0 282.8 267 .6 240.1 218.9 199.9 19%.0 198.0 207.1 223.0
279.1 308.3 2831 267.8 240.3 218.3% 19946 202,95 01,8  207.,3 223.9

oo A )

285, 3 30941 283.8 268.4 240.8 216,56 200.8 198.9 127.5 2056.0 DR L0

PR L

RV 284.8 3085 283.4 268.1 240.6 2143 201.1 20044 200,95 291.7 291.8

1  FEeservoir Drawdown Unconstrained

4

[



OCT
4719
3299, 1
4592, 9
G55, 7
42189
3859, 2
4102.,3
aaom.o

HO34 .
‘«)f)d O
$169.%

5049,
AGET 46
55601
518741
47594
5oL, R
4269 .8
4019, 0
S185.,0
FA03 .1
3768, 0
49791
13012
30546.5
SO08 .8
S679 1
A.). ‘? I, we \...J
BP9,
$F7E. P

1 Reservoir Drawdown Unconstrained

r— O a2 C T ot oo T oo T T
DEVELOPMENT: WATANA 400 Mwl:. MONTHLY INFLOW., FT3/S

NV DEC  JAN  FEB MAR  APR  MAY  JUN
2083.46 1168.9 815,14  441.7  5469.1  480.1 B655.9 146432.1
11073 906.,2  808.0  &73.0  4619.8 1302.2 114649.8 18517.9
217041 1501.,0 1274.5  841.0  735.0  803,9 4216.5 25773.4
2754.8  1281.2 B18.9  &11.7  470.7 1382.0 15037,2 214469.8
1599,6 1183.,8 1087.8  B803.,1  638.2 942,46 114696.8 19476.7
2051.,1  1%49.5  1388,27 1050.5  886.1  940.8 &718.1 24881.4
1588.1  1038.6  B16.9  7%4.8  4694.4  71B.3 129%3.3 27171.8
2744 1707,0  1373.0  1189,0  935,0 945,01 10176.2 25275.0
295, 22EB,H  1480,6 1041.7 973,95 1265.4 9957.8 22097.8
1729.5 1115.1 1081.0  949.0  694.0  885.,7 10140,6 18329.6
2213,5 1672.3  1400.4 1138.9 - 941.1 1069.9 13044.,2 13233.4
2327,8 1973,2  1779.9  1304.8 1331.0 1965,0 13437, 5 22784.1
2263, 1760.,4 1608,9 1257.4 1176.8 1457.4 11333.5 36017.1
2508, 9 1708,9  1308.9 1184.7  #83u& 776,646 185299,2 20663.4
1789.1  1194,7  852,0  781.6 575,20 409.2 I578.8 42841.9
2348,2  1070.3 862,00  772.7  BO7.3 1232,4 10986.0 21213,0
1565.3  1203.6 1040.,4  9B4.7  984.7 1338.4 7094.1 ﬂsfu/.a
1202,2  1121.6 1102.2 1031.3  B889.5  849.7 1255%,5 24711,
1934,3  1704,2  1617.6 1560.4 1560.4 1576.7 12826.7 25704, o
1354,9  7HZ,9 419,22 407.5  4B6.0 1261.46 9313.7 13942,
1020,9  709.3 434,22 8602.1  424.1 986.4 9936.4 14399, o
2494,4  1687,4 1097.1  777.4 717,10 B13.7 2B57.2 274612.8
2587,0  1957.4  1470.9 1491.4 13646,0 1305.4 15973,1 674“9.3
1977.9  1246.%  1031.5 1000.2  873.9  914.1 7287.0 23859,
1354.7  931.6 7844  &89.9  427.3  871,9 12889.0 14/80.6
147404 1276,.7  1215.8  1110.3  10641.4 1211,2 11672.,2 26489.2
1600,1  B74.,2  757.8  743.2  490.7 1059.8 8928.8 19994.0
1926.,7 1687,5 1348,7 1202.9 1110.8 1203.4 8%559.4 sisqk.s
2645 .3 19797 1S77.9  1267.7 1256.7 1408.4 11231.,%5 17277,
1944,9  1312,6 1136,8 105%.,4 1101.2 1317.9 12369.3 22904.8

] 1 S B

L Al sep
19192.4 16913.6 7320.4
1978646 16478.0 172055
22110.9 173856.3 11571.0
17355.3 16681.6 11513.3
16983.6 20420.46 1uqu
23787.%9 235937.0 13447,
35831o3 19143, 13194.4
199489 17317.7 14841.1
19/q~¢7 18843.4 5978.7
20493.1 239240.4 12446.9
19506.1 19323.1 16085.4
19832.8 19480.2 10144.2
23443.7 19887.1 12744.2
28767.4 21011.4 10800.0
20082.8 14048.2 7524.2
QA323T.Y 1739401 16220.6
16153.5 173%20.9  9214.1
21987.3 251045 13472.9
22082.8 14147.5 716346
14843.,5 7771.9 42460.0
18410.,1 14263.8 7224.1
21126,4 274446.6 12188,
19820.3 17509.8 10955.7
164351 .1 18016.7 8B099.7
15971.9 13323.7 9784.2
2343044 105128.6 13075.3
1701543 18393.5 G711.5
19707 3 16807.3 104613.1

JB5.2 13412.1 7132.8
24911. 1464670.7

90/(‘)0.
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oct

HB146.0
G865, 4
6814640
48146.0
481640
48140
AB16.90
4814,0
4B14.0
H814.0
aB146.0
atll .0
4814.0
6814640
48140
481460
GB1L&.0
581640
681640
4816.0
7244,5
7HH64 0
73925.2
70462.0
7064.9
7282,9
7035.8
709%.8
H8467 44
Hih44.,2

Noy

7858, 4
79011
7859446
7843, 4
7863.2
7866.,7

7844.4

7863.3

7845.8

78468.5
78%54,2
78457
7839 .2

7850, 4

7854.0
78581
7853.6
7872,4
jabdo&

7873.7

8126.4
8861.1
8623.,2
8004.7
B019.9
8129.8
79762
803%7.,2
7878.2
7884.1

A b 1S Ll i [% o L o L J L [ J
DEVELOPMENT: WATANA 400 Mul: MONTHLY TURBINE FLOW, FT3/s

Ba24,6 8B0LL.1 7770.,9  7097.2 4H4B4.4 6027,0 5HBs3.T
8730,8 8181.5% 7889,2 7209.3 6590.0 6123.0 5729.7
8626.4 80862.6 77460,6 7081.5 &466,5 H007.4 GHB78.4.
8584, 2 80192.,3 7723,0 7052.0 6441.0 5978.8B 57&41.2
84640.5 808442 7788.1 7109.4 4494.2 46033,7 S844,2
8643, 4 8080.7 7776.,1  7093.,2 6474.5 46012.8 5862,9
8643, 1 8020.3. 7796.3 7120.3 5504,3 &044.7 5847.0
84633,5 B80&7.3 77461.3 7078.1 458,46 5997.2 §820.1
8587.6 80111 7698.,9 7019.,.5 46404.1 5942,0 5764,9
B6%50,9° 8BORS.7 7798,3 711i8,0 6500,4. 4039.7 5HB&2.9
8613.7 B8049.,3 7743.,3 7061.3 6442.9 H980.,9 H78B1.0
8593.7 8025.8 7713.3 7028.1 640741 BO36.86 5726.,3
8624,.5 BOBB.2 7749,4 7064.0 6442,7 H975.9 5784.3
8402.,2 B8B034.8 7729.5 7048.6 6431.,2 EHY72,46 5757.8
B417.8  BO&2.2 77466,3 70921.3 6477.6. 6020.,9 -5BYE,7
8620,7 BO&O,5 77465.8 7090.8 4475.2 6011.7 S58246.1
8619.4 80660 7747.9 7089.,0 6470.2 &004,7 5848.8
B8665.1 . 8114.7 781741 7134.8 48513, 9 4051 .4 9855.6
84641 ,2 f80?8.2 77469.8 7080.5 5432, 4 seBL,2 5779.1
BobH.4 8118.,1 7829, 0 7154.8 4538, O H4072.8 5899.3

2546.7 846961 841~._ 7732.1 7138.4 6708.5 8544,46
9639.3 061,46 8821.4 8175.1 7583,8 718%.,0 7107.8
RI78.,6 8784.7 8477.3 7780.5 7171.8 4726 .,8 46470.5
8957.9 B388.8 8091,7 73966 6762 4296,7 6144,5
000,95 8440.3 8149,4 74%7,3 68“u.) 6373.3 &169.2
P258,7 8684, 2 8382.0 74690.0 7078.8 6640.7 4444, 4
8896, 4 8337.2 8B0Ab.4 7358.,9 &730.9 6240.,1 &089.,9
2034,1 B8458.3 81H3,4  7450,2 6809 .6 ‘6345.1 6182.,4
846462:.7 BOBY.0 7778.2 7091.9 &4467.,9 5999.8 5811.0
8683, 8122.9 7823.1 7140.,0 &65146.,8 6048,7 58%0.8

1 Reservoir Drawdown Unconstrained

JUL

5646841
58693241
5645,2
5487 .9
9604.4
S9618.4
7925, 4
95%0.4

b522.7

5642,
579.8
792506
792546
79"D.o
/9hd06
379.8
5594.7
37046
79Hd0
57146.3
629646
$741.9

6027, 4

5883.7
5924.1
60569
SBES. 4
5841.4
55922.2
5580,5

AUG

9762.5
9748749
7925.6
7925.4
793%.,4
79R28.,6
792544
7925.6
7928.46
7925446

7925.6.

7925.4
7925.6
7928.8
/9hdo

792546
7925.4
792544
7925,4
986245
4341.3
65654
5997.8
5939.9
$058.6
5998.8
95939.3
5813.,0
36886.4
7925.6

SEP

$108,8
79~d0

79&0'

79~J0

7925.6
7925.64
7925.6
7925,6
9978.7
7935.4
792546
79225.6
792544
7925.64
7524.,2
792546
7928,6
7925.4
7163.6
6320.8
6719.3
7635
6343.1
$308.2
5473 .3
633643
L298.9
6159.3
4061.8
7928.6



oct

5814640
6845.4
481640
814640
68160
S816.0
88146.0
814640
$816.0
4581640
4816.0
o164 0
H58146.0
481640
a146.0
4816.0
H814.0
SB14.0
nUln.O
H58146.0
?24405
7%446,0
739%,2
7062,0
706449
/)1) 9
703%.8
709%.8
88744
H344.,2

1 Reservoir Drawdown Unconstrained

Nov

7858.4
7901.1
7839.4
7843.4
7863.2

7866.,7

7854.4
7843.3
7845.8
78485
7854,2
7845,7
7859,2
7850.4
7854,0
7285841
7853.6
7872.4
]86d0~
78737
8126,46
B841,1
8623,2
8004.,7
8019.9
8129.8
79742
B037.2
7878.2
7884.,1

Lo

DEVELOPMENT: WATANA 400 Md}: MONTHLY DOWNSTREAM FLOW, FT3/S
. N l . .

DEC  JAN  FEB  MAR  APR  MAY . JUN
B624.6 BObb.1 7770.9 7097.2 b4B4.4  4027.0 58437
8730.8 8181.5 7889.2 7209.3 6590.0 6123.0 5929,7
B626.4 B063.6 7760.6 7081.5 6446.5 6007.4 E5B78.4

§H4,2 B019.3 7723.0 7052.0 6441.0 5978.8 5761,2
84640.5 80848.2 7788.1 7109.6 4494.,2 ‘6033.7 5944, 2
8643.,4 8080.7 7776.1 7093.2 4474.95 4012.8B 5862,9
84643, 1 80903 77946.3 7120.,3 4504.3 6044,7 5847.,0
8632.5 BO&K7.,.3 7761.3 7078,1 6458.6 5997'2 5820.1
8587.4 8011.1 7698.9 7019.:.5 4404.,1 S942.0 B764.9
850,99 8095,7 7798.3 . 7118.0 6500.4 6039.7 &5862.9
84613:.7 8049, 3- 7743, 3 7Q61.3 d442,9 §980.9 5781.0
8593.,7 8025, 7713.3 70281 54071 59346.:6 5726, 3
Hina 5 BOBB.D 77a9.4 J084.0 6442.7 Sore.e Erpe.3
8602.70 B034.8 7729.5 7048.6 6431.2 5972.6 5757.8
BA17.8 BO62.,2 7766.3 7090.3 4477.6 4020.9 5B89B.7
B620,7 BOG0.5 7765.8 7090.8 4475.2 6011.7 582641
B619.4 BO&6.0 7747.9 7089.0 6470.2 6004.7 58488
8665.1 8114.7 7817.1 7134.8 6513, 7 4051.,4 5B55,4
B641.2 BO7B.2 7769.8 7080.5 &452.4 5981.2 5779.1
Ba46.4 T8118.1 7829.,0 7154.5 6538, 0 6072,8 5899.3

S 9254,7 84696, 1 g8412.,2 7732,1 7138.4 6708 .5 G544, 6

P639.3 Q061+ 6 8821.4 8175.1 7583.8 7155,0 7107.8
?2378.46 8784.7 8477 .3 7780.5 7171.8 6726 .8 646470.5
B9H7.9 8388.8 B8091.7 73946.4 &762.7 62946 .7 4144.,5
20005 8440.,3 8149.6 7457.3 H825,7 6373.3 6169.,2
9258,7 84686.2 B8389,0 7690,0 7O078.8 &440.7 6444.4
8894, 4 83372 8046 6 7358.,9 6730.9 6240.,1 &£089.,9
9034.1 B458.3 BI53.4 7450.2 6809.6 6345.,1 61B2.4
86462,7 8089.0 77/8.2 7091.5 44467.9 59992.8 5811.0
86483.5 B122,9 78B23,1- 7140.0 6516.8 &4048.7 5850,8

JUL
9668.1
5693.1
5645, 2
5487.9
5604.4
S618.4
10943 .4
rrl:}0 4
ddk~o7
54642,1
5579.8
8900.2
20380.1
14418.%
12887o7
5579.8
I"‘9’4 7
5570464
10122.4
5716.3
H296 46
6741.9
4502744
5883.7
992441
65096 .,9
589%5.4
3841.&
9M‘h
qJBOou

AUG

978623
9767.9
11170.,3
1464441
8771.8
°040u.~
19153, 4
15305.7
170297
12633.6
8806.1
19480,2
19887.1
21011.4
14048,
14577, 7
88041
24414,0
1414i.u
5862.9
6361.3
656544
5997.8
99392.9
605844
5998.8
5939.3
5813.0
G4684.4
16309.3

SEP

6108.8
12518.46
11571.0
11513,5

21658
13447.8
13194.4
14841.1

9978.7
124466.9
16085.,46
10146.2
127462
10800'0

7524,
16225 6

P214.,1
13672.9

7163.6

6320.8

6719.3

4763.5

634541

6308,2

6473.3

6334643 -

6298.9

6159.3

6061.4

209647
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DEVELOPMENT: WATANA 400 MN1: MONTHLY RESERVOIR ELEVATION, FT

ocT NV DEC  JAN  FEB  MAR  APR  MAY  JUN  JU AW SEP

T196. 2191, 2179, 2166, 2153, 2141, 2130, 2127, 2129, 2141, 2183, 2
G194, 2182, 2169, 2156, 2143, 2130, 2120, 2120, 2136, 2123. éigg. 3132'
2198, 2191,  2180. 2147, 2155, D143, 2132, 2126, 2142,  2174. 2195, 2200,
2200, 2195, 2183, 2170, 2158, 2144, 2135, 2129, 2141, 2186, 2198, 2200,
2198, 3%;8' 2178, 2185, 2152, ' 2040, 2129, 2129, 2147, 2149, 2190, 2200,
2197, 2190, 2178, 2166, 2154, 2142, 2132, 2127, 2145, 2178, 2197, 2200,
9198, 2190, 2177, 2164, - 2151, 2139, 2128, .2129, 2154, 2187, 2200, 2200,
2198, 2190. 2179, 2167, 2155, 2144, 2133, 2132, 2153, 2184, 2198, 2200,
2199, 2194, 2184, 2173, 2161, 2150, 2140, 2139, 2157, 2184, 2198, 2194,
2197, 2189, 2177, 2164, 2151, 2139, 2129, 2127, 2142, 2147, 2190, 2200,
2199, 2192, 2181, 2169, 2157, 2145, 2135, 2137, 2150, 2169, 2191, 2200,
2199, 2194, 2483, 2171, 2160, 2149, 2140, 2143, 2165, 2190, 2200,  2200.
2198, 2191, 2180, 2148, 2157, 2145, 2136, 2136, 2168, 2197, 2200,  2200.
2199, 2193, 2182, 2170, 2158, 2147, 2136, 2139, 2161, 2187, 2200, 2200,
2199, 2192, 2180, 2167, 2154, 2142, 2131, 2123, 2154, 2194, 2200, 2200,

2198, 2191, 2180, 2167, 2184, 2142, 2132, 2131, 2150, 2179, 2198, 2200,
2199, 2192, 2179, 2166, 2184, 2143, 2132, 2129, 2148, 2175, 2192, 2200,
2197, 2188, 2175, 2162, 2180, 2138, 2127, 2128, 2151, 2182, 2199, 2200,
2198, 2190, 2178, 2166, 2155,  2144. 2135, 2137,  2161. 2189,  9200.  2200.
2097, 2188, 2175, 2161, 2148, 2136, 2125, 2123, 2133, 2149, 2159, 2158
Ri74. 2142, 2128, 2113, 2097, 2079, 2042, 2058, 2072, 2095, 2117, 2127,
51?8‘ 3;;2. %t?i' ??sg. 2063, 2043, 2025, 2011, 0032,  2075.  2113. 2138,
2149, 2133, 2121, 2108, 2093, 2076, 2041, 2043, 2099, 2133, 2156, 2170,
2185, 2164, 2152, 2138, 2125, 2113, 2102, 2097, 2114, 2140. 2123. Qiég.
2183, 2161, 2148, 2134, 2120,  2107. 2094,  2094. 2110, 2127, 2142, 2152
D174, 2141, 2128, 2114, 2100, 2084, 2069, 2068, 2096, 0113 2157 2171,
G1G7. 2169, 2156. 2142, 2129, 2116, 2105, 2103,  2117. 2140, 9141,  ai73.
2182, 2158,  2146. 2133, 2121, 2109, 2097, 2093, 2119, 2154, 2177, 2191,
296, 2188, 2177, 2165, 2154, 2143, 2133, 2133, 2148 0170, 2188, 2194,
n194. 2186,  2174. 2141, 2149, 2138, 2128, 2129, 0150, 2182, 2200,  2200.

1 Reservoir Drawdown Unconstrained

-
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DEVELOPMENT: WATANA 800 Mwl: MONTHLY ENERGY, GWH
ocT MOV DEC JAN FEB  MAR APR*  MAY  JuN - uL AUG SEP  AMN

iy, 311, 339, 309, 292, 258, 225, 183, 174, 170, 189, 230, 2934,
169, 312, 3¥7. 306, 288, 255, 221, 185, 181, 175, i86, 234, 2951,
246, @10, 338, 308, 292, 258, 226, 199, 141, 162, 331, 418, 3249,
Md. 309, 338, 309, 292, 259 226, 171, 150, 178, 480, 414, 3384,
Mal. 311, ¥38. 309, 291, 258, 224, 156 149, 171, 276, 331, 3075,
280, 309, 337, 307, 290, 258, 235, 188§, 157, 168, 581, 4853, 3541,
@67, 313, 339, FOY. 290, 256, 224, 165, 147, 312, 581, 476, 3479,
A9, 308, 337, 308, 290, 257, 225, 176, 159, 173, 498, 534, 3527,
M. 306, 333, 207, 292, 260, 224, 184, - 172, 176,  548,° 225, 3282,
tad, 311, 337, 307. 289, 256, 223, 153, 157, 159, 419, 450, 3328,
ne2, 310, 337, 307, 291, 258, 224, 185, 183, 170, 212, 564,  3306.
268, 310, 335, 0%, 290, 2546, 222, 177, 143, 260, 581, 344, 3503,
ns, 312, 338, 308, 291, 258, 225, 200, 137, §79. 581, - 440, 3954,
264, 31¥, 339, 309, 291, 259, 227, 176, 155, 416, 581, 390, 3721,
263, 311, 339, 309, 291, 258, 226, 203, 132, 361,  H24, 272, 3489,
D60, 312, 340, . . 310, 292, 2§59, 228, 192, 142, 159, 445, 546, 3523,
awh, 311, 2I7, JOB, 290, 257,  22F, 184, 138, 168, 275, 333, 3081,
47, 311, 337, 306, 289, 254, 223, 182, 159, 158, 581, 493, 3543,
447, 311, 338, 307, 290, 257, 2285, 1794 150, 270, 528, 259, 3380,
Ma9. 313, 340, 309, 291, 257, 223, 193, 188, 190, 205, 224, 3003,
280, 303, 327, 295, 277, 243, 212, 181, 154, 183, 173, 211, 2787,
440290, F16. 287, 249, 236, 204, 181, 140, 165, 166, 210, 2711,
247, 299, 323, .292, 274, 242, 211, 146, 134, 172, 199, 223, 2773,
4870 309, 334, 304, 285, 253, 221, 197, 163, 183, 194, 228, 2937,
284, 308, 33I, 303, 284, 251, 218, 173, 170, 171, 187, 210, 28724
dal. 303, 326, 295, 274, 243, 211, 166, 145, 158, 186, 205,  277%.
250, 307, 334, 303, 285, 252, 219, 171, 159, 182, 202, 225, 2889,
2el. 301, 326, 298, 280, 248, 215, 165, 138, 171, 194, 219, 2815,
256, 305, 334, 305, 288, 255, 223, 204, 187, 177, 188, 224, 2944,
261, 306, 334, 304, 287, 255, 222, 194, 184, 165, 182, 279, 2975,

1 Reservoir Drawdown Unconstrained



octT

4719 .9
3299 .1
4592,9
L2857
4218.9
JQ69.,2
4102,3
4208.,0
H034.9
J468.0
D149.5
6049,3
16374
8558041
5187.1
A7659 .4

5221.,2

32469,8

4019.,0
JL35,0
2403.1
3748,0
49791
4301.,2
30546.89
Joag.a
Th79.1
2A973%5.8
a793.9
3773.9

DEVELOPMENT: WATANA 800 Mwlz MONTHLY NATURAL INFLOW, FTS/S

T Tl ) Ll
NOV  DEC Iy
2083.46 11&8.9' 819.1
1107.3 06,2 808.0
2170.1 1501.0 1274.5
2754,8 1281.2 818.9
1599.6 1183.8 1087.8
20851.1  1549.,5 1368.3
1588,1 1038,6 B14.9
220744 1707.,0 1373.0
2035.9  2258.5 .14B0.6
17229.85  1415.1 1081,0
2A13.5  1472.3  1400.4
2I27.8 1973.2 1779.9
PRAT L4 1760.4  1608,9
2508.9 1708.9 1308.9
178%.1 1194,7 852.0
2388.2 10703 862.0
1546540 120346 1040.4
1202,2  t121.6  1102,2
19234.3 1704.,2 16174
1354.,9 753.9 6192
1020.9 709.3 434642
2494.4  1487.,4 1097.1
2887.0 1937.4 1470.9
19779  12446.5 1031.5
1384.7 231,46 788,4
1474 .4 12747  1215,8
1401 .1 8762 757.8
1924 .7 1687.5 1348.,7
DEAG I 1979.7  18577.9
1944.%9 13126 11346.8

1  Reservoir Drawdown Unconstrained

FEB -
441.7
$73.0
841.0
&11.7
B03.1

1050.5
754.8

1189.0

1041.7
94%.0
1138.9

1304.8

1257.4
1184.7
78146
772.7
984.7

1031.,3

156044
60705
60241
77744

1491.4

1000.2
689.9

1110.3
743.2

1202.9

12677

1055.4

MAR

569 ,1
$19,8
735,0
670.7
638,2
886, 1
694, 4
935,0

973,95

694.0
24141
1331.0
11746.8

883. &

875.2

807.3

984,7

889.3
1560,4

. 486.,0

$§24.1
71741
13646.0

- B73.9

627.3
1041.4
$90.7
1110.8
125647
1101.2

APR

480.1
1302.,2
803,9
1382.,0
242,64
?40.,8
718.3
245G.1

12684

885.7
1069.9

19465.0

1457 .4
77646
609.2

1232,4

1338, 4
849.7

1576.7

1261.6
7845.4
B13,7

13035.,4
91401
871.9

1211,2

1089.8

1203,4

1408.4

1317.9

Ay

B455.,9
11649 .8
4216,5
15037,2
11696.8
4718,1
12952.,3
10176.,2
9957 .8
10140.6
130442
13637.,9
11333,5
15299, 2
3578,8
10964.,0
70941

125339.5

12826.7
9313.7.
933644
2857.2

139731
7287.0

12889.0

114672,2
8228.8
Ba6%2.4

11231.8%

123692,3

- JuN

16432,1
18517,9
257734
21469.8
194767
24881, 4
27171.8
25275,0
22097.8
18329, 4
13233, 4
227841
36017, 1
20663, 4
42841,9
21213,0
259394
24711,9
25704.,0
13962,1
14399, 0
27612,8
27429.,3
23859 .3
14780, 4
266892
199940
31352.8
17277.2
22904,8

Sau

19193.4
19786.4
2211049
173553
16983, 4
23787.9
286831.3
19948.9

19752.7

20493.1
1930641
19639.8
23443,7
28787 .4
20082.8
23335.9
16163.,5
21987.3
22082.8
14843.5
18410.1
2112644
19820.3
163511
159971.9
23430.4
170135.3
19707.3
1838%.2
24911.7

AUG.

16913, 4
164780
17356,3
164816
204206
23537,0
19153, 4
17317.7
18843.4
23940, 4
19323, 1
19480,2
19887.1
21011.,4
14048.2
17394.1
17390.9
26104.5

14147.5

7771.9
162583.8
27446446
17509.5
18016.7
13523.7
15124.4
18393.39
16807.3
13412.,1
16670.,7

SEP

7320,4
17205.5
11571.0
115135

9165,5
13447,
13194, 4
148411

597847
124669
16085, 6
101442
12746,2
10800,0

7524.2

16225.,6

2214.1
13472.9
716344
426000
7224,1
12188.9
10935.7
8092.7
97846.2
13075.3
9711.38
10613 .1
71324
20946.7



1 Reservoir Drawdown Unconstrained

I oL U
0CT Nov
&9 4 & B72686,
7320, 8902,
7148, 3707,
6474, - 8639,
7054, 8735,
AN B&L74
AN 70791,
&V 73, Be52,
b0, 8557,
7109, B767,
74020 Ba6b1.,
4724, 84460,
7042, 8749,
7091, 372758,
70864, 8734,
&790, 8744,
40 3713,
7071, B7278,
71748, B759,
7237, 36814,
7914, 214,
7468, 214,
7512, 9143,
7404 . AV
7397, 2040,
7524, 21868,
6072, #4925,
7372, 84922,
6983, 8486,
7201, Bae27.,

—
4 s

DEC

93&50
P493.
9328,
?292,

I
{

M
i

PR ] ‘Ll.n] k.l] r

J

£ Y
o

I S A

H

i
L 4

DEVELOPMENT: WATANA 860 Mal:  MONTHLY TURBINE FLOW, FT3/S

JAN

8691,

93640A

9208,
R385,
2318,
2117,
9350,
9281,
9210,
2341,
2342,
9355,
2399,
2318,
Q365 ,
?3351,
7441,
9870,
P241 .
9749,
PEHEHL .
V6467
9790,
572,

9531

9333,
Y4764,

8812,
B854,
84642,
8702,
8637,
8723,
BAG1,
B567.,
B&EL,
8608,
8923,
8657,
8447,
B69G.
#8723,
8631,
3646,
B6AG .
87600
9172,
2354,
9036,
ga8e68.
8990,
9102,
88835,
8205,
B473,
86812,

FEB

92263,
19393,
2250,
2212,
92564,
9198,

9OIQ

o= o)

9200,

9170,

9219,
2189,
2125,
9213,
9183,
2249,
9277 .
2205,

93225,

9197,
9319,
2824,
16042,
2642,
9462,
2586,
2704,
2477,
Pa12.
2242,
9398,

MAR

7564,
7687,
7556,
7334,
7976,
7538,

7555,

7512,

7496,

7541,
7510,
7411,
7514,
7541,
7567,
7579,
7505,
7540,
7489,
7614,
80664,
8275,

"7917.

7753,
784464,
7943,
7744,
7772,
7547,
7713,

APR

6956,
7018,
4964,
6908,
6929,
6922,
6958,
6913,
64867,

69214,

6910,
4741,
69205,
4941,
69690
6966,
6863,
6734,
4882,
6973,
7479,
7461,
7311,
7149,
7239,
7318,
7104,
7136,
6953,
7089,

MAY

5495,
5487,
6001,

L 5032,
4570,
5547,
4936,

G235,

5410,
4599 .
5485,
G161,
G930,
3182,
6157,
97235,
3974,
H472.
3302,
58546 .
62164,
4808,
4834,
6230,
5350,
a598.
9389,
5318,
&147.,

59682,

Jun

5278,
5584,
4272,
4404,
4473,
47235,
4343,
4714,
5071,

4732,

9479 .

4155,
4003,

4355,

3920,
4842,
4123,
4751,
44130

S G793,

G309,
9166,
4293,
5162,
9452,
4758,
9032,
4383,

. G487,

9719,

JuL
48264

5032,
4527,

4889,

4793,

4657,
8531,
4733,
4819,

4481,

4778,
7083,
15641,
113839,
2783,
4421,
44678,
4348,
7364,
2908,
4884,
3386,
9044,
5343,
9180,
4688,
add4,
4932,
9050,
4654,

AUG

5214, -
5176,
8948,
12928,
7520,
15671,
15582,
13409,
14766,
11388,
5779
15582,
15582,
15582, .
14048,
12017,
7447,
15643,
14147,
5858,
5300 .
5079 .
5637,
5497 .
5468,
5318,
5761,
5403,

9227,

4948,

SEP

6464,
64627,
11571,
11514,
921865,
13448,
13194,
14841,
6249,
12447,
18873,
10146,
12746,
10800,
75324,
15473,
2214,
13673,
7164,
6694,
4564,
634644
6413,
4560,
6240,
5724,
6528,
6197,
6359,
7729,

ANN

7067,
72248,
77464,
7989,
7351,
8444,
8704,
8349,
7741,
7935,
7867,
8227,
93278,
8754,
8255,
BI143 .
7346.
B464,
7991,
7322,
7451,
7565,
7313,
7331,
7302,
72335,
7229,
7119,
7158,
7294,




‘

L J\\-‘.‘ \IJ‘

OCT
&Y é) CI) ]
2429,

2148,

auz4.,

7034,
L4999,

iBs.
H97 3,
SHBO2,
7109,
7028,
ﬁ?gqo
G642,
7091,
7G44,
a¥9P0,
Qb0
2178,
/178,
22387,
2l A,
7455.
Jul2,
74048,
2397
2928,
av72,

1 Reservoir Drawdown Unconstrained

Nov
8724,

groa. .

B707 .
8633,
87235,
B&76,

8791,

8652,
BEG7 .
87247,

 B4B1.

84660,
B745,
8773,
8734,
8744,

B713,.

8778,
8759,
8814,
9214,
9214,
2143,
BeS%E.,
9040,
2188,
8923,
geaa,
3484,
g3ea27.

DEC

365,
2493,
Y328,
9292,
364,
2308,
93605,
2318,
9117,
9350,
9281,
?210,
2341,
2342,
9355,
P399,
9318,

9388,
P304

9441,
9870,
2961,
Q749.,
93641,
Q667

2790,

P972,
PE3L.
9333,
Qa74,

T ST S R PO S _— » T3 T
DEVELOPMENT: WATANA 800 Mwlz MONTHLY DOWNSTREAM FLOW, FT3/S
JAN FEB MAR ‘APR MAY JUN JuL
84691, 2343, 759464, L4956, 5499, 5278, 4826,
8812, VACL 7687, 7018, H687., 5984, 5032,
B654, 9250, 75564, 6966, 6001, 4272, 4527,
8442, 9212, 7534, 6908, 5032, 4404, 4889,
8702, 9256, 7876, 6929, 44670, 4473, 4793,
8637, 9198, 7538, 8922, 5567 4725, 4657,
8723, 92462, 7555, 6958, 4936, 4343, 8531,
8451 . 9200, 7512, 4913, 5255, 47164, 4753,
8567, 9170, 7494, L8667, 5410, 5071, 4819,
8666 . 9219, 7541, . 4914, 4599, 4722, 4481,
84608, ?189. 7510, 4910, 5485, 5479, 4778,
BER3, 125, 7411, 4741, . 5161, 4155, 7083,
8657, 9213, 7516, 6905, 5930, 4003, 19101,
8447, 9183, 7541, 6961, 5182, 4555, 11385,
*B&LDT ., 9249, 7567, 6969, 6197, 3920, 9783,
8723, 92377, 7579, 49486, 9725, 4842, 4421,
B46H1 . 2205, 7505, 6863, 5574, 4123, 4478,
- Bbb4, 9225, 7540, 69234, 9472, 4731, 43489,
0649, 2197, 7489, 6882, 5302, 4413, 7366
8740, 2319, 7614, 6973, ~3896., 5793, 5508,
9172, R824, BO&GS . 7479, 62164, 5309, 4884,
23854, 10042, 8273, 7461, 4808, 9184, 93864,
9036, 6462, 7917, 7311, 4834, 4293, 5046,
8888, 442, 7733, 7149, 4220, 5162, 9343,
8990, 9584 . 7844, 7239, 5550 5482, 5150,
2102, 9704, 7943, 7318, 5558, 4758, 44688,
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