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The Klamath River Renewal Project involves the removal of four hydroelectric facilities on the Klamath
River basin to restore natural flow and volitional fish passage through the former dam and reservoir reaches.
These facilities are J.C. Boyle, Copco No. 1, Copco No. 2, and Iron Gate. Other Project activities include
related works for roads, bridges, and culverts for construction access and/or permanent use, establishment
of disposal areas, establishment of the final river channels through the existing dam sites, and demolition
of existing recreation sites.

The Project scope is divided into two components: hydropower facilities removal and post-removal
reservoir restoration. This report presents the 100% design of the removal of the hydropower facilities and
other related works. It is based on continued collaboration with the Restoration Contractor and is built upon
the concepts presented in the 90% Design Report (KP, 2020) and the Value Engineering (VE) analyses.
Extensive design analyses and collaboration of the multi-disciplinary Project team throughout the design
process have targeted reduced costs and construction risks.

Each hydropower facility removal can be categorized into three general periods:

e Pre-drawdown works: the period wherein temporary access, dam and tunnel modifications are
constructed to facilitate reservoir drawdown.

e Drawdown: the period wherein reservoirs are lowered to facilitate dam removal works.

e Demolition and removal works: the period when dam and other hydropower facility infrastructure is
deconstructed and the final river channels are established.

Various road, bridge, and culvert improvements will be completed to support construction and long-term
access. Temporary bridges and structures, as well as use of private roads, will limit disturbances to public
infrastructure.
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ABBREVIATIONS

AL S A e e e e e e e Amended License Surrender Application
BV P e a e best management practice
CAFEIR . California Control Board Final Environmental Impact Report
L0 SRR California Department of Fish and Wildlife
L4 I PSP UUPPRPPPPRRN computational fluid dynamics
o3 1SS SRRE cubic feet per second
L0 PSPPI Clean Water Act
DDttt Design Completion Documents
e SRS RPPT PO elevation
FERGC .. e Federal Energy Regulatory Commission
LS PRSPPI feet, foot
O PP RRPRR hydraulic power unit
HV AC et e e e e e e e e a e e e e e e heating, ventilation, and air conditioning
= | Kiewit Infrastructure West
S ST Knight Piésold Ltd
S 2SS Klamath River Renewal Corporation
KRRP et a s Klamath River Renewal Project (the Project)
QY U R kilovolt
MMRP et e e e e e e et e e e e e e e e aaaaaaeaaas Mitigation, Monitoring, and Reporting Plan
IMIOU Lttt ettt e e bt e st e e e Memorandum of Understanding
NAVDSBS ...ttt North American Vertical Datum 1988
[ TS Number
1ot 1Oy o F PSPPSR PacifiCorp Energy
P A e Probable Failure Modes Analysis
L SR Resource Environmental Solutions
Y PP TP P TP PRRRN River mile
L 1] = ] o SRR United States Bureau of Reclamation
N ettt ettt e e e e e e e e e e e e e e e e e e e e e e e e e aaaaaaaaaaaaaaaaans Value Engineering
WQIC ettt e et e e e e e n e e e e aae e e nbee e e ennraaeeannee Water Quality Certifications
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This 100% Design Report is a technical document developed for the Klamath River Renewal Corporation
(KRRC), for the purposes of implementing the Klamath River Renewal Project (KRRP). This report is
prepared by Knight Piésold (KP), on behalf of The Project Company, Kiewit Infrastructure West Co. (Kiewit),
with specific chapter contributions by Kiewit Power and Camas LLC. In addition, there has been significant
collaboration with McMillen Jacobs Associates (MJA), the Restoration Contractor, Resource Environmental
Services (RES), and other KRRC subcontractors. As the leader of the facilities removal design-build team,
Kiewit has provided oversight and guidance in the design process.

The Project Agreement for Preliminary Services presented the Technical Requirements for the Project (in
Appendix 4 of the Agreement). Those requirements have since been subject to ongoing informal revision
by the KRRP Team and have been captured in this Design Report. The revised requirements were
developed in collaboration with the KRRP Team, and communicated to KP by way of Task Force Meetings,
a Value Engineering phase, and 30%, 60%, and 90% Design submittal reviews. The revised Technical
Requirements for the Project have yet to be captured in a revised Project Agreement.

The Klamath River Renewal Project involves the removal of four hydroelectric facilities on the Klamath
River to restore natural flow and volitional fish passage through the former dam and reservoir reaches.
These facilities are J.C. Boyle, Copco No. 1, Copco No. 2, and Iron Gate. Other related works include road,
bridge, and culvert improvements for construction access and/or permanent use, establishment of disposal
areas, establishment of volitional fish channels through the existing dam sites, and demolition of existing
recreation sites.
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Various road, bridge, and culvert improvements will be completed to support construction and long-term
access. Temporary bridges and structures, and use of private roads, are incorporated into design to limit
disturbances to public infrastructure.

This report refers to the 100% Design Drawings and Project Technical Specifications which, along with this
report, form the 100% Design Completion Documents (DCD). These additional documents are issued
separately from this report. General drawings are shown in Table 1.1.

Table 1.1 List of General Project Drawings
Drawing Number | Drawing Title
G0001 Title Sheet
G0002 Index of Drawings - (Sheet 1 of 2)
G0003 Index of Drawings - (Sheet 2 of 2)
G0005 Legend, Symbols, and Abbreviations
G0006 General Notes
G0020 Project Location, Vicinity and Access
G0030 General Arrangement Plan - Key Map
G0031 J.C. Boyle Facility - General Arrangement Plan - (Sheet 1 of 2)
G0032 J.C. Boyle Facility - General Arrangement Plan - (Sheet 2 of 2)
G0033 Copco No. 1 and Copco No. 2 Facilities - General Arrangement Plan - (Sheet 1 of 2)
G0034 Copco No. 1 and Copco No. 2 Facilities - General Arrangement Plan - (Sheet 2 of 2)
G0035 Iron Gate Facility - General Arrangement Plan - (Sheet 1 of 2)
G0036 Iron Gate Facility - General Arrangement Plan - (Sheet 2 of 2)
G0050 Earthworks and Demolition - Material Gradations - (Sheet 1 of 2)
G0051 Earthworks and Demolition - Material Gradations - (Sheet 2 of 2)
E0001 General Arrangement - Electrical
E0002 General Transmission Network Diagram

Drawing lists for J.C. Boyle, Copco No. 1, Copco No. 2, and Iron Gate are provided in Sections 2.1.2, 3.1.2,
4.1.2, and 5.1.2, respectively. Drawing lists for roads, bridges and culverts are presented in Sections 6, and
recreation sites demolition are presented in Section 7.

The list of Project Technical Specifications is presented in Table 1.2.
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Table 1.2 List of Technical Specifications
Section Number Section Title
DIVISION 01 General Requirements
019200 Facility Operation
DIVISION 02 Existing Conditions
02 41 00 Demolition and Facility Removal
02 4199 Electrical Distribution System Demolition
DIVISION 03 Concrete
03 10 00 Concrete Forming and Accessories
03 20 00 Concrete Reinforcement
03 30 00 Cast-in-Place Concrete
033713 Shotcrete
03 60 00 Grouting
DIVISION 05 Metals
0512 00 Structural Steel
DIVISION 31 Earthwork
310500 Materials for Earthwork
311000 Clearing, Grubbing and Stripping
3123 00 Excavation and Fill Placement
312500 Erosion and Sedimentation Controls
31 60 00 Foundation Preparation
317100 Tunnel Construction
31 80 00 Care of Water
DIVISION 32 Exterior Improvements
32 50 00 Roads, Bridges, and Culverts
DIVISION 35 Waterway and Marine Construction
35 24 00 Dredging

1.3 EROSION AND SEDIMENT CONTROL

The construction and removal works required for the Project will be conducted in a manner that provides
environmental protection and best management practices (BMPs) for erosion and sediment control.
Appendix H and the Design Drawings provide the erosion and sediment control design measures for each
Project area.

1.4 CONSTRUCTION AND IMPLEMENTATION SCHEDULE

All construction, demolition, and removal activities associated with the Project have been scheduled by
Kiewit with consideration of engineering design, permits, and other constraints. The 90% GMP
implementation schedule is provided in Appendix I.
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CRITICAL ENERGY/ELECTRIC INFRASTRUCTURE INFORMATION
(CEI

REDACTED

SECTION 2.0  J.C.BOYLE HYDROPOWER FACILITY REMOVAL

PAGES4 TO 14

. . VA103-640/1-9 Rev C
g@ Knight Piesold November 13, 2020

CONSULTING



PUBLIC VERSION

Kiewit Infrastructure West Co.
Klamath River Renewal Project res
100% Design Report

CRITICAL ENERGY/ELECTRIC INFRASTRUCTURE INFORMATION
(CEI

REDACTED

SECTION 3.0 COPCO NO.1 HYDROPOWER FACILITY REMOVAL

PAGES 15 TO 26
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CRITICAL ENERGY/ELECTRIC INFRASTRUCTURE INFORMATION
(CEI

REDACTED

SECTION4.0 COPCO NO.2 HYDROPOWER FACILITY REMOVAL

PAGES 27 TO 35
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CRITICAL ENERGY/ELECTRIC INFRASTRUCTURE INFORMATION
(CEI

REDACTED

SECTION 5.0  IRON GATE HYDROPOWER FACILITY REMOVAL

PAGES 36 TO 48
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6.0 ROADS, BRIDGES, AND CULVERTS

6.1 GENERAL

The scope of work for roads, bridges and culverts consists of two components:

e Mitigation of drawdown effects on permanent bridge and culvert crossings
e Construction access improvements: roads, bridges, and culverts

Reservoir drawdown could potentially affect certain bridges and culverts located on reservoir tributaries by
initiating tributary channel incision and headcutting, which could undermine abutments or outlets.
Impassable fish barriers could be created where an upstream migrating headcut intersects a crossing-
related hard point (i.e. culvert outlet).

The following bridges and culverts have been assessed for drawdown effects and the following mitigation/
designs are developed:

e Camp Creek culvert: to be replaced by a concrete box culvert

e Scotch Creek culvert: to be replaced by a concrete box culvert

e Fall Creek culvert at Daggett Road: to be replaced by a multi-plate arch culvert

e Jenny Creek, Spencer, and Copco bridges: no mitigation designed at this time; to be monitored post-
drawdown

e Several culverts: no mitigation designed at this time; to be monitored post-drawdown

6.1.1 TEMPORARY CONSTRUCTION ACCESS IMPROVEMENTS

Temporary construction access improvements are required where existing roads and bridges are not
sufficient to handle construction equipment dimensions or loads, or to create new access to certain areas
that do not have access now.

The planned construction access improvements are summarized below:

e Temporary strengthening systems will be installed at existing bridges to meet construction load
requirements:
o Fall Creek Bridge
o Dry Creek Bridge

e Improvement of public roads and culverts, as needed, leaving them in equal or better condition after
Project implementation than they are at present:
o Copco Road — to be repaired and upgraded as required to accommodate Project traffic
e Local construction access — J.C. Boyle:
o Road realignment at scour hole
o Road reactivation at lower penstock access road
o Intersection improvements at the OR66 — JC Boyle intersections
e Local construction access — Copco No. 1:
o Road improvement of Right Bank access from Copco Road down to Copco No. 1 Powerhouse

. ., VA103-640/1-9 Rev C
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e Local construction access — Copco No. 2:

o New road for Right Bank access to downstream of Copco No. 2 Dam

o Road improvement of Left Bank utility corridor leading toward Copco No. 2 Dam
e Local construction access — Iron Gate:

o New road for Right Bank access to Iron Gate Dam low-level tunnel outlet

The drawings list for the drawdown-affected bridges and culverts (C5000 drawing series), and for the
construction access improvements other than local construction access (C6000 drawing series), are
presented in Table 6.1. Local construction access improvements at the four hydropower facilities are
addressed in the applicable report sections (2 through 5) and Design Drawings.
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The recreation site locations were chosen based on the predicted results of Project implementation and
return of the river system back to its original location. The recreation site demolition key maps and plans
are presented on the C7000 drawing series, as shown on Table 7.1.
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8.0 MANAGEMENT PLANS

The Lower Klamath River Project (“Proposed Action”) will require the development of regulatory permit
conditions measures incorporated into management plans. The FERC Amended License Surrender
Application (ALSA) has established 16 FERC Management Plans to be filed with FERC incorporating the
terms and conditions from federal, state, and local permits and/or agreements. The consolidation of plans
into the 16 FERC Management Plans is a necessary element to align common resource subject area
protection measures into one plan, rather than the multiple plans currently identified in executed
governmental approvals. The process of completing these 16 FERC Management Plans will further refine
the Proposed Action implementation requirements in consultation with multiple state, federal and local
authorities. Once the 16 FERC Management Plans have been finalized, they will be submitted to the FERC
for approval. Table 8.1 below identifies the 16 FERC Management Plans as well as their corresponding
governmental approval management plans and/or actions.

These 16 FERC Management Plans have incorporated the proposed measures by the following
Governmental Approvals:

e Oregon Clean Water Act Section 401 Water Quality Certifications (OR CWA 401)

e California Clean Water Act Section 401 Water Quality Certifications (CA 401 WQC)
e Siskiyou County MOU (draft)

e Klamath County MOU

e California Department of Fish and Wildlife MOU

The California State Water Resource Control Board Final Environmental Impact Report (CA FEIR) provides
additional management plan details for incorporation. The FEIR Mitigation, Monitoring, and Reporting Plan
(MMRP) provides the specific FEIR measures and their interrelationship to the CA CWA 401 conditions.
The MMRP can be found in the McMillen Jacobs Share Point Site. All management plan authors should
read through the FEIR MMRRP to fully incorporate all elements into their respective management plan drafts.

Table 8.1 Proposed Action Management Plans
FERC Surrender Management Plans Identified in CA 401/FEIR/OR 401/Klamath MOU/CDFW MOU
Application Management Plans identified in Regulatory Approvals and Governing Document
Plans MOU'’s to be incorporated into FERC Plan 9

Aquatic Resources Management Plan

Plan Subsections

Spawning Habitat Availability Report and Plan

AR-6 Adaptive Management Plan (Suckers) CA 401 WQC-Cond 6

Fish Presence Monitoring Plan

1 Aquatic Resources Tributary-Mainstem Connectivity Plan

Management Plan Juvenile Salmonids and Pacific Lamprey Rescue and
Relocation Plan

CA 401 WQC-Cond 6

AR-6 Adaptive Management Plan (Suckers)
OR 401 CWA-Cond 4

Fish Passage OR 401 CWA-Cond 4
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FERC Surrender

Application Management

Plans

Management Plans Identified in CA 401/FEIR/OR 401/Klamath MOU/CDFW MOU

Plans identified in Regulatory Approvals and
MOU'’s to be incorporated into FERC Plan

Governing Document

Construction

Klamath MOU Traffic Management Plan

Plan Subsections

Traffic Management Plan

Erosion and Sediment Control Drawings

Klamath County MOU

2 Management Plan Traffic Control Drawings
Traffic Study
Existing Conditions Summary Report
Siskiyou County MOU' Siskiyou County MOU
Emergency Response Plan? ALSA
Erosion and Erosion, Sediment Control Plan OR 401 WQC-Cond 8
3 Sediment Control
Plan Water Quality Monitoring and Protection Plans CA 401 wQC-Cond 10
Hatcheries Management and Operations Plan
Hatcheries Plan Subsections
4 Manage.ment and Hatcheries Management and Operations Plan CA 401 WQC-Cond 13
Operations Plan _ -
Bogus Creek Flow Diversions (lron Gate Hatchery
Operations)
Health and Safety Plan
5 Health and Safety ty ALSA
Plan Public Safety Plan
Historic Properties Management Plan
Plan Subsections
6 Historic Properties Historic Properties Management Plan ALSA
Management Plan
Looting and Vandalism Prevention Plan
Inadvertent Discovery Plan
Interim Hydropower . .
7 Operations Plan Interim Hydropower Operations Plan CA 401 WQC-Cond 20
g | Recreation Facilities Recreation Facilities Plan CA 401 WQC-Cond 19
CA 401 WQC-Cond. 7
Remaining Facilities Plan
OR 401 WQC-Cond. 7
9 Remalnlsgrl:acmtles Plan Subsections
Remaining Facilities (CA) CA 401 WQC-Cond. 7
Remaining Facilities Plan and Operations Plan (OR) OR 401 WQC- Cond 7
i CA 401 WQC-Cond. 14
10 Reservoir Area Reservoir Area Management Plan
Management Plan OR 401 WQC-Cond. 6
CA 401 WQC- Cond. 3
Reservoir Drawdown and Diversion Plan
41 | Reservoir Drawdown OR 401 WQC-Cond. 5

and Diversion Plan

Slope Stability Monitoring Plan

CA 401 WQC-Cond. 18

OR 401 WQC-Cond. 5

€
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FERC Surrender

Application Management

Plans

Management Plans Identified in CA 401/FEIR/OR 401/Klamath MOU/CDFW MOU

Plans identified in Regulatory Approvals and
MOU'’s to be incorporated into FERC Plan

Governing Document

12 | Sediment Deposit Sediment Deposit Remediation Plan CA 401 WQC-Cond. 4
Remediation Plan
Amphibian and Reptile Plan CA 401 WQC-Cond 16
Plan Subsections
Terrestrial and Pond Turtle Mitigation OR 401 WQC-Cond 4
13 | Wildlife Management
Plan Rescue and Relocation Plan CA 401 WQC-Cond 16
Bald and Golden Eagle Management Plan CA 401 WQC-Cond 17
Spill Prevention, Control and Countermeasure OR 401 WQC-Cond 10
Plan
Waste Disposal and Waste Disposal Plan
OR 401 WQC-Cond 9
14 Hazardous (includes Hazardous and Non-Hazardous Materials)
Management Plan
Waste Disposal Plan CA 401 WQC-Cond 11
Hazardous Materials Management Plan CA 401 WQC-Cond 12
Water Quality Water Quality Management Plan OR 401 WQC-Cond 1
15 Monitoring Water Quality Monitoring Plan CA 401 WQC-Cond 1
Management Plan Water Quality Monitoring and Protection Plan CA 401 WQC-Cond 10
Water Supply Management Plan CA 401 WQC-Cond 15
Plan Subsections
Water Supply Management Report (surface water, :
Water Supply ground water, fire protection) CA 401 WQC-Cond 15
16 Monitoring and Groundwater Well Management Plan® OR 401 WQC-Cond 11 (g)
Management Plan = =
Public Drinking Water Management CA 401 WQC-Cond 8
. KRRC Commitment
Fire Management Plan
CA 401 WQC-Cond 15
NOTES:

i

€

') Knight Piésold

SISKIYOU COUNTY MOU IS IN DRAFT FORM AT THE TIME OF COMPILING THIS TABLE. THE MOU DOES NOT CONTAIN
THE PREPARATION OF A SPECIFIC PLAN FOR COUNTY APPROVAL; RATHER IS OUTLINES SPECIFIC COMMITMENTS
BETWEEN THE PARTIES. THESE COMMITMENTS WOULD BE SUMMARIZED IN THE CONSTRUCTION PLAN PROVIDED
TO FERC.

THE CA CWA 401 REFERENCES AS A KRRC “COMMITMENT” FROM THE DEFINITE PLAN, THEREFORE NOT A PERMIT
REQUIREMENT. IT IS ASSUMED THAT FERC WILL REQUIRE THIS PLAN. THEREFORE, IT HAS BEEN INCLUDED IN THE
CONSTRUCTION MANAGEMENT PLAN.

OR CWA 401 DOES NOT REQUIRE A GROUNDWATER WELL MANAGEMENT PLAN. IT RATHER IMPLIES THAT THE
KRRC WILL DEVELOP SUCH IN ACCORDANCE TO THE 2018 DEFINITE PLAN REPORT. CONDITION 11 REQUIRES
REPORTING BASED ON THE IMPLEMENTATION OF THE PLAN. THEREFORE, BY INFERENCE, THE PLAN IS REQUIRED.
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9.0 LIMITATIONS

This report was prepared by Knight Piésold, with specific chapter contributions by Kiewit Power and Camas
LLC, for the account of the Klamath River Renewal Corporation on behalf of Kiewit Infrastructure West Co.
Report content reflects the best judgement of the authors, designers, and construction professionals
involved based on the available information at the time of preparation. Any use a third party makes of this
report, or any reliance on or decisions made based on it is the responsibility of such third parties. Knight
Piésold, Kiewit, and other report contributors accept no responsibility for damages, if any, suffered by any
third party as a result of decisions made or actions based on this report. Any reproductions of this report
are uncontrolled and might not be the most recent revision.

The Project Agreement for Preliminary Services presented the Technical Requirements for the Project (in
Appendix 4 of the Agreement). Those requirements have since been subject to ongoing informal revision
by the KRRP Team and have been captured in this Design Report. The revised requirements were
developed in collaboration by the KRRP Team, and communicated to KP by way of Task Force Meetings,
a Value Engineering phase, and 30%, 60%, and 90% Design submittal reviews. The revised Technical
Requirements for the Project have yet to be captured in a revised Project Agreement. KP takes no
responsibility for any errors or omissions related to lack of clarity in the Project Technical Requirements.
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(Knight Piésold, Kiewit Power, and Camas LLC).
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APPENDIX A1
PROJECT NOTATION, UNITS, AND CONVERSION

1.0 PROJECT NOTATION

1.1 STANDARD UNITS
The standard units for the design of the project will be the following US Customary Units:

e Length: inch (in), feet (ft) and mile (mi)

e Area: acres

e Volume (reservoir): acre-feet (acre-ft)

e Volume (fluid): US gallons, million US gallons (gal, Mgal)
e Volume (concrete, earthfill): cubic yard (yd3)

e Mass: pound (Ib), short tons (tons)

e Density: pounds per cubic foot (pcf)

e Pressure: pound-force per square foot (psf)

e Temperature: degrees Fahrenheit (°F)

e Power: horsepower (hp)

e Flow rate: cubic foot per second (cfs), cubic foot per minute (cfm) gallons per minute (gpm)

1.2 CONVERSIONS TO OTHER US CUSTOMARY UNITS

Other US Customary Units will also be used for preparation of the design. These units and conversion
factors from the standard units (unless otherwise indicated) will be the following:

e Length: 1ft =12 inches (in)

e Length: 1 yard (yd.) = 3 ft

e Length: 1 mile (mi) = 5,280 ft

e Area: 1 acre = 43,560 square feet (sq. ft)

e Volume: 1 acre-ft = 43,560 cubic feet (ft3)

e Volume: 1 acre-ft = 1,613 cubic yards (yd?)

e Fluid volume: 1 Mgal = 1,000,000 gallons (gal)

e Mass: 1ton =2,000 pounds (Ibs)

e Density: 1 short ton per cubic yard (tons/yd?3) = 74 pcf
e Pressure: 1 pound-force per square inch (psi) = 144 psf
e Pressure: 1 kilopound per square inch (ksi) = 1,000 psi

1.3 CONVERSIONS TO INTERNATIONAL SYSTEM OF UNITS (SlI)

Typical conversion factors to the International System of Units (SlI) from the standard units for the project
are the following:

e Length: 1t =0.305 meters (m)
e Length:1yd.=0.914 m
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e Length: 1 mi=1.61 kilometers (km)

e Diameter: 1 in = 25.4 millimeters (mm)

e Area: 1 acre = 4,047 square meters (m?2)

e Area: 1 acre = 0.405 hectare (ha)

e Volume: 1 acre-ft = 1,233 cubic meters (m?3)

e Volume: 1yd3®=0.765 m3

e Volume: 1 ft2 =0.028 m?3

e Fluid volume: 1 gal = 3.785 litres (L)

e Fluid volume: 1 Mgal = 3,785 m?

e Mass: 1 ton = 907 kilograms (kg)

e Mass: 1ton = 0.907 tonnes (t)

e Density: 1 pcf = 16 kilograms per cubic meter (kg/m?3)

e Density: 1 pcf = 0.016 tonnes per cubic meter (t/m3)

e Density: 1 tons/yd® = 1.19 tonnes per cubic meter (tm?3)
e Pressure: 1 psf = 0.048 kilopascal (kPa)

e Pressure: 1 psi = 6.89 kilopascal (kPa)

e Power: 1 hp = 746 watts (W)

e Flow rate: 1 gpm = 0.227 cubic meters per hour (m?/hr)
e Flow rate: 1 gpm = 0.063 litres per second (L/s)
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APPENDIX A2
MAPPING, SURVEYS, AND SITE CONTROLS

OVERVIEW

Project area mapping to document the existing site conditions across the project site was undertaken by
the US Department of the Interior (USDOI) in 2009. LiDAR and 3D break-lines for approximately 170 miles
on the Klamath River from Link River Dam, OR to the confluence with Elk Creek south of Happy Camp,
CA, and surveys along with above and in-water cross-sections at each of nine bridges, were included in
the study area (USDOI, 2010). The map projection for the project is as follows:

e Projection: California State Plane:
Zone: 1

FIPS zone: 0401

Vertical Datum: NAVD 1988
Horizontal Datum: NAD83
Unit: Feet

O O O O

Site control will be established and verified by the Contractor. Scale factors will be established for the entire
site for use in ground to UTM coordinate conversions if required.

Survey control will be established through surveyed benchmarks across the site. Benchmarks are expected
to be established at the intake locations, along the penstock routes and at the powerhouse & switchyard
locations. Benchmarks will also be established along the transmission line alignments and at major bridge
and road crossings.

The Contractor will establish any other control points and benchmarks necessary to set out and construct
the Works.
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APPENDIX A3
GEOLOGICAL SETTING

1.0 GENERAL

The Klamath River traverses multiple physiogeographic provinces starting in the Basin and Range Province
of Oregon, traversing the High and Western Cascades, Klamath Mountains Province and the Coastal
Ranges of northern California, and reaching the Pacific Ocean at Requa, 16 miles south of Crescent City.
The Project area is predominantly contained in the Western and High Cascades. The Klamath River pre-
dates the formation of the Cascade Mountain Range and maintained a relatively similar course through the
mountain building events.

The bedrock of the Project Area comprises volcanic rocks (up to 45 million years old) and includes basalt
and andesite lava flows, tuffs, tuff-breccias and volcaniclastic sandstone. The volcanic rocks are intruded
by numerous dikes and plugs of andesite, rhyolite, and basalt. Many of the volcanoes associated with the
Western Cascades have since eroded, but large shield volcanoes and vents of the High Cascades remain
and are still active in present times.

Large deposits of coarse alluvium were deposited along the Klamath River during the period of the last
glaciation when the river had a higher discharge. Lacustrine deposits were laid down in former temporary
lakes that were created at the present-day sites of the Copco No. 1 and J.C. Boyle Reservoirs when the
Klamath River was temporarily ‘dammed’ by volcanic activity.

2.0 J.C.BOYLE HYDROELECTRIC FACILITY

The topography in the area of the J.C. Boyle hydroelectric facility is predominantly a low-gradient bowl with
gently rolling terrain. The steepest topography exists in the river canyons upstream and downstream of the
reservoir. All the bedrock units in the area are estimated to be younger than 5 million years and associated
with High Cascades volcanism from large stratovolcanic complexes and smaller shield volcanoes and
vents; these are typically basaltic flows interlayered with volcaniclastics and hydrovolcanic deposits, leading
to highly complex geology from a large variety of sources.

Faulting is very prominent in the J.C. Boyle Reservoir area and appears to be associated with extensional
tectonics of the Basin and Range Province that began approximately 1.5 to 2.0 million years ago. The bowl
topography of the reservoir area likely formed as a dropped-down basin. At least one fault splay is predicted
to extend into the dam area (PanGEO, 2008).

The surficial deposits at the reservoir comprise lacustrine deposits as well as river alluvium and local
colluvial deposits. The lacustrine deposits comprise older sediments that were laid down in a former lake
that was created when the river was temporarily ‘dammed’ by volcanic activity and recent sediments, which
were deposited within the reservoir.

3.0 COPCO NO.1 AND COPCO NO. 2 HYDROELECTRIC FACILITIES

The area surrounding the Copco No. 1 and Copco No. 2 reservoirs is characterized by hillsides comprised
of low gradient lava flows from surrounding shield volcanoes. The Copco Basalt (0.14 million years) makes
up the vertical upper walls of the canyon in the vicinity of the dam site. The Copco Basalt was created by
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volcanic flows from vents on both sides of the river, which led to damming of the river and the formation of
a lake in the same area as the present-day reservoir. The Western Cascades Volcanics underlie most of
the slopes on the shoreline of the reservoir. This unit comprises andesite with interstratified tuff-breccia,
volcaniclastic sandstone and tuffs.

Small faults that have been historically mapped in the area of the Copco No. 1 and No. 2 hydroelectric
facilities typically trend west to northwest south of the river. Limited structural mapping of faults north of the
river shows a northward trend.

The surficial deposits at the Copco No. 1 Reservoir comprise lacustrine deposits as well as river alluvium
and local colluvial deposits. The lacustrine deposits mainly comprise sediments that were laid down in a
former lake that was created when the river was temporarily ‘dammed’ by volcanic activity. Fine sediments,
comprising silts and diatomite (siliceous skeletal remains of diatoms) were deposited in the lake. The
formation of the lake resulted in fluvial terraces and fans developing further still from the contemporary
course of the river. Recent lacustrine deposits have accumulated within the reservoir since its construction.
Colluvium occurs locally around the shoreline of the Copco No. 2 Reservoir.

Natural groundwater springs can be observed and typically exist in the tuffaceous layers between
impermeable lava flows and along lithological contacts. The rapidly cooled more porous lava flow tops and
bottoms are common aquifers in the region.

4.0 IRON GATE HYDROELECTRIC FACILITY

The Iron Gate Dam and its reservoir lie entirely within the Western Cascades Geologic Province. The
bedrock around the shoreline comprises andesite and basalt with volcanic breccia, tuff, tuffaceous
siltstones, and sandstones. The Western cascades strata dip gently towards the east. Surficial deposits
around the reservoir shoreline include colluvium and local alluvial deposits at drainage line intersections.

Natural springs are also found in numerous locations on the valley slopes surrounding the Iron Gate
Reservoir.

References:

PanGEO Incorporated (PanGEQ), 2008. Geotechnical Report — Klamath River Dam Removal Project.
August. Seattle, Washington, USA.

PacifiCorp Energy Inc. (PacifiCorp), 2015a. J.C. Boyle Development: Supporting Technical Information
Document, Section 5 — Geology and Seismicity. April 30. Portland, Oregon, USA.

PacifiCorp Energy Inc. (PacifiCorp), 2015b. Copco No. 1 Development: Supporting Technical Information
Document, Section 5 — Geology and Seismicity. April 30. Portland, Oregon, USA.

PacifiCorp Energy Inc. (PacifiCorp), 2015c. Iron Gate Development: Supporting Technical Information
Document, Section 5 — Geology and Seismicity. April 30. Portland, Oregon, USA.
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APPENDIX A4
SEISMICITY

DESIGN PARAMETERS FOR TEMPORARY STRUCTURES

A standard and guideline review of DSOD, the California Water Code, Caltrans, USACE, ASCE, FEMA,
FERC, USBR, and Uniform Building Code documents did not yield clear design criteria for the seismic
design of temporary structures. KP has also reviewed the latest Supporting Technical Information
Documents (STIDs) provided by PacifiCorp as they pertain to geology and seismicity at J.C. Boyle, Copco
No. 1, Copco No. 2, and Iron Gate. It was determined from these documents that the site-specific ground
motion parameters for permanent structures were developed by Kleinfelder West Inc. (Kleinfelder) and
Black & Veatch using the 2002 United States Geological Survey (USGS) database. The seismic design
parameters presented in this appendix have been determined using the updated USGS seismic hazard
database in conjunction with a design life equal to or less than one year. The current data provided by the
USGS seismic hazard database is based on the 2014 model which incorporates the latest ground motion
prediction models for shallow crustal earthquakes (known as the Next Generation Attenuation Models).

The probability of exceedance for the Operating Basis Earthquake (OBE) and Maximum Credible
Earthquake (MCE) events were assessed to quantify the risk associated with structures having a design
life of 1 year. The probability of exceedance was calculated using the following equation:

Q=1—-e 1T
Where: Q = probability of exceedance
L = design life (years)
T = return period (years)
The resulting probabilities of exceedance are as-follows:

e OBE (1/475-year event): 0.2% probability of exceedance
o MCE (1/2475-year event): 0.04% probability of exceedance

The OBE event was selected for the design of temporary structures having a design life of one year or less.
The spectral accelerations corresponding to the OBE event at each site are presented with the OBE PGAs
in Table 1.1.

Table 1.1 Selected Seismic Design Parameters for Temporary Structures at Each Site
Site Return Period 2014 USGS'PGA 2014 USGS' 2014 USGS'
(years) (9) Sa(0.2s) Sa (1.0 s)
J.C. Boyle 475 0.17 0.39 0.14
Copco No. 1 475 0.12 0.26 0.10
Copco No. 2 475 0.12 0.26 0.10
Iron Gate 475 0.1 0.25 0.10

NOTES:
1.  PGA AND SPECTRAL ACCELERATION VALUES TAKEN FROM THE USGS UNIFIED HAZARD TOOL DABATASE (USGS).
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DESIGN PARAMETERS FOR PERMANENT SLOPES

Permanent slopes are designed to the MCE values provided in the STIDs for the hydropower facilities. The
STIDs are presented in Appendix J.

References:

Black & Veatch, 2010. Copco No. 1 Development Klamath River Hydroelectric Project, FERC Project No.
2082 — Seismic Analysis of Structures. January 12.

Black & Veatch, 2009. Technical Memorandum — Time Histories for J.C. Boyle Dam. September 4.
Black & Veatch, 2004. 5.A Seismicity — Iron Gate. September 15.

Kleinfelder West Inc. (Kleinfelder), 2009a. Geoseismic Evaluation Report — J.C. Boyle Dam. June 19. Salt
Lake City, Utah, USA.

Kleinfelder West Inc. (Kleinfelder), 2009b. Geoseismic Evaluation Report — Copco No. 1 Dam. June 19.
Salt Lake City, Utah, USA.

Kleinfelder West Inc. (Kleinfelder), 2009c. Geoseismic Evaluation Report — Iron Gate Dam. June 19. Salt
Lake City, Utah, USA.

PacifiCorp Energy Inc. (PacifiCorp), 2015a. J.C. Boyle Development: Supporting Technical Information
Document, Section 5 — Geology and Seismicity. April 30. Portland, Oregon, USA.

PacifiCorp Energy Inc. (PacifiCorp), 2015b. Copco No. 1 Development: Supporting Technical Information
Document, Section 5 — Geology and Seismicity. April 30. Portland, Oregon, USA.

PacifiCorp Energy Inc. (PacifiCorp), 2015c. Iron Gate Development: Supporting Technical Information
Document, Section 5 — Geology and Seismicity. April 30. Portland, Oregon, USA.

United States Geological Survey (USGS). Earthquake Hazards Program: Uniform Hazard Tool. (Accessed
from: https://earthquake.usgs.gov/hazards/interactive/)
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APPENDIX A5
CLIMATE

1.0 OVERVIEW

The Project sites are located in predominantly rural areas of southern Oregon and northern California, along
the riparian corridors of the Klamath River and its tributaries. The local climate is characterized by cool, wet
winters and warm, dry summers. Cold air temperatures generally occur from November through March and
warmer air temperatures and drier conditions occur from April through October with summer air
temperatures highest in July, August, and September. The summers are dry with occasional isolated
thunderstorms from July to September (Oregon Watershed Enhancement Manual, 2001).

The area is characterized by varying precipitation with a drier climate near Klamath Falls, Oregon and a
wetter climate in northern California. Most precipitation occurs in the winter months of November, December
and January (Oregon Watershed Enhancement Manual, 2001). Due to generally high elevations, the upper
plateau has cool temperatures and receives a substantial amount of snow, which accumulates into
moderately deep snowpack (Oregon Watershed Enhancement Manual, 2001). At its higher elevations
(above 5,000 feet), the Klamath Basin receives rain and snow during the late fall through to spring.

2.0 AVAILABLE DATA

The National Oceanic and Atmospheric Administration (NOAA) operate several cooperative climate
stations in the region. The regional climate datasets most relevant to the Project sites are:

e Keno, Oregon: NCElI COOP #354403 (6 miles from J.C. Boyle facility)
e Copco Dam No. 1, California: NCEI COOP #041990 (located at Copco No. 1 facility)

The location of the regional climate stations and the Project sites are shown on Figure 2.1.
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Figure 2.1 Regional Climate Station Locations and Project Locations

21 TEMPERATURE

Data from the regional climate station within the closest proximity to each site was selected to represent
the temperatures at that Project site. Available temperature data for the regional climate stations are
presented in Table 2.1. The mean annual air temperature range is 44°F to 52°F between Keno, Oregon
climate stations and Copco Dam No. 1, California. The months with the highest mean temperatures for the
stations are July through September with maximum monthly mean temperatures ranging between 68°F and
75°F. The lowest minimum monthly mean temperatures are in January and December ranging between
29°F and 36°F.
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Table 2.1 Measured Regional Temperature Data Summary
Station Details’ Unit Keno, OR Copco Dam No. 1, CA
Station Number - 35-4403 04-1990
Latitude e 42° 7'46.92" N 41° 58'46.92" N
Longitude e 121° 55'46.92" W 122°20' 16.08" W
Elevation ft 4,116 2,703
Distance from Site
Nearest Project Site(s) - J.C. Boyle Copco No. 1, Copco No. 2, Iron Gate
Distance from Site mi 6.2 6.0 from Iron Gate
Period of Record? - 1927-2019 1959-2019
Measured Values®*

Mean Annual °F 44 .4 521
Mean Annual High °F 58.5 65.7
Mean Annual Low °F 291 38.6
Maximum Monthly Mean °F 68.4 75.3
Minimum Monthly Mean °F 29.0 35.9
Maximum Recorded Daily NG 103 115
Minimum Recorded Daily °F -20 -2

NOTES:

1.  DATA OBTAINED FROM NOAA ATLAS 14 — PRECIPITATION-FREQUENCY ATLAS OF THE UNITED STATES (2014).

2. THE PERIOD OF RECORD IDENTIFIES WHEN THE FIRST AND LAST MEASUREMENTS WERE TAKEN AND DOES NOT
REPRESENT A CONTINUOUS PERIOD OF DATA COLLECTION.

3. MEASURED TEMPERATURE VALUES OBTAINED FROM NOAA REGIONAL CLIMATE CENTERS (ACIS, 2015).

4.  MEASURED TEMPERATURE VALUES REPRESENT RECORDED DATA ONLY.

2.2 PRECIPITATION

Precipitation values for the project sites were derived in a similar manner to the temperature values, with
the nearest regional climate station data providing the representative values for each specific project site.
The wettest months are November through January. The proportion of precipitation falling as snow is
directly correlated to temperature, which varies with each location within the Project region. In the upper
watershed, snow is the primary form of precipitation for elevations above 5,000 feet.

The maximum daily rainfall range observed (recorded) at the regional climate stations is 3.0 inches and
6.0 inches for the Copco Dam No. 1 and Keno climate stations, respectively. The daily rainfall was
converted to an equivalent 24-hr rainfall using a standard factor of 1.13 (Hershfield, 1961) resulting in
maximum 24-hr rainfall of 3.4 inches to 6.8 inches for the Copco Dam No. 1 and Keno climate stations,
respectively. The precipitation values are summarized in Table 2.2 and the mean monthly precipitation
values are summarized in Table 2.3.
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Table 2.2

Measured Regional Precipitation Summary’ 2

Unit Keno, OR Copco Dam No. 1, CA
Period of Record?® - 1927-2019 1959-2019

Mean Annual Precipitation in. 18.6 19.7

Mean Total Annual Rainfall in. 13.4 18.0
Percentage of Annual Precipitation as Rain % 72% 91%
Mean Total Annual Snowfall in. 51.5 16.8

Mean Total Annual SWE* in. 5.1 1.7
Maximum Recorded 24-hour Precipitation® in. 6.8 3.4

NOTES:
DATA OBTAINED FROM NOAA REGIONAL CLIMATE CENTERS (ACIS, 2015).
MEASURED PRECIPITATION VALUES REPRESENT RECORDED DATA ONLY.

THE PERIOD OF RECORD IDENTIFIES WHEN THE FIRST AND LAST MEASUREMENTS WERE TAKEN AND DOES NOT
REPRESENT A CONTINUOUS PERIOD OF DATA COLLECTION.

SWE — SNOW WATER EQUIVALENT. VALUES DETERMINED ASSUMING SNOW WATER EQUIVALENCY CONVERSION

1.
2.
3.

FACTOR OF 0.1 (NRCS).

MAXIMUM RECORDED 24-HOUR PRECIPITATION WAS DETERMINED BY APPLYING A 1.13 FACTOR (HERSHFIELD,
1961) TO THE MAXIMUM RECORDED DAILY PRECIPITATION.

Table 2.3 Measured Regional Mean Monthly Precipitation
8 | 28| & | £3 |8 |8
2 S E g g E S | g€
¢ | 58| ¢ | 58| & |58
Average Number of
Average Days with Average Total
Precipitation (in) Precipitation Snowfall (in)
>0.5in
Jan 29 3.0 4 3 14.8 5.4
Feb 2.0 2.2 3 3 9.8 2.8
Mar 1.9 2.1 4 3 6.1 1.6
Apr 1.3 1.6 3 2 1.9 0.5
May 1.2 1.3 3 2 0.2 -
Jun 0.8 0.8 2 1 - -
Jul 0.3 0.3 1 1 - -
Aug 0.5 0.4 1 1 - -
Sep 0.6 0.6 1 1 - -
Oct 1.5 1.3 2 2 0.5 -
Nov 25 2.9 3 3 5.8 1.7
Dec 3.2 3.4 4 3 12.8 5.1
Mean Annual 18.6 19.7 32 24 51.5 16.8

The intensity duration frequency (IDF) data for the Copco Dam No. 1 climate station were provided by
NOAA'’s Precipitation Frequency Data Server (NOAA, 2017). NOAA provides data for recurrence periods
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from 1 to 1,000 years with durations ranging from 5 minutes to 60 days. The IDF data for the Copco Dam
No. 1 climate station is tabulated in Table 2.4 and are representative of the Copco No. 1, Copco No. 2, and
Iron Gate Project Sites.

Table 2.4 IDF Data for Copco Dam No. 1 Climate Station (inches)
Recurrence Interval (yrs)
Duration
1-yr 2-yrs | 5-yrs | 10-yrs | 25-yrs | 50-yrs 100-yrs 200-yrs 500-yrs 1,000-yrs

5-min 0.10 0.14 0.20 0.24 0.31 0.36 0.41 0.47 0.62 0.77
10-min 0.15 0.20 0.28 0.35 0.44 0.51 0.59 0.68 0.89 1.10
15-min 0.18 0.25 0.34 0.42 0.53 0.62 0.72 0.82 1.07 1.33
30-min 0.24 0.33 0.45 0.55 0.70 0.82 0.95 1.09 1.42 1.76
60-min 0.32 0.44 0.60 0.74 0.94 1.10 1.27 1.46 1.911 2.36"

2-hr 0.45 0.59 0.77 0.92 1.13 1.30 1.47 1.65 1.931 2.38!

3-hr 0.55 0.70 0.90 1.07 1.30 1.47 1.65 1.84 2.09 2.41

6-hr 0.79 0.98 1.23 1.43 1.70 1.91 2.12 2.34 2.63 2.85
12-hr 1.10 1.36 1.70 1.98 2.36 2.66 2.96 3.26 3.68 4.01
24-hr 1.57 1.96 247 2.90 3.50 3.98 4.47 4.99 5.70 6.28
2-day 1.98 2.50 3.20 3.78 4.61 5.26 5.94 6.67 7.68 8.50
3-day 2.29 2.9 3.76 4.46 5.46 6.24 7.07 7.94 9.16 10.10
4-day 2.48 3.18 4.11 4.89 5.97 6.83 7.71 8.65 9.95 11.00
7-day 2.90 3.73 4.81 5.69 6.90 7.83 8.78 9.77 11.10 12.10
10-day 3.22 4.15 5.34 6.31 7.61 8.59 9.59 10.60 12.00 13.00
20-day 4.16 5.40 6.98 8.22 9.86 11.10 12.30 13.50 15.10 16.30
30-day 5.07 6.61 8.53 10.00 12.00 13.40 14.90 16.30 18.10 19.50
45-day 6.42 8.36 | 10.80 | 12.60 15.10 16.80 18.50 20.20 22.40 24.00
60-day 7.56 9.80 | 12.60 | 14.70 17.40 19.40 21.30 23.20 25.60 27.40
NOTES:

1. THE 500-YR AND 1,000-YR 60-MIN AND 2-HR VALUES WERE FLAGGED AS POTENTIALLY ERRONEOUS DUE TO
MINIMAL INCREASE IN RAINFALL WITH INCREASE IN STORM DURATION.
2. IDF DATA TAKEN FROM NOAA'S PRECIPITATION FREQUENCY DATA SERVER (NOAA, 2017).

The IDF curves for the Keno climate station were determined using information provided by the Oregon
Department of Transportation (ODOT) and supplemented by data available through the Western Regional
Climate Center (WRCC). Intensity Duration Recurrence (IDR) information is dictated by the Oregon Rainfall
IDR Curve Zone Map as stipulated in the ODOT Hydraulics Manual (ODQOT, 2014). The Rainfall IDR Curve
Zone Map is shown in Figure 2.2.
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Location of J.C. Boyle facility (red)

Figure 2.2 ODOT Rainfall IDR Curve Zone Map and Approximate Location of J.C. Boyle
(ODOT, 2014)

The zoning map is used to identify which IDR data should be applied to a site. Zone 9 has been selected
as representative of the IDR data for the J.C. Boyle project site based on the site location. The IDR rainfall
intensity data for Zone 9 is tabulated in Table 2.5.
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Table 2.5 IDR Data for Oregon Zone 9 (inches)
Duration Recurrence Interval (yrs)
2-yrs 5-yrs 10-yrs 25-yrs 50-yrs 100-yrs
5-min 0.13 0.18 0.21 0.25 0.29 0.34
10-min 0.19 0.28 0.33 0.40 0.44 0.52
15-min 0.25 0.35 0.41 0.50 0.58 0.66
30-min 0.34 0.48 0.58 0.70 0.80 0.90
60-min 0.44 0.64 0.73 0.88 1.05 1.15
2-hr 0.58 0.82 0.90 1.04 1.20 1.38
3-hr 0.72 0.96 1.08 1.23 1.38 1.59
6-hr 1.02 1.32 1.50 1.62 1.80 2.04
24-hr 2.00 2.50 2.80 3.20 3.80 4.00

NOTES:

1. DATA FOR RECURRENCE PERIODS FROM 2 TO 100 YEARS WITH DURATIONS RANGING FROM 5 MINUTES TO
6 HOURS PROVIDED BY ODOT (ODQT, 2014).

2. 24-HOUR DURATION EVENT DATA PROVIDED BY WRCC PRECIPITATION FREQUENCY MAPS PUBLISHED IN NOAA
ATLAS 2 AND REPRESENTS THE IDF DATA FOR THE WHOLE STATE OF OREGON (WRCC, 1973).

2.3 WIND

Regional wind data was not available for the Copco Dam No. 1 and Keno climate stations at the time of the
preparation of this report. Wind is a design parameter required for the design of bridges and piers. The
American Association of State Highway and Transportation Officials (AASHTO) requires a wind velocity at
30 ft (V30) above low ground/above design water level and recommends the adoption of V3o = 100 mph in
the absence of site-specific wind data (AASHTO, 2012). This value has been adopted for the design.
Alternative wind velocities may be considered to evaluate freeboard requirements specific to wave run-up
and set-up considerations.
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APPENDIX A6
HYDROLOGY

1.0 WATERSHED DESCRIPTION

The Klamath River originates at the outlet of Upper Klamath Lake in southern Oregon and flows
approximately 250 miles southwest through the Cascade Mountains of southern Oregon and northern
California to the Pacific Ocean. The Upper Klamath Basin has five main lakes: Crater Lake, Upper Klamath
Lake, Lower Klamath Lake, Clear Lake, and Tule Lake. The Upper Klamath Basin contains all the
hydroelectric developments on the Klamath River, including the Klamath River Renewal Project (KRRP)
sites. The Middle Klamath Basin extends 150-miles from Iron Gate Dam downstream to the Trinity River
confluence. The Lower Klamath Basin starts at the Trinity River confluence and extends 43 miles
downstream to the Pacific Ocean.

The Upper Klamath Basin has broad valleys shaped by volcanoes and active faulting. The fault-bounded
valleys contain all the large, natural lakes and large wetlands of the Klamath Basin. The Klamath River
flows through mountainous terrain from J.C. Boyle Dam to Iron Gate Dam. Downstream of Iron Gate Dam,
and for most of the river’s length from there to the Pacific Ocean, the river maintains a relatively steep, high-
energy channel (NRC, 2004).

A map of the reach containing the four PacifiCorp dams covered by the KRRP is given on Figure 1.1.
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2.0 KLAMATH RIVER AVERAGE MONTHLY FLOW CONDITIONS

The US Bureau of Reclamation (USBR) stores, diverts, and conveys the waters of the Klamath and Lost
Rivers to serve authorized Klamath Irrigation Project (Irrigation Project) purposes. The Bureau is required
to meet contractual obligations in compliance with state and federal laws and to carry out the activities
necessary to maintain the Irrigation Project and maintain its proper long-term functioning and operation.
Biological assessments have been prepared to evaluate the potential effects of the continued operation of
the Irrigation Project on species listed as threatened or endangered under the Endangered Species Act
(ESA). The biological assessments have been prepared pursuant to Section 7(a)(2) of the ESA of 1973, as
amended (16 United States Code [USC.] § 1531 et seq.).

Several Section 7 Consultations and Biological Opinions (BiOp’s) have governed the operation of Upper
Klamath Lake (UKL) and the Irrigation Project since the 1990’s (USBR, 2012). The consultations involve
the National Marine Fisheries Service (NMFS), also known as NOAA Fisheries, as well as the US Fish and
Wildlife Service (FWS) and the USBR. The USBR currently meets its obligations under the ESA by
operating the Irrigation Project in accordance with the latest FWS and NMFS BiOp, dated March 29, 2019.
This BiOp is based on information provided in the USBR’s Final Biological Assessment (USBR, 2018) and
is effective April 1, 2019 through March 31, 2029. The latest BiOp operating conditions will govern the
Klamath River during the dam removal and reclamation activities of the KRRP.

The USBR uses results generated by the Water Resources Integrated Modeling System (WRIMS) to
identify the Klamath River and Upper Klamath Lake hydrographs that are likely to occur as a result of
implementing the proposed operations across the full range of reasonably foreseeable annual precipitation
and hydrologic patterns. WRIMS is a generalized water resources modeling system for evaluating
operational alternatives of large, complex river basins. USBR has developed a WRIMS model specific to
the Klamath Basin, which is referred to as the Klamath Basin Planning Model (KBPM). The KBPM
incorporates the 2019 BiOp operating conditions and models the Klamath River flows. WRIMS is used to
estimate mainstem Klamath River flows at the US Geological Survey (USGS) gages located near the Keno
and lron Gate Dam facilities. While the KBPM captures the hydrology under a wide range of plausible
conditions, the unique sequencing and patterns of climatological and hydrological events that will occur in
the future cannot be predicted.

There are 36 years (October 1980-November 2016) of daily average flows for the Keno and Iron Gate
USGS gages as modeled using the KBPM (USBR, 2018). These daily flows were used to calculate the
monthly average inflows for each of the four KRRP facilities. The Keno values were prorated by the ratio of
the respective drainage areas to generate values for J.C. Boyle. The Iron Gate values were prorated by
drainage area to generate values for Copco No. 1 and Copco No. 2. Area proration is a conventional method
to determine flows at ungaged locations, particularly for locations on the same river system (Maidment,
1993). The monthly average flows for the four KRRP sites are shown in Table 2.1 and on Figure 2.1 for
each facility. In addition to the monthly average flows for the period of record, Figure 2.1 also includes the
range of average monthly flows at each facility for the 36 years of BiOp flows used in the KBPM model.
Figure 2.2 is an example ensemble plot of daily average flows at the Iron Gate USGS gage on which each
line represents a single year (also referred to as a spaghetti plot). This figure overlaps 36 years of BiOp
flows on a common x-axis that spans January 1 to December 31, and highlights the variability of maximum
daily flows in each month.
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Table 2.1 Monthly Average Flows at Project Sites
Facility Keno' J.C. Boyle? Copco No. 123 Iron Gate'
Drainage Area (mi?) 3,920 4,080 4,370 4,630
Month Monthly Average Flow (cfs)
January 1,450 1,500 1,910 2,030
February 1,820 1,900 2,360 2,500
March 2,690 2,800 3,230 3,430
April 2,270 2,370 2,790 2,950
May 1,690 1,760 2,110 2,230
June 1-15 1,280 1,330 1,620 1,720
June 16 — 30 920 960 1,210 1,280
July 1-15 710 740 990 1,050
July 16 — 31 730 760 990 1,050
August 730 760 980 1,040
September 1 — 15 780 810 1,030 1,090
September 16 — 30 760 790 1,030 1,090
October 1 — 15 780 810 1,050 1,120
October 16 — 31 860 890 1,140 1,210
November 1 —15 940 980 1,230 1,300
November 16 — 30 910 950 1,240 1,310
December 1,070 1,110 1,490 1,580
A"eFr:fNe (i‘;’s';”a' 1,330 1,390 1,710 1,820
Average Annual Unit
o (clormi® 0.34 0.34 0.39 0.39

NOTES:

1. 2019 BIOP FLOWS (USBR, 2018) WERE USED AS THE REPRESENTATIVE INCOMING FLOWS TO THE FACILITY BASED
ON THE PERIOD OF RECORD FROM 1980 - 2016.

2. J.C. BOYLE INFLOWS WERE CALCULATED USING THE 2019 BIOP FLOWS AT THE USGS KENO GAGE USING LINEAR
AREA PRORATION. COPCO NO. 1 INFLOWS WERE CALCULATED USING THE 2019 BIOP FLOWS AT THE USGS IRON
GATE GAGE USING LINEAR AREA PRORATION.

3. MONTHLY AVERAGE INFLOWS AT COPCO NO. 2 ARE ASSUMED TO BE THE SAME AS THE MONTHLY AVERAGE
INFLOWS AT COPCO NO. 1.
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Figure 2.1 Monthly Average BiOp Flows at Project Sites

Figure 2.2 Daily Average BiOp Flows at the Iron Gate USGS Gage

The annual patterns of streamflows apparent in the above hydrographs are characterized by the following
throughout the Klamath basin:
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e High flows in the spring (March and April) due to spring snowmelt runoff (freshet), in the Upper Klamath
basin and unregulated tributaries.

e Lower flows in mid-summer to late fall (July through October) due to reduced precipitation during the
summer months.

e Increasing flows throughout the winter months (November through February) due to progressively
increasing precipitation (which falls as snow in the upper elevations and rain in the lower elevations).

The regulation of Upper Klamath Lake is done with respect to the streamflow patterns seen on Figure 2.1.

e The reservoirs are not designed to mitigate floods and are typically full during the annual peak flows
due to the timing of these events and, therefore, attenuation of these storms is limited. During the
summer months when the reservoirs have more storage capacity the flood attenuation potential is
greater.

The tributary flows contribute high flows during freshet that cannot be mitigated compared to much lower
flows during the summer period when flow is mostly from the mainstem. The annual hydrograph on
Figure 2.1 indicates that the highest monthly average flows occur in March during spring runoff, but the
largest peak flow events generally occur in January and February, as indicated by the maximum range of
daily flows shown on Figure 2.1 and Figure 2.2. These peak flows are driven by rain on snow events and
govern annual flood events.

The peak floods at Iron Gate can be substantially greater than the peak floods at J.C. Boyle due to the
tributaries that enter the Klamath River between the two facilities. The largest tributary between the Keno
and Iron Gate facilities is Jenny Creek which contributes a high amount to the flow during the late-winter
and spring snowmelt months. The hydrology of Jenny Creek is further described in Section 5.1.

3.0 KLAMATH RIVER PEAK FLOODS

3.1 ANNUAL PEAK FLOODS

311 METHODOLOGY

Various return period design flood estimates are required for design purposes. Peak flood estimates for the
Project area were developed using both the historical USGS gage streamflow data and the developed 2019
BiOp flow data (USBR, 2018). Annual peak flows were determined from both datasets and used to estimate
the annual return period peak flows. Flood frequency analyses were performed on the annual peak flow
data using the HEC-SSP software, following the Bulletin 17B method for Log-Pearson Type Il distribution
(USGS, 1982). A detailed description of the analyses for each dataset is outlined in the sections below.

3.1.2 HISTORIC USGS GAGE DATA

The USGS operates several stream gages on the Klamath River within proximity of the Project area. The
station details of the regional datasets most relevant to the KRRP are provided in Table 3.1 and shown on
Figure 1.1.
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Table 3.1 USGS Regional Streamflow Gaging Stations
USGS Gaging . Drainage . . Period of
Station No. Station Name Area (mi?) Longitude Latitude Record
Klamath River at Keno, O, oo g 1905-1913
11509500 OR 3,920 42°08°00 121°57°40 1930-2017
Klamath River below John
11510700 C. Boyle Power Plant near 4,080 42°05'05” 122°04°20” 1959-2017
Keno, OR
11512500 Klamath River below Fall 4370 41°58'20” 122°22'05” 1923-1961
Creek near Copco, CA
11516530 Klamath River below Iron 4,630 41°55'41" 122°26'35 1960-2017
Gate Dam, CA

The annual peak flow data for the USGS gages was imported to the United States Army Corps of Engineers’
(USACE) HEC-SSP software (V2.1) and used for the flood frequency analyses. A low flow threshold, below
which flows did not fit the distribution, were determined by assessing the flood-frequency curves. The data
visually fit within the 95 percent confidence limit of the distribution for all locations except J.C. Boyle.
Accordingly, the J.C. Boyle data below 3,400 cfs was identified as low flow outliers and the Bulletin 17B
procedures were followed to adjust the flood probabilities to account for these low outliers.

The period used for the peak flow analysis is from 1960 onwards. The USGS records for the J.C. Boyle and
Iron Gate Dam gages begin after 1960 and account for the effects of many of the reservoirs within the
Klamath River basin. This period also includes the flood of record for the Klamath region, which occurred
in December 1964 (water year 1965). Copco No. 1 has a peak flow record for the period of 1923 to 1961,
which is outside the selected period of analysis. Accordingly, the return period peak flows for Copco No. 1
were calculated by scaling the flood flows at Iron Gate according to the methodology described in
“Estimation of Peak discharges for Rural, Unregulated streams in Western Oregon” (USGS, 2005). This
approach, which indicates direct linear scaling with an exponent 1.0, results in conservative flood estimates
for Copco No. 1 since the peak floods at Iron Gate are substantially greater than the peak floods at J.C.
Boyle due to the tributary flows that enter the Klamath River between the two facilities.

Annual peak flood results using the historical USGS data are presented in Table 3.2.

3.1.3 2019.BIOLOGICAL OPINION DATA

The 2019 BiOp flows (USBR, 2018) are comprised of 36 years (1980-2016) of average daily flows for both
the USGS gages at Keno and Iron Gate. The daily flows were converted to instantaneous peak floods using
conversion factors that were calculated by comparing the annual maximum instantaneous flows to the
corresponding daily flows using data available from the USGS gages located downstream of J.C. Boyle
(11510700, Klamath River BLW John C Boyle Powerplant, Nr Keno OR) and downstream of Iron Gate Dam
(11516530, Klamath River below Iron Gate Dam, CA). The locations of these gages are shown on
Figure 1.1. The comparisons indicate that the annual maximum instantaneous floods are approximately
10% higher than the daily flows for the same day. Conversion factors of 1.10 and 1.12 were used to adjust
the available 2019 BiOp daily flows into instantaneous peak floods for the Keno and Iron Gate data,
respectively. The instantaneous peak flood data at Keno and Iron Gate were used for the flood frequency
analyses.

The J.C. Boyle and the Copco No. 1 annual peak floods were calculated using the area proration
methodology described in “Estimation of Peak discharges for Rural, Unregulated streams in Western
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Oregon” (USGS, 2005), based on the annual BiOp flood frequency results for the Keno and Iron Gate
facilities, respectively. The peak flood results from the Iron Gate facility were used in preference to those
at Keno to estimate flood values at the Copco No. 1 facility because the Iron Gate flows demonstrate
proportionally greater flood flows than the flows at the upstream facility and therefore better represent the
effects of the relatively large peak flow contributions from the mostly unregulated tributary creeks and rivers
that inflow between the upstream facility and Copco No. 1.

Annual peak flood results using the 2019 BiOp flow data are presented in Table 3.2.

3.1.4 ANNUAL PEAK FLOOD VALUES FOR DESIGN

The historic USGS data and the 2019 BiOp data were both used to estimate annual return period floods at
the Klamath River hydroelectric facilities. The 2019 BiOp operating conditions may change the timing and/or
volumes of the Klamath River and, therefore, needed to be included in the peak flood analysis in addition
to the historical flows seen at the USGS gages. The 2019 BiOp operating conditions are especially
important for the monthly peak floods as these floods are more influenced by the regulation of the Klamath
River from the upstream facilities. The flood values selected as the recommended design values are the
maximum values between these two datasets, as shown in Table 3.2. The annual return period floods at
Copco No. 1 are also used as representative of the annual return period floods for Copco No. 2.

Table 3.2 Annual Peak Floods
Drainage Annual Percent Probable Flood (cfs)
Location Area
(mi?) 50% 20% 10% 5% 2% 1% 0.50% 0.20%
Historic USGS Data

J.C. Boyle 4,080 5,300 8,500 10,300 | 11,700 | 13,300 | 14,200 | 15,000 | 15,800
Copco No. 1 4,370 5,600 10,300 | 14,000 | 18,200 | 24,200 | 29,400 | 35,000 | 43,200
Iron Gate 4,630 5,900 10,900 | 14,900 | 19,300 | 25,700 | 31,200 | 37,100 | 45,800

2019 Biological Opinion Data
J.C. Boyle 4,080 7,000 8,400 9,500 10,400 | 11,800 | 12,900 | 14,100 | 15,600
Copco No. 1 4,370 7,100 9,400 11,5600 | 14,000 | 17,800 | 21,300 | 25,500 | 32,100
Iron Gate 4,630 7,500 10,000 | 12,200 | 14,800 | 18,900 | 22,600 | 27,000 | 34,100

Recommended Design Values'
J.C. Boyle 4,080 7,000 8,500 10,300 | 11,700 | 13,300 | 14,200 | 15,000 | 15,800
Copco No. 1 4,370 7,100 10,300 | 14,000 | 18,200 | 24,200 | 29,400 | 35,000 | 43,200
Iron Gate 4,630 7,500 10,900 | 14,900 | 19,300 | 25,700 | 31,200 | 37,100 | 45,800

3.1.41 ANNUAL FLOWS WITH HIGH PROBABILITY OF EXCEEDANCE

The 2019 BiOp data were used to estimate the annual peak floods at the Klamath River hydroelectric
facilities that have high probabilities of exceedance that will occur more frequently. These values were
determined as per the methodology described in Section 3.1.1 and are summarized in Table 3.3. The
annual percent probable floods at Copco No. 1 are used as representative of the annual percent probable
floods for Copco No. 2.
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Table 3.3 Flows with High Probabilities of Exceedance
. Drainage Annual Percent Probable Flood (cfs)
Location A o
rea (mi?) 99.9% 80.0% 66.7%
J.C. Boyle' 4,080 4,600 5,900 6,400
Copco No. 12 4,370 5,200 5,900 6,400
Iron Gate 4,630 5,500 6,300 6,800

NOTES:

1. CALCULATED BASED ON KENO RESULTS (USING 2019 BIOP FLOWS) USING METHODOLOGY DESCRIBED IN
"ESTIMATION OF PEAK DISCHARGES FOR RURAL, UNREGULATED STREAMS IN WESTERN OREGON" (USGS, 2005).

2. CALCULATED BASED ON IRON GATE RESULTS (USING 2019 BIOP FLOWS) USING METHODOLOGY DESCRIBED IN
"ESTIMATION OF PEAK DISCHARGES FOR RURAL, UNREGULATED STREAMS IN WESTERN OREGON" (USGS, 2005).

3.2 PEAKFLOODS FOR MONTHLY TIME PERIODS

3.21 GENERAL

A flood frequency analysis was performed for monthly periods to better define the risk of flooding events
occurring during the dam removal period. The flood frequency analysis used to determine monthly return
period peak flows was the same as that used for the annual return period flows, as described in previous
sections. The data indicate that the areal extent of freshet snowmelt contributing to peak flows diminishes
greatly in the second half of June, and therefore the month of June was divided into two periods for peak
flood analysis purposes: June 1 to June 15 and June 16 to June 30. Additional months that were subdivided
into two periods include July, September, October, and November. These months were subdivided to
support the proposed construction schedule.

3.2.2 HISTORIC USGS GAGE DATA

Daily data for the USGS stations (J.C. Boyle and Iron Gate Dam, Table 3.1) were used to calculate the
monthly peak floods. Daily discharge data from January 1960 up until the most recent data available were
used for the monthly flood frequency analyses.

The Iron Gate data source was USGS station 11516530. The J.C. Boyle data source was USGS station
11510770 and flows below 3400 cfs were treated as low flow outliers due to the influence of upstream
activity. The daily flows of both datasets were converted to equivalent instantaneous 24-hr floods using the
conversion factors developed for each site during the annual flood frequency analysis, as discussed above.
It is recognized that the instantaneous to daily ratios would tend to vary monthly depending on the source
of the flood flows and the amount of upstream flow regulation, but the regulation from upstream reservoirs
would tend to limit the size of the ratios to less than the annual peak ratios, so use of annual ratios results
in reasonably conservative instantaneous peak flow estimates.

A flood frequency analysis was performed on the monthly peak flows using the HEC-SSP software (V2.1),
following the Bulletin 17B method for Log-Pearson Type Il distributions (USGS, 1982). The monthly peak
floods for Copco No. 1 were calculated using non-linear proration with calculated Iron Gate monthly peak
values using the methodology described in “Estimation of Peak Discharges for Rural, Unregulated Streams
in Western Oregon” (USGS 2005). Table 3.4 provides the flood frequency results for the specified time
periods.
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The historic USGS flows are regulated flows and are influenced by the operation of the reservoirs on the
Klamath River. This regulation makes it possible for some monthly peak flows to be higher at J.C. Boyle

than at Iron Gate.
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TABLE 3.4
KIEWIT INFRASTRUCTURE WEST CO.
KLAMATH RIVER RENEWAL PROJECT
PEAK FLOODS FOR SPECIFIED TIME PERIOD
USING HISTORIC USGS GAGE DATA
Drainage Instantaneous Peak Floods for Specified Time Period (cfs)
Location Area Month  |"50% Probable | 20% Probable | 10% Probable | 5% Probable | 2% Probable | 1% Probable | 0.5% Probable | 0.2% Probable
(mi?) Flood Flood Flood Flood Flood Flood Flood Flood
Jan 2,600 2,400 5,000 8,000 11,100 14,000 15,000 15,800
Feb 2,700 4,900 6,900 9,200 13,000 14,200 15,000 15,800
Mar 3,500 6,300 8,500 10,900 13,300 14,200 15,000 15,800
Apr 3,400 5,700 7,400 9,200 11,600 13,600 15,000 15,800
May 2,600 4,300 5,500 6,800 8,500 9,900 11,300 13,400
Jun1-15 1,500 2,400 3,200 4,200 5,800 7,300 9,100 12,100
Jun 16 - 30 1,200 1,700 2,200 2,700 3,400 4,100 4,800 5,900
Jul1-15 1,000 1,400 1,700 2,100 2,700 3,200 3,900 4,900
J.C.Boyle' | 4,080 Jul 16 - 31 1,000 1,200 1,400 1,500 1,600 1,700 1,800 2,000
Aug 1,400 1,500 1,600 1,700 1,800 1,800 1,800 1,900
Sep1-15 1,400 1,700 1,900 2,100 2,400 2,500 2,700 3,000
Sep 16 - 30 1,500 1,900 2,200 2,400 2,800 3,000 3,200 3,500
Oct1-15 1,700 2,200 2,500 2,900 3,400 3,800 4,200 4,700
Oct 16 - 31 1,700 2,400 2,800 3,300 4,000 4,600 5,200 6,100
Nov 1-15 1,800 2,600 3,200 3,800 4,700 5,500 6,300 7,500
Nov 16 - 30 2,000 2,900 3,600 4,400 5,400 6,300 7,200 8,500
Dec 2,500 3,900 5,100 6,300 8,200 9,900 11,700 14,400
Jan 3,000 5,800 8,400 11,800 17,600 23,400 30,500 42,800
Feb 3,000 5,800 8,400 11,800 17,600 23,400 30,500 42,800
Mar 4,100 7,400 10,200 13,000 17,100 20,500 23,900 29,000
Apr 3,600 6,500 8,900 11,100 14,400 17,000 19,700 23,400
May 2,600 4,500 5,900 7,400 9,400 11,000 12,700 15,100
Jun1-15 1,500 2,500 3,400 4,500 6,400 8,200 10,500 14,100
Jun 16 - 30 1,200 1,800 2,200 2,700 3,500 4,100 4,900 6,100
Jul1-15 900 1,200 1,600 2,000 2,600 3,200 4,100 5,300
CopcoNo. 12| 4,370 Jul 16 - 31 900 1,000 1,100 1,200 1,300 1,400 1,500 1,600
Aug 1,100 1,300 1,500 1,600 1,800 2,000 2,100 2,400
Sep1-15 1,300 1,600 1,800 1,900 2,100 2,200 2,300 2,500
Sep 16 - 30 1,300 1,600 1,900 2,100 2,400 2,500 2,700 3,000
Oct1-15 1,500 2,000 2,500 2,900 3,700 4,300 5,100 6,200
Oct 16 - 31 1,500 2,200 2,700 3,300 4,200 5,100 6,000 7,500
Nov 1-15 1,700 2,500 3,300 4,100 5,400 6,600 7,900 10,000
Nov 16 - 30 1,900 3,000 4,000 4,900 6,500 7,800 9,300 11,700
Dec 2,500 5,000 7,400 10,700 16,600 22,600 30,500 43,200
Jan 3,200 6,100 8,900 12,500 18,700 24,800 32,400 45,400
Feb 3,200 6,100 8,900 12,500 18,700 24,800 32,400 45,400
Mar 4,300 7,900 10,800 13,800 18,100 21,700 25,400 30,800
Apr 3,800 6,900 9,400 11,800 15,300 18,000 20,900 24,800
May 2,800 4,800 6,300 7,900 10,000 11,700 13,500 16,000
Jun1-15 1,600 2,600 3,600 4,800 6,800 8,700 11,100 15,000
Jun 16 - 30 1,300 1,900 2,300 2,900 3,700 4,400 5,200 6,500
Jul1-15 1,000 1,300 1,700 2,100 2,800 3,400 4,300 5,600
Iron Gate® 4,630 Jul 16 - 31 1,000 1,100 1,200 1,300 1,400 1,500 1,600 1,700
Aug 1,200 1,400 1,600 1,700 1,900 2,100 2,200 2,500
Sep1-15 1,400 1,700 1,900 2,000 2,200 2,300 2,400 2,600
Sep 16 - 30 1,400 1,700 2,000 2,200 2,500 2,700 2,900 3,200
Oct1-15 1,600 2,100 2,600 3,100 3,900 4,600 5,400 6,600
Oct 16 - 31 1,600 2,300 2,900 3,500 4,500 5,400 6,400 8,000
Nov 1-15 1,800 2,700 3,500 4,400 5,700 7,000 8,400 10,600
Nov 16 - 30 2,000 3,200 4,200 5,200 6,900 8,300 9,900 12,400
Dec 2,700 5,300 7,900 11,300 17,600 24,000 32,400 45,800
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NOTES:

1. DATA SOURCE USGS STATION 11510770 "KLAMATH RIVER BLW JOHN C.BOYLE PWRPLNT, NR KENO,OR", PERIOD OF RECORD 1959 TO 2019. PERIOD OF RECORD USED IN ANALYSIS 1960 TO 2019 TO COINCIDE
WITH THE IRON GATE PERIOD OF RECORD. FLOWS BELOW 3,400 cfs WERE CENSORED LOW FLOW OUTLIERS DUE TO THE INFLUENCE OF UPSTREAM DAM ACTIVITIES.

2. CALCULATED USING NON-LINEAR PRORATION WITH IRON GATE USING METHODOLOGY DESCRIBED IN "ESTIMATION OF PEAK DISCHARGES FOR RURAL, UNREGULATED STREAMS IN WESTERN OREGON"

(USGS, 2005).

3. DATA SOURCE USGS STATION 11516530 "KLAMATH R BL IRON GATE DAM CA", PERIOD OF RECORD 1960 TO 2019. PERIOD OF RECORD USED IN ANALYSIS 1960 TO 2019.
4. ANALYSIS USES HISTORIC USGS GAGE DATA. THESE FLOWS ARE INFLUENCED BY THE OPERATION OF THE RESERVOIRS ON THE KLAMATH RIVER AND ARE, THEREFORE, REGULATED. THE REGULATION

MAKES IT POSSIBLE FOR PEAK FLOWS TO BE HIGHER AT J.C. BOYLE THAN AT IRON GATE.

5. THE DATA INDICATE THAT FOR SOME MONTHS THERE IS A TRANSITION IN THE HYDROLOGY IN THE MIDDLE OF THE MONTH. MONTHS WHEN THIS OCCURS INCLUDE JUNE, JULY, SEPTEMBER, OCTOBER,
AND NOVEMBER. FOR ANALYSIS PURPOSES THESE MONTHS HAVE BEEN DIVIDED INTO TWO PERIODS: 1st TO 15th AND 16th TO 30th/31st OF EACH MONTH.
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3.2.3 2019 BIOLOGICAL OPINION DATA

The 2019 BiOp daily flows for the Keno and Iron Gate facilities were used to estimate the monthly peak
floods for the KRRP hydroelectric facilities. The peak daily flow in each specified period was determined
and converted to an instantaneous peak flow using the conversion factor of 1.10. A flood frequency analysis
was performed on these peak floods using HEC-SSP (V2.1), following the Bulletin 17B method for Log-
Pearson Type Il distributions (USGS, 1982).

The peak floods for specified time periods at J.C. Boyle and Copco No. 1 were calculated using the
methodology described in USGS (2005), based on the results for the Keno and Iron Gate facilities,
respectively. The return period floods for specified periods at Copco No. 1 are used as representative for
Copco No. 2. Table 3.5 provides the flood frequency results for the specified time periods.
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TABLE 3.5
KIEWIT INFRASTRUCTURE WEST CO.
KLAMATH RIVER RENEWAL PROJECT
PEAK FLOODS FOR SPECIFIED TIME PERIOD
USING 2019 BIOLOGICAL OPINION DATA'
Instantaneous Peak Floods for Specified Time Period (cfs)
Drainage

Location Area Month || 509, Probable | 20% Probable | 10% Probable | 5% Probable | 2% Probable | 1% Probable | 0.5% Probable | 0.2% Probable
(mi) Flood Flood Flood Flood Flood Flood Flood Flood
Jan 2,000 3,700 5,400 7,400 10,600 13,700 17,400 23,500
Feb 2,200 4,500 6,700 9,300 13,700 18,000 23,100 31,600
Mar 6,000 7,700 8,400 8,900 9,200 9,400 9,500 9,600
Apr 4,300 6,500 7,800 9,000 10,500 11,500 12,500 13,700
May 2,700 4,000 4,800 5,600 6,600 7,300 7,900 8,800
Jun1-15 1,800 2,800 3,500 4,200 5,300 6,100 7,100 8,400
Jun 16 - 30 1,300 1,800 2,200 2,700 3,600 4,400 5,300 6,800
Jul1-15 900 1,100 1,200 1,200 1,300 1,400 1,500 1,600
Keno? 3,920 Jul 16 - 31 900 1,000 1,100 1,200 1,300 1,400 1,400 1,500
Aug 1,000 1,200 1,200 1,300 1,400 1,400 1,500 1,600
Sep1-15 1,000 1,100 1,100 1,200 1,200 1,300 1,300 1,400
Sep 16 - 30 1,000 1,100 1,100 1,200 1,300 1,300 1,400 1,400
Oct1-15 1,000 1,100 1,200 1,300 1,400 1,400 1,500 1,600
Oct 16 - 31 1,000 1,200 1,400 1,700 2,400 3,000 3,900 5,400
Nov 1-15 1,000 1,400 1,800 2,300 3,400 4,400 5,800 8,500
Nov 16 - 30 1,100 1,800 2,500 3,500 5,300 7,200 9,700 14,400
Dec 1,800 3,200 4,400 5,800 8,000 10,100 12,500 16,300
Jan 2,100 3,900 5,600 7,700 11,000 12,900 14,100 15,600
Feb 2,300 4,700 7,000 9,700 11,800 12,900 14,100 15,600
Mar 6,300 8,000 8,800 9,300 9,600 9,800 9,900 10,000
Apr 4,500 6,800 8,100 9,400 10,900 12,000 13,000 14,300
May 2,700 4,200 5,000 5,800 6,900 7,600 8,200 9,200
Jun1-15 1,800 2,800 3,500 4,400 5,500 6,400 7,400 8,800
Jun 16 - 30 1,400 1,800 2,300 2,800 3,600 4,400 5,000 6,300
Jul1-15 900 1,100 1,300 1,300 1,400 1,500 1,600 1,700
J.C. Boyle® 4,080 Jul 16 - 31 900 1,000 1,100 1,200 1,300 1,300 1,300 1,400
Aug 1,000 1,200 1,200 1,400 1,500 1,500 1,600 1,700
Sep1-15 1,000 1,100 1,000 1,200 1,200 1,400 1,400 1,500
Sep 16 - 30 1,000 1,100 1,000 1,200 1,300 1,400 1,500 1,500
Oct1-15 1,000 1,100 1,300 1,400 1,500 1,500 1,600 1,700
Oct 16 - 31 1,000 1,200 1,500 1,800 2,500 3,100 3,900 5,300
Nov 1-15 1,000 1,400 1,800 2,300 3,400 4,400 5,900 8,600
Nov 16 - 30 1,100 1,900 2,600 3,600 5,300 7,200 9,600 14,000
Dec 1,900 3,300 4,600 6,000 8,300 10,500 13,000 15,600
Jan 2,400 4,500 6,800 9,600 14,600 19,700 25,500 32,100
Feb 2,900 5,800 8,500 11,800 17,400 21,300 25,500 32,100
Mar 6,500 8,500 9,200 9,800 10,200 10,400 10,600 10,700
Apr 4,600 6,900 8,500 10,000 11,900 13,200 14,500 16,100
May 2,900 4,300 5,400 6,400 7,900 9,000 10,300 11,900
Jun1-15 1,900 2,900 3,700 4,500 5,600 6,600 7,700 9,400
Jun 16 - 30 1,400 1,900 2,400 2,900 3,600 4,400 5,100 6,400
Jui1-15 1,100 1,300 1,500 1,600 1,800 2,000 2,200 2,500
CopcoNo. 14| 4,370 Jul 16 - 31 1,100 1,200 1,300 1,300 1,400 1,400 1,400 1,500
Aug 1,200 1,300 1,300 1,400 1,400 1,400 1,500 1,500
Sep1-15 1,100 1,200 1,300 1,300 1,400 1,400 1,400 1,500
Sep 16 - 30 1,100 1,200 1,300 1,300 1,400 1,400 1,400 1,500
Oct1-15 1,200 1,300 1,400 1,500 1,600 1,600 1,700 1,800
Oct 16 - 31 1,100 1,400 1,600 2,000 2,600 3,200 4,000 5,400
Nov 1-15 1,200 1,500 1,900 2,400 3,500 4,500 6,000 8,700
Nov 16 - 30 1,300 2,000 2,700 3,700 5,400 7,200 9,700 14,000
Dec 2,000 3,800 5,700 8,100 12,400 17,100 22,900 32,100
Jan 2,500 4,800 7,200 10,200 15,500 20,900 27,000 34,100
Feb 3,100 6,100 9,000 12,500 18,500 22,600 27,000 34,100
Mar 6,900 9,000 9,800 10,400 10,800 11,000 11,200 11,300
Apr 4,800 7,300 9,000 10,600 12,600 14,000 15,400 17,100
May 3,000 4,600 5,700 6,800 8,400 9,600 10,900 12,600
Jun1-15 2,000 3,000 3,800 4,600 5,900 7,000 8,200 10,000
Jun 16 - 30 1,500 2,000 2,500 3,000 3,700 4,400 5,200 6,500
Jul1-15 1,200 1,400 1,600 1,700 1,900 2,100 2,300 2,600
Iron Gate® 4,630 Jul 16 - 31 1,200 1,300 1,400 1,400 1,500 1,500 1,500 1,600
Aug 1,300 1,400 1,400 1,500 1,500 1,500 1,600 1,600
Sep1-15 1,200 1,300 1,400 1,400 1,500 1,500 1,500 1,600
Sep 16 - 30 1,200 1,300 1,400 1,400 1,500 1,500 1,500 1,600
Oct1-15 1,300 1,400 1,500 1,600 1,700 1,700 1,800 1,900
Oct 16 - 31 1,200 1,500 1,700 2,100 2,700 3,300 4,100 5,500
Nov 1-15 1,300 1,600 2,000 2,500 3,600 4,600 6,100 8,800
Nov 16 - 30 1,400 2,100 2,900 3,800 5,500 7,300 9,800 14,000
Dec 2,100 4,000 6,000 8,600 13,200 18,100 24,300 34,100
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NOTES:

1.2019 BIOLOGICAL OPINION FLOWS (USBR, 2018) WERE PROVIDED FOR THE PERIOD FROM 1981 TO 2016. FLOWS WERE PROVIDED AT KENO (USGS GAGE 11509500) AND IRON GATE (USGS GAGE 11516530).
2. CALCULATED USING 2019 BIOP FLOWS AT KENO. A FACTOR OF 1.10 WAS APPLIED TO ADJUST DAILY AVERAGE FLOW TO DAILY PEAK FLOW.
3. CALCULATED USING NON-LINEAR AREA PRORATION WITH 2019 BIOP FLOWS AT KENO USING METHODOLOGY DESCRIBED IN "ESTIMATION OF PEAK DISCHARGES FOR RURAL, UNREGULATED STREAMS IN

WESTERN OREGON" (USGS, 2005).

4. CALCULATED USING NON-LINEAR AREA PRORATION WITH 2019 BIOP FLOWS AT IRON GATE USING METHODOLOGY DESCRIBED IN "ESTIMATION OF PEAK DISCHARGES FOR RURAL, UNREGULATED STREAMS IN

WESTERN OREGON" (USGS, 2005).

5. CALCULATED USING 2019 BIOP FLOWS AT IRON GATE. A FACTOR OF 1.12 WAS APPLIED TO ADJUST DAILY AVERAGE FLOW TO DAILY PEAK FLOW.

6. THE DATA INDICATE THAT FOR SOME MONTHS THERE IS A TRANSITION IN THE HYDROLOGY IN THE MIDDLE OF THE MONTH. MONTHS WHEN THIS OCCURS INCLUDE JUNE, JULY, SEPTEMBER,

OCTOBER, AND NOVEMBER. FOR ANALYSIS PURPOSES THESE MONTHS HAVE BEEN DIVIDED INTO TWO PERIODS: 1st TO 15th AND 16th TO 30th/31st OF EACH MONTH.
7. THE CEREMONIAL FLOW RELEASES FOR THE YUROK BOAT DANCE CEREMONY WILL BE DEFERRED FOR THE DRAWDOWN YEAR. THESE FLOWS HAVE, THEREFORE, BEEN REMOVED FROM THE DATASET.
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3.24 MONTHLY PEAK FLOOD RESULTS

The Historic USGS data and 2019 BiOp data were both used to determine the monthly peak floods at the
Klamath River reservoirs. The flood values selected as the recommended design values are the maximum
calculated values, as shown in Table 3.6 for J.C. Boyle, Copco No. 1 and Iron Gate. An example visual
interpretation of Table 3.6 for selected time periods is shown for I[ron Gate on Figure 3.1. The monthly return
period floods at Copco No. 1 are used as representative of the monthly return period floods for Copco No. 2.

The results show that for all facilities the peak floods for specified time periods decrease from April through
to August. The peak flood results then increase from September through to March.

When considering the application of the monthly peak floods in relation to deconstruction activities near the
river or reservoirs, embankment dam removal periods, or instream works, the designer/contractor should
carefully consider the flows, water levels, and risk levels associated with the probable flood events in the
time period that the work will take place or the time period that the structure will remain in place.

Figure 3.1 Iron Gate Peak Floods per Specified Time Period
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TABLE 3.6

KIEWIT INFRASTRUCTURE WEST CO.
KLAMATH RIVER RENEWAL PROJECT

RECOMMENDED DESIGN VALUES OF MONTHLY PEAK FLOODS

Print Nov/13/20 10:53:34

Drainage Instantaneous Peak Floods for Specified Time Period (cfs) Average
Location Area Month 7505, Probable | 20% Probable | 10% Probable | 5% Probable | 2% Probable | 1% Probable | 0.5% Probable | 0.2% Probable | Monthly
(m) Flood Flood Flood Flood Flood Flood Flood Flood Flow (cfs)
Jan 2,600 2,400 5,000 8,000 11,100 14,000 15,000 15,800 1,500
Feb 2,700 4,900 7,000 9,700 13,000 14,200 15,000 15,800 1,900
Mar 6,300 8,000 8,800 10,900 13,300 14,200 15,000 15,800 2,800
Apr 4,500 6,800 8,100 9,400 11,600 13,600 15,000 15,800 2,370
May 2,700 4,300 5,500 6,800 8,500 9,900 11,300 13,400 1,760
Jun1-15 1,800 2,800 3,500 4,400 5,800 7,300 9,100 12,100 1,330
Jun 16 - 30 1,400 1,800 2,300 2,800 3,600 4,400 5,000 6,300 960
Jul1-15 1,000 1,400 1,700 2,100 2,700 3,200 3,900 4,900 740
J.C. Boyle 4,080 Jul 16 - 31 1,400 1,500 1,600 1,700 1,800 1,800 1,800 2,000 760
Aug 1,400 1,500 1,600 1,700 1,800 1,800 1,800 1,900 760
Sep1-15 1,400 1,700 1,900 2,100 2,400 2,500 2,700 3,000 810
Sep 16 - 30 1,500 1,900 2,200 2,400 2,800 3,000 3,200 3,500 790
Oct1-15 1,700 2,200 2,500 2,900 3,400 3,800 4,200 4,700 810
Oct 16 - 31 1,700 2,400 2,800 3,300 4,000 4,600 5,200 6,100 890
Nov 1-15 1,800 2,600 3,200 3,800 4,700 5,500 6,300 8,600 980
Nov 16 - 30 2,000 2,900 3,600 4,400 5,400 7,200 9,600 14,000 950
Dec 2,500 3,900 5,100 6,300 8,300 10,500 13,000 15,600 1,110
Jan 3,000 5,800 8,400 11,800 17,600 23,400 30,500 42,800 1,910
Feb 3,000 5,800 8,500 11,800 17,600 23,400 30,500 42,800 2,360
Mar 6,500 8,500 10,200 13,000 17,100 20,500 23,900 29,000 3,230
Apr 4,600 6,900 8,900 11,100 14,400 17,000 19,700 23,400 2,790
May 2,900 4,500 5,900 7,400 9,400 11,000 12,700 15,100 2,110
Jun1-15 1,900 2,900 3,700 4,500 6,400 8,200 10,500 14,100 1,620
Jun 16 - 30 1,400 1,900 2,400 2,900 3,600 4,400 5,100 6,400 1,210
Jul1-15 1,100 1,300 1,600 2,000 2,600 3,200 4,100 5,300 990
CopcoNo. 1| 4,370 Jul 16 - 31 1,200 1,300 1,500 1,600 1,800 2,000 2,100 2,400 990
Aug 1,200 1,300 1,500 1,600 1,800 2,000 2,100 2,400 980
Sep1-15 1,300 1,600 1,800 1,900 2,100 2,200 2,300 2,500 1,030
Sep 16 - 30 1,300 1,600 1,900 2,100 2,400 2,500 2,700 3,000 1,030
Oct1-15 1,500 2,000 2,500 2,900 3,700 4,300 5,100 6,200 1,050
Oct 16 - 31 1,500 2,200 2,700 3,300 4,200 5,100 6,000 7,500 1,140
Nov 1-15 1,700 2,500 3,300 4,100 5,400 6,600 7,900 10,000 1,230
Nov 16 - 30 1,900 3,000 4,000 4,900 6,500 7,800 9,700 14,000 1,240
Dec 2,500 5,000 7,400 10,700 16,600 22,600 30,500 43,200 1,490
Jan 3,200 5,100 8,900 12,500 18,700 24,800 32,400 25,400 2,030
Feb 3,200 6,100 9,000 12,500 18,700 24,800 32,400 45,400 2,500
Mar 6,900 9,000 10,800 13,800 18,100 21,700 25,400 30,800 3,430
Apr 4,800 7,300 9,400 11,800 15,300 18,000 20,900 24,800 2,950
May 3,000 4,800 6,300 7,900 10,000 11,700 13,500 16,000 2,230
Jun1-15 2,000 3,000 3,800 4,800 6,800 8,700 11,100 15,000 1,720
Jun 16 - 30 1,500 2,000 2,500 3,000 3,700 4,400 5,200 6,500 1,280
Jul1-15 1,200 1,400 1,700 2,100 2,800 3,400 4,300 5,600 1,050
Iron Gate 4,630 Jul 16 - 31 1,300 1,400 1,600 1,700 1,900 2,100 2,200 2,500 1,050
Aug 1,300 1,400 1,600 1,700 1,900 2,100 2,200 2,500 1,040
Sep1-15 1,400 1,700 1,900 2,000 2,200 2,300 2,400 2,600 1,090
Sep 16 - 30 1,400 1,700 2,000 2,200 2,500 2,700 2,900 3,200 1,090
Oct1-15 1,600 2,100 2,600 3,100 3,900 4,600 5,400 6,600 1,120
Oct 16 - 31 1,600 2,300 2,900 3,500 4,500 5,400 6,400 8,000 1,210
Nov 1-15 1,800 2,700 3,500 4,400 5,700 7,000 8,400 10,600 1,300
Nov 16 - 30 2,000 3,200 4,200 5,200 6,900 8,300 9,900 14,000 1,310
Dec 2,700 5,300 7,900 11,300 17,600 24,000 32,400 45,800 1,580
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NOTES:
1. RECOMMENDED DESIGN VALUES ARE BASED ON THE MAXIMUM VALUES BETWEEN THE ANALYSIS COMPLETED USING THE HISTORIC USGS GAGE DATA AND THE 2019 BIOP FLOW DATA.

2. HISTORIC USGS DATA SOURCE FOR ANALYSIS: USGS STATION 11516530 "KLAMATH R BL IRON GATE DAM CA", PERIOD OF RECORD 1960 TO 2019. PERIOD OF RECORD USED IN ANALYSIS 1960 TO 2019.

3.2019 BIOP FLOW DATA SOURCE FOR ANALYSIS: 2019 BIOLOGICAL OPINION FLOWS (USBR, 2018) PROVIDED FOR THE PERIOD 1981 TO 2016. FLOWS WERE PROVIDED AT IRON GATE (USGS GAGE 11516530).

4. THE DATA INDICATE THAT FOR SOME MONTHS THERE IS A TRANSITION IN THE HYDROLOGY IN THE MIDDLE OF THE MONTH. MONTHS WHEN THIS OCCURS INCLUDE JUNE, JULY, SEPTEMBER, OCTOBER,
AND NOVEMBER. FOR ANALYSIS PURPOSES THESE MONTHS HAVE BEEN DIVIDED INTO TWO PERIODS: 1st TO 15th AND 16th TO 30th/31st OF EACH MONTH.

5. RECOMMENDED DESIGN VALUES FOR THE SECOND HALF OF JULY ARE DICTATED BY THE AUGUST PEAK MONTHLY FLOOD VALUES FOR DAM SAFETY PURPOSES.
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4.0 KLAMATH RIVER ANNUAL DAILY FLOW DURATION

Daily flow duration curves show the percentage of time that a flow is likely to equal or exceed a specified
value on an annual or monthly basis. The flow duration curves for the KRRP hydroelectric facilities were
created with the following inputs:

e Developed using the 2019 Biological Opinion Flows (2019 BiOps) provided by USBR (2018).
e 2019 BiOps for USGS gage 11509500 Klamath River at Keno, OR were translated to the J.C. Boyle

facility using linear area proration.

e 2019 BiOps for USGS gage 11516530 Klamath River below Iron Gate Dam, CA were translated to the
Copco No. 1 facility using linear area proration. The flows for the Copco No. 1 facility were used for the

Copco No. 2 facility.

The annual and monthly daily flow duration curves based on the 2019 BiOp flows are shown below in
Tables 4.1 to 4.4 and on Figures 4.1 to 4.3 for the KRRP facilities.

Table 4.1 Flow Duration Flows Based on 2019 BiOp Flows — Annual
% of Time Equaled Discharge (cfs)
or Exceeded Keno J.C. Boyle Copco No. 1 Iron Gate Dam

99% 300 320 850 900

95% 500 530 850 900

90% 570 590 900 950

80% 640 660 940 1,000
75% 660 690 940 1,000
70% 690 720 970 1,030
60% 760 790 1,050 1,110
50% 820 860 1,110 1,180
40% 920 950 1,250 1,320
30% 1,130 1,170 1,540 1,630
25% 1,400 1,460 1,780 1,880
20% 1,770 1,840 2,210 2,340
10% 2,860 2,980 3,430 3,630
5% 4,140 4,310 4,780 5,060
1% 6,680 6,960 7,630 8,080
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TABLE 4.2

KIEWIT INFRASTRUCTURE WEST CO.
KLAMATH RIVER RENEWAL PROJECT

FLOW DURATION FLOWS BASED ON 2019 BI OP FLOWS
MONTHLY -J.C. BOYLE

Print Nov/13/20 11:24:42

% of Time Discharge (cfs)
Equaled or Monthly
Exceeded Jan Feb Mar Apr May Jun1-15 (Jun16-30( Jul1-15 | Jul16-31 Aug Sep1-15 | Sep16-30| Oct1-15 | Oct16-31| Nov1-15 | Nov 16 - 30 Dec Annual
99% 360 440 290 230 190 210 250 380 500 460 570 410 240 240 300 510 420 320
95% 470 510 550 770 740 620 590 530 580 550 660 560 610 580 620 560 490 530
90% 520 540 690 890 860 740 660 590 610 590 690 660 690 670 680 590 520 590
80% 580 600 1,060 1,000 940 800 710 640 650 620 720 690 740 740 760 630 570 660
75% 600 630 1,220 1,040 980 820 730 660 670 630 730 710 750 760 790 650 590 720
70% 620 650 1,440 1,120 1,030 860 750 670 690 650 750 720 770 780 820 660 610 720
60% 660 720 1,800 1,450 1,140 940 780 700 730 670 770 760 790 820 870 680 650 790
50% 720 940 2,220 1,870 1,410 1,030 820 740 760 700 800 790 810 850 910 710 680 860
40% 970 1,580 2,650 2,330 1,720 1,170 890 760 790 740 830 810 840 880 940 740 740 950
30% 1,530 2,220 3,350 2,840 2,110 1,440 970 790 820 790 860 860 870 930 990 780 970 1,170
25% 1,850 2,540 3,880 3,390 2,330 1,670 1,020 810 830 810 880 880 890 950 1,030 820 1,240 1,840
20% 2,160 2,980 4,770 3,790 2,530 1,950 1,080 840 850 850 910 900 910 980 1,090 910 1,530 1,840
10% 3,500 4,320 5,840 4,920 3,180 2,490 1,520 900 930 1,000 950 950 1,000 1,120 1,250 1,560 2,350 2,980
5% 4,870 6,010 6,660 5,670 3,870 2,910 1,830 960 980 1,360 1,010 980 1,060 1,220 1,370 3,090 3,250 4,310
1% 8,280 8,880 8,560 6,860 5,290 4,350 2,580 1,120 1,060 1,560 1,070 1,060 1,170 3,090 3,630 3,970 5,640 6,960

M:\1103\00640\01\A\Data\Task 0900 - 90% Design\08 - Hydrology\1_Average Monthly Flows\[Daily Flow Exceedance.xlsm]Table_Monthly_JCB

NOTES:
1. J.C. BOYLE FLOWS ARE CALCULATED USING LINEAR AREA PRORATION WITH THE KENO 2019 BIOP FLOWS.
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TABLE 4.3

KIEWIT INFRASTRUCTURE WEST CO.
KLAMATH RIVER RENEWAL PROJECT

FLOW DURATION FLOWS BASED ON 2019 BI OP FLOWS
MONTHLY - COPCO NO. 1

Print Nov/13/20 11:25:33

% of Time Discharge (cfs)

Equaled or Monthly

Exceeded Jan Feb Mar Apr May Jun1-15 (Jun16-30( Jul1-15 | Jul16-31 Aug Sep1-15 | Sep16-30| Oct1-15 | Oct16-31| Nov1-15 | Nov16 - 30 Dec Annual
99% 900 900 940 1,250 1,110 970 960 850 850 850 940 940 940 940 940 940 900 850
95% 900 900 940 1,250 1,110 970 970 850 850 850 940 940 940 940 940 940 900 850
90% 900 900 1,080 1,250 1,110 970 970 850 850 850 940 940 940 940 940 940 900 900
80% 900 900 1,520 1,280 1,240 1,040 970 850 850 850 940 940 940 940 1,000 940 900 940
75% 900 940 1,630 1,410 1,290 1,080 970 860 870 850 940 940 960 990 1,050 940 900 940
70% 900 990 1,800 1,540 1,350 1,130 970 890 900 850 940 940 990 1,020 1,100 940 900 970
60% 970 1,120 2,210 1,810 1,430 1,200 990 930 950 850 940 940 1,030 1,070 1,130 940 900 1,050
50% 1,120 1,390 2,640 2,230 1,700 1,300 1,050 970 990 890 1,010 1,000 1,030 1,090 1,150 940 930 1,110
40% 1,420 1,980 3,120 2,780 2,080 1,480 1,120 1,000 1,000 960 1,070 1,080 1,060 1,110 1,160 940 1,060 1,250
30% 1,930 2,570 3,850 3,320 2,470 1,660 1,190 1,060 1,050 1,040 1,100 1,100 1,080 1,150 1,240 1,020 1,440 1,540
25% 2,280 2,920 4,430 3,920 2,700 1,840 1,230 1,080 1,060 1,050 1,100 1,110 1,100 1,190 1,260 1,080 1,600 1,780
20% 2,580 3,400 5,200 4,270 2,940 2,140 1,410 1,110 1,080 1,060 1,130 1,130 1,130 1,220 1,300 1,220 1,860 2,210
10% 3,980 4,820 6,080 5,260 3,620 2,830 1,770 1,160 1,160 1,110 1,160 1,160 1,200 1,350 1,460 1,960 2,800 3,430
5% 5,340 6,980 7,110 5,750 4,250 3,250 2,050 1,180 1,180 1,460 1,160 1,160 1,250 1,440 1,550 3,300 4,020 4,780
1% 9,070 10,460 8,920 7,220 5,430 4,560 2,780 1,410 1,250 1,600 1,190 1,190 1,350 3,020 3,870 4,070 6,770 7,630

M:\1103\00640\01\A\Data\Task 0900 - 90% Design\08 - Hydrology\1_Average Monthly Flows\[Daily Flow Exceedance.xlsm]Table_Monthly_Copco

NOTES:
1. COPCO NO. 1 FLOWS ARE CALCULATED USING LINEAR AREA PRORATION WITH THE IRON GATE DAM 2019 BIOP FLOWS.
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TABLE 4.4

KIEWIT INFRASTRUCTURE WEST CO.
KLAMATH RIVER RENEWAL PROJECT

FLOW DURATION FLOWS BASED ON 2019 BI OP FLOWS
MONTHLY - IRON GATE DAM

Print Nov/13/20 11:26:31

% of Time Discharge (cfs)

Equaled or Monthly

Exceeded Jan Feb Mar Apr May Jun1-15 (Jun16-30( Jul1-15 | Jul16-31 Aug Sep1-15 | Sep16-30| Oct1-15 | Oct16-31| Nov1-15 | Nov16 - 30 Dec Annual
99% 950 950 1,000 1,330 1,180 1,030 1,020 900 900 900 1,000 1,000 1,000 1,000 1,000 1,000 950 900
95% 950 950 1,000 1,330 1,180 1,030 1,030 900 900 900 1,000 1,000 1,000 1,000 1,000 1,000 950 900
90% 950 950 1,150 1,330 1,180 1,030 1,030 900 900 900 1,000 1,000 1,000 1,000 1,000 1,000 950 950
80% 950 950 1,610 1,360 1,320 1,100 1,030 900 900 900 1,000 1,000 1,000 1,000 1,060 1,000 950 1,000
75% 950 1,000 1,730 1,500 1,370 1,150 1,030 910 930 900 1,000 1,000 1,010 1,040 1,110 1,000 950 1,000
70% 950 1,050 1,910 1,640 1,430 1,190 1,030 950 960 900 1,000 1,000 1,050 1,080 1,110 1,000 950 1,030
60% 1,030 1,180 2,340 1,920 1,520 1,270 1,050 980 1,010 900 1,000 1,000 1,090 1,130 1,190 1,000 950 1,110
50% 1,180 1,470 2,800 2,360 1,810 1,380 1,110 1,030 1,040 940 1,070 1,080 1,100 1,160 1,210 1,000 980 1,180
40% 1,500 2,090 3,310 2,950 2,200 1,570 1,180 1,050 1,060 1,020 1,130 1,140 1,120 1,180 1,230 1,000 1,120 1,320
30% 2,040 2,730 4,080 3,520 2,620 1,760 1,260 1,120 1,110 1,100 1,160 1,160 1,150 1,220 1,320 1,080 1,520 1,630
25% 2,420 3,100 4,700 4,150 2,860 1,950 1,300 1,140 1,120 1,110 1,170 1,170 1,170 1,260 1,330 1,150 1,700 1,880
20% 2,730 3,600 5,510 4,530 3,110 2,270 1,490 1,180 1,150 1,130 1,200 1,190 1,200 1,290 1,380 1,300 1,970 2,340
10% 4,220 5,110 6,450 5,570 3,840 2,990 1,870 1,230 1,230 1,180 1,230 1,230 1,270 1,430 1,540 2,070 2,960 3,630
5% 5,650 7,390 7,530 6,090 4,500 3,440 2,180 1,250 1,250 1,550 1,230 1,230 1,330 1,520 1,640 3,500 4,260 5,060
1% 9,600 11,080 9,450 7,650 5,760 4,830 2,950 1,490 1,320 1,700 1,260 1,260 1,430 3,200 4,110 4,310 7,170 8,080

M:\1103\00640\01\A\Data\Task 0900 - 90% Design\08 - Hydrology\1_Average Monthly Flows\[Daily Flow Exceedance.xIlsm]Table_Monthly_IGD

NOTES:
1. IRON GATE DAM FLOWS BASED ON TE 2019 BIOP AVERAGE DAILY FLOWS.
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5.0 FLOWS FOR ROADS AND BRIDGES CROSSINGS

Located within the KRRP area are various roads, bridges, and culvert crossings. The locations of road,
bridge, and culvert sites identified for improvement, monitoring, or construction purposes are identified on
Figure 5.1.

The primary design goal for the roads, bridges, and culverts component of the KRRP is to modify the
existing transport infrastructure to accommodate safe construction access throughout the KRRP site and
to maintain existing public access during all stages of the project, from initial construction through to final
removal of the hydroelectric facilities, and subsequent restoration. To facilitate this transportation design
goal, design flood estimates for ungaged locations within the KRRP area are required.

Most of the transportation points of interest (POls) are located on tributaries to the Klamath River, with the
remaining POls located directly on the Klamath River. The peak design floods at the ungaged locations
were estimated by characterizing the tributary flows within the Klamath Basin between the J.C. Boyle and
Iron Gate facilities. The Jenny Creek tributary represents a substantial portion of the incoming flows
between the J.C. Boyle and the Iron Gate facilities. While Jenny Creek does have irrigation diversions and
the flows are therefore partially regulated, this regulation effect is much smaller than that caused by the
reservoirs on the mainstem of the Klamath River, and likely has little impact on the highest peak flows.

Many of the other larger tributary streams to the Klamath River are also regulated with irrigation structures,
but as with Jenny Creek, the effects of these regulations on the largest peak flows is likely limited. The
return