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Let’s Boil this Down

Have the End in Sight at the Beginning
Proper Planning and Scoping
|dentification of Resource Issues
Preparation of Analytical Framework

Development/Implementation of Integrated
Resource-specific Study Plans

— Application of Appropriate Methods and Models
Dealing with Uncertainty
Decision Support System (DSS)/Analysis




Seeking FERC License

FERC Mandated ILP Study Plan Development Process
* Pre-Application Document (PAD) — 2011

e Scoping — Scoping Documents 1 and 2 (May and
December 2012)

« 2012 Environmental Studies — early actions
« FORMAL STUDY PLAN DEVELOPMENT PROCESS
- Aquatic and Fish Resources Study Requests —
- Proposed Study Plans (PSP) — Comments —
- Revised Study Plan (RSP) - Comments —
- Final Study Plan
- STUDY IMPLEMENTATION (2013, 2014, 2015)
- License Application -2016/20177?

Have the End in Sight at the Beginning 4
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ICE — Freeze-up, Mid Winter, Break-up




Road Map of Presentation

Project Overview — Iocation/scale/operations
A Bit of Historyw e
Challenges N\

Site Selection and m .
Resource issues and ﬁgdiﬁﬁ! methods
Data Adequacy and\U ncertamty

Decision Support \ —




Scale and Location
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Longitudinal Thalweg Profile
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Average Annual Flow Contributions

Susitna River at Watana Dam = 16%

Ungaged Tributaries = 4%
\?Vastlana Dam to Gold : Ungaged Tributaries = 4%
Creek \ Gold Creek to Sunshine
Chulitna River = 18% Talkeetna River = 8%
Ungaged Tributaries =
10%

Sunshine to Susitna
Station

Yentna River = 40%

IHA and EFC Analysis

Susitna River at
Susitna Station = 100%
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Fishery Resources




Historical Chinook Salmon Spawning Distribution by Basin

Middle Susitna River and Susitna River above
Tributaries below Devils Devils SG"YO“ <0.5%
Canyon = 5%
Ll If:)lc://()er el & \ Talkeetna River Basin =
15%
Lower Susitna River
Deshka River Basin = & Other Tributaries =
35% 20%

Yentna River Basin =
20%

Chinook Spawning
1976 - 1984 Data Sources: Jennings (1985)
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Recreational Resources
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Some photos courtesy of Phantom-TriRivers and Fisherman’s Choice charters and Mahay’s Jet-boat adventures
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Brief History of the Susitna River Hydroelectric Project
» 1950s — Bureau of Reclamation

* 1970s — U.S. Army Corps of
Engineers

» 1980s — Alaska Power Authority

— Two-dam concept (Watana Dam and Devils
Canyon Re-regulation Dam)

« 2012 — Alaska Energy Authority

— Single-dam concept (Susitha-Watana)

15



1980s Studies: ARLIS Library — 3,000 documents

PHASE II REPORT

Synopsis of the 1982
Aquatic Studies and Analysis

SUSITNA

%

PREPARED BY

SUSITNA HYDRO AQUATIC STUDIES

Fish and Habitot Relationships

HYDROELECTRIC PROJECT

FEDERAL ENERGY REGULATORY COMMISSION
PROJECT Ne. 7114

INSTREAM FLOW RELATIONSHIPS REPORT SERIES

WOODWARD-CLYDE CONSULTANTS
UNBER CONTRACT TO

HARZA=E|

SUSITNA JOINT VENTURE

ALASKA POWER AUTHORITY

SUSITNA
HYDROELECTRIC PROJECT

FEDERAL ENERGY TORY COMMIBSION
PROJECT No. 7114

T TR
Nawa
CE s

St &1y

RECEIVED

LT

INSTREAM FLOW H
RESPONY

HABIT.
TALKEETNA-TO-|
OF THE]|

of

-
SUSITNA JOINT VENTURE

Alaska

FISH RESOURCES AND HABITATS
IN THE MIDDLE SUSITNA RIVER
TECHNICAL REPORT No. 1 |

Susitna-Watana Hydroelectric Project
(FERC No. 14241)

2012 Instream Flow Planning Study

Summary Review of Susitna River Aquatic and
Instream Flow Studies Conducted in the 1980s with
Relevance to Proposed Susitna — Watana Dam Project
~2012: A Compendium of Technical Memoranda

Prepared foe

Alaska Energy Authority
—Z
SUSITNA-WATANA HYDRO

Prepared by
R2 Resource Consultants, Inc.

March 19,2013

Review and Summarize

FINAL REPORT

APRIL 1586
DOCUMENT No. 2744

—1

ALASKA DEPARTMENT OF FISH AND GAME
‘SUSITNA HYDRO AUATIC STUDIES REFORT SERIES

k A
HYDROELECTRIC PROJECT

FEDERAL ENERGY REGULATORY COMMISSION
PROJEGT Wo. 7114

MIDDLE SUSITNA RIVER

SEDIMENTATION STUDY

STREAM CHANNEL STABILITY ANALYSIS
OF SELECTED SLOUGHS, SIDE CHANNELS
AND MAIN CHANNEL LOCATIONS

FINAL REPORT

HARZA=EBASCO

SUSITNA JOINT VENTURE

NOVEMBER 1985
DOCUMENT Na. 2050

/ALASKA DEPARTMENT OF FISH AND GAME
SUSITNA HYDRO AQUATIC STUDIES REFORT SERIES.
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Current Project: Proposed Operations

SUSITNA-WATANA HYDRO  Single Dam configuration

Artist renderng

« Would change natural
hydrograph seasonally:

— Summer Flows Lower
— Winter Flows Higher

— Flood Flows (reduced
magnitude and frequency)

 Load following mode
maximized during the winter
months of November through
April.

Artist Rendering — Powerhouse discharges

could vary Daily/hourly in the

winter months with flows

ranging between 3,000 —
10,000 cfs.
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Proiect Ogerations — Changes In Flood Frequency
(Gold Creek gage)
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Effects of Project -
Load Following

(Open-water Flow Routing

Model results)
15-Minute Flows and
Stage in Susitna River

at Gold Creek Gage - 1984

OS-1 Scenario —
Maximum load
following

Flow (cfs, 15-minute intervals)

60,000

= Pre-Project
Post-Project

50,000 H

40,000 1

30,000 H

20,000 H

10,000

0 | \ | |
Jan 11984 Apr 11984 Jul 11984 Oct 11984
16
= Pre-Project

Open-water
periods

Post-Project

14 4
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o]
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The Susitha River
Upper, Middle, and Lower Segments
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Project Operations — Open-water

Susitna River at Gold Creek SusitnaRiver at Sunshine

Dry Water Year Type
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Challenges

 Remote — boat and helicopter
access (snow-machine in winter)

 Logistics — field camps

« Safety - swiftwater training, bear
guards, etc.

« Multiple resource studies = lots
of people

* No flow control

« Access — Land Ownership




Land Ownership — Permitting

P tans

Alaska Department of Natural
Resources — navigable waters
(state)

State of Alaska, Division of Mining,
Land and Water (state)

Matanuska-Susitna Borough
(municipal)
Denali State Park (state)

Bureau of Land Management
(federal)

Alaska Railroad Corporation

Alaska Mental Health Trust
Authority

Cook Inlet Region, Inc.
Ahtna, Inc.
Private land owners

Alaska Railroad | o
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Key Aquatic Biological Questions

Spawning/incubation/emergence habitat?

Juvenile rearing habitats during open water
and during ice cover?

Timing/intensity/duration of spring breakup
and effects on fish habitat?

Juvenile passage out of lateral habitats (sloughs, tributaries,

side channels) during outmigration?

Adult upstream passage conditions into lateral spawning

habitats and in the mainstem river passage within and through

the Devils Canyon Reach?

Riparian plant and forest communities?

Sediment transport and channel form?

Others...... water quality, wildlife, recreation,

PLANNING and SCOPING
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TWG Instream Flow Site Tour




Dam/Reservoir
Operations Model

Reach /

A N al yt | C al I: ramewor k Hat;iittzt;\éz;eg{‘::ir::sling Hydrology
Of t h e S u S I t n a - Biological Information

= Periodicity 7

Watana Instream Flow ||

= Seasonal Habitat Utilization

. HS| Routing
St u d y (l F S) A HEC-RES, HEC-RAS

Mainstem Flow

¥ Riverine Processes

- ” = Geomorphology
Habitat Specific Models " Ice
= Habitat vs. Flow

* RiparianVegetation | e

”

....... = Large Woody Debris (LWD)
. ® Habitatvs.Stage | | .7 = Groundwater
re p re S e nt * Effective SpawningAnalyses | ™. [ L | * WaterQuality / Temperature
“varalzone | e T

the core tools to ——
address Biological = | L A o

Q u eStI O n S P re - an d Side Sloughs S:\g:igr:;?:ells Tributary Deltas Riparian
Post-Project conditions | | | |
Hourly} Daily /
Monthly Habitat by
Operational Scenario

Integrated Resource Analysis
= Fish Habitat (F) = Cultural (C)
el © Water Quality (WQ) = Recreation (R)

= Geomorphology (G) = Aesthetics(A)

= Riparian (B) = Project Economics
= Wildlife (W) = Subsistence (S)




Stratification and Site Selection Process

Segment — Geomorphic Reach — Mainstem Habitat Type — Main
channel Mesohabitats— Edge Habitat Types
Geomorphic Reach — M1 through M8
Mainstem Habitat Types (Macro-habitats)
— Main channel habitats
« Split main channel
» Braided main channel
« Side channel
— Off channel habitats
« Side slough
« Upland slough
« Backwater
« Beaver complex
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Habitat Mapping — then and now

1980s — * Current —

Manual planimeter GIS/computer based
directly on aerial analysis of aerial
Images — entire river at Imagery — digitization
different Qs (labor (entire river)
Intensive)
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he Upper Susitha River — General Views

Project river miles (PRM):
187 - 235



he Middle Susitna River — General Views

Project river miles (PRM). 102.4 -187
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The Lower Susitha River — General Views
Project river iIs (PR) 12.4 -187

PRM 97 to PRM 93

PRM 72 to PRM 65




Middle Susitha River — Closer Look

Photo Date: July 21, 2011
18,300 cfs at Gold Creek Gage

Legend i-D
-
@D ENERGY AUTHORITY Z y
e |nstream Flow Focus Area (Upper and Lower Extent) A 5 vt A Propussd.
7 7 Wata Dan®
<« Flow Arrow 0 1,000 O B 4 447
O Project River Mile Fiet

Projection: Alaska Albers NAD 1983

Data S .S M Ref Date Created: 11/27/2012
QU TOUTRES: SeRIMap ReIerences ; : : Map Author: R2 - Joetta Zablotney
Orthophoto Source: 2011 Matanuska-Susitna Borough LIiDAR & Imagery Project File: Map_RSP_IFS_FocusAreas_MR.mxd
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Mainstem Habitat Types

Tributary

Tributary
Mouth

.

..........................

Side
Slough

............................

Hyporheic
Zone
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Lateral Habitats Key

Mainstem

\Side Sloug
\\/’

= Pre-Project Winter Varial Zone
— Post-Project Winter Varial Zone

LOAD - FOLLOWING effects on:
« dewatering /inundation magnitude,
frequency, timing and duration
 varial zone ice formation
« slough and intergravel temperatures
« stranding/trapping
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Study Area Selection

 Independent study site selection
by each resource discipline

* Representative/Critical/Random?
OR

» Coordinated study site selection
by combined resource disciplines

FOCUS AREA APPROACH

35
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Instream Flow Related Studies

* Instream Flow - Fish and Aquatic Habitat
 Instream Flow - Riparian

* Fluvial Geomorphology and Sediment
ransport

» Groundwater (General/F&A/Riparian)
« Water Quality (General/F&A)
* |ce Processes

.... and a full complement of Fish and Agquatics
studies
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tudy Inegrato and Modeling




Modeling: Interdependencies Flow Chart

Reservoir

v

Yy

B

HEC-RAS Flow Routing

>
Yrs 25 & 50) Ice Flow Routing

l

Y

= T ]

1D Sediment [» 2D Sediment |~ 2D Hydraulic f2{ Groundwater |»

Water Quality

HSC/HSI

—>| Fish Habitat

Open Water

Both or N/A |

Operating Scenarios:
- Base Load
- Intermediate Load Following
- Maximum Load Following
- Run of the River

Effective

> Salmon Spawning

Habitat
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FA-IFS: Focus Area Data Collection

« Bathymetric Surveys
 ADCP Calibration

« Substrate characterization
« Data QA/QC

« Bathymetric and RTK data point
maps; triangulated irregular
network (TIN) maps; Topographic
maps

40



Model Development:
Survey and Bathymetric Data

Survey Points Focus Area Limits




Hydraulic Model 12,000 cfs Depth

Depth, ft Scatter Modul

10.0

FA-128 (Slough 8A)
11 cfs

521 cfs

1338 cfs‘

46 cfs

Point Source, cfs
Breaching Flow, cfs
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Surface/Ground Water Interactions

Mesh Module elevation
593.0

589.0
585.0
581.0
577.0
573.0
569.0
565.0
561.0
557.0
553.0

FA-128 (Slough 8A)

Rsnmum SkUII Creek p——— (1inch = 651,008 1)

Preliminary Results

Location

Comment

Skull Cr

0.002 x Main Channel flow

b

Groundw ater source below ~30,000 cfs

Possible persistent goundwater source

Possible persistent goundwater source

Not breached at 8,000. 11 cfs at 12,000

Very small trib

Not breached at 6,000. 38 cfs at 8,000

Not breached at 22,000. 86 cfs at 30,000

Not breached at 2,000. 22 cfs at 4,000

Not breached at 22,000.

Halfmoon bay, muliple sources.

Not breached at 12,000. 8 cfs at 16,000

Not breached at 8,000. 2 cfs at 12,000

Not breached at 8,000. 46 cfs at 12,000

ZIErXc =T MMmMo|O| m

Not breached at 22,000. 24 cfs at 30,000
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FA-128 (Slough 8A) Salmonid Rearing
12,000 cfs simulation

Salmonid Rearing
.. N 0-004
i 0.05 -0.12
0.13 -0.24
0.25-0.4
0.41-0.7




FA-128 (Slough 8A) Ice Cover Salmonid Rearing
12,000 cfs simulation

. Salmonid ‘Rea‘ring at
“Ice Cover
% I o - 0.0
e 0.1-0.16
0.17 -0.25
0.26 -0.39

0.4-0.76




Lower River 1-D
Fish Habitat
Instream Flow
Study Sites
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100-meters

Example Plot Depicting HSC and Water
Quality Locations and Sampling Grid

End \

‘ Red Stars - Utilization Measurements

* Depth
* » Velocity

» Substrate
* % Embeddedness

Cover

» Distance from Start

» Distance from water’s edge

MO|H

Blue Dots - Availability Measurements
» Depth
‘ » Velocity
* Substrate
* % Embeddedness
* Cover

Green Diamond - Water Qual. & VHG
) ¢ - Temperature
» Dissolved Oxygen
« Conductivity
* Turbidity
‘  Vertical Hydraulic Gradient

Start /
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More Robust Regression Models

Habitat suitability criteria
« Standard approach: univariate curves fitted to histograms then multiplied
to develop overall suitability curve Chum Spawning Depth

Composite Suitability for cell | =
HSCvel * HSCdepth *HSCsubstrate

= L ower = Middle —— Middle (1980s)

g
o

o
3l

o
o

Normalized Frequency
o o
(IS

=0.9*0.55* 0.7 = 0.3465

o
o

0.5 1.1 1.7 23
Depth (ft)

* Modified process: multivariate analyses using most appropriate statistical
models

log (Lp) = Cy + 4.33 xdepth — 1.91 = depth® + 0.246 = depth® + 1.52vel — 0.714vel® + ygio + €

v
v
v
v

Obijective

Defensible

“best fit”

Incorporates natural uncertainty
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Generalized Mixed Effects Regression Models for HSC

» Generalized regression: predicting probability (p) of chum spawning within
a model cell using logistic regression

» Multivariate: Depth, velocity, substrate, upwelling all in one model

« Random effect for site - combination of data across sites with different
levels of spawning activity without fitting separate models

Chum Spawning

06

| \_ Upwelling Gravel
— No Upwelling Gravel

Qe X -- Upwelling Cobble
S X 0 | —- No Upwelling Cobble
X N\ X °

> S S
2 3
o X  Preference &
g @« | X = Model (Order 4) £
T = = Model (Order 3) 5
= =
g /l 2
© < | =
E o / kS
S S
=2 o

o //

N

e

o

01 04 08 12 16 2 24 28 32 36 4 44 438 ‘ ‘ ‘ ‘ ‘ ‘
05 1.0 15 2.0 25 3.0
Depth (ft) Depth (ft)
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Variables Considered for HSC

* Depth Temperature
* Velocity DO
« Substrate « Conductivity
* Cover * Turbidity
o Upwelling HSC Chum Spawning Model — Best Fit
. Pog (1%) = Cj + 19depth — 18depth? + 6.8depth> —
Water ’ 0.91depth® + 3.9vel — 1.9vel? + y4ite + &,
where
Cypgr = —10
Obijective is to build a multivariate Cupco = —14
preference model that predicts the Cnogr = —13
relative probability of fish use in a Cnoco = —15

habitat cell based on measurable
predictable habitat characteristics
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Winter HSC Studies

3 trips each winter
» February, March, April

Continuous monitoring
- Stage

» Temperature: Surface &
Intragravel

» Dissolved oxygen: Intergravel

Spot measurements
« WQ: Surface, intergravel
* Ice thickness
» Groundwater: Micro-piezometer

Fish observations & capture
« Day & night surveys
» Electrofishing & video
« HSC measurements



River Productivity

Sample multiple components of the food web In
freshwater stream systems to understand what Is
driving the system.

Macroinvertebrates TerToctril
Subsidies

Algae/Periphyton
Organic Matter

* Fish Fish-Rearing Food Web
. Eggs | T
« Carcasses
Stomach contents

35 ~ Marine
* Subsidies.

Local Benthic &
Hyporheic Production

Wipfliand Baxter 2010
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Fluvial Geomorphology
Modeling - Provide Information to
Evaluate Potential Project Effects on:

« Aquatic Habitat

* Riparian Habitat

* Ice Processes

* Flow Routing

« Groundwater

* Property/Infrastructure

* Navigabllity
 Recreation and Aesthetics




Geomorphic Surfaces

Example:

Geomorphic

GB QUTWASH TCE

Surface i
Mapping — how
frequent do
surfaces flood?

MC = Main Channel OFP = Old Floodplain

MC GB = Main Channel Gravel TCE = Terrace
Bar

SC = Side Chanel OCH = Overflow Channel

SC = Side Channel Gravel Bar PC = Paleo Channel

SS = Side Slough FAN = Alluvial Fan
Legend
2,000 4,000
US = Upland Slough GD = Grano Diorite A Lawrol Control === Foous/vess )
st Erpding Barks FA Geomorphic Units Feet

TR = Tributary KF = Kahlitna Flysch



HIGH RIVER STAGE Ground surface

Water table

Groundwater Study
Modeling & Analysis
I nte g rati O n " River River discharges into the aquifer

LOW OR NORMAL RIVER STAGE

Aquifer discharges into the river

10/5/1982 - Susitna River at Gold Creek Flow
8,300 cfs - Falling Stage

Legend

- 1980's Shallow Groundwater Drive Point Wells

Propussd
hatang Dan

7z Groundwater Study Shallow Drive Point Wells 0 1,200 /
P ™ ™ Feet

Projection: AK SP Zone 4 NAD 1983
Date Created: 4/29/2014

Map Author:GWS - Cari Ruffino

File: QGC_8,300.mxd

Estimated Groundwater Surface Contour (feet) - 10/5/1982 - Gold Creek 8,300 cfs

M = Map Extent

Riparian Transect

° Project River Mile
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Map Key

Orthophoto Source: 2011 Matanuska-Susitna Borough LiDAR & Imagery Project Data Sources: APA_DOC_no._438




ESSFA128-1 Example - Time-Lapse Cameras

2013/11/14 11:01:10SUSITNA RIVER FOCUS AREA 2 View:

P

S :
{

P A -—
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. - N
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\‘I o =5




GW/SW FA-128 (Slough 8A) Upwelling Zones

Upper HaifMoon ;Bay :

Middle Half Moonh Bay - .=
Side Channely "

Lower Half Moon Bay
Side Channel .2 PR

: . Half Moon

. /Bay Slough

e o
b s ‘I/,é’reek‘\;

FA 128 (Slough 8A) - Focus Area Groundwater Upwelling Features
\u4 Susitna Flow Direction

® Project River Mile
Riverine Dominated
Riverine, Upland Transitional
Upland Dominated

«== FA 128 Side Channel/Slough Hydrological Features
Orthophoto Source: 2011 Matanuska-Susitna Borough LiDAR & Imagery Project

- Side:Channel .= "

> AT

Lowe]&‘- ,
im'ddlé“éide :
L. Channel'8A 4

/=

[ __®)
@D ENERGY AUTHORITY

0 1,500
e [0 0t

Projection: AK SP Zone 4 NAD 1983
Date Created: 3/31/2014

Map Author: GWS - Cari Ruffino

File: POC FA128_Upwelling Edits.mxd

Data Sources: See Map References

Upper Slougit 8A
Transition Channel/Slough

Propousad
Yhagana Dam

I = Map Extent

Map Key
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May-October 1981 Temperature

f=

0

‘harge,

8]
n

Di

cfs

Discharge,

20

15

10

15

10

60000
) Discharge FA 128 Inflow and Temperature |
Tmperature 1981 Pre-Project
45000 A”
30000 A M\Wj
15000 (ﬂ:f-\j\w
O | T | T T T T |
60000
) Discharge FA 128 Inflow and Temperature |
Tmperature 1981 Post-Project
45000
30000 1 LN ﬂf‘"\ _
_ h i _
15000 — i frw'r 1 .i o wh 5
"y W i
0= ' | | ' | ' | ' | ' |
120 151 181 212 243 273 304

Julian Day 1981

0, sanjedadus

D, Panjeasdusy,
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Ice Processes Modeling (RiverlD and River2D)

Project operations — higher and more frequent flows in
winter than current conditions: effects?

ITNA 3 { R .0 0

RM

ITNA R

CRE 103.0,

Depth
450

-4 05 Ice Thickness
360 T 200
315 = 180
270 160
225 140
180 120
135 100
0.0 LE
045 080

., /

Velocity 020

5omis ‘ " -

Distance € Scale

2%00m Hom




Riparian Instream Flow Modeling

* Project Operational effects on:
« Seedling establishment
« Changes in Ice formation and ice out
effects on riparian community ecology
* Reduced flood flows on riparian
ecosystem
« Groundwater/surface water interactions
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Tree Ice Scar Mapping 2013

lce Scar Mapping
September 2013

Whlskers Slough 2013 Ice Break-up
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Data Adequacy — How much is enough?

* More data are always better

» 1980s Studies: 5 years data — matches 5
year life cycle of salmon

* Current ILP process: 2 years of data —
enough?

Yes

provided impact assessment models fully developed and populated with appropriate data
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Data Adequacy: Proof of Concept

 Demonstrate Resource-specific Model
development process
— Input data
— Model calibration process

 Demonstrate Model Integration to Address
Key Resource Questions

Prove

that the Models can be reliably used for
addressing resource questions
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Effective Spawni
Habitat Area in F

What are Project Impacts to Total

ng/Incubation/Emergence
A-104 (Whiskers Slough)?

Channel
Morphology*
(YR 0, 25, 50),

Operations, Hydrodynamics, and
Water Quality Model:Estimate Dam
Outflows and Water Quality

Y Y

Open Water Flow
Routing Model: Estimate
1D Flow and Stage

Y

¥ ¥

Ice Flow Routing Model:

ice production/growth/melt

Estimate 1D flow, stage, ice thickness,
under-ice depth, velocity, temperature,

Y h 4

1D Sediment

¥ Y

2D Sediment Moclel:
Estimate 2D Scou

Y

Estimate Changes to Channel
Morphology

Transport Model:

A

Y

2D Hydraulic Model: Estimate
Depth, Velocity
Stage, Breaching

Groundwater Analysis:
»{ Estimate Upwelling/ —
Downwelling

— ¢

Y

S

2D Ice Model: Estimate
2D flow, stage, temperature,
velocity and depth under ice

™S

4

Re

SCMHSI Model: Estimate
ionships Between Habitat
iables and Fish Use

2D Water Quality Model:
Estimate Temperature,
DO, Turbidity

VVV&*

Fish Habitat

Y

Estimate Timing/

»| Effective Spawning/ [+
Incubation Model

ffective Spawnin
Incubation Surface Area at
the End of the Incubation

Period

* Channel morphology in Year 0 is current condition, Year 25 and 50 are :
+ dependent on flow and operations assumptions, and are estimated by models.

Intensity/Duration
of Freeze and Bregfup
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Dealing with Uncertainty?
* Live with It?

o Standard statistics — SD, variance,
etc.

 Model Calibration detalls

* Employ a Statistician
—Bayesian Belief networks
» Other kinds of Uncertainty?
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Bayesian Belief Networks for Effects Analyses

« Uncertainty propagation for multi-step hydrology/biology
estimates
« Sensitivity analysis — what uncertainties have most impact
 Decision Support — which
decisions have best

Future How Condition

result across all S fouzois 00
intieg? o v oo T oy 0
’ Mod  49.3 s More Wet 0
U ncertal ntles < OSAI2 82.1882 High 155 m
Juvenile Migration Timing
Adult Migration Timing ﬁ”if‘)ml‘j]anllju”;: 108
Uniform Jan1 - May31 of i i V=" ___ ormal Jan1-Jun I
Normal Jan 1 - May31 100 Expected # Adult Migration Days a|_Expected # Juv Migration Days
Uniform Nov 1 - June30 0 0 12.7 mum 0 7.87 mm
Normal Nov 1- June 30 0 0to 10 24.2 m— 0to 15 21.1 |—
10t0 20 6.23 m 15t0 31 10.9 j—m
2010 30 623 m 31t061 16.5 j— - —
3010 60 20.2 | 6110 92 10.8 | Juvenile Passage Criteria _
— 60 to 90 30.5 p— 92 to 122 10.8 pmm 80 cfs 100% 100
Adult Passage Criteria — 900 120 0 122 to 152 13.6 p— Logistic b/w 60 and 80 cfs 0
120cfs 100% o 120to 153 0 152 to 182 8.45 jmm Logistic b/w 70 and 90 cfs 0
Logistic biw 80 and 120 cfs 0 153 to 200 0 643+ 56
Logistic biw 100 and 140 cfs 100 200 to 250 0
35.7+31
TotalPassageDays
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Tying It All Together

How will other resource

ISsues factor Into
determini ng Generation
Project Operations?

Social — .
Decision Support System

Water
Quality
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Decision Support System

“The goal of a decision support system is
not to make a decision, but rather to
reduce the complexity of information and
focus attention on tradeoffs involved in
the decision.” (USGS: Auble, et al 2009,
DSS for Gunnison River)
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Decision Support System

* Evaluate the benefit and potential
Impacts of alternative operational

scenarios

* Focus attention on attributes
stakeholders believe are highest priority
for evaluation of operational scenarios
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DSS: Potential Approaches

« Manual Matrix Method

« USGS DSS for water management
— Gunnison, Upper Yakima, Delaware Rivers

* Decision Analysis/Bayesian Belief
Networks

/3



Matrix Methods

Operational and Flow Scenarios

Evaluation Metrics

Some spatial and/or temporal variability included

— Future 50 years is weighted average of dry, average, wet
years responses

— Averaged over Focus Areas in MR
Uncertainties/assumptions are dealt with ahead of time

— Choice of “average” flow year; choice of models; HSC
methods

Result = decision matrix comparing all operational
scenarios for all EMs
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ExamEIe

DECISION SUPPORT SYSTEM MATRIX —

Resource Existing
Area Temporal Scale Spatial Scale [Evaluation Metrics (EXAMPLE) Conditions 0Ss1 0S2 0Ss3
Nov-March average
Power over expected 50 year n/a Power Generation (MWh)
flow
Nov-March minimum
Hydrologic | over expected 50 year n/a 2Day Low Flow (cfs)
flow
Riparian Years 10-20 Geomorphic |Floodplain Plant Community Colonization Area
Reach (acres)
Rels:,;;i:nt expszzerng%dyZ::;Iow Gec;rz;)gﬁhlc Grayling weighted usable spawning habitat (ft2)
Ice processes| Median date at year 50 n/a Timing of ice breakup
Anadromous Averaged over Focus Area Coho effective spawning/incubation habitat area
Fish expected 50 year flow in FA-104, averaged over expected 50 year flow.
Chinook effective spawning/incubation habitat
Anadromous Averaged over .
Fish el SOvEEr ey Focus Area |areain FA-104, averaged over expected 50 year
flow.
Anadromous Averaged over Focus Area Chinook juvenile rearing habitat area in FA-104,
Fish expected 50 year flow averaged over expected 50 year flow.
Anadromous Averaged over e Coho juvenile outmigration habitat area in FA-104,
Fish expected 50 year flow averaged over expected 50 year flow.
Anadromous Averaged over Focus Area Chinook adult migration habitat area in FA-104,
Fish expected 50 year flow averaged over expected 50 year flow.
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Enough talking: Let's WRAP this UP

Know The Process

Know The Project (Setting, Resources, Potential
Operations)

Stakeholder Involvement

Coordination & Integration of Resource Disciplines
Into Study Designs — Define Model Dependencies

Selection And Application Of Appropriate
Resource-specific Methods and Models

Deal With Uncertainty - Expect the Unexpected
Decision Support System
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