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EXECUTIVE SUMMARY

The purpose of The Dalles East Fish Ladder Auxiliary Water Backup System Design
Documentation Report (DDR) is to develop a design to provide an emergency backup
supply of water to the auxiliary water system (AWS). Water is currently supplied to the
AWS by two fish turbine units located on the west end of the powerhouse. If one or
both fish turbine units fail, water supplied to the AWS would be severely limited or
eliminated. The AWS supplies water to the east, west, and south fish ladder entrances
in order to attract upstream migrating adult fish. An alternative to provide a backup
supply of water to the AWS in case both fish turbine units fail is evaluated in this DDR
as a reasonable temporary (maximum 1 year) means of passing fish upstream of The
Dalles Project when the design AWS flow is not available.

The alternative evaluated in this DDR provides a flow of 1,400 cubic feet per second
(cfs). With a discharge of 1,400 cfs, the west and south fish entrances are closed and
two of the three weirs at the east fish ladder (EFL) will be operational. This emergency
operating condition was developed by the U.S. Army Corps of Engineers (USACE) and
regional fishery agencies. The fish passage system will be operational, but under less
than ideal flow conditions.

Based on the engineering analysis for this DDR, evaluation criteria for this project, and
USACE team input, a single 10-foot-diameter conduit will convey the entire design
discharge by routing flow through Monolith 5 into the auxiliary water supply chamber
(AWSC). Flow bifurcates and is released into the existing AWSC via two 7.5-foot-
diameter diffuser conduits. The recommended alternative reduces the required volume
of concrete borings and associated setups compared to the proposed EDR alternative.
The recommended design also utilizes a buried conduit to eliminate structural supports
while providing simplified thrust restraint and reduced impact to project access. The
design eliminates the need for energy dissipation valves, reducing operational
complexity and improving serviceability. The design also incorporates two multi-ported
7.5-foot-diameter conduits within the AWSC to improve flow conveyance and energy
dissipation. The design also eliminates the cost to alter the fish lock valve room and
fish lock approach channel.

Two options for dewatering the face of the monolith were evaluated. Option 1 is to
dewater with a contractor designed cofferdam. Option 2 is to dewater by installing
precast piers with bulkheads. Option 1 was chosen because of lower cost, reduced risk
from less dive time, and better quality control expected by dewatering prior to
installation of the trash rack guides.

The construction cost with contingency for this design, based on the Option 1
dewatering approach, is estimated to be approximately $11,037,000. The total fully
funded project cost is currently estimated to be approximately $14,531,000.
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PERTINENT PROJECT DATA

PERTINENT PROJECT DATA

THE DALLES LOCK AND DAM - LAKE CELILO

GENERAL

Location

Columbia River, Oregon and
Washington, River Mile 192

Drainage area

Square miles

237,000

RESERVOIR — LAKE CELILO (elevations referenced to 1929 datum 1947 adjustment)

Normal minimum pool elevation Feet, msl 155
Normal maximum pool elevation Feet, msl 160
Maximum pool elevation (PMF regulated, 2009) Feet, msl 178.4
Minimum tailwater elevation Feet, msl 76.4
Maximum tailwater elevation (PMF regulated, 2009) | Feet, msl 127.2
Reservoir length (to John Day Dam) Miles 23.5
Egsle(rl\zlﬁlrl (ssléfga;ce area — normal maximum power Acres 9.400
Storage capacity (EL. 160.0) Acre-feet 332,500
Power drawdown pool (EL. 155) Acre-feet 53,500
Length of shoreline at full pool (EL. 160.0) Miles 55
FLOOD CONDITIONS

Probable maximum flood (unregulated) - feet’/s 2,660,000
Probable maximum flood (regulated) - feet’/s 2,060,000
Standard project flood (unregulated) - feet’/s 1,580,000
Standard project flood (regulated) - feet’/s 840,000
100-year flood event (regulated) - feet’/s 680,000
SPILLWAY

Type Gate-controlled Gravity Overflow
Length Feet 1,447
Elevation of crest Feet, msl 121
Number of gates 23
Height (apron to spillway deck) Feet 130
NAVIGATION LOCK

Type Single Lift

Lift — normal Feet 87.5
Lift — maximum Feet 20
Net clear length Feet 650
Net clear width Feet 86
Normal depth over upper sill Feet 20
Minimum depth over upstream sill Feet 15
Minimum depth over downstream sill Feet 15
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PERTINENT PROJECT DATA

THE DALLES LOCK AND DAM - LAKE CELILO

POWER PLANT

Powerhouse type

Conventional (indoor)

Powerhouse width Feet 239
Powerhouse length Feet 2,089
Number of Main Generating Units 22
Installed power capacity Kilowatts 1,806,800
Peak generating efficiency flow - feet’/s 260,000
Maximum flow capacity - feet’/s 320,000
Fishway Units (Not Included Above) 2
Installed power capacity Kilowatts 28,000
Peak generating efficiency flow - feet’/s 2,500
Maximum flow capacity - feet’/s 2,500
Station Service Units (Not Included Above) 2
Installed power capacity Kilowatts 6,000
Peak generating efficiency flow - feet’/s 300
Maximum flow capacity - feet’/s 300
FISH FACILITIES

Adult ladders 2

Ladder designations North and East
North ladder width Feet 24

East ladder width Feet 30

Ladder slope (typical) 1v:16h
Ladder elevation change (typical) Feet 84

NORTHERN WASCO PEOPLE’S UTILITY DISTRICT POWER PLANT (OPERATING AT

THE NORTH FISH LADDER AWS)

Powerhouse type

Conventional (indoor)

Powerhouse width Feet 44
Powerhouse length Feet 48
Intake Structure width Feet 25
Intake Structure length Feet 125
Number of Main Generating Units 1
Installed power capacity Kilowatts 5,000
Peak generating efficiency flow - feet’/s 800
Maximum flow capacity - feet’/s 800




PREVIOUS STUDIES

The issue of providing backup auxiliary water has been studied from the 1990s in
several alternative reports. Below are the six studies conducted to date and the
corresponding alternatives evaluated.

1. The Dalles Emergency Fish Attraction Water System Study, U.S. Army Corps
of Engineers Hydroelectric Design Center (HDC), September 1991.

The Hydroelectric Design Center developed a conceptual report that generated six
alternatives:

New Penstock from non overflow monolith to AWS ($8.8M*)

Modify fishlock at east end of AWS ($5.94M*).

Modify I&T chute to feed into AWS (Not Feas.).

Modify main unit draft tube (gate in AWS flr.) ($1.78M* Report Rec.).
Modify station service draft tubes, same as No. 4, 1200 cfs only ($0.953M*).
Build new fish attraction water pumphouse ($40M*).

oA LNE

* Cost in 1994 dollars from Project Improvements for Endangered Species report.

2. Study of AFA Auxiliary Water Supply, The Dalles Project Improvements for
Endangered Species, EBASCO, Bellevue, June 1994.

EBASCO under contract to the COE developed and alternatives report for the Passage
Improvement for Endangered Species Program. The report showed a total 15
Alternatives (9 new ones and the 6 from HDC report).

New penstock from the eastern non-overflow monolith to AWS ($9.8M*).
Modify main unit 5 draft tube (gate in roof) ($2.92M*).

Bonneted slide gates in main unit scroll case ($2.72M%*).

Pump station at the south end of East Fish Ladder ($27.5M%*).

Screened double chambered conduit hanging on non-overflow monoliths with
pipe routed near dewatering facility ($16.4M*).

Pump station from the east end cul-de-sac ($37.8M*).

New penstock from non-over flow monolith using 6 conduits with modular
inclined screens ($23.1M¥).

8. New fish turbines at main unit bay 22 ($19.0M*).

9. Replacement of runner on main unit 22 ($5.2M*).

arwnE

N

*Cost in 1994 dollars

3. The Dalles Dam Auxiliary Water System Upgrade Alternatives Evaluation, INCA
and Associates, September 1997.

INCA and Associates, under contract to the COE developed two alternatives (A and B).
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Alternative A — Forebay Intake with Screen Structure

e Gated intake structure in the fish lock monolith with an elevated V-screen
dewatering facility downstream of the east non-overflow dam.

e Cost estimate - $47.9 million (updated 2011).

 Discharge 2500 ft%/sec.

Alternative B — Tailrace Pump Station at East Fishway

e Pumphouse located next to the East Fish Ladder, adjacent to the existing
junction pool.
e Cost estimate - $41.6 million (updated 2011).

4. The Dalles Fish Water Units Risk of Failure Analysis, USACE Hydroelectric
Design Center, November 21, 2008.

The COE Hydroelectric Design Center developed a report that documents their findings
of a risk of failure analysis for the two fish turbine units using a simplified methodology
similar to that used as part of a Major Rehabilitation Evaluation Report. The conclusions
of the analysis are:

e There is a 25 percent probability that a least one of the two fish turbines will
experience a significant failure sometime in the next 10 years.

e The probability of failure of both units failing at the same time is 1.4% within the
next ten years.

e Probability of failure can be further reduced by increased periodic inspection and
maintenance, but some of the equipment is in excess of 50 years old, the
probability of failure will increase in time.

e QOutage time can be reduced by having critical (long lead time) components on
site as spares.

5. The Dalles East Fish Ladder Auxiliary Water Backup System Letter Report,
HDR, Inc. May 4, 2009.

Under contract to the COE, HDR, Inc. developed a Letter Report that evaluated two
alternatives and recommended one alternative that involve taking water from a main
turbine unit draft tube or scroll case. The draft tube option was recommended. The
recommended option also requires:

e 2 Main Units to supply water.

e 2 seasons to construct.

e Cost Estimate — $43.6M =>$27.2M direct + $8.2M KTR profit indirect & OH +
$8.2M contingency on direct.

Vi



6. The Dalles East Fish Ladder Auxiliary Water System Emergency Operation
Backup System Alternatives — Brainstorm Meeting Report, HDR February 3, 2011.

Under contract to the COE, HDR, Inc. developed a report, based on the results of a
brainstorming meeting held on December 8, 2010.

15 alternative ideas generated as potential sources for makeup water: Siphon to
Fish Lock, River Wet Trap, Ice and Trash Sluice Water Tap, Fish Lock Direct Tap
to Reservoir, Install Concrete Lid on Open Channel Fishway, Stop Log
Modifications at Tainter Gate 23, New Third Fish Turbine, Pipe(s) to AWS
Culvert, Remove Flow Restrictions on Current System, Single Pump/Pumphouse
on East Side, Upstream Intake Tower with Siphon, Floating Plant Pump Station,
Fish Turbine Speed No Load, Ice and Trash Sluice Intake Channel Water Tap
and Diversion, Siphon with Entrance at Fish Ladder Exit to AWS Conduit.
Conceptual level evaluation was conducted. Alternatives were ranked and scored
based on criteria developed by the participants of the brainstorm meeting.

The top three ideas that HDR recommended: Fish Turbine speed-no-load
operation; a deep intake siphon that feeds directly into AWS conduit, and a
siphon that feeds into the fish lock/elevator caisson.

7. The Dalles East Fish Ladder Auxiliary Water Backup System — Engineering
Documentation Report, HDR, December 18, 2012.

Under contract to the COE, HDR, Inc. developed a report, based on the results of an
alternatives report developed on February 3, 2011.

4 alternatives evaluated: Siphon for Addition Water to the Fishlock, Low Level
Intake, Single Cud-de-sac Pump/Pumphouse, Upstream Intake Tower with
Siphon.

3 improvements evaluated: Valve Room, Fish Lock, and Fishway Approach
Channel.

Preliminary engineering evaluation was conducted. Alternatives and
improvements were ranked and scored based by USACE and fisheries agencies.
HDR recommended: Low Level intake with valve room, fish lock, approach
channel.

Construction cost with contingency $10,800,000. Fully funded project cost
without operations and maintenance $16,590,000.
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ABBREVIATIONS AND ACRONYMS

ACI American Concrete Institute

ADCP acoustic doppler current profile

AISC American Institute of Steel Construction
ANSI American National Standards Institute
ASCE American Society of Civil Engineers
ASTM American Society for Testing and Materials
AWC auxiliary water conduit

AWS auxiliary water supply

AWSC auxiliary water supply chamber
AWWA American Water Works Association
CDF controlled density fill

cfs cubic feet per second

CWA Clean Water Act

DDR Design Documentation Report

EA Environmental Assessment

EAWS Emergency Auxiliary Water Supply
EDR Engineering Documentation Report
EFL east fish ladder

EIS Environmental Impact Statement

EM Engineering Manual

ER Engineering Regulation

ESA Endangered Species Act

FAC fish lock approach channel

FCC fish collection channel

fps feet per second

FFDRWG Fish Facility Design and Review Work Group
FONSI Finding of No Significant Impact

fps feet per second

ft feet

FTC fish transportation channel

gpm gallons per minute

HDR HDR Engineering, Inc.

HDC Hydroelectric Design Center

hp horsepower

HSS hollow structural sections

ICEA Insulated Cable Engineers Association
IEEE Institute of Electrical and Electronic Engineers
IES llluminating Engineering Society

ISA International Society of Automation
IWWW in-water work window

JBS juvenile bypass system

kips kilo pounds

viii
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kv kilovolt

kVA kilovolt-ampere

kwW kilowatt

MCE Maximum Credible Earthquake

MDE Maximum Design Earthquake

msl mean sea level

NEC National Electrical Code

NEMA National Electrical Manufacturers Association
NEPA National Environmental Policy Act

NETA InterNational Electrical Testing Association
NFPA National Fire Protection Association

NMFS National Marine Fisheries Service

NOAA National Oceanic and Atmospheric Administration
NTP Notice to Proceed

NWP USACE, Portland District

NWW USACE, Walla Walla District

O&M Operations and Maintenance

OBE Operational Based Earthquake

OSHA Occupational Safety and Health Administration
PCF pounds per cubic foot

PGA peak ground acceleration

PH phase

psf pounds per square foot

psi pounds per square inch

PUD People’s Utility District

RCC Reservoir Control Center

TSW top spillway weir

USBR U.S. Bureau of Reclamation

USFWS U.S. Fish and Wildlife Service

V volt

UFC Unified Facilities Criteria

USACE U.S. Army Corps of Engineers

USGS U.S. Geological Survey
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The Dalles East Fish Ladder Auxiliary Water Backup System DDR

CHAPTER 1 - PURPOSE AND INTRODUCTION
11 PURPOSE

Providing backup auxiliary water for the east fish ladder (EFL) is critical to the overall
success of adult fish passage at The Dalles Dam.

Auxiliary water supply (AWS) systems provide added flow to fish ladder entrances,
improving attraction for adult fish. Maintaining attraction flow at fish ladder entrances is
important in the turbulent environment of dam tailraces. Proper attraction flow allows
adult salmonids and lamprey to find fish ladder entrances relatively quickly and reduces
migration delay.

The Dalles Dam has two turbine units that provide attraction flow to the EFL as a
primary water supply; however, no auxiliary water supply backup system exists, despite
several AWS backup designs being studied since 1990. The 2008 Biological Opinion
(NMFS 2008) states a requirement for the Corps to implement an auxiliary water supply
system at The Dalles (RPA 28) as a backup to the fish turbines in case of simultaneous
failure of both units. A 2008 risk failure analysis report for the fish turbines confirmed
that after more than 50 years in service, the probability of turbine unit failure within

10 years is elevated. Consequently, an increased risk is imposed, with substantial
consequences for upriver migrating adult salmonids. Therefore, this project has been
further pursued, expanded, and developed from prior design efforts to provide a
constructible AWS backup system for The Dalles EFL.

1.2 REFERENCES

a. HDR Engineering, Inc. (HDR). 2009. The Dalles East Fish Ladder Auxiliary
Water Backup System. May. Report to U.S. Army Corps of Engineers,
Portland District.

b. HDR. 2011. The Dalles East Fish Ladder Auxiliary Water System
Emergency Operation Backup System Alternatives — Brainstorm Meeting
Report. February. Report to U.S. Army Corps of Engineers, Portland District.

c. HDR. 2012. The Dalles East Fish Ladder Auxiliary Water Backup System
Engineering Documentation Report. December. Report to U.S. Army Corps
of Engineers, Portland District.

d. National Marine Fisheries Service (NMFS). 2008. Biological opinion —
consultation on remand for operation of the Federal Columbia River Power
System, 11 Bureau of Reclamation Projects in the Columbia Basin and ESA
Section 10(a)(1)(A) Permit for Juvenile Fish Transportation Program.
National Marine Fisheries Service (NOAA Fisheries) - Northwest Region.
Seattle, Washington.

1-1



The Dalles East Fish Ladder Auxiliary Water Backup System DDR

e. Public Law 104-46. 1995. Energy and Water Development Appropriations
Act, 1996.

f. U.S. Army Corps of Engineers (USACE). 2008. The Dalles Fish Water Units
Risk Failure Analysis. November 2008.

g. USACE. 2008. 2008 Fish Passage Plan. U.S. Army Corps of Engineers,
Northwestern Division.

1.3 BACKGROUND

In 2008, the USACE Hydroelectric Design Center (HDC) conducted a risk failure
analysis and report on the fish turbine units (USACE 2008). The HDC concluded that
there is a 25 percent probability that at least one of the two fish water units will
experience a significant failure in the next 10 years. Additionally, the probability of
failure of both units at the same time is 1.4 percent in the next 10 years.

Subsequently, HDR Engineering, Inc. (HDR), under contract to USACE, completed a
letter report (HDR 2009) that investigated in further detail the concept of utilizing the
draft tube of a main turbine unit to provide full flow backup water supply of 5,000 cubic
feet per second (cfs) for the AWS. The estimated cost of the recommended alternative
from the HDR report was much greater than expected. Due to the high cost and risk of
draft tube modifications, this alternative was no longer considered.

Recognizing that providing a full flow backup AWS is cost prohibitive, USACE and
representatives from fisheries agencies discussed operational options that would
require less flow and still provide good fish passage during an “emergency operation.”
The group agreed that in the event both fish units failed, the duration of the “emergency
operation” is 1 year. It was also agreed that the EFL entrance is the priority, and two of
the three entrance weirs will remain operational. The south and west entrances to the
EFL will be closed. Considering this east-entrance-only scenario, USACE estimated
1,400 cubic feet per second (cfs) is the minimum required AWS discharge. With 1,400
cfs established as the minimum hydraulic AWS needs, it was recommended that a
brainstorming session be conducted to identify potential backup AWS system
alternatives.

In late 2010, USACE contracted with HDR to facilitate a brainstorming meeting (HDR
2011) to help identify other sources of water that focused on a collective set of
processes to pull water from various sources and volumes, in concert with perhaps a
smaller, cost effective alternative feature that could help meet the hydraulic need for the
“emergency operation.”

A Fish Facility Design Review Work Group (FFDRWG) meeting with regional fisheries
agencies and tribes was held in May 2011, with the goal to discuss the brainstorm
report and to decide which alternatives from the report should be considered in an
Engineering Documentation Report (EDR). It was agreed that several be kept for
further investigation. Each alternative was considered to be a stand-alone feature.
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USACE contracted with HDR to produce an EDR to further develop the chosen
alternatives to provide backup AWS (HDR 2012). The preferred alternative selected
from the EDR is Alternative #2 — Low Level Intake.

1.4

CHANGES SINCE EDR

The following changes have been made to the proposed layout of the East Fish Ladder
Auxiliary Water Backup System since completion of the EDR (HDR 2012).

Single Intake — The DDR design reduces the number of forebay intakes from four
to one. The EDR utilized a configuration encompassing (2) 6-foot-diameter
borings and the use of the two fish lock supply intakes. The reduction of intakes
maintains the required discharge capacity while reducing the cost of the project
by reducing the size of the forebay intake structure and the volume of monolith
boring. The proposed configuration eliminates the use of the fish lock intakes
located higher in the water column near to the adult fish ladder exit. Eliminating
the need for the fish lock intakes should reduce exposure to adult and juvenile
salmonid.

Vertical Trash Rack — The horizontal trash rack configuration and assumed
construction technique identified in the EDR precluded the usage of a cofferdam
during construction. Modifying the orientation of the trash rack to a vertical
alignment reaching above the water surface reduces the footprint of the intake
structure, allowing for increased construction flexibility. The vertical alignment
also simplifies the design and operation by reducing overall width of the rack and
associated rake and allows for the removal of the trash rack without the need for
divers.

Single Emergency Bulkhead — The DDR design replaced the dual bulkhead EDR
design with a single emergency bulkhead capable of closure under flow. This
modification reduced forebay structure and material, resulting in lower project
costs. A single butterfly valve was placed downstream to maintain closure
redundancy. The addition of the butterfly valve also allows for swift pushbutton
on/off operation by a single individual after initial water-up.

Pipe Alignment — The DDR design lowers the vertical alignment, allowing for
simplified structural support and thrust restraint as compared to the EDR
alternative. The DDR alignment also reduces long-term impact on project
parking and tailrace deck access.

Orifice Plates — The DDR replaces the sleeve valves proposed in the EDR with
large-diameter orifice plates. The orifice plates provide the same discharge and
energy dissipation requirement while simplifying operation and reducing
maintenance. Modification also eliminates potential for debris plugging the
smaller ports of a sleeve valve.
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e Direct Supply — The conveyance system described in the EDR was unable to
provide the required design discharge for the given AWSC water surface
elevations. The DDR design splits the 10-foot-diameter pipe into two 7.5-foot-
diameter pipes. These pipes bridge themselves over the fish ladder junction pool
and through the side of the AWSC. Once inside, the pipes turn downward and
anchor to the AWSC floor. The ends of the pipes are multi-ported outlets
designed to increase energy dissipation, while also aimed to reduce potential
damage to structures within the AWSC. Directly supplying flow to the AWSC
eliminated the need to modify the fish lock or the approach channel, while
increasing conveyance capacity to the design discharge levels.

1.5 SCOPE

The scope of this Design Documentation Report (DDR) involves developing a detailed
design of a variation of Alternative #2 — Low Level Intake concept, as described in the
EDR. This DDR will include hydraulic, structural, mechanical, electrical, geotechnical,
biological, environmental, cost engineering, constructability, and operations and
maintenance considerations. Engineering and analysis will be sufficient to develop a
complete project schedule and cost estimate with reasonable contingency factors.
Reports will be written at 30 percent, 60 percent, 90 percent, and final 100 percent
design levels. The report will contain text, photos, charts, diagrams, calculations,
assumptions, costs, discussion of constructability and drawings as required fully
documenting the design and basis for decisions. USACE Portland District (NWP) and
agency review comments will be provided throughout the development for Walla Walla
District (NWW) consideration and inclusion, as appropriate. Site visits to the project will
be necessary.

1.6 AUTHORIZATION

The 1995 Energy and Water Development Appropriations Act (Public Law 104-46)
directed USACE to use additional appropriations to evaluate the effectiveness and
efficiency of the bypass systems, reduce mortality by predators, and enhance passage
conditions.

1.7 EXISTING FISHWAY FACILITIES
1.71 East Fish Ladder

The adult fish passage facilities at The Dalles Dam consist of the north fish ladder and
the EFL. This report focuses on the EFL. Attraction and transportation flow for the
south, west, and east entrances of the EFL is provided by two fish turbine units (F1 and
F2) located on the west end of the powerhouse. Water discharged (5,000 cfs) from the
fish turbines enters the auxiliary water conduit (AWC) and is released into the system
through diffusers. Water enters the EFL at the junction pool in the east entrance where
flow also enters from lower ladder diffusers, the south and west entrances, and
transportation channel after passing through diffusers. It can enter the collection
channel, but these diffusers were closed because fish entrances along the collection
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channel are not currently operational. Fish enter the south and west fish ladders and
travel through the transportation and collection channels, respectively, to the EFL (see

figures 1-1, 1-2, and 1-3).

The Dalles
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Figure 1-1. The Dalles Dam Fish Ladder System (USACE 2008)

The Dalles Dam

Exit Weir 158
Fish Weir 158 g
Picket Lead Ladder Exit Flow [ |
Esst Counting Station % //
A
7
Transportation Channel Diffuse P
=== = \‘\\ H”dﬂdw
=" Flow Gontrol Weirs e
Paired Gatewells 154 - 157 hd i
(3 pairs { turbine bay)

| i |
Pg) Junction Pool Weir Gates
L]

[
’ Poal i:. Fizh Ladder D iffusers
L/
L/
f.x 4 / -

Junction Pool Diffusers
{J1 - J8)

East Entrances Diff users

(E1 -1, E1-2, E1-3, E14, E1-5,E1 - §)

Adult Collection Channel [East Fish Ladder Diffusers _,)
1-L1
Spillway tation Channel Lk 3

Figure 1-2. The Dalles Dam East Fish Ladder (USACE 2008)

1-5



The Dalles East Fish Ladder Auxiliary Water Backup System DDR

lce & Trash Sluicewsy Gates
1-1,1-2,1-3

Turbine Bay

The Dalles Dam

Paired Gatewsdlls
3 g [ hidkbing bay)

\< -

South & West- N A

e LI L [

Spillway Dam R - T — T

23 Gates . A P A "

— | Tra ation i o e s [ e e e Y s e

- — | | Channel Diffuser [ e e s e e e e e e
e |23

| | Powerhouse
(32 B
- & ° G\
L r_—::}‘-:’\ H N j _,/J ,/
\_-—-—ﬂ"_-_._‘
/]

West Entrance Diffusers
{E2-1,E22 E2-3 E2-4)

lee and Trash Sluicewsy Qutfall
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1.7.2 Fish Turbine Units

The two fish turbine units, F1 and F2, are located at the west end of the powerhouse.
The turbine units have a combined power capacity of 28,000 kilowatts (kW) and a
maximum flow capacity of 2,500 cfs each. Water (5,000 cfs) is discharged from the fish
turbine units into the AWC. Trash racks with 1-inch spacing are installed in the fish
turbine unit intakes.

1.7.3 Auxiliary Water System

As shown on figures 1-1, 1-2, and 1-3, the AWS consists of an AWC, a fish transport
channel, fish collection channel, junction pool, weir gates, and a series of diffusers
along the AWC that convey water to the junction pool and lower ladder diffusers. Water
is supplied to the AWC from the two fish turbine units. This system is complex to
operate, but is an integral part of the overall operation of the EFL system. Based on a
numerical model provided by USACE, CENWP-EC-HD, the hydraulic head within the
AWS conduit near the east entrance is approximately 5 feet greater than the pool
elevation. This is consistent with a rough estimate based on the field data differentials
to tailwater obtained at similar ladders (John Day, Little Goose, and Lower Granite).
The hydraulic head is important for maintaining appropriate flow through diffusers and
attraction flow to the east entrance of the EFL at The Dalles. The original model was
developed by Northwest Hydraulics, Inc. for USACE.
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Prior to flowing through the EFL entrance into the tailrace, water is sent through a series
of diffusers in the junction pool and lower ladder. The junction pool provides water to
the fish transportation channel (FTC), which supplies the south fish entrance, and the
fish collection channel (FCC), which supplies the west fish entrance. The AWS
normally operates with a total flow of up to 5,000 cfs, but should be able to be operated
in a temporary emergency capacity with a minimum discharge of 1,400 cfs with the
south and west entrances closed.

1.8 AGENCY COORDINATION

This report was fully coordinated with the regional fisheries agencies and tribes through
FFDRWG.
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CHAPTER 2 — BIOLOGICAL DESIGN CONSIDERATIONS
AND CRITERIA

2.1 GENERAL

The Dalles Dam has two primary fish ladders referred to as the north and east fish
ladders. The east fish ladder (EFL) has east, south, and west entrances for upstream
migrating fish. The east entrance leads directly to the EFL. The south and west
entrances direct fish into channels that pass along the downstream side of the
powerhouse and join the EFL upstream of the east entrance at a junction pool.

Anadromous salmonid and lamprey passage criteria are described in this section, as
these are the primary taxa of concern with respect to operation of the EFL. The primary
source of general criteria for adult and juvenile salmon passage is taken from the
Anadromous Salmonid Passage Facility Design Report (NMFS 2011). Passage criteria
specific to the EFL is provided in the 2013 Fish Passage Plan (USACE 2013). Lamprey
criteria are under development by the scientific community concerned about lamprey
passage.

Species of fish migrating past The Dalles Dam include Chinook (Oncorhynchus
tshawytscha), Coho (O. kisutch), and sockeye (O. nerka) salmon, steelhead

(O. mykiss), Pacific lamprey (Entosphenus tridentatus), white sturgeon (Acipenser
transmontanus), and American shad (Alosa sapidissima). Bull trout (Salvelinus
confluentus) have also been observed occasionally in the fish ladders. Upstream
migrants are present at the dam year-round, whereas downstream migrating juvenile
salmonids and shad are present primarily from April through November. No information
has been collected to verify this, but it is likely that downstream migrating ammocoetes
and juvenile Pacific lamprey are present during the winter.

2.2 REFERENCES

a. BioAnalysts Inc. 2000. A Status of Pacific Lamprey in the Mid-Columbia:
Rocky Reach Hydroelectric Project. Final Report to the Public Utility District
No. 1 of Chelan County, Wenatchee, WA.

b. Burke, B. J., K .E. Frick, M. L. Moser, T. J. Bohn, and T. C. Bjornn. 2005.
Adult fall Chinook salmon passage through fishways at lower Columbia River
dams in 1998, 2000, and 2001. Report to U.S. Army Corps of Engineers,
Portland District.

c. Cash, K. M., D. M. Faber, T. W. Hatton, E. C. Jones, R. J. Magie, N. M.
Swyers, R. K. Burns, M. D. Sholtis, S. A. Zimmerman, J. S. Huges, T. L.
Gilbride, N. S. Adams, and D. W. Rondorf. 2005. Three-dimensional
behavior and passage of juvenile salmonids at The Dalles Dam, 2004.
Report of the US Geological Survey and Pacific Northwest National
Laboratory to the US Army Corps of Engineers, Portland, Oregon.
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d. Claybough, T. S., E. L. Johnson, M. L. Keefer, C. C. Caudill, and M. L. Moser.
2011. General passage and fishway use summaries for adult Pacific lamprey
at Bonneville, The Dalles, and John Day dams, 2010. Report to U.S. Army
Corps of Engineers, Portland District.

e. Columbia River Data Access in Real Time (DART), Columbia Basin
Research, University of Washington. 2013.
http://www.cbr.washington.edu/dart/query/adult _graph_text.

f. Faber, D. M., M. E. Hanks, S. A. Zimmerman, J. R. Skalski, and P. W.
Dillingham. 2005. The distribution and flux of fish in the forebay of The
Dalles Dam in 2003. Final Report by Pacific Northwest National Laboratory to
the U.S. Army Corps of Engineers, Portland District.

g. Fish Passage Center. 2011. http://www.fpc.org/

h. Hatten, J. R. and M. J. Parsley. 2009. A spatial model of white sturgeon
rearing habitat in the lower Columbia River, USA. Ecological Modeling
220:3638-3646.

i. HDR Engineering, Inc. 2012. The Dalles East Fish Ladder Auxiliary Water
Backup System Engineering Documentation Report. December. Report to
U.S. Army Corps of Engineers, Portland District.

J. Johnson, G. E., J. W. Beeman, I. N. Duran, and A. L. Puls. 2007. Synthesis
of juvenile salmonid passage studies at The Dalles Dam volume II: 2001-
2005. Final report by Pacific Northwest National Laboratory and U.S.
Geological Survey to U.S. Army Corps of Engineers, Portland District.

k. Johnson G. E., J. R. Skalski, T. J. Carlson, G. R. Ploskey, M. A. Weiland, Z.
Deng, E. S. Fischer, J. S. Hughes, F. Khan, J. A. Kim, and R. L. Townsend.
2011. Survival and Passage of Yearling and Subyearling Chinook Salmon
and Steelhead at The Dalles Dam, 2010. PNNL-20626, Pacific Northwest
National Laboratory, Richland, WA.

I. Monk, B. H., B. S. Sandford, D. A. Brege, and J. W. Ferguson. 2004.
Evaluation of Turbine Intake Modifications at the Bonneville Dam Second
Powerhouse, 2002. Final Report to the U.S. Army Corps of Engineers,
Portland District, Portland, OR.

m. Moser, M. L. and D. A. Close. 2003. Assessing Pacific lamprey status in the
Columbia River Basin. Northwest Science 77:116-125.

n. Moser, M. L., A. L. Matter, L. C. Stuehrenberg, and T. C. Bjornn. 2002. Use
of an extensive radio receiver network to document Pacific lamprey
(Lampetra tridentata) entrance efficiency at fishways in the Lower Columbia
River, USA. Hydrobiologia 483: 45-53.
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. Moursund, R. A, M. D. Bleich, K. D. Ham, and R. P. Mueller. 2003.
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2.3 ADULT PASSAGE PERIOD

Upstream migrating adult salmonids are present at The Dalles Dam throughout the year
and adult passage facilities are operated year-round. Adult salmon, steelhead, lamprey,
and shad are normally counted from April 1 through October 31. Counts are visual, and
occur from 0500 to 2100 Pacific Daylight Time. Peak numbers of upstream migrating
salmon and steelhead occur from April through October (figure 2-1). Adult Pacific
lamprey also migrate past The Dalles Dam. Counts have ranged from almost 29,000 to
fewer than 2,000 since 2002, with numbers generally decreasing in recent years. Count
data can only serve as a relative index of adult passage because most adult lamprey
pass at night when counting is not conducted, and numerous routes are available for
lamprey to pass dams without being detected (Moser and Close 2003; Robinson and
Bayer 2005). River discharge and temperature play important roles in migration timing,
but in most years, passage occurs primarily between late June and early September

(table 2-1).

Although numbers are far less than those of adult salmon or Pacific lamprey, limited
upstream movement of white sturgeon occurs at The Dalles Dam. Upstream passage
is generally highest during July and August. Sturgeon almost exclusively use the EFL
for upstream passage (Parsley et al. 2007), although they may reside for periods of time
in both the east and north fish ladders.

The Dalles 10 Year Average Adult Salmonid Count
2003-2012
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Figure 2-1. 10-Year Average (2003-2012) of Adult Migrating Salmonids at The
Dalles Dam (Data Access in Real Time [DART] 2013)
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2.4 ADULT SALMONID PASSAGE CRITERIA

The auxiliary water supply (AWS) backup system considered in this report allows for
operation of the EFL in the event that the two fish turbine units are not operational. Per
consultation with regional fish managers, the backup system considered will provide a
design flow of at least 1,400 cubic feet per second (cfs), the discharge required to meet
adult fish passage criteria for the east entrances of the EFL (HDR 2012, Appendix A).
In the event of a double outage of the fish turbine units, the west and south entrances
will be closed and the proposed backup system operated. USACE and regional fish
managers have previously developed an emergency operation plan in the event of the
loss of a single fish turbine unit (USACE 2013). The backup systems and proposed
operations considered in this report are not intended to supplant the emergency
operation plan for the loss of a single unit.

Table 2-1. Adult Pacific Lamprey Migration Dates for The Dalles Dam

Cumulative Percent Passage

vear 10% 50% 90%

2002 4-Jul 29-Jul 3-Sep
2003 3-Jul 23-Jul 27-Aug
2004 26-Jun 15-Jul 26-Aug
2005 26-Jun 12-Jul 12-Aug
2006 30-Jun 23-Jul 29-Aug
2007 8-Jul 17-Jul 15-Aug
2008 4-Jul 26-Jul 24-Aug
2009 23-Jun 19-Jul 21-Aug
2010 4-Jul 25-Jul 31-Aug
2011 19-Jul 8-Aug 3-Sep

24.1 Fish Passage Plan Criteria for Adult Fishways at The Dalles Dam

The adult fishway criteria discussed below should assume operation of the east
entrances of the EFL only (in addition to normal operation of the north fish ladder).
Per the 2013 Fish Passage Plan (USACE 2013), relevant criteria include:

e Depth over fish ladder weirs: 1.0 foot (+ 0.1 foot). During the shad passage
season (> 5,000 shad/count station/day at Bonneville Dam): 1.3 feet (+ 0.1 foot).
The 2013 Fish Passage Plan includes exceptions to these criteria:

o East powerhouse entrance (east entrances): Operate entrance weirs E2
and E3 to maintain gate crest > 8 feet below tailwater, currently operated
at 13 feet below tailwater. Weir E1 is to be closed at 81 feet mean sea
level (msl), but will remain operational. At lower range of tailwater
elevation, weir E1 may be operated manually at any depth to meet
entrance differential criteria.
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0 Operate EFL junction pool weir JP6 at the following minimum depths in
relation to east entrances tailwater surface elevation: > 7 feet.

e Head on all entrances: 1 to 2 feet (1.5 feet optimum).

e Entrance weir depths: 8 feet or greater below tailwater. Maintain tailwater
elevation greater than 70 feet msl to remain in entrance weir criteria operating
range, which is regulated by the Reservoir Control Center (RCC).

e Velocity: A water velocity of 1.5 to 4 feet per second (fps) (2 fps optimum) shall
be maintained for the full length of the powerhouse collection channel and lower
ends of the fish ladders that are below the tailwater. Note: For the purposes of
this report, it is assumed that these criteria will not apply to the powerhouse
collection channel, as the west and south entrances will be closed. The water
velocity criteria here will only apply to the lower ladder/junction pool area
immediately upstream of the east entrances.

e Diffuser velocities: AWS diffuser velocity must be < 1.0 fps for vertical diffusers
and < 0.5 fps for horizontal diffusers, based on total diffuser panel area. Diffuser
velocities should be nearly uniform. Energy dissipation on the upstream side of
the diffuser screens will be provided, if needed, to meet this criterion.

e Debris removal: Remove debris as required to maintain head below 0.5 feet on
attraction water intakes and trash racks at all ladder exits. Debris shall be
removed when significant amounts accumulate.

Discharge from the two operating fish units will be adjusted to maintain criteria at all
associated fishway entrances. Discharge volume will be dependent on criteria levels at
entrances. Note: The AWS system design in this report should provide discharge
volume sufficient to maintain entrance criteria at the east entrances only.

2.4.2 Adult Salmonid Passage Facility Design Criteria

Relevant criteria specified in the Anadromous Salmonid Passage Facility Design report
(NMFS 2011) that is not already specified above from the 2013 Fish Passage Plan:

AWS Diffusers

e Velocity and orientation: The maximum AWS diffuser velocity must be < 1.0 fps
for vertical diffusers and 0.5 fps for horizontal diffusers, based on total diffuser
panel area. Vertical diffusers should only be used in appropriate orientation to
assist in guiding fish within the fishway. Diffuser velocities should be nearly
uniform.

e Debris removal: The AWS design must include access for debris for each
diffuser, unless the AWS intake is equipped with a juvenile fish screen, as
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described in Section 11 (NMFS 2011) or if required by Section 4.3.4
(NMFS 2011).

e Edges: Allflat bar diffuser edges and surfaces exposed to fish shall be rounded
or grounded smooth to the touch, with all edges aligning in a single smooth plane
to reduce potential for contact injury.

AWS Fine Trash Racks

As defined by NMFS (2011), a fine trash rack must be provided at the AWS intake with
clear space between the vertical flat bars of 7/8 inch or less, and the maximum velocity
shall not exceed 1 fps, as calculated by the maximum flow divided by the entire fine
trash rack area. The support structure for the fine trash rack must not interfere with
cleaning requirements and must provide access for debris raking and removal. Fine
trash racks must be installed at a 1:5 (horizontal:vertical) slope (or flatter) for ease of
cleaning.

The new AWS system design will include a new fine trash rack with grating criteria of
0.75 inch clear opening to prevent debris from accumulating in the AWS diffuser system
and exclude lamprey from the AWS.

e Gages: Staff gages must be installed to indicate head differential across the
AWS fine trash rack, and must be located to facilitate observation and in-season
cleaning. Head difference across the AWS intake must not exceed 0.3 feet.
Note: Due to the potential depth of the AWS intake design, the staff gage
criterion may have to be reconsidered or changed, in consultation with regional
fish managers.

e Structural integrity: The AWS intake fine trash racks must be of sufficient
structural integrity to avoid permanent deformation associated with maximum
occlusion.

Transport Channels

e Dimensions: Transport channels should be a minimum of 5 feet deep.

e Velocity: A water velocity of 1.5 to 4 fps (2 fps optimum) shall be maintained in
all channels and at the lower ends of the fish ladder that are below tailwater
(already stated as 2013 Fish Passage Plan criteria).

Ladder Pools
e Hydraulic drop: The maximum hydraulic drop between fishway pools is 1 foot or
less. The maximum hydraulic drop between fishway pools is 1.3 feet during shad
season.

e Pool dimensions: Pool dimensions should be a minimum of 5 feet deep.
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e Pool volume: The fishway pools shall have a minimum water volume of:

__ yQiHo
e
s ft
where;:

V = Pool volume = depth x width x length (feet®)
y = Unit weight of water = 62.4 Ibs/feet®

Qi = Total inflow to pool (cfs)

Ho = Energy head of pool to pool flow (feet)

This pool volume must be provided under all expected design flow conditions, with the
entire pool having active flow and contributing to energy dissipation.

2.5 ADULT PACIFIC LAMPREY CRITERIA

Most passage criteria developed for adult Pacific lamprey are not directly relevant to
development of AWS backup system alternatives, as they generally address structural
design (shape) of fish ladder features, such as overflow weirs. For the purposes of this
report, it is assumed that maintaining the adult fish passage criteria described in the
2013 Fish Passage Plan (USACE 2013) and by NMFS (2011) will provide the hydraulic
targets for the EFL in the event of the loss of both fish turbine units.

The primary concern relative to adult Pacific lamprey is infiltration of AWS backup
system intakes, particularly those that are in close proximity to entrances (tailwater) or
exits (forebay) of the EFL. Clear openings on AWS backup system intake trash racks
shall be no greater than 0.75 inch clear opening to prevent lamprey infiltration.

25.1 Anadromous Fish Passage Structure Materials

Materials to be used for the construction of the AWS will be nontoxic stainless and
carbon steel and should have no negative effect on adult salmonid and lamprey
attraction and passage. A protective coating may be applied to the inside of the AWS
conduit between the intake structure and the EFL auxiliary water supply diffuser
chamber to prevent corrosion or rusting while dewatered for extended periods of time.
The coating will be a material such as the powder coating used on the Bonneville
Powerhouse Il lamprey flume entrance and is not expected to cause avoidance
behavior due to olfactory cues in adult fish; hence, no impact to the EFL adult fish
entrance efficiency is expected during operation of the AWS.

2.6 DESIGN IMPLICATIONS FOR ADULT FISH PASSAGE

It is imperative that the EFL have the appropriate attraction flow and entrance depth to
effectively attract adult salmonids and lamprey. The AWS design specifications will be
appropriate to provide the necessary EFL entrance conditions to eliminate delay and
encourage adult salmonids and lamprey to enter. While the EFL AWS design is a fairly
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benign passage structure for adult fish, any construction project at a dam will have the
potential to provide negative impacts on fish passage to some degree.

Adult salmonids migrating upriver and exiting the fishways of dams will occasionally
pass back downstream via one of many potential routes, an event referred to as
fallback. When exiting fishways and confronting the impounded water of a dam forebay,
migrants may be attracted to water passing through spillways, sluiceways, and turbine
intakes or may orient with the upstream face of the dam and enter these areas of
downstream flow. Fallback rates at The Dalles Dam for adult salmonids have been
higher than rates at other mainstem dams (Burke et al. 2005); however, fallback was
lower for fish using the EFL (1.1 percent to 1.4 percent) than for those using the north
fish ladder (1.8 percent to 5.0 percent). Similarly, fallback of adult Pacific lamprey was
lower for those using the EFL (2.6 percent) than the north fish ladder (11.8 percent)
(Claybough et al. 2011).

The design elevation and location of this AWS intake is sufficiently low in the water
column with velocities low enough to minimize the potential for adult salmonid and
lamprey attraction to the structure. Adult salmonids are more likely to remain surface
and shoreline oriented as they move away from the fishway exit. Adult lamprey are at a
slightly greater risk of interaction with the AWS intake because these fish tend to
migrate deeper in the water column than salmonids. While adult fish interactions with
the AWS intake structure are likely to be minimal, the entrainment and fallback of adult
fish is not possible with this design. Fine trash rack spacing criteria will exclude adult
salmonids and lamprey from physically entering the AWS intake. During tests at
Bonneville Dam, no adult lamprey were able to pass through grating with %-inch
spacing (Moser et al. 2007). Adult Pacific lamprey can achieve short-term burst speeds
exceeding 12 fps (Moser et al. 2002); therefore, impingement on trash racks is not a
concern.

While the potential risks imposed by the AWS intake design are greatest relative to
adult salmonid passage delay and fallback, the water delivery from the intake into the
diffuser chamber also provides a minor possibility of reducing adult passage efficiency
through the EFL. Two 7.5-foot-diameter pipes will extend over the EFL just downstream
of the fish lock approach channel, where they will terminate in the auxiliary water supply
diffuser chamber. Shading is certain at times of the day as a result of these pipes being
installed; however, the potential for this shading to cause delays or other behavioral
reactions that may interfere with adult passage is unlikely.

Taking the possibility of adult attraction to the intake structure in the forebay into
consideration, the possibility of a minor migration delay is offset by the benefit of having
a reliable AWS. This AWS may be operating within hours in the event of the failure of
both fish turbine units that currently supplement the EFL AWS entrance. Being
operational in such short order will greatly reduce passage delay and ensure that adults
will be attracted to the EFL entrance. Overall, the combination of sufficient fishway
depth, entrance velocities, fine trash rack criteria applied to the intake, and the rare
occasion that this AWS will be operated suggests that this design will provide a benefit
to fish passage.
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2.7 JUVENILE PASSAGE PERIOD

Turbine units at The Dalles Dam are not screened. Juvenile fish passage facilities
consist of the spillway, the ice and trash sluiceway, and one 6-inch orifice in each
gatewell. Gatewell orifices allow flow into the sluiceway, providing a potential means of
passing fish from the gatewells into the sluiceway. However, it should be recognized
that the 6-inch orifices are no longer being operated as part of the juvenile bypass
system and are being closed as time and opportunity permit. When any of the
sluiceway gates (located in the forebay side of the sluiceway) are opened, water and
juvenile migrants are skimmed from the forebay into the sluiceway and deposited in the
tailrace downstream of the dam. Approximately 80 percent of juvenile salmonids pass
over the spillway (Johnson et al. 2007). Many others pass through the ice and trash
sluiceway, with the remainder passing through turbines.

The primary juvenile salmonid passage period is April through November. Because
juvenile monitoring is not performed at The Dalles Dam, refer to table 2-2 for John Day
Dam (USACE 2013) and add approximately 1 day to the dates for each species to
estimate the juvenile salmonid arrival dates at The Dalles Dam.

Although no sampling is conducted at The Dalles Dam, data from John Day Dam
indicate that most juvenile lamprey are collected between early April and late June, with
some fish collected into September (Fish Passage Center 2011). Many fish likely pass
during winter when counting does not take place.
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Table 2-2. Juvenile Salmonid Migration Dates for John Day Dam

Yearling Chinook Subvearling Chinook*
10 % 50% 90 %  #ofDays 10 % 50% 90 %  #of Days
2003 May 03 May 19  Jun 02 31 2003 Jun06  Jun27  Jul30 55
2004 Apr28 May 16 May30 33 2004 Jun 14 Jun 28 Jul 23 40
2005 Apr25 May 12 May22 28 2005 Jun19  Jul 05 Jul 27 39
2006 Apr25 May 1l May24 30 2006 Jun 14 Jul03 Jul 18 35
2007 May 02 May13 May25 24 2007 Jun25  Jul 08 Jul 17 23
2008 May 04 May22 JunO01 29 2008 Jun24  Jul09  Aug05 43
2009 Apr27 May17 Jun01 36 2009 Jun 17 Jul01 Jul17 31
2010 May 01 May 18  Jun 06 37 2010 Jun 14 Jul01 Jul 20 37
2011 May 02 May 17 May28 27 2011 Jun16  Jul 14 Aug3 49
2012 Apr27 May 06 May22 26 2012 Jun27  Jull3 Jul 29 33
MEDIAN | Apr 29 | May 16 | May 29 31 MEDIAN® | Jun 16 | Jun 29 | Jul 28 43
MIN Apr 25 | May 06 | May 22 24 MIN* Jun 06 | Jun27 | Jul20 23
MAX Mav 04 | May 22 | Jun 06 46 MAX~ Jun 27 | Jul30 | Aug22 50
Unclipped Steelhead Clipped Steelhead
10 % 50% 90 %  #ofDays 10 % 50% 90 %  #of Days
2003 Apr30 May28 Jun04 36 2003 May 02 May29 Jun04 34
2004 Apr30 May23 Jun02 34 2004 May 07 May 20 May29 23
2005 May 01 May 14 May 24 24 2005 May 04 May 19 May 26 23
2006 Apr24 May 13 May29 36 2006 Apr28 May 10 May?29 32
2007 Apr29 May 13 May28 30 2007 May 04 May 12 May 26 23
2008 May 06 May21 JunO1 27 2008 May 07 May 16 May 30 24
2009 Apr26 May 11l May 28 33 2009 Apr29 May10 May27 29
2010 Apr27 May12 Jun08 43 2010 May 03 May1l Jun09 38
2011 Apr25 May 19 May3l 37 2011 Apr19 May19 May 30 42
2012 Apr25 May0l May19 25 2012 Apr25 May03 Mayl5s 21
MEDIAN | Apr 28 | May 13 | May 30 33 MEDIAN | May 02 | May 14 | May 29 28
MIN Apr 24 | May 01 | May 19 24 MIN Apr 19 | May 03 | May 15 21
MAX Mayv 06 | May 28 | Jun 08 51 MAX May 07 | May 29 | Jun 09 44
Coho Sockeye (Wild + Hatchery)
10 % 50% 90 %  #ofDays 10 % 50% 90 %  #of Days
2003 May 09 May30 Jun 08 31 2003 May 10 May19 Jun 02 24
2004 May 12 May27 Jun12 32 2004 May20 Jun01 Jun12 24
2005 May 05 May 16 Jun03 30 2005 May 16 May21 May 31l 16
2006 May 10 May26 Jun12 27 2006 May 07 May 20 May 30 24
2007 May 05 May16 Jun 04 31 2007 May 09 May25 Jun07 30
2008 May 11 May25 Jun 06 27 2008 May 22 May29 Jun06 16
2009 May 16 May29 Jun 13 29 2009 May 10 May25 Jun07 29
2010 May 09 Jun03 Junl6 39 2010 May 11 May29 Jun09 30
2011 May 10 May23  Jun 06 28 2011 May 10 May22 JunO02 24
2012 May 06 May21 Jun05 31 2012 May 02 May 11  May 25 24
MEDIAN | May 09 | May 25 | Jun 06 30 MEDIAN | May 10 | May 23 | Jun 04 26
MIN May 05 | May 16 | Jun 03 24 MIN May 02 | May 11 | May 25 16
MAX May16 | Jun 03 | Jun16 90 MAX May 22 | Jun 01 | Junl? 41

* Subyearhng Chinook median. min and max values based on data from 1998-2005. Data from 2006-2012 were not
included due to potential bias from missed sample days resulting from the implementation of sampling protocols
dunng periods of high water temperature (Appendix K).

2.7.1 Juvenile Fish Passage Criteria

Although National Oceanic and Atmospheric Administration (NOAA) Fisheries typically
requires screening on new intake structures, juvenile fish screening is not required for
the forebay intake of the AWS as described in this report due to the emergency-
use-only nature of the project, the limited duration of operation (up to 1 year), intake
depth, and the anticipated construction, operation, and maintenance costs of juvenile
fish screening (HDR 2012, Appendix J and Appendix K). The primary concern for
juvenile salmon and juvenile lamprey with respect to the AWS backup system design
discussed in this report is entrainment at the forebay intake. With this in mind, the fine
trash rack criteria as detailed above will likely provide exclusion of juvenile salmonids
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and lamprey to some degree; however, the assumptions regarding the operation of the
AWS are as follows:

e 100 percent mortality is assumed for fish entering the AWS backup system. This
is a reasonable assumption given potential velocities and pressures that may be
experienced within the system. It is also assumed that the AWS backup system
will be operated for up to 1 year, and outmigrating juvenile salmonids and
lamprey will be exposed to the backup system for that period.

e Entrainment risk is influenced by a number of factors, including location, design
discharge, and depth.

2.7.1.1 Juvenile Salmon and Steelhead

Horizontal Distribution in Forebay

Cash et al. (2005) observed a distinct divergence of juvenile salmonids as they
approached The Dalles Dam. Juvenile salmonids approach at approximately mid-river
and subsequently segregate — a portion of the fish move toward the powerhouse while
the remaining fish move directly toward the spillway. Data on first detections within

328 feet (100 meters) of the dam indicate that acoustic-tagged yearling Chinook salmon
and steelhead often approach from the east (upstream) end of the powerhouse, but
move along the powerhouse toward the west (downstream) end before passing through
turbines and the sluiceway (including F1 and F2). Conversely, subyearling Chinook
salmon horizontal passage distribution is typically more evenly distributed across the
powerhouse (Johnson et al. 2007, 2011). Overall, having the AWS intake located at the
east end of the powerhouse will reduce the likelihood of juvenile salmonid entrainment
into the system.

Design Discharge

Relative passage route use by outmigrating juvenile salmonids is influenced by the
amount of water passing via various routes. This design will deliver at least 1,400 cfs,
which was determined to be appropriate flow to maintain fishway entrance criteria (HDR
2012). This discharge is much less (72 percent less) than the 5,000 cfs supplied to the
AWS via F1 and F2, and water velocities at the intake are limited by the fine trash rack
at approximately 3.0 fps. Studies of burst swimming performance for juvenile Coho
salmon estimated maximum burst speed of approximately 3.5 fps for wild Coho (mean
standard length 50.5 mm; Taylor and McPhail 1985). The length of juvenile Coho
tested was representative of small run-of-river subyearling Chinook and smaller than
run-of-river yearling Chinook and steelhead (Skalski et al. 2013). With this in
consideration, juvenile salmonids should experience a very low risk of attraction,
entrainment or impingement on the AWS intake.
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Forebay Intake Depth

Migration and passage depth varies by species, time of day, location, and structure
encountered; however, outmigrating juvenile salmonids generally occupy the upper

20 feet or less of the water column, with more than 80 percent migrating within 30 feet
of the water surface at a given time throughout spring and summer (Faber et al. 2005).
Approximately 3 percent of outmigrating smolts may be migrating deep enough in the
forebay to encounter the top of the AWS intake, and up to 2 percent may be deep
enough to approach the intake centerline (Faber et al. 2005). Therefore, locating the
intake centerline at approximately 116 feet msl elevation (43 feet deep) will submerge
the top of the structure approximately 33.5 feet below low forebay elevation at 155 feet
msl. This will reduce the probability of juvenile salmonid entrainment as they approach
the powerhouse.

2.7.1.2  Juvenile Pacific Lamprey

Horizontal Distribution in Forebay

The horizontal distribution is unknown for juvenile lamprey. Subyearling Chinook
salmon can be used as surrogates for horizontal distribution, because both juvenile
Pacific lamprey and subyearling Chinook salmon are relatively weak swimmers
compared to larger yearling salmonids.

Design Discharge

Relative passage route use by outmigrating juvenile lamprey is influenced by the
amount of water passing via various routes and the water velocities encountered at
those routes. This AWS design will deliver at least 1,400 cfs, which was determined to
be appropriate flow to maintain fishway entrance criteria (HDR 2012). This discharge is
much less (72 percent less) than the 5,000 cfs supplied to the AWS via F1 and F2, and
water velocities at the intake are limited by the fine trash rack to approximately 3.0 fps.
This is greater than the 2.6 fps mean burst swim speed, but equivalent to the 3.5 fps
maximum burst swim speed of juvenile Pacific lamprey (Moursund et al. 2003). An
unknown proportion of juvenile lamprey may be attracted to the intake as a potential
downstream passage route and face potential risk of entrainment or impingement on the
AWS intake; however, the maximum burst swimming speed as reported by Moursund
et al. (2003) suggests that juvenile lamprey may resist impingement. With these
considerations, the proposed AWS intake should result in a neutral impact on attraction,
entrainment, and impingement potential for juvenile lamprey.

Forebay Intake Depth

Migration depth of juvenile lamprey is poorly understood, but studies at various dams
found that > 70 percent of juvenile lamprey passed below turbine intake screens of
juvenile bypass systems (BioAnalysts Inc. 2000; Moursund et al. 2003; Monk et al.
2004; Moursund and Bleich, 2006). The proposed intake depth of the AWS backup
system may increase entrainment risk for juvenile lamprey; however, it is expected that
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other factors such as design intake trash rack criteria and location will generally
neutralize this risk.

2.8 DESIGN IMPLICATIONS FOR JUVENILE FISH PASSAGE

Juvenile salmonids and lamprey encounter The Dalles Dam during their downstream
migration; therefore, flow through the intake pipes may result in some entrainment.
Although approximately 80 percent of juvenile salmonids pass the dam via the spillway
(Johnson et al. 2007), fish approaching the dam near the south shore of the Columbia
River first pass along the powerhouse and will therefore be vulnerable to entrainment.
However, the proposed intake depth and velocities of the AWS are such that
entrainment of juvenile salmonids is not expected. Over 80 percent of all juvenile
salmonids should be distributed within approximately 30 feet of the water surface (Faber
et al. 2005), which is above the ceiling of the intake pipe, assuming a 10-foot-diameter
intake pipe with the top of the structure approximately 33.5 feet deep at minimum
operating pool.

Turbine and sluiceway passage of yearling Chinook salmon and steelhead is skewed to
the west end of the powerhouse and horizontal distribution is more evenly distributed;
therefore, location of the intake at the east end of the powerhouse will reduce risk of
entrainment relative to the existing system.

Forebay distribution of outmigrating lamprey is unknown; however, they may distribute
similarly to subyearling Chinook salmon, or travel slightly deeper, as some studies
suggest (BioAnalysts Inc. 2000; Moursund et al. 2003; Monk et al. 2004; Moursund and
Bleich 2006). While juvenile lamprey may migrate deeper, it cannot be assumed that
they prefer to migrate at depths below that of the juvenile bypass screens (which are not
installed at The Dalles, but discussed for depth perspective). It may be assumed that
instinctual lamprey behavior may cue juveniles to dive deeper when entering a turbine
intake, potentially to avoid shallow water predators. Due to the unknowns of juvenile
lamprey migration, the location of the AWS intake in the water column is not expected to
provide a great risk of entrainment. Further, given the AWS fine trash rack criteria and
low intake velocity, a low risk of entrainment is expected for juvenile lamprey.

While the AWS design imposes minor risks to juvenile salmonids and lamprey, the risks
to juvenile fishes are outweighed by the benefit this system will provide to adult
passage. The rare use of the system and potential to eliminate serious delays in adult
salmonid migration for a duration that may extend to a year prove that this system
design is acceptable for an AWS backup system.

2.8.1 Predation

Structures added to the forebay will be limited to an intake pipe bulkhead and trash
rack, which will provide little additional habitat for predators or change in conditions that
may provide an advantage to predators. Piers will be constructed for bulkhead slots
measuring approximately 5 feet deep from pier nose to the dam face. These piers may
provide velocity breaks and concealment on the downstream side of the structure where
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predators may hold. Once constructed, a shroud of steel or piping will be placed along
each pier and in the upper portion of the bulkhead slots to close off and eliminate abrupt
contour changes along the structure (see appendix H). The shroud should be placed
along either pier extending from the water surface down approximately 25-30 feet to
reduce the potential for predators to hold and ambush juveniles as they pass by.

2.9 CONSIDERATIONS FOR WHITE STURGEON

Position and depth of the intake should have a negligible effect on white sturgeon.
Adult sturgeon will be precluded from entrainment by the trash racks. Young sturgeon
are usually found near the bottom in reservoirs, preferring deep (approximately

30 to 125 feet), low velocity areas (Parsley et al. 1993; Parsley and Beckman 1994).
During non-winter months, age-0 and juvenile white sturgeon tend to select areas of
moderate to high depth (approximately 68 feet) with steep channel slopes (Hatten and
Parsley 2009).

2.10 SUMMARY OF DESIGN IMPLICATIONS FOR FISH PASSAGE

The benefits this AWS will provide for adult passage makes the potential risk to
juveniles insignificant. The fine trash rack criteria, intake depth, and low intake velocity
will exclude fish from entering the system and eliminate any potential for entrainment or
impingement for adults and minimize the potential for juveniles. The AWS bulkhead
and trash rack installation in the forebay will also be designed to reduce predator
habitat. The rare use of this system and expected minor risk to juvenile passage
suggests this design will be acceptable to meet the requirements of the AWS with little
impact to ESA listed fish.

211 IN-WATER WORK WINDOW

The in-water work window (IWWW) for annual maintenance of fish facilities is scheduled
from December 1 through February 28 or 29. Work during this period minimizes
impacts on both upstream and downstream migrating salmonids. During the in-water
work period, one fish ladder (north or east fish ladder) is always operational.
Coordination with Northern Wasco People’s Utility District (PUD) is needed prior to
scheduling construction because they conduct routine maintenance each year when the
north fish ladder is out of service.
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CHAPTER 3 — GEOTECHNICAL DESIGN
3.1 GENERAL

This chapter describes expected subsurface and soil conditions and provides
preliminary geotechnical design parameters for The Dalles EFL AWS backup system.
The information and recommendations presented in this chapter are based on existing
references and a brief field visit. Additional information gained through subsurface
exploration and laboratory testing is needed and recommended to confirm assumptions
and provide a basis for geotechnical design prior to development of plans and
specifications.

3.2 REFERENCES

a. HDR Engineering, Inc. 2012. The Dalles East Fish Ladder Auxiliary Water
Backup System Engineering Documentation Report. December. Report to
U.S. Army Corps of Engineers, Portland District.

b. U.S. Army Corps of Engineers (USACE). Engineering Regulation (ER)
1110-2-1806, Earthquake Design and Evaluation for Civil Works Projects

c. USACE. 1964. The Dalles Dam, Part IV, Foundation Report for the Closure
and Non-overflow Dams. May. (not yet available)

d. USACE. 2013. The Dalles Lock and Dam, Columbia River, Oregon —
Washington, Seismic Safety Review, September 2013 (95% PCCR Draft).

e. U.S. Geological Survey (USGS) Seismic Hazard Curves and Uniform Hazard
Response Spectra applet.
http://earthquake.usgs.gov/hazards/designmaps/grdmotion.php

3.3 SEISMICITIY

There are several faults mapped at, near, and crossing beneath the dam. Three
significant faults have been identified at the site. Displacement on these faults range
between 50 to 300 feet. The faults have brecciated the rock, forming weak zones
where the river has eroded deep channels. These faults include:

e Three Mile Rapids fault, located immediately downstream of the navigation lock.
e Signal Butte fault, located south of the powerhouse.
e Big Eddy fault, which passes beneath the closure dam.

Additionally, there are several minor faults and shear zones throughout the foundation.
Most are low-angle faults with displacements of a few inches and no fault breccia.
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Complex uplift, shearing, and faulting are described and discussed in the 2013 Seismic
Safety Review, which is 95 percent complete. Ground motions and other design
considerations for the site are also presented

3.4 GEOLOGIC CONDITIONS
3.4.1 General Geology

The Dalles Lock and Dam is located at the western edge of the Columbia Basin, in the
eastern foothills of the Cascade Mountain Range. Geologic conditions are controlled by
Columbia River Basalts, which extend downstream all the way to the Pacific Ocean, and
the Missoula Floods, which occurred in the Pleistocene (13,000 to 17,000 years ago).
These floods involved hundreds of feet of water, carried a tremendous volume of
sediment, and scoured the river channel, leaving channeled scabland topography.

The Columbia River Basalt Group consists of multiple flow-on-flow layers with little or no
intervening soil horizons. The basalt at the site includes Grande Ronde and Wanapum
basalt groups. The foundation of the dam is constructed on Grande Ronde basalt.

Individual basalt flows range from 60 to 100 feet in thickness. Typically, the uppermost
zone of a basalt flow cools and solidifies while the material is still moving. The solidified
crystalline rock is fractured and disturbed, creating a layer of breccia. Breccia can also
form along the bottom surface of a flow, where contact with the ground accelerates
cooling and the solidified material is disturbed by flow. Where the hot interior mass of
the flow cools after the flow stops, crystalline microstructure and shrinkage cracking
create the easily recognized columnar basalt zones.

Columnar basalts are typically more dense, more erosion resistant, and less permeable
than breccias. Where fractures are closed or completely in-filled, basalt can be quite
strong. In contrast, breccias typically have disturbed particles with closely spaced
fractures, and this reduces strength as well as erosion resistance. Gas bubbles that
form as molten rock solidifies create vesicles in the solid rock, and these contribute
voids that directly reduce rock mass density and strength. Vessicular basalt and
breccia can be hard, resistant bedrock, but this usually involves secondary
mineralization or other processes that fill cracks and voids.

3.4.2 Bedrock at the Site

The regulated river hides the scabland topography the dam was built on. In March of
1957, when spill gates were closed, Celilo Falls — 13 miles upstream — was submerged
within hours. Almost all of the exposed rock of what was previously called “the Dalles of
the Columbia” remains submerged. One of the now submerged but once prominent
features of the Dalles was the “Long Narrows,” where a segment of riverbed was
constricted to approximately 60 yards in width. The 1882 photos below show the view
to the southwest from the upstream mouth of the Long Narrows. Both images look
across the modern dam site, approximately three miles distant.
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Carleton Watkins, photographer, OHS neg., OrHi 21648

An 1882 photograph by Carlton Watking, looking west, shows the upstream entrance to the
Long Narrows and the flanking “scabland.” The Dalles—Celilo Portage Railroad runs through

the foreground.

Figure 3-1. 1882 Photo of the Upstream Entrance to the Long Narrows

NOTE: The view is across the dam site. Note the deceptively flat, barren basalt surface that is now
submerged. Also note the barely visible Mount Hood 35 miles away on the horizon.

Carleton Watkins, photographer, OHS neg., OrHi 21646

The Columbia River is confined to a gap about sixty yards wide at the entrance to the Long

Narrows, shown here in 1882,
Figure 3-2. 1882 Photo Taken on the Bluff above the Upstream Entrance to the
Long Narrows

NOTE: The view is across the dam site. Note Mount Hood and buildings in The Dalles in the
background.
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The dam was built on rugged, eroded basalt of the Grande Ronde formation. The
lowland areas now submerged in the forebay were fluted, channeled, and potholed
surfaces that formed long anastomosing tracts of scabland separated by islands of
softly rounded hills of windblown sand. The “anastomosing tracts” are contiguous areas
of the rock surface within a network of incised erosion channels and potholes. It
appears that erosion in the river channel cut bedrock to the elevation of a resistant layer
in the flow basalt, exposing its relatively flat top surface.

Rare catastrophic flood flows also carved the complex network of channels and
scabland topography — and the Long and Short Narrows — by a combination of extreme
erosion conditions and zones of variable erosion resistance in the bedrock layers.
Exposed breccia and other less resistant materials would have been stripped away.
The resulting topography is characterized by the pattern of partially in-filled channels
with steep side slopes. It seems likely that in-filled erosion channels were exposed in
foundation excavations.

35 SOIL CONDITIONS
351 General

The Missoula Floods created a channeled scabland topography along the river. During
receding phases of each flood, scattered irregular deposits of sand, gravels, and
boulders were left behind in protected areas.

While zones of cobbles, sandy gravel, and boulders are common — either alluvial or as
localized talus — surficial soils are predominantly alluvial and fluvial sands and silty
sands. Some of the fine sand deposits are aeolian (windblown). There are also minor
amounts of low plasticity sandy materials. Ash fall and other materials deposited prior
to catastrophic floods were scoured out.

352 Riverbed Soils

The irregularly incised river channel still contains boulder, cobble, gravel, and sand
deposited as Plestocene floods receded. Generally, these materials would be expected
in deeper erosion pits and less active areas along the river. The bed-load materials
along the river are expected to be dominated by silty sand with gravel.

3.5.3 Upland Areas

The right bank slopes upward to the north, away from the river, at a net slope on the
order of 5 percent. Steeper slopes of 15 percent to 50 percent occur at localized rock
outcrops. The steepest areas appear to be along the river. Much of the surface is
capped with more than 5 feet of sandy loam and fine to medium sand over the
underlying bedrock.

Compared to the right bank, slopes on the left bank are typically steeper, at 5 percent to
25 percent. There are more rock scarps and outcrops, and they are generally more
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prominent, taller, and steeper, with some vertical rock faces. In general, native soils are
less than 5 feet in thickness.

354 Site Soils

Site soils are fill that varies in depth from 15 to more than 30 feet in depth. The depth to
bedrock increases with distance away from the monolith and drops steeply before the
alignment extends under the EFL. Based on limited information, the fill is considered
sand and gravel with some cobbles. Construction debris, including broken stone waste
material as well as wood, metal, and concrete debris could be present, but are not
expected.

Excavations for the pipe will extend into the wall backfill zone of the junction pool wall.
Only sand and gravel are expected in the wall backfill, but crushed rock could be
encountered as well. Boulders and debris are not expected within tens of feet of
retaining walls or fish ladder support columns.

Although construction debris and boulders are not expected within the planned
excavation area of the 10-foot conduit, additional explorations are needed to confirm
soil conditions and depth to bedrock along the pipe alignment.

3.6 ENGINEERING PROPERTIES OF SOIL AND BEDROCK
3.6.1 Overburden Soils (Fill)

Site soils are considered sand and gravel with cobbles placed as fill. Exploration will
confirm site soils prior to the development of plans and specifications. Based on
surface settlements visible beneath the EFL, 8 to 10 inches of fill compression appears
to have occurred. Areas not under the ladder show no similar signs of settlement. This
is taken as indication that fill in the paved parking area was well compacted, while fill
beneath the ladder is twice as deep and was poorly compacted. Based on granular,
non-plastic site soils, the following soil properties are recommended.

Table 3-1. Overburden Soil Parameters

Overburden Soil Parameters

Property Value Units
dry unit weight* Yd 122 pounds per cubic foot pcf
friction angle ) 33 degrees °
cohesion C 0 pounds per square foot psf
Equivalent fluid pressure — 40
Active Case
Equivalent fluid pressure — 60 pounds per square foot Sf/ft
At Rest Case per foot P
Equivalent fluid pressure — 400
Passive Case

* In the absence of exploration information, assume a moist unit weight of 130 pcf.
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3.6.2 Bedrock Properties

The dam was constructed on basalt bedrock. Results from unconfined compressive
strength tests vary from 6,000 to 25,000 psi with an average of 15,000 psi. Itis
important to recognize that samples selected for compression testing are short
segments of intact rock core and are not often representative of the strength of the rock
mass. Bedrock in excavations at the site is expected to be hard, resistant basalt.
Widely spaced fractures or fully in-filled fractures could result in large blocks of resistant
bedrock. Extremely difficult digging conditions could prevail where hard, almost
massive rock conditions extend more than 3 feet below the bedrock surface.

Additional explorations are needed to confirm soil and bedrock conditions. It appears

that at least one test pit is needed to evaluate use of a hydraulic ram for rock breakup.
Consideration should be given to evaluating other attachments for an excavator if they
are used locally.

3.7 EXCAVATION CONSIDERATIONS
3.7.1 Overburden Soils

Much of the material excavated for construction of the pipeline will be removed from the
site or stockpiled at a designated onsite location. Excavated granular materials may be
reused as backfill, provided that it meets requirements. It will be necessary to remove
cobbles and boulders more than 9 inches in diameter.

Some crushed rock or processed sand and gravel materials may be encountered in
excavations; however, it is expected that volumes will be too low to justify keeping them
separate for reuse.

3.7.2 Poorly Compacted Fill

The twin 7.5-foot-diameter pipes extending beneath the fish ladder will be constructed
on up to 15 feet of existing fill. Based on surface settlements, fill under the fish ladder
was poorly compacted. After 50 years in service, and more than 8 inches of surface
subsidence, additional settlements are not expected; however, the pipeline will
transition off a thin layer of well compacted fill over bedrock onto more than 12 feet of fill
that was poorly compacted. The fill may also be a different material (i.e., wall backfill
rather than general fill). During construction, subgrade preparation and compaction
prior to fill placement will be critical to confirm that foundation soils provide support and
additional settlements are not expected.

With 14 feet of overhead clearance under the fish ladder, borehole explorations using a
conventional 22-foot-tall boom would be limited to just outside the edge of the fish
ladder. A boring near the side of the fish ladder along the alignment could provide
blow-count data to confirm the density of fill that will be beneath the pipe.
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3.7.3 Excavated Bedrock
It is anticipated that bedrock materials will be removed from the site.

Blasting would be effective for rock breakup, but will not likely be permitted. Specialized
equipment of some kind could potentially be effective for rock breakup and removal.

For example, pre-drilling the rock to facilitate breakup could be effective in combination
with excavation equipment, or expansive grout could be used to fracture large blocks of
bedrock. However, without exploration information, contractors may assume that a
large track-mounted hydraulic excavator could be used. Contractors with local
experience may bid similarly, though they might expect that bucket teeth fixtures,
hydraulic rams, or other attachments would be required to achieve required excavation
rates. Based on site geology, the bedrock surface could be resistant enough that use of
conventional equipment would yield unsatisfactory excavation rates.

3.8 SUBGRADE PREPARATION

Foundation soils at subgrade elevations are expected to be firm, granular fill materials
or hard bedrock that will provide good support.

Required preparation of exposed soil surfaces is limited to surficial compaction. Great
care is needed within about 50 feet of the junction pool wall to ensure the deeper fill is
dense, well compacted, and will provide good support.

Preparation of bedrock surfaces will involve removal of loose rock and protrusions that
intrude within 9 inches of the pipe.

3.9 BEDDING AND BACKFILL
3.9.1 Bedding Material

Imported bedding materials consisting of well graded crushed rock will be needed. A
routinely available %-inch or ¥2-inch minus crushed rock product will be suitable. To
facilitate compaction of fill below the spring line of the pipe, it will be necessary to
overbuild the bedding material and excavate its surface to place the pipe in a trough.

3.9.2 Requirements for Bedding

Bedding should be placed in horizontal lifts to at least 3 feet above the bottom elevation
of the pipe. The compacted bedding will then be excavated carefully and fine graded to
construct a 5-foot-radius circular trough along the centerline of the bedding material.
The 3-foot-deep trough in the bedding avoids the need for compaction effort low on the
pipe profile. It also ensures reasonable access for placing backfill along each
subsequent fill lift, especially adjacent to the pipe below its spring line, where access is
difficult.

Great care will be needed to construct the trough round and at grade, and then place
the pipe without disturbance. If pipe segment ends need to be exposed or undermined
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for weld connections, controlled density fill (CDF) should be used in lieu of bedding.
Great care will be needed while placing fluid concrete to ensure it does not cause pipe
movement, uplift, or floating.

3.9.3 General Backfill

It is expected that existing granular fill excavated for the pipeline can be reused as
general backfill, though it may be necessary to screen the material to remove particles
more than 9 inches in diameter.

394 Surface Pavement Section

The surface pavement section should include a minimum 3-inch thickness of asphalt
concrete on a minimum 4-inch thickness of aggregate base material.

The minimum cover requirement for the type of pipe is 15 inches. The current cover
depth of 2 feet should be adequate for the anticipated loaded truck traffic. Analysis is
needed to confirm the subgrade of the roadway across the top of the pipeline will be stiff
enough to limit deflections under traffic loads and provide good pavement service life.

3.10 BURIED UTILITIES
3.10.1 Storm Drains

The existing storm drain system should, to the extent practicable, be reconstructed in its
current configuration.

Based on visual observation, it appears the storm drains are up to 6 feet in depth. Prior
to developing plans and specifications, the utility survey should be used to confirm that
the existing system can be replaced in-kind. It may be necessary to redesign the
system, which would change final site grades.

3.10.2 Electrical Power and Control & Indication

Existing electrical and control and indication utilities should be replaced in-kind. It may
be necessary to bury utilities crossing over the pipeline in relatively shallow trenches. In
this event, conduit should be encased in red-tinted CDF. Splicing could introduce
requirements for utility vaults/boxes. If practicable, existing wire and conduit should be
routed to minimize the number of vaults/boxes in the roadway.

3.10.3 Gravity Sewer Drains

Plan information indicates that a gravity flow sewer extends across the alignment. If the
sewer is not abandoned, it will be necessary to construct a pump station with a grinder
and pump sewage over the pipeline. A manhole/drop structure may be needed on the
downstream side of the pipeline (or a trench to an existing manhole or cleanout). It will
be necessary to design sewer modifications prior to developing plans and
specifications. The utility survey will be needed for this effort.
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3.10.4 Uplift Drains

It may be prudent to install a drain system in the bedding material of the pipeline. Prior
to developing plans and specifications, the potential value of a water collection and
drain system should be evaluated. The drain system could discharge through the
junction pool wall between the two 7.5-foot-diameter pipes.

3.11 CONSTRUCTION REQUIREMENTS
3.11.1 Fish Ladder Support Columns

Excavations downstream of the wye extend beneath the fish ladder, between
successive pairs of concrete columns. If the excavation is not braced to maintain
vertical side slopes, portions of the concrete columns will be exposed where side slopes
extend away from the trench. The resulting difference in fill height on opposite sides of
the columns could create horizontal loads. In the absence of calculations to estimate
these loads, the soil surfaces around the columns shall be flat within 5 feet of the
columns.

3.11.2 Concrete Monolith Monitoring

Based on visual inspections of the D&G gallery, the face of the monolith, and the pump
room walls in the adjacent monolith, concrete of the non-overflow section of the dam is
in good condition. These surfaces — especially the ceiling of the D&G gallery — should
be indexed and documented with photographs or video before, during, and after the
mining for the pipeline.

3.11.3 Fill Placement

All fill shall be placed in loose lifts not exceeding 9 inches in thickness. The materials
need to be moisture conditioned to within 3 percent of their optimum moisture content
and compacted to 95 percent of their maximum density, per the Modified Proctor Test
(ASTM D 1557). Full-time construction monitoring and testing should be required
during construction.

Fill placed horizontally within 50 percent of the height of retaining walls shall be
compacted to 91-96 percent of its maximum dry density. Great care should be taken to
prevent wall displacement or distress due to compaction loads.

3.11.4 Crane Restriction

While the soil cover over the pipeline is adequate for HS-20 truck traffic loads, it is
anticipated that outrigger loads for large cranes will cause too much surface deflection
and could damage the pipe. The surface within 10 feet of the edges of the pipe should
be painted to mark it as a crane exclusion zone.
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3.12 EXPLORATION REQUIREMENTS
3.12.1  Dirilling

Borehole explorations are needed to confirm the depth to bedrock and confirm the
density of fill that will support the pipeline downstream of the wye.

3.12.2 Test Pits
Test pit explorations are needed to identify and evaluate site soils, determine cobble

and boulder content, and to evaluate use of a large track-mounted excavator with a
hydraulic ram for rock breakup and removal.
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CHAPTER 4 — HYDRAULIC DESIGN
4.1 GENERAL

The selected alternative relies on energy dissipation through orifice plates and provides
a variable flow of 1,400 to 1,500 cfs of flow, dependant on forebay and tailwater
elevation. An intake structure consisting of a trash rack and closure gate on the
upstream face of Monolith 5 serves the primary 10-foot-diameter conduit through the
dam. After crossing the parking lot, this primary conduit divides into two 7.5-foot-
diameter conduits to supply the AWS. Final discharge consists of each 7.5-foot conduit
terminating with an orifice manifold into the AWS chamber at diffusers supplying
junction pool D. Orifice plates within the 7.5-foot and 10-foot conduits provide energy
dissipation, and a butterfly valve in the 10-foot conduit serves as the secondary system
closure.

4.2 REFERENCES
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Technical Manual: Outlet Works Energy Dissipators.
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c. King, H. W. and Brater, E. F. 1963. Handbook of Hydraulics, 5™ Ed.
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g. Swamee, P. K. and Jain, A. K. 1976. Explicit equations for pipe-flow
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Engineers (ASCE), Vol. 102, No. HY5, pp. 657-664.

h. U.S. Army Corps of Engineers (USACE). Engineering Manual (EM)
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i. USACE Coastal & Hydraulics Laboratory. 1987. Hydraulic Design Criteria.
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J. USACE. 2006. Design Document Report #34, The Dalles Lock and Dam,
Juvenile Behavioral Guidance System. May.

k. USACE. 2013. Value Engineering Study Report: The Dalles East Fish
Ladder Auxiliary Water Supply Back-up. NWP VE Study No. FY13-10.
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I. U.S. Dept. of the Interior Bureau of Reclamation (USBR). 1987. Design of
Small Dams.

4.3 HYDRAULIC CRITERIA

Under a normal two turbine operating condition, the auxiliary water supply (AWS)
operates with flows of up to 5,000 cfs. In an emergency operating scenario where both
fish turbine units fail, the proposed backup AWS minimum design discharge is 1,400 cfs
(coordinated and approved by USACE and fisheries agencies; see table 4-1). Due to
the reduced discharge available, the following operational changes will be made to the
system.

e West and south fish entrance weirs will be closed.
e East fish entrance will operate with only two weirs; the third weir will be closed.

Table 4-1. Emergency AWS Discharge Requirements

Emergency AWS Discharge Requirements

Design Discharge 1,400 cfs

Design Supply Head 89.5 feet

4.3.1 Water Surface Elevations

The design water surface elevations for forebay and tailwater are shown in table 4-2
below. These values were identified in the Juvenile Behavioral Guidance System report
(USACE 2006). The AWSC water surface elevations were identified from the design
tailwater elevation and the original east fish ladder (EFL) hydraulic design analysis. The
exact water surface elevations used for the design of the alternative components are
described in the appropriate sections of this report.

Table 4-2. Design Elevations

Design Elevations
Feet, msl
Maximum Forebay 160.0
Minimum Forebay 155.0
Maximum Tailwater 86.0
Minimum Tailwater 74.0
Maximum AWSC 89.5
Minimum AWSC 77.5
Maximum Junction Pool WSE 91.3
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4.4 HYDRAULIC DESIGN
44.1 Inlet Design

The inlet of the supply conduit is set at elevation 116.5 feet, 38.5 feet below minimum
forebay water surface elevation and approximately 20 feet off the river bottom, to avoid
entrainment of juvenile salmonids and lamprey during operation. The current
bathymetric survey indicates a river bottom of approximately 94 feet at the upstream
side of the penetration through the dam. The inlet is to be a bell-mouthed circular
conduit inlet normal to the dam face with a rounded elliptical geometry of 1.5 feet for the
secondary axis and 5 feet for the primary axis.

Trash racks for the intake are sized with a 3 feet-per-second (fps) approach velocity and
a flow of 1,400 cfs. Velocity criterion was determined during the EDR phase of design
and based on guidance in EM 1110-2-1602. A through-bar velocity of 5 fps is
recommended by the Bureau of Reclamation’s Design of Small Dams (1987)
publication. An assumed porosity of 70 percent for the trash rack results in a required
gross area of 375 square feet; however, in order to meet the approach velocity, a
required gross area of the trash rack is required to be 466 square feet. Trash rack width
is set at 22 feet, and the height extends the full depth of the water column to the intake,
with an offset of 5 feet from the dam. This allows for uniform localized flow at the intake
under clean conditions; as debris loads the trash rack, additional flow capacity is
available above the intake elevation. Maximum debris loading design is 50 percent
clogging of the open area, resulting in a maximum loading of 42.0 pounds per square
foot (psf).

A closure gate slides down over the intake against the dam face to act as the primary
means of system operation, as shown in figure 4-1 below. This gate is not intended to
operate in a flow throttling capacity, but it will be the primary means of turning the
system on or off. This gate will also act as the primary dewatering gate while the
emergency auxiliary water supply system is not in operation and during inspection of the
conduit and downstream butterfly valve.

An air relief valve is located downstream of the closure gate to supply air during typical
dewatering of the conduit or emergency closure.
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Figure 4-1. Rendering of Proposed Intake Structure Centered on Monolith 5
lllustrating the Piers, Closure Gate, and Elliptical Bell-Mouthed Intake

4.4.2 Main Supply Conduit

Conduit size selection and design were based on head loss, velocity constraints,
cavitation potential, and alignment constraints.

Friction losses were based the Darcy-Weisbach friction formula (Equation 1) for a
welded steel pipe,

he = f%% (Equation 1)

where hy is the head loss due to friction, f is the friction factor, L is the length of conduit,
D is the conduit diameter, V is the fluid velocity in the pipe, and g is the acceleration due
to gravity. The friction factor f was developed from the explicit friction factor equation
listed below,

f= % (Equation 2)

109[3.7D+Re0-9]

where ks is the equivalent sand grain roughness of the pipe, and Re is the Reynolds
number for the fluid passing through the conduit. Equation 2 was developed in the
ASCE Journal of Hydraulics Division article “Explicit equations for pipe-flow problems.”

Minor losses were based on D.S. Miller’s Internal Flow Systems (1990) and consist of
an entrance loss, a butterfly valve loss, bend losses, dividing Y losses, energy
dissipation orifice losses, exit losses, and friction losses.
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The supply conduit selection was primarily governed by the maximum velocity
guidance defined in the EDR of 18 fps and site constraints. This drove the selection of
a 10-foot-diameter steel conduit for the majority of the alignment and two
7.5-foot-diameter conduits to meet the site constraints entering the AWS chamber.
This results in a design flow velocity of 17.9 fps and 15.9 fps and a max flow velocity of
19.2 fps and 17.1 fps in the 10-foot conduit and 7.5-foot conduits, respectively.

The intake centerline is located mid-span of Monolith 5 east of the EFL exit at elevation
116.5 feet. The alignment through the dam sloped at 0.1 percent to provide drainage
during non-emergency operation. At the downstream face of the monolith, a 10-foot-
diameter butterfly valve provides secondary closure for the emergency AWS. Due to
high operating velocities, this valve is to be selected and designed against cavitation
potential. The conduit makes two vertical-plane oriented 60 degree bends downstream
of the valve to achieve a centerline elevation of 104.5 feet. The bend radii are 10 feet to
the centerline of the pipe to ensure negligible cavitation potential. The conduit then
continues at a 15.0 percent slope to meet an elevation of 98.3 feet over 120 feet of
conduit. Within this reach are two energy dissipation orifices, which are described in the
next chapter. The conduit makes a 45 degree horizontal turn and continues at a slope
of 0.1 percent for 20 feet to a dividing Y. The total head loss through this conduit is
29.1 to 34.4 feet for low and high forebay conditions, respectively.
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Figure 4-2. Aerial Photo Overlay Showing Proposed Alignment of the Emergency
AWS System

The dividing Y equally splits the flow from the 10-foot conduit into two smaller 7.5-foot
conduits, as shown in figure 4-2 above. Each conduit makes an approximate 15 degree
bend to achieve a straight alignment into the AWS chamber from the diverging Y.
Within the straight reach of each of the 7.5-foot-diameter conduits is an additional
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energy dissipation orifice (see next section). At the termination of each of these
conduits, within the AWS chamber, there is a downward-directed elbow and a sharp-
crested orifice manifold. The final bend is necessary to ensure the flow does not impact
and damage structural elements within the AWS chamber. The orifice manifold is
required to diffuse the remaining velocity energy in the chamber (see section 4.4.4).
The total head loss through each conduit is 15.1 feet and 17.9 feet for low and high
forebay conditions, respectively.

4.4.3 Energy Dissipation

A total head differential range of 65.5 feet to 82.5 feet is available to provide flow
through the conduit. Due to the velocity and site constraints, the total hydraulic head
cannot be dissipated through the pipe with friction and minor losses. The EDR
identified energy dissipation with the use of ported sleeve valves. Concerns for
clogging within the valve or valve seizure due to intermittent use prompted investigation
into alternative energy dissipation methods better suited for this use. An alternative
utilizing a hollow cone-jet valve was selected and developed for the 60 percent DDR
submittal.

The 2013 Value Engineering study identified several alternatives, and large single-port
orifice plates were selected to act as the primary method of energy dissipation to be
placed within the supply conduits. Orifice plates provide a low cost and low
maintenance in-line energy dissipation option as well as high flow capacity.

The orifice design is intended to create a significant head loss; however, cavitation is
expected to occur downstream of the orifice as a result of the high-velocity rapid
expansion. Cavitation is characterized in four different levels: Incipient cavitation,
critical cavitation, incipient damage cavitation, and choking cavitation. Incipient
cavitation is identified as the initial stages of noise development by cavitation. Critical
cavitation is identified as consistent noise from cavitation and negligible to nonexistent
cavitation damage in steel conduit. Incipient damage cavitation is identified as
potentially objectionable noise and minor damage. Choking cavitation occurs when the
average pressure downstream of the orifice achieves liquid vapor pressure. At this
stage of cavitation, the orifice loss coefficient is no longer valid and damage to the
conduit at the zone of pressure recovery becomes severe. Exceeding the choking
cavitation threshold extends the zone of pressure recovery and increases damage
potential; however, operating in the incipient damage condition just below choking
cavitation causes a condition of maximum vibration.

Two orifice plates are placed in the 10-foot conduit (orifices 1.1 and 1.2, as shown in
appendix B) and one orifice plate is placed in each 7.5-foot conduit (orifice 2.1 and 3.1).
Design and selection of the orifice plates was intended to minimize cavitation and
vibration potential and achieve the design energy loss. The method of orifice plate
cavitation and scale effects design presented in the ASCE Journal of Hydraulics
Division and detailed in the FEMA Technical Manual: Outlet Works Energy Dissipaters
was used as the primary method of orifice plate selection and cavitation characterization
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due to its application to large scale orifice plate design. Cavitation potential is quantified
using the Rahmeyer equation given below to create a cavitation parameter, o.

Hg—H, .
T (Equation 3)
Where H, is the gage pressure head upstream of the orifice, H, is the gage vapor
pressure head of the liquid, and Hy is the gage pressure head downstream of the orifice
resulting from the losses through the orifice. The applied method for orifice plate design
(FEMA) uses this cavitation parameter in comparison with scale-adjusted empirical data
to define the level of cavitation. D.S. Miller's Internal Flow Systems method uses
graphical interpretation and has a limited capability for large system design; however, it
was deemed pertinent as a secondary check to insure damaging cavitation was not
occurring.

Orifice plates 1.1 and 1.2 are each 7.4 feet and 7.5 feet in diameter, respectively. The
resulting head loss through each is 11.5 feet and 13.5 feet for low operating forebay and
high operating forebay, respectively. These two orifices result in the majority of the
head loss in the system and were designed with a cavitation parameter that indicates
critical cavitation but no incipient damaging cavitation. Orifice plates 2.1 and 3.1 are
intended to act identically, with equal flow distribution. These are intended to dissipate
7.7 feet to 9.0 feet of head loss in parallel under low and high forebay conditions,
respectively. These two orifices were designed with a cavitation parameter indicating
incipient cavitation occurrence but no critical or damaging cavitation due to the proximity
to the fish ladder and potential vibration or sound transmission. Table 4-3 summarizes
orifice design details, including the level of cavitation potential.

Table 4-3. Orifice Summary Table

- Diameter Low Head High Head o :
Orifice (feet) Loss (feet) Lo%s (feet) Cavitation Potential
Orifice 1.1 7.4 12.7 15.0 Incipient Cavitation
Orifice 1.2 7.5 11.5 13.6 Incipient Cavitation
Orifice 2.1 5.5 10.8 12.7 Incipient Cavitation
Orifice 3.1 5.5 10.8 12.7 Incipient Cavitation

4.4.4 AWS Chamber Discharge

The AWS chamber consists of a deep channel aligned with the lower section of the east
fish ladder. Within the AWS chamber are diffuser gates and lateral supports that are
key to the operation and structural stability of the chamber. The area selected within
the AWS chamber for discharge was based on geometry constraints. The bays
between frames 15, 16, and 17 provide space for the two 7.5-foot conduits to turn

90 degrees downward without conflicting with the frame cross bracing in figure 4-3
below. The diffuser gate operators for these two bays will require modifications to
maintain the ability to operate.
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Figure 4-3. Photo of Dewatered AWS Chamber during Site Visit (Dec. 10, 2013)
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The discharge of each 7.5-foot-diameter conduit will terminate in a series of sharp-
crested orifices in the vertical section of the pipe as shown in figure 4-4 below. The flow
and associated force from the emergency AWS system is directed through the final
orifice manifold to avoid directly impacting any of these features. There are 12 of these
orifices measuring 1.875 feet in diameter, with varying discharges dependent on orifice
elevation, AWS chamber water surface submergence, and forebay water surface
elevation. The orifices act as an additional energy dissipation feature for the
emergency AWS system, but primarily serve to distribute the flow in a diffused pattern
within the AWS.

Figure 4-4: Rendering of Orifice Manifold Discharge into AWS Chamber
445 Forebay Velocity Considerations

Forebay velocities near the proposed intake are largely unknown. Defining the flow
conditions in this area is important primarily for construction of the intake. Surface
velocity observations show a sheltering effect of the earthen dam protrusion. Active
flow appears from the edge of the earthen dam protrusion in the river and tapers back to
the dam, as shown in figure 4-5. Eddies shed off of the active flow into the shelter,
creating stagnant and sometimes upstream flow at the face of the dam near the
proposed intake.
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Figure 4-5. Surface Velocity Observation

It is recommended that acoustic doppler current profile (ADCP) data be collected at a
minimum of one river flow representative of the working conditions in the winter work
window.
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CHAPTER 5 - STRUCTURAL DESIGN
5.1 GENERAL

This chapter describes the design for structural features as part of The Dalles east fish
ladder backup auxiliary water supply.

5.2 STRUCTURAL DESIGN FEATURES
Guide Slots

e Closure gate guides will be fabricated out of stainless steel plates. After
fabrication, the seal surface shall be machined to a smooth uniform surface to
remove any distortion caused by welding.

e Trash rack guides will be formed from concrete with stainless steel guides. The
guide for the trash rake will be built into the trash rack frame. A steel plate will be
fastened from the edge of the guide to the monolith at a 45 degree angle. The
steel plate will span from elevation 140 to 160 feet, with the intent to reduce fish
predator habitat.

Closure Gate
e Lifting beam will be designed at a later time; not part of this DDR.

e The bottom of the gate is sloped to reduce hydraulic down-pull. The hydraulic
design needs to provide exact detail for the best slope configuration to reduce
down-pull for final bulkhead design.

e The gate is designed with 10 wheels to raise and lower under service loads. The
wheels are designed to transfer the water pressure loads from the gate to the
guides.

e The seal system is a center dome seal with Teflon coating. Traditional J-bulb
seals were not used due to potential vibration during opening and closing of the
gate. The seal is to be installed around the perimeter of the skin plate. There
will be a tight tolerance required during fabrication between the skin plate and the
seal surface.

e Gate design considerations. The gate is detailed for minimal welds and simple
construction. The only fracture critical members on the gate will be the lifting
eyes.

Trash Rack

Stainless steel bar grating with %-inch clear opening between bars will be used. The
grating callout is W15 1-1/4x3/16. The trash rack frame will be 12 feet by 23 feet in
overall size, made from stainless steel 4-inch by 10-inch tubes. A guide pin will be
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required to align each rack vertically. The ends of the grating bars will be beveled to
assist the trash rake between the trash rack bars in case of misalignment. The trash
racks are sized at 12 feet tall for transport and unstacking. Stainless steel was chosen
as the material for reduced maintenance cost. Guides for the trash rake will be added
to the trash rack to maintain a tight tolerance. Trash rack loads came from hydraulic
pressure on the bar grating with 75 percent open space for normal conditions and 5 feet
of head differential for unusual conditions, per EM-1110-2-3104.

Thrust Blocks

Thrust blocks for 10-foot-diameter and 7.5-foot-diameter supply conduits are to be
fabricated out of concrete.

Dam Penetration

The penetration hole through the dam is sized at 11 feet in diameter. This will allow for
installation of a 10-foot-diameter pipe and provide for a 6-inch grout space.

Inlet Design

The inlet is to be a bell-mouthed circular conduit inlet normal to the dam face with a
rounded elliptical geometry of 1.5 feet for the secondary axis and 5 feet for the primary
axis. The inlet bell is to be fabricated out of reinforced concrete.

Steel Pipe

e Steel pipe in the dam is sized based on Steel Penstocks 2™ edition criteria,
specifically following Amstutz Formulation and Jacobsen Formulation for sizing
steel penstocks in concrete dams. A minimum of 5/8-inch steel wall pipe based
on Amstutz formulation will meet the required strength, but a ¥-inch steel pipe
will be used to account for any corrosion loss over the years. Holes will be drilled
into the steel pipe for grouting. The holes will provide grout access ports, air vent
holes, and inspection holes. The holes will be plugged by threaded inserts
ground flush. This is similar to how Hinze Dam in Australia was modified, based
on conversations with Salvatore Todaro from the Risk Management Center
(RMC).

e Buried steel pipe is to be Y2-inch wall pipe.

e The steel pipe spanning over the fish ladder is sized based on Table 7-1 from
AWWA-M11, with a span of 45 feet and a minimum of 120 degree contact saddle
supports at each end. A %:-inch wall pipe provides the required structural loading
capacity for the span. Bird spikes are to be installed on top of the pipe to prevent
bird droppings from damaging the paint system. A large thrust block will be
installed around the steel pipe before spanning the fish ladder. The steel pipe
will transfer the load from the 90 degree bend in the AWS chamber to the thrust
block, thus preventing lateral loads on the AWS wall.
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Interior Wall Penetrations

Wall E2, as shown on drawing sheet DDF-1-4-5/V10 (see appendix C), can support the
increased load from the 7.5-foot pipes that span over the fish ladder. Wall E2 is the wall
that is common between the AWSC and the fish ladder. Wall E2 penetration for the
7.5-foot pipe was analyzed to take the dead load of the pipes and have a slip
connection to allow the pipes to expand and contract with temperature without adding
lateral loads. It is critical not to destroy the rebar in the frames F14, F15, and F16, as
seen in sheet DDF-1-4-5 R1 in appendix C. This can be accomplished by scanning for
rebar and adding more prescriptive requirements in the specifications. The AWSC walls
E2 appear to be designed by spanning the hydraulic loads horizontally to the frame.
The struts in frames F14, F15, and F16 will be protected from high velocities and
vibration by the orientation of the orifice plates in the vertical steel pipes. The vertical
steel pipes will be bearing on the AWS chamber floor and be tied together to resist
movement.

Dewatering Structure

There are two options that were proposed for dewatering the face of the dam to prevent
water from entering the construction area. Option 1 is for a contractor designed and
installed large steel cofferdam, and Option 2 is for precast concrete piers with
bulkheads. Each option has advantages and disadvantages, as outlined below.

1. Contractor designed and installed large cofferdam. In this alternative, the
contractor will design and install a large cofferdam that covers the entire work
area on the face of the monolith. The steel cofferdam allows for minimal dive
time. The cofferdam would be a steel structure with a maximum 17.5-foot radius
centered over the pipe opening. The cofferdam would provide the protection
required to allow for penetration through the monolith and provide a dry
installation of the gate and trash rack guides.

0 Advantage: The cofferdam would have minimal dive time compared to
concrete piers. If powerhouse units have to be diverted to allow for
appropriate water velocities for diving, this would provide minimal impact.

0 Advantage: The contractor could design platforms, ladders, and other
specific fabrication assistance items.

o0 Advantage: The cofferdam would provide the contractor a larger work area
with more space to access equipment than the alternative pier option.

0 Advantage: The cofferdam allows for a smaller trash rack pier, versus the
precast concrete piers designed for dewatering.

o Disadvantage: The cofferdam would require two separate dives, one to
install and one to remove.
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o Disadvantage: There is a large lead time for design and fabrication of the
cofferdam.

o Disadvantage: The Government does not have as much control over the
design and fabrication of the cofferdam. Measures can be taken in the
specification to provide the Government more oversight and control during
design and fabrication.

2. Precast concrete piers with bulkheads. This alternative uses precast concrete
piers that will be installed with divers. After the piers are installed, bulkheads
would be used to dewater to allow the installation of the gate guides. The
bulkhead guides would double as the trash rack guides during operations.

o0 Advantage: This option would provide the Government with bulkheads for
future service work of the gate guide.

0 Advantage: The Government would have control over the design and
fabrication of the bulkheads. Eight bulkheads would be required, at an
approximate total weight of 180,000 pounds.

o Advantage: Only one dive operation at the beginning of the project would
be required.

o Disadvantage: This alternative requires a lot of dive time to install the
anchors for the precast piers.

o Disadvantage: There will be underwater grouting that requires good quality
control to provide uniform bearing surface between the precast piers and the
monolith.

o Disadvantage: There will only be 5 feet of clearance between the bulkhead
and the face of the monolith for the contractor to work in. This is a tight
space, and it will be challenging for the contractor to get the equipment in to
drill and smooth the bell-shaped opening and install the gate guides.

Option 1, the cofferdam, was chosen as the preferred alternative for several reasons. It
requires less dive time with divers closer to the dam face, allowing the divers to work in
lower velocity conditions. Having the face of the monolith dewatered provides better
quality control for fabrication of the trash rack guides and provides adequate
construction room for fabricating the gate guide on the face of the dam. The cofferdam
also provides adequate work area space, which will provide a safer work environment.

One technique that could be used to install the cofferdam came from a local contractor
with experience in fabricating and installing cofferdams. The contractor indicated a
preference to design resistance for uplift (buoyancy force) by placing the majority of
anchorage to the dam face above the water, if possible. This design reduces
anchorage locations below the water, thereby reducing dive time and providing
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improved quality control. Also, the contractor indicated they may choose to use guides
to install the cofferdam. Guides provide the advantage of a smaller structure compared
to cofferdam segments, allowing divers increased mobility by staying close to the
concrete face where water velocities are slower. With guides, a similar dive technique
that is currently being used for fish research trolley pipe installation/removal on
powerhouse intake piers at The Dalles dam could be used, employing a crane with a
man basket.

Monolith 5 Stability

Monolith 5 stability calculations were run for two loading conditions. The loading
conditions are: (1) normal pool with 10-foot pipe installed, and (2) construction with a
35-foot-diameter half cofferdam on face of monolith with a 10-foot-diameter pipe
installed. The following assumptions were used in the calculations: base of monolith is
at elevation 94 feet, normal high water depth is at 160 feet, and tailwater is below toe of
Monolith 5. It was assumed there is no soil behind the toe of the monolith to create
passive pressures for sliding or provide additional overturning mass. The calculations
do not account for the concrete and steel added on the face of the monolith for the gate
and trash rack guides or the weight of the temporary cofferdam; this is conservative.
Table 5-1 shows the internal friction angles (phi) and cohesive (c) values used based on
information provided from Portland District (NWP). Table 5-2 provides the factors of
safety for the two loading conditions investigated. The overturning calculations for both
loading conditions had the resultant within the middle 1/3 of the monolith.

Seismic Safety Review (SSR) for The Dalles Dam, dated 27 September 2013, Revision
11-R1 (95% Draft), indicates the increased seismic loading is not expected to alter the
conclusion of the original design regarding the stability analysis. This indicates that the
stability of the monolith is governed by flood conditions. The mass for the modifications
may decrease by up to 1.8 percent. During a seismic event, it is anticipated that tensile
stresses may develop around the inlet opening. The inlet opening is to be reinforced
with rebar to reduce cracking. Calculations were performed on Monolith 5 based on the
Seismic Coefficient Method per EM 1110-2-2100. The minimum factor of safety was
1.7, above the required 1.3 for the seismic loading scenario based on the SSR. Note
that the calculations performed do not capture any tensile stress in the face of the
concrete.

Drawing DDF-1-4-5/P2 in appendix C for Monolith 5 provides no base elevation.
Original calculations have the base elevation at 97 feet. If the grout gallery elevation is
used for a reference elevation, the base elevation would be at 94 feet. In both cases, it
appears that the grout gallery will act similar to a shear key, creating a low point in the
base of the monolith. This can also be seen in Drawing DDF-1-4-5/P2 in appendix C.
This key was ignored in all calculations; the monolith was assumed to have a flat base.
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Table 5-1. Internal Friction Angles and Cohesive Values

Phi and C Values for Sliding
Case Phi (deg) C (psi)
Case 1 30 36
Case 2 40 200
Case 3 45 250
Case 4 45 0

Table 5-2. Factor of Safety for Sliding

FOS for Sliding

Existin Normal Pool Construction Seismic
Case Conditic?n with 10-foot with Cofferdam Coefficient
Pipe and 10-foot Pipe Method
Case 1 411 4.08 3.97 2.49
Case 2 16.04 15.99 15.83 9.77
Case 3 19.91 19.85 19.65 12.12
Case 4 2.88 2.81 2.62 1.72

5.3 GOVERNING DESIGN CODES

e Emergency gate and bulkheads:
o Engineer Manual (EM) 1110-2-2105, Design of Hydraulic Steel Structures.
o EM 1110-2-2701, Vertical Lift Gates.

e Steel design — American Institute of Steel Construction (AISC) 360-05
Specification for Structural Steel Buildings — Steel Construction Manual 13th Ed.

e Concrete design:

o0 American Concrete Institute (ACI) 318-08, Building Code Requirements for
Structural Concrete.

o EM 1110-2-2104 — Strength Design for Reinforced Concrete Hydraulic
Structures — will use load factors from EM, will use ACI 318-08 for design
equations.

e American Welding Society (AWS) D1.1-2008, American Welding Society,
Structural Welding Code — Steel.

e American Welding Society (AWS) D1.5-2008, American Welding Society, Bridge
Welding Code.
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American Welding Society (AWS) D1.6-2007, American Welding Society,
Structural Welding Code — Stainless Steel.

American Society of Civil Engineers (ASCE)-7-05, American Society for Civil
Engineers, Minimum Design Loads for Buildings and Other Structures.

Stability Analysis of Concrete Structures, EM 1110-2-2100.
Gravity Dam Design, EM 1110-2-2200.
Structural and Architectural Design of Pumping Stations, EM 1110-2-3104.

American Water Works Association (AWWA) M11, Steel Water Pipe: A Guide
for Design and Installation.

Steel Penstocks 2™ edition, Bambei Jr., John H., ASCE 2012.

The Dalles Lock and Dam Columbia River, Oregon-Washington Seismic Safety
Review, Dated 27 September 2013 (95% PCCR Draft).

MATERIAL PROPERTIES

Existing concrete 28-day compressive strength: f'c = 3,000 psi.
New concrete 28-day compressive strength: f'c = 4,000 psi.
Precast concrete 28-day compressive strength: f'c = 6,000 psi.
Existing reinforcing steel: Grade 40 fy = 40,000 psi.

New reinforcing steel: American Society for Testing and Materials (ASTM) A615,
Grade 60 fy = 60,000 psi.

Existing structural steel: ASTM A36, fy = 36,000 psi or ASTM A572, fy = 50,000
psi.

New structural steel:
0 W shapes: ASTM A992, fy = 50,000 psi.
o M, S, C,MC, and L shapes: ASTM A36, fy = 36,000 psi.
o0 Hollow structural sections (HSS):
= Round — ASTM A500 Grade B, fy = 42,000 psi.

» Rectangular and Square — ASTM A500 Grade B, fy = 46,000 psi.

5-7



The Dalles East Fish Ladder Auxiliary Water Backup System DDR

o Pipe: ASTM A53 Grade B, fy = 35,000 psi.

0 HP shapes: ASTM A572 Grade 50, fy = 50,000 psi.

o Plates and Bars: ASTM A36, fy = 36,000 psi.

o Plates and Bars for HSS: ASTM A 709 Grade 50, fy = 50,000 psi.
o Conventional Structural Bolts: ASTM A325.

0 Nuts: ASTM A563.

0 Washers: ASTM F436.

0 Anchor Rods: ASTM F1554 Grade 36, fy = 36,000 psi, Grade 55, fy =
55,000 psi.

0 All-Thread Bar: ASTM A722 fy = 150,000 psi.

0 All-Thread Bar Couplings: ASTM A29, Grade C1045.
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CHAPTER 6 — MECHANICAL DESIGN
6.1 GENERAL

The addition of emergency backup auxiliary water supply to The Dalles dam is largely
composed of structural and geotechnical features. However, there are a handful of
features that are mechanical in nature. These features include the trash rake, the
operating gate roller wheels, a flexible connection between the pipeline and dam, and
the downstream isolation butterfly valve and actuator. These features are described in
further detail below. These features will be presented generally in the order that they
are encountered by water flowing from upstream to downstream.

6.2 MECHANICAL FEATURES
6.2.1 Trash Rake

A trash rack will be provided as the upstream-most feature in the system. This structure
forms a grill of vertical running bar grating that protects the pipeline and downstream
features from damage or plugging from debris suspended in the river. In order to
ensure that this grating does not become plugged with debris, a trash rake will be
provided to enable project personnel to clear debris from the rack.

The trash rake will be designed to push debris downward from the rack surface in order
to clear the passageway. The assumed operational procedure for raking trash will be to
suspend flow with the downstream isolation valve, then lower the trash rake to clear
debris. It is anticipated that this operation would be very infrequent and require less
than 1 hour to complete. As a result, it is assumed that a no-flow type of operation is
acceptable.

The trash rack is approximately 22 feet wide and will extend from just below the pipeline
entrance up to the water surface. The rack width is required to maintain the required
water velocity through the bars to reduce the risk of impinging debris and adult fish.

The trash rake will be sized to match that width. The height of the trash rake is
approximately 7 feet. This height is intended to provide a reasonable aspect ratio that is
unlikely to bind in its guide slots. It is also required to develop sufficient weight to push
debris downward off the rack. The initial concept for the rake geometry weighs in at
approximately 7,000 pounds. The rake geometry is essentially four wide flange beams
spanning the width of the rack. The beams are tied together at each end by a pair of
vertically mounted channels.

There a couple different concepts that were investigated for the raking tines. The
original concept was to connect bar grating on the back side of the wide flange beams
running the full height of the rake, arranged so that the bars of the rake would run
between the bars on the trash rack. The grating design consisted of ¥%-inch bars

2 inches deep, tied together by pins run through the bars at their centerlines. With this
configuration, any debris that was pinned to the face of the rack would be pushed
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downward by the weight of the rake and any debris that was pinned between the rack
bars would be either sheared or pushed downward by the nested bars on the rake.

There was one problem with this system. With the trash rack bars spaced at %-inch
intervals and the rake tines centered between those bars, there will only be % inch of
space between the rake tines and the rack bars. As a result, the rake system will be
very sensitive to binding if it is not lowered evenly. A 1/16"-inch difference in the
elevation between either end of the rake would cause the rake bars to bind against the
rack bars.

This condition could be mitigated by ensuring tight clearances between the gate and the
guide; however, that would require less than % inch of play between the rake and
guides over the full travel of the rack.

It was assumed that these tolerances were likely not achievable and would likely cause
operational hardship. As a result, an alternative tine design was considered. Instead of
running the bar grating the full height of the rake, only the leading 6 inches or so would
have rake tines. These small-length tines would have enough strength to push though
any debris that may be built up on the rack, but be small enough to allow some
misalignment in the rake guides. The bars that form the tines would be “bull nosed” on
both the top and bottom in order to guide between any minor offsets that may be
present between the trash rack panels.

The rake guides would be part of the trash rack panel so that the rake is always aligned
with the rack instead of having the rake being aligned with the guide structure, which
may or may not be aligned with the trash rack. This should further mitigate any
alignment issues that may come up.

While it is assumed that there will be a no-flow condition when the rake is lowered, the
initial concept provides for the ability to rake under flow. The beams are sized to take
the drag of the water flowing through the tines and the wheels are provided to allow for
the rake to roll under flow. The leading edge of the rake will form a ramp away from the
rack surface, so that as the rake encounters debris it will lift debris off the rack surface
and force it downward.

The rake will typically be dogged off above the water surface. If it is determined that
trash has built up on the racks, a mobile crane will be required to lift the rake off the
dogs and lower it to clear debris.

6.2.2 Emergency Gate

The dam safety criteria for the emergency gate have one requirement in particular that
pertains to mechanical design. That requirement is that the gate be deployable under
flow. This suggests some kind of gate end roller to eliminate or mitigate the amount of
sliding friction between the gate structure and the gate guides while the gate is moving
through flowing water.

6-2



The Dalles East Fish Ladder Auxiliary Water Backup System DDR

6.2.3 Gate Wheels

The emergency gate is approximately 14.5 feet square in order to cover the 10-foot-
diameter pipe. This area would have a 50-foot water head applied to it, resulting in a
total normal force of approximately 650,000 pounds. This is the load that would need to
be carried by the end rollers. It was initially assumed that the gate would have self-
lubricating, self-aligning, spherical track rollers similar to the closure gate wheel on the
John Day top spillway weir (TSW). However, this type of roller is essentially a sliding
roller, where an internal ball slides on an external race separated by a self-lubricating
liner. This type of roller can lower the frictional sliding at the interface, but not remove it
entirely. Under the given load, the force required to move the gate with this type of
wheel would be approximately 42,000 pounds. This is more than double the gate
weight of approximately 20,000 pounds. As a result, the gate would not be able to close
under its own weight. Rather, it would require some type of closing actuator. This
would add expense and complexity to the system.

As a result of this analysis, three alternative end rolling systems were evaluated:

(1) the spherical plain roller described above; (2) a roller chain system similar to that on
powerhouse head gates; and (3) a spherical roller bearing based wheel similar to the
spillway lift gates at McNary Dam.

The roller chain is essentially a chain that encircles either end of the gate. The idea is
that the load is transferred from the gate structure through the rollers and into the
guides. As the gate is lowered under load, it rolls along these rollers. As the gate
lowers, the roller chain rolls around the end of the gate as new rollers at the bottom are
brought in to take up bearing and rollers at the top are removed from bearing.

A spherical roller is similar to the spherical plane bearing except that the spherical
element does not slide, but rather rolls on a series of rollers arranged in a circle around
the spherical element. It is essentially a roller chain that encircles each gate axle
instead of the entire gate end.

A list of pros and cons were developed for each option to facilitate the selection of the
most appropriate roller type.

Spherical Plane Bearing Analysis

The benefits of the spherical plane bearing are as follows. First, there are very few
moving parts; only the outer race that rotates around a solid ball. Because the bearing
is self lubricating, there is no potential for grease to enter the river. While a gate
operator would be required to force the gate downward, that operator could be
configured for push button operation, eliminating the need to bring in a crane to lower
the gate. Finally, the spherical geometry of the bearings allows the gate to deflect while
maintaining good contact between the wheel and guide. However, there are several
negative aspects to this type of bearing. Primary among them is that a gate operator
would be required. This adds cost and complexity to the system. The operator would
likely consist of a hydraulic system, which would require additional maintenance and
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introduce the potential for oil entering into the river. The presence of a standalone
operator would require a dedicated electrical system to be installed in the area, again
adding cost to the project. Another detriment to a wheel-on-axle type roller is that it
imposes a point load on the guide structure.

Roller Chain System Analysis

One benefit of a roller chain system is that the gate could be deployed by crane without
the need for a standalone operator. The roller chain system is not lubricated, so there is
no potential for grease to enter the river. Finally, due to the large number or rollers, the
load on the gate is spread out more evenly onto the guide structure. However, there
are several drawbacks to this system. There are a large number of moving parts — each
roller consists of a roller, axle, and link bar. A failure of any one of those parts could
cripple the system. Typically, to allow these items to roll freely without worry of seizure
due to corrosion, the chains are made from stainless steel. This large volume of
stainless steel contacting the carbon steel gate would result in the need to have a
cathodic protection system, most likely sacrificial anodes. The chains themselves are
heavy and unwieldy. Also, the chains do not compensate well for gate deflection.

Spherical Roller Bearing Analysis (Selected Design)

The benefits of this system are that with this system the gate could be lowered under
flow without the need of a dedicated operator. The roller bearings have several moving
parts, but they are contained and protected within the wheel structure. The spherical
geometry allows the wheel to compensate for gate deflection while still maintaining
good contact between the wheel and the guide. There are, however, a few drawbacks
to this system. The spherical roller bearing is a grease-packed bearing, and as such
there is potential for grease to enter the river. This would require additional
maintenance to periodically monitor and re-pack the bearings. And, finally, the
individual wheel imposes a point load on the guide structure.

The spherical roller bearing system is the selected design. The primary concern is to
simplify the system, and the need to have a dedicated gate operator would create an
overly complex system. The maintenance and grease potential were strikes against this
system; however, the maintenance requirement is infrequent and the grease is thick
and behind seals, so the likelihood of grease escaping is minimal. This type of system
has been operating on the McNary spillway lift gates for 50 years without much of a
problem. The McNary spillway lift gates are currently being rehabilitated, and the
majority of these wheels are still in good shape.

The gate geometry provided for ten wheels, five on either side. The wheels have an
approximately 10-inch spherical element diameter and a 16-inch-diameter tread. The
wheel axle is about 6 inches in diameter to accommodate the bending generated by
cantilevering out from the end of the gate. The wheel tread and axle will be fabricated
from 17-4 PH stainless steel. The amount of stainless steel in contact with the carbon
steel gate is low and as such will not require a galvanic protection system beyond the
paint coating on the gate.
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6.2.4 Pipeline Venting

A 6-inch pipe vent will be provided immediately downstream of the operating gate in
order to relieve negative pressures developed by operation of the gate. The vent will tie
into the top of the 10-foot-diameter pipe. The 10-foot pipe starts approximately 5 feet
downstream of the dam face. This is to allow room for a formed entrance bell. The vent
pipe cannot run entirely along the face of the dam because the operating gate sealing
surface and trash rack guides are in the way. To avoid these features, the vent pipe will
have to run embedded within the concrete until it is outside of these features, at which
point the pipe can emerge from the face of the dam and run vertically upward along the
dam face up to an elevation above the high forebay elevation. The pipe will terminate in
a “candy cane” vent. In order to route the vent pipe in this manner, a vertical trench will
need to be excavated to access the top of the 10-foot pipe. The pipe would be routed to
allow free movement of air using 45 degree bends with no purely horizontal runs of

pipe.
6.2.5 Operating Gate Hydraulic Operators

The original concept called for the emergency gate to be supported against flow using
wheels mounted on plain spherical bearings. As discussed above, this would not
completely eliminate the sliding friction as the gate is lowered into place. The remaining
friction could not be overcome by the weight of the gate itself, so some means to push
the gate closed would be required. This would have been accomplished using hydraulic
cylinders and a hydraulic power unit. However, since spherical roller bearings are being
used instead of plain bearings, the gate will be able to lower under its own weight. As
such, hydraulic operators will not be required.

6.2.6 Downstream Isolation Valve

A 10-foot-diameter butterfly valve will be provided immediately downstream of the dam
as the pipe daylights, but prior to the pipeline becoming buried. This valve will act as a
secondary isolation point if for some reason the operating gate could not be closed.
This valve will be anchored into the dam so that in a seismic event where the dam and
ground do not move together, the pipe would break downstream of the valve. This
would guarantee that there are always two isolation points in the pipeline.

The valve will be flange connected to the pipe that extends downstream through the
dam. Concrete will be formed up between the downstream slope of the dam and the
face of the mounting flange. Concrete anchors will be used to fasten the flange
connection, thus tying the valve directly to the concrete structure.

This valve is to be motor operated, and as such, coordination with electrical design will
be required. Valve operating equipment will include a worm gear operator mounted to
the valve shaft. This will reduce the torque required from the motor operator and
provide a self-locking valve closure where the torque on the valve cannot reverse-turn
the motor. The motor operator will be a multi-turn valve operator similar to a Limitorque
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MX series operator. This operator will allow push-button operation as well as valve
position feedback.

This feature was originally included, but was removed from the 60% DDR. However,
the current system concept does not have an energy dissipation valve to act as
secondary isolation. In order to provide the required two isolation points, this valve is
now required.

6.2.7 Pipeline

The pipeline itself will be a 10-foot-diameter (3%-inch wall within the dam monolith and
%-inch wall downstream of the monolith) welded steel pipe. Connections to valves and
specialty fittings will be done using flanged joints. The pipeline will be lined and coated
with an epoxy coating system in accordance with AWWA C210 to mitigate corrosion.
To accommodate relative motion between the ground and structure resulting from
seismic conditions, a restrained harness pipe connection, similar to Dresser style 63,
will be located between the butterfly valve and the point where the pipe becomes
buried.

6.2.8 Expansion Joints

Because the pipe is almost completely buried, it is assumed that dedicated expansion
joints will not be necessary. Any minor movements that may develop are assumed to
be accommodated though the harness joint at the butterfly valve.

6.3 DESIGN CODE REFERENCES

The design will conform to the following pertinent mechanical criteria and applicable
standards and codes.

6.3.1 General Standards
e American Society of Mechanical Engineers, 2004. ASME B31.1, Power Piping.
e American Welding Society, 2008. AWS D1.1, Structural Welding Code — Steel.

e American Welding Society, 1999. AWS D1.6, Structural Welding Code —
Stainless Steel.

¢ International Code Council, 2012. International Plumbing Code.
6.3.2 Water Control Gates
e Maximum effort on crank or hand wheel: 40 pounds.

¢ Centerline height of crank or hand wheel: 36 inches.
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Stem covers: Clear butyrate plastic with Mylar open/close indicator. Maximum
allowable leakage rate: 0.1 gallons per minute (gpm) per foot of seat perimeter.
Piping
AWWA C200, Standard for Steel Water Pipe: 6 inches (150 mm) and larger.
AWWA C206, Standard for Field Welding of Steel Water Pipe.

AWWA C207, Standard for Steel Pipe Flanges for Waterworks Service — Sizes
4-inch through 144-inch.

AWWA C208, Standard for Dimensions for Fabricated Steel Water Pipe Fittings.

AWWA C210, Standard for Liquid-Epoxy Coating Systems for the Interior and
Exterior of Steel Water Pipelines.

AWWA M11, Steel Water Pipe: A Guide for Design and Installation.
Valves

AWWA C515, Standards for Reduced-Wall, Resilient-Seated Gate Valves for
Water.

AWWA C504, Rubber Seated Butterfly Valves.
AWWA C540, Standard for Power-Actuating Devices for Valves and Slide Gates.

AWWA C550, Standard for Protective Epoxy Interior Coatings for Valves and
Hydrants.
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CHAPTER 7 — ELECTRICAL DESIGN
7.1 GENERAL
The primary electrical work to be provided is listed below.
1. Valve actuator motor and control panel for 10-foot pipe:
o Electrical power — load 480V/3PH/3HP/10A.

o Control — combination reversible motor starter with pushbuttons (CLOSED
and OPEN).

0 Manual mechanical position indication on valve actuator.

2. Pipe instrumentation and sensors to measure and monitor pressure and flow with
remote indication and alarms in control room.

3. Determine and design the maintenance lights and receptacles needed at the
valve actuator.

4. Relocate existing electrical, control and monitoring equipment, devices, and
conduit in the construction area.

5. No remote or automatic control expected.
7.2 ELECTRIC VALVE ACTUATORS

The 10-foot pipe valve actuator will be opened and closed with an electric motor. The
valve actuator includes an electric motor, gear box, built-in control switches, adjustable
limit switches, manual lock, manual hand wheel, and mechanical position (open/closed)
indication. The valve actuators will be controlled by hand switches on or near the
actuator. Itis assumed the valve actuator needs a motor in the range of 1 to 5
horsepower (hp). A lockable disconnect switch will be provided.

7.2.1 Electrical Power

Provide electrical power for the valve actuator from one of the unused fish lock ladder
gate operator circuits (i.e. FCQ7-q1-AW3). Sheet E-101 in appendix H shows the
location of the fish lock actuator (FCQ7-g1-AW3) that may be used for the pipe valve
actuator power.

e |dentify the gate operator on the fish lock ladder that can be re-circuited and
extended to provide power to the pipe valve actuator.

¢ Determine how to update and reconfigure the “FCQ7-q” bucket to provide power
to the valve actuator.
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e Label and update as-built drawings to abandoned and reused circuits.
7.2.2 Control

The electric valve actuator motor control will be built-in factory switches (CLOSED and
OPEN) with a local lockable disconnect.

There are no automatic or remote controls associated with the operation of this
equipment. The electrical valve actuator will be manually operated.

7.3 PIPE FLOW AND PRESSURE INSTRUMENTATION AND ANNUNCIATION

Required instrumentation will be determined during plans and specifications.
Instrumentation in concert with annunciation may be considered to monitor and alarm
dangerous conditions. Project personnel indicate that current monitoring of flow depth
over the fish ladder entrance weirs could be used to determine operational condition of
the backup AWS. If further forms of instrumentation are pursued, the following tasks
could be performed:

e |dentify the unused gate operator on the fish lock ladder that can be recircuited
and extended for pipe pressure and flow indication and alarms.

e Determine how to update and reconfigure the “FCQ7-u” buckets to monitor pipe
flow and pressure.

e The existing water level sensors in the fish ladder are assumed to be adequate to
indicate water levels and alarm conditions.

e Sheet E-101 shows the location of fish lock actuator indicator conduit
(FCQ7-ul-AW3) that may be used for the pipe flow and pressure indication and
alarm circuits.

e Label and update as-built drawings to show abandoned and reused circuits.

7.4 RELOCATE EXISTING CONDUIT, DEVICES, AND EQUIPMENT IN
CONSTRUCTION ZONE

e Survey existing drawings and locate existing conduit, devices, and equipment
impacted by construction. Existing site drawings have been reviewed; Sheet
E-101 shows conduits that need to be relocated.

e Locate site survey to find existing conduit, devices, and equipment in the
construction area. This “locate” survey will be used to further identify buried
conduits that will need to be relocated. Coordinate survey with as-built site
drawings.

e Determine electrical equipment, devices, and conduits that need relocation.
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e Develop plan for relocating electrical items located in the construction area.
7.5 MAINTENANCE LIGHTING AND RECEPTACLES

Design work should include maintenance lighting and receptacles near the pipe valve
actuator. This will involve providing 120VAC power circuits for lights and receptacles.

7.6 DESIGN REFERENCES

The designs of alternatives will conform to the following pertinent electrical criteria and
applicable standards and codes.

National Codes

e National Fire Protection Association (NFPA) 70 — National Electrical Code.
e NFPA 79 — Electrical Standard for Industrial Control.

e American National Standards Institute (ANSI) C2 2012 — National Electric Safety
Code

U.S. Army Corp of Engineers

e Unified Facilities Criteria (UFC) 3-501-01 — Electrical Engineering.

Valve Actuators, Electrical

e International Society of Automation (ISA) 96.02.01-2007 — Guidelines for the
Specification of Electric Valve Actuators.
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CHAPTER 8 — ENVIRONMENTAL AND CULTURAL RESOURCES

This chapter outlines the environmental and cultural resources and permitting
requirements as they may apply to providing a backup auxiliary water system for The
Dalles EFL. During plans and specifications, the design will be further refined.
Typically, it is during this phase that environmental clearance documents are prepared
to satisfy the various environmental laws and regulations that U.S. Army Corps of
Engineers (USACE) must comply with prior to constructing the facilities or modifying
operations to improve the adult fish facilities operation. USACE is required to comply
with numerous Federal laws, rules, and regulations, as well as potential additional
requirements under state and/or local jurisdictions.

All Federal actions that are funded, constructed, or permitted must comply with the
National Environmental Policy Act (NEPA). The NWP District Commander is the
USACE NEPA official responsible for compliance with NEPA for actions within District
boundaries. Typically, under NEPA, the District will prepare a Categorical Exclusion for
O&M activities, or an Environmental Assessment (EA) for larger construction projects.
An EA is a brief document that provides sufficient information to the District Commander
on potential environmental effects of the proposed action, if appropriate, and its
alternatives. The EA review also determines whether an Environmental Impact
Statement (EIS) or a Finding of No Significant Impact (FONSI) needs to be prepared. In
the case where project impacts are known to be major, USACE may decide to proceed
to an EIS without conducting the EA/FONSI.

Consultation with appropriate Federal, State, and tribal agencies regarding potential
environmental effects is coordinated by CENWP-PM-E. Compliance and consultation
includes all permitting activities associated with the Clean Water Act (CWA) including
Sections 401, 402, and 404. Under Section 401 of the CWA, water quality certification
will be requested from the State of Oregon. Cultural resource clearance will be required
for construction sites, other areas disturbed to facilitate construction (access roads,
staging areas, etc.), or otherwise affected by operational changes. Endangered
Species Act (ESA) compliance will include interagency consultation with the National
Marine Fisheries Service (NMFS) and U.S. Fish and Wildlife Service (USFWS) on all
threatened, endangered, and proposed species and/or designated critical habitat,
including terrestrial and aquatic plants and animals.

The consultation process may also encompass sections of the Fish and Wildlife
Coordination Act; Magnuson-Stevens Act (Essential Fish Habitat); Bald and Golden
Eagle Protection Act; several cultural resource laws including the National Historic
Preservation Act; Archaeological Resources Protection Act; Native American Grave
Protection and Repatriation Act; Antiquities Act; Archaeological and Historic
Preservation Act; Executive Order 11988, Flood Plain Management; Executive Order
11990, Protection of Wetlands; Executive Order 13514, Federal Leadership in
Environmental, Energy, and Economic Performance; Comprehensive Environmental
Response, Compensation, and Liability Act; Resource Conservation and Recovery Act;
Toxic Substances Control Act; Federal Insecticide, Fungicide, and Rodenticide Act; and
Migratory Bird Treaty Act.
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CHAPTER 9 — OPERATIONS AND MAINTENANCE
9.1 OPERATIONS

The emergency AWS chamber is operated by two primary means of closure — the
intake closure gate and the butterfly valve on the downstream side of the monolith
penetration. When the system is turned on, the butterfly valve should be set to the open
position prior to opening the intake gate. The intake gate will be opened with the mobile
crane, the 10-foot and 7.5-foot conduits will be flooded, and the system will be
delivering flow to the AWS chamber. During shutdown of the system, the butterfly valve
will be closed, shutting off flow. The intake gate will then be lowered into place with the
mobile crane. The butterfly valve provides an unassisted means of flow closure and
may be closed prior to positioning the mobile crane for intake gate operation. Butterfly
valve operation is coordinated to result in negligible transient effects during closure.

Since debris will likely build up on the trash rack, a debris removal schedule will need to
be developed. The schedule will be based on project observation; raking will be
conducted on a more aggressive schedule compared to the existing fish unit raking.
The butterfly valve should be used to stop flow before raking to increase the potential
for debris to drop off the trash rack and have sweeping flow move the debris
downstream. Once raking is completed, the butterfly valve can be opened to reestablish
flow.

9.2 MAINTENANCE REQUIREMENTS

Maintenance requirements for this system should be relatively minor. The trash rake
should not require much maintenance outside of periodically inspecting the rake tines
for damage or wedged debris. The operating gate roller wheels will also require only
periodic inspection to make sure they remain free and that the wheel bearings have not
lost any grease. The operating gate itself will require addition to the Hydraulic Steel
Structures Inspection program. The gate will remain continuously submerged, so in
order to inspect it and its wheels, it will be required to flood the pipeline up to the
butterfly valve, as the gate is removed. The inspection sequence should be set up so
that the butterfly valve and pipeline have been inspected prior to removing the operating
gate. The butterfly valve should also only require periodic inspection. The seats and
trunnions should be inspected periodically and the valve cycled to ensure that
everything is working properly. The valve operator should not require any special
maintenance. The inside of the pipeline itself should be inspected every 5 years or so,
perhaps as part of the dam safety periodic inspection.
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CHAPTER 10 — COST ESTIMATE
10.1 COST EVALUATION

This chapter presents the construction cost estimate for The Dalles east fish ladder
auxiliary water supply (AWS) as described in this DDR. Two options were estimated.
See appendix G for cost estimates, schedules, and analyses of these two options.

Option 1 entails the construction of a temporary cofferdam at the face of the dam prior
to tunneling through the dam. The cofferdam would be installed with divers during the
in-water work window (IWWW), between December 1 and February 28. The cofferdam
would be removed during the following season’s IWWW.

Option 2 entails the installation of pre-cast piers at the face of the dam with integral
guides for installation of bulkheads to enable the upstream portion of the tunnel to be
dewatered. With Option 2, the bulkheads would remain with the Government,
benefitting future maintenance work, and will eliminate the need to work in the second
season IWWW to remove the cofferdam. However, Option 2 requires significantly more
dive time and has additional risks over and above Option 1.

Based on price and risk, Option 1 was determined to be the preferable option. See
Chapter 5, Structural Design, for detailed discussions of advantages and disadvantages
of each option.

The estimated construction cost, including contingency and escalation, is $11,037,000
for Option 1 and $12,458,000 for Option 2.

The total project cost including planning, engineering and design, and construction
management is $14,531,000 for Option 1 and $16,400,000 for Option 2.

10.2 REFERENCES

a. U.S. Army Corps of Engineers (USACE) Engineering Regulation (ER)
1110-2-1302, September 15, 2008, Civil Works Cost Engineering.

b. Davis-Bacon Act Wage Decision: OR 11/01/2013 OR79, State: Oregon,
Construction Type: Heavy, County: Wasco County in Oregon.

c. U.S. Army Corps of Engineers (USACE) Engineer Pamphlet (EP) 1110-1-8,
Volume EP11R08, 2011 Construction Equipment Ownership and Operating
Expense Schedule, Region 8.

ER 1110-2-1302, Engineering and Design Civil Works Cost Engineering, provides
policy, guidance, and procedures for cost engineering for all civil works projects for
USACE. The cost estimating methods used establish reasonable costs to support a
planning evaluation process. The design is at a preliminary level and the cost estimate
is at a similar level.
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10.3 BASIS OF COST ESTIMATE

The cost estimates are based on the analyses in this 90 percent DDR. The estimates
have been prepared in Micro Computer Cost Estimating System (MCACES) M|
Version 4.2.

10.4 CONSTRUCTION SCHEDULE

It is anticipated that the construction schedule for Option 1 will be approximately
20 months from notice to proceed (NTP) to project closeout (see appendix G).

10.4.1 Construction Work Windows

The construction schedule is primarily driven by the IWWW from December 1 to
February 28. During the first season IWWW, the contractor will install a cofferdam.

The cofferdam will remain in place until the second season IWWW. Additionally,
installation of the 7.5-foot-diameter piping across the junction pool and the orifice
manifolds in the AWS chamber must be conducted during the IWWW, when they can be
dewatered.

Option 2 would eliminate the need to work in the second season IWWW because there
would be no cofferdam to remove.

10.4.2 Overtime
The estimates assumed a 40-hour work week.
10.4.3 Acquisition Plan

The estimates were developed assuming the project will be competitively bid with full
and open competition.

10.5 SUBCONTRACTING PLAN

The cost estimates were based on the work being accomplished by a general
construction contractor with marine construction expertise.

The following key specialty subcontractors are anticipated:
e Concrete Mining Subcontractor.
e Concrete Saw-cutting Subcontractor.
e Industrial Coating Subcontractor.
e Electrical Subcontractor.

e Paving Subcontractor.
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10.6 PROJECT CONSTRUCTION
10.6.1 Site Access

The project site is located at The Dalles Lock and Dam. The project site can be
accessed by an exit from Interstate 84. There is also barge access through the
Columbia River Navigation Lock System. It is anticipated that the cofferdam will be
installed and removed from a barge on the forebay side of the dam.

10.6.2 Materials and Offsite Fabrication

Items to be fabricated offsite include the temporary cofferdam, the trash rack panels, the
trash rake, and emergency closure gate. Additionally, the large diameter pipe (10-foot
and 7.5-foot-diameter), large diameter mitered pipe bends, and 10-foot by 7.5-foot wye
will be custom fabrication items for the project.

The cofferdam will require Government approval of a contractor provided design and
several week of offsite fabrication time. The cofferdam must be fabricated and
delivered to the project for installation during the first season IWWW.

The 10-foot-diameter butterfly valve will be a special order item, requiring 6 to 8 months
to manufacture. The contractor may choose to install a temporary spacer so that they
can proceed with construction of the pipeline, then install the butterfly valve later in the
project. The 10-foot-diameter expansion joint will likely also be a special order item,
requiring a long lead item.

10.6.3 Borrow Area

The borrow sources for materials will be commercially purchased. It is assumed that
sources are located locally.

10.6.4 Unusual Conditions (Soil, Water, Weather)

Rock is expected to be encountered with the trenching of the 10-foot-diameter pipeline.
The estimate assumed that bedrock will be encountered at elevation 105 feet near the
monolith (STA 0+75), and drop to elevation 100 feet at STA 2+10. See Chapter 3,
Geotechnical Design, for recommendations for additional geotechnical investigations to
identify the rock excavation quantities.

Use of explosives at the project site will likely not be permitted. Therefore, the cost
estimate was based on the use of expansive grout to fracture the rock prior to removal
with a hydraulic excavator.

Ground water may be encountered during the excavation work. The proximity of the
project to the river and fish ladder will require stringent measures to prevent spills,
sediment, and debris from entering the river.
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10.6.5 Construction Methodology
10.6.5.1 Cofferdam Construction

Construction of the conduit through the Monolith 5 will require installation of a
35-foot-diameter cofferdam estimated to have a weight of 270 kips. The specific design
of the cofferdam will be the responsibility of the contractor.

The cofferdam will require divers for installation. Discussions with a local contractor
have indicated that the contractor may choose to employ a technique of placing the
majority of the anchors required to resist buoyancy forces above the water line in order
to reduce the required dive time.

Once the cofferdam is constructed and dewatered, the contractor will commence with
tunneling operations. The cofferdam will stay in place during construction of the trash
rack guides, installation of the trash rack and trash rake, and installation of the
emergency closure gate.

10.6.5.2 Concrete Tunneling

The cost of concrete tunneling through Monolith 5 was estimated based on methods
and productivity data from NWP’s Dorena Lake Hydroelectric Project, which utilized an
F16A Alpine Miner Roadheader machine.

10.6.5.3 Underwater Construction

Underwater construction by divers is required for installation and removal of the
cofferdam at the upstream face of Monolith 5. Option 2 would require significantly more
dive time for installation of precast pier sections, but would eliminate the need for a
second mobilization of the divers to remove the cofferdam.

10.6.5.4 AWS Chamber Discharge Piping

Work in the AWS chamber will require the installation of temporary platforms,
scaffolding, and special rigging to assemble the sections of the discharge piping orifice
manifolds. There is a 4-foot by 4-foot hatch immediately above the discharge piping.
The hatch can be used for access and for lowering materials and tools into the AWS
chamber. However, the large diameter discharge piping and large equipment and
materials will need to be lowered into the chamber through another access point.

There are removable slabs approximately 60 feet upstream from the discharge pipes

that would be utilized for lowering the 7.5-foot-diameter orifice discharge manifolds into
the AWS chamber. Immediately below the removable slabs is an up-well into the AWS
chamber. It is anticipated that a temporary platform would be installed over the up-well
so that manifold sections could be dropped into the AWS chamber, and then be moved
on casters on the floor of the AWS chamber. The manifold sections will then be lifted

into position with hoists for welded or bolted connections. The 7.5-foot-diameter orifice
manifolds will likely need to be fabricated into 8-foot to 10-foot sections to be practically
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handled within the AWS chamber. The estimates assumed additional field welds to
assemble the manifolds within the AWS chamber.
10.6.5.5 Installation of the Buried Pipeline

It was assumed that the installation of the 10-foot-diameter pipeline will be done in two
phases to allow for road access to the powerhouse. The first phase would be
completely backfilled and brought up to grade before starting the second phase.

10.6.5.6 Site Utilities

Several underground utilities will likely be affected by the excavation for the 10-foot-
diameter pipeline. General assumptions were made about the cost impact for
repairing/restoring the affected utilities. Refinements to the estimate will be made once
a utility survey accurately determines the location and status of the underground
utilities.

10.6.6 Equipment/Labor Availability and Distance Traveled

Labor and equipment are available within a 100-mile radius of the project, which
includes Portland, Oregon, and Vancouver, Washington.

10.6.7 Overhead, Profit, Bond, Contingency, and Escalation
Table 10-1 summarizes the markups applied to the construction cost estimate.

Table 10-1. Markup Summary

Markup Percentage
Prime Contractor Job Site Overhead 15%
Prime Contractor Home Office 15%
Profit 10%
Subcontractor Job Site Overhead 15%
Subcontractor Overhead Home Office 15%
Subcontractor Profit 10%
Mobilization 4%
of Direct Cost
Bond 2%
Escalation from CWCCIS an 3Q16 index 4.88%
Contingency Based on the Abbreviated Risk Analysis*
Option 1 — Cofferdam 26.5%
Option 2 — Install Precast Pier with Divers 30.7%

* See appendix G for the Abbreviated Risk Analysis for both options
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10.7 COST BASIS

Labor rates were based on General Decision Number: OR130079 11/01/2013 OR79
State: Oregon. Construction Type: Heavy County: Wasco County in Oregon.

Equipment rates used are from Engineer Pamphlet 1110-1-8, Volume EP11R08,
Region 8, 2011.
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CENWP-EC-HD 21 January 2011

MEMORANDUM FOR Randy Lee, CENWP-EC-HD

SUBJECT: The Dalles East Fish Ladder Emergency Backup for the Auxiliary Water Supply System—

Minimum Discharge

Obijective:

. This memo will present the rationale for choosing 1400 cfs as the minimum discharge target

for emergency backup flow to the Auxiliary Water System (AWS) at The Dalles East Fish
Ladder (TDEFL) for the purpose of initial alternatives brainstorming by HDR and USACE
Portland District (NWP).

Background:

>

The AWS at TDEFL supplies water to the east, west, and south fish ladder entrances, the fish
ladder itself, as well as the transportation and collection channels in order to attract and
transport upstream migrating adult fish. Water is currently supplied to the AWS by two fish
unit turbines located on the west end of the powerhouse. The AWS normally operates with a
total flow of up to 5,000 cfs (2,500 cfs per turbine unit). If both turbines were to fail at the
same time, water supplied to the AWS would be severely limited or eliminated.

Previous studies have been undertaken to find alternatives to provide a backup supply of
water to the AWS for a one-year duration in the event that both fish units fail. For these
studies, alternatives have been evaluated assuming that at least 3400 cfs is required to allow
the ladder system (including east, west and south entrances) to meet fisheries criteria.
Estimated costs for the alternatives that were deemed most promising turned out to be very
expensive and consequently impractical.

A special Fish Facilities Design Review Work Group (FFDRWG) meeting was held on 2
November 2010 in part for the purpose of discussing the possible reduction of operational
constraints for a one-year emergency situation where both fish turbine units were
unavailable. Based on discussions at this meeting, it was agreed that the minimum
acceptable one-year emergency operation would be to use TDEFL east entrance exclusively.

The relative importance of various design criteria was also discussed at the FFDRWG

meeting and is shown below in relative order of priority:

a. Maintain 1.5 fi. of head differential over the entrance weir(s).

b. Assume operation of two of the three weirs (however, there was additional interest in
considering a variable width vertical entrance structure instead with the goal of improved
downstream attraction flow properties).

¢. Maintain at least 8 ft. depth at entrance weir(s) (depth from tailwater elevation to top of
the weir)
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Other operational criterion that were not discussed but need to be considered include:

d. Water velocity of 1.5 to 4 fps (2 fps optimum) maintained for the full length of the lower
end of the fish ladder that is affected by tailwater elevation.

e. Water depth over fish ladder weirs: 1.0 ft. +/- 0.1 ft. and 1.3 ft, +/- 0.1 ft, during shad
s€ason.

f. Maximum diffuser velocity = 0.5 ft/s

Discussion:

6. Calculations of a single weir discharge at the TDEFL east entrance were made for a range of
tailwater elevations with the following equations, criteria, assumptions and constants:
e Villamonte Equation for Submergence:
o Q=(1-(H2/H1)"1.5)"0.385*CwLHI1"1.5
o HI = depth from water surface elevation (WSE) to top of weir;
o H2 = depth from tailwater elevation (TW) to top of weir
¢ Rehbock Equation for Weir Coefficient:
o Cw=322+044H/P
o H=HI; P = weir height
Entrance weir head (WSE — TW) at entrance weir(s) of 1.5 fi.
Depth of weir (H2) minimum of 8 ft.
Entrance weir width of 8.67 ft.
Invert elevation at entrance of 60 ft.
Entrance channel width just upstream of weir of 34 fi.
No pier or contraction losses were used to allow for a more conservative discharge
(ie: higher acceptable minimum emergency flow).

7. Tailwater (TW) elevation used in the above equations can markedly influence the estimated
minimum flow. Therefore it was necessary to choose a reasonable range for this analysis.
Both stage and flow duration curves for the period of record (1974-1999) were used to
compile a range of tailwater elevations of note at The Dalles Dam (Table 1). As seen in the
table, the forebay of Bonneville Dam can influence the tailrace elevation of The Dalles Dam
such that there is a range of possible tailwater levels for any given total river flow. A range
of probable flow operations within the fish passage season would be banded by the higher
flows in May/June and the lower flows in September/October. For the upper tailwater limit
in May/June the 5% exceedance TW elevation range is 85.4 to 86.6 ft. Additionally, within
the range of high flows, there is a peak where river flow conditions are such that adult fish
will hold rather than travel upstream. Until a more defined estimate can be identified using
existing fish passage data, it is estimated that this river discharge is around 400 to 450 kcfs,
The corresponding TW elevation range (based on Bonneville forebay) for this condition is
84.7-88.6 ft. or an average of 86.6 ft which coincides with the 5% exceedance for June.
Therefore, 86.6 ft. was chosen as the upper TW elevation limit for this analysis. Focusing on
lower TW levels, the range of 95% exceedance for September and October is 74.0 to 74.2 ft.
These values fall within the TW elevation range for the minimum powerhouse flow of
50,000 cfs (72.6 to 77.6 ft.). Therefore the 95% exceedance TW elevation for October (74.0
ft.) was chosen for the lower TW elevation limit for this analysis.
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8. Using the criteria deemed most critical for an emergency operation (the ability to maintain

1.5 ft. entrance weir differential head and a minimum of 8 ft. weir depth) through the range
of TW elevations 74.0 to 86.6 ft. results in design flows of 1200 cfs and 1000 cfs
respectively. However, if minimum channel velocities are to be maintained at the
downstream end of the east entrance, more flow would be needed at the hi gher TW elevation
limit of 86.6 ft. If 1.5 fps (minimum channel velocity criteria) is required at the entrance then
the flow would need to be 1400 cfs. For the purposes of this analysis, the upper flow of 1400
cfs has been chosen for the minimum allowable emergency flow for TDEFL east entrance-
only condition. When the inflow from the upper ladder flow control section (80-120 cfs) is
subtracted, the actual total AWS flow required would be 1320 to 1280 cfs. However, for
this level of analysis a conservative AWS discharge of 1400 cfs has been chosen.

- Considerations that could help maintain and/or reduce the minimum allowable emergency

flow required for TDEFL include the potential for reduction of the forebay elevation at
Bonneville dam during the higher TW period of an emergency operation. Also, further
analyses should include the development of an operational logic for the full range of design
TW elevations (ie: prescribing weir depth as a function of TW) as the weir height is pivotal
to keeping within the minimum discharge needed for emergency operations.

Conclusions:

10. For this initial analysis, 1400 cfs is determined to be a minimum allowable emergency

backup flow for TDEFL based on meeting ladder entrance head and 8 feet of passage depth
over 2 of the 3 East entrance weirs. A range of TW elevation conditions were defined and
flows approximated given certain fisheries criteria. Ultimately, for future alternative
analyses, the hydraulics throughout the ladder system will need to be analyzed to ensure that
all internal hydraulic criteria are met in order to maximize fish passage success. Also, as
studies progress to a recommended design solution, the impact of system operations (such as
the elevation of the Bonneville forebay) on an emergency ladder operation should be
discussed and possible emergency operations to improve adult movement should be defined.

Recommendations:

11. For this phase of the comparison of alternatives for supplying emergency backup water to the

Auxiliary Water Supply System for The Dalles East Fish Ladder in the case where both fish
units are unable to function, we recommend using 1400 cfs.

Karen Kuhn
Hydraulic Engineer
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REVIEW PROCESS:

HD — Steve Schlenker

CF:

CENWP-EC-HD - Randy Lee

CENWP-EC-HD — Kyle McCune
CENWP-PM-E — Sean Tackley

Table 1 - Range of Significant River Discharge and Tailwater Conditions for The Dalles Dam*

Condition Discharge , : TW et
Approximate Tailwater Range Powerhouse
at Powerhouse by Flow ** by
Exceedance***
kcfs ft ft ft
100 year event 680 95.6 97.0
Maximum Tailwater 92.2
5% Exceedance June*** _ 866 |
Max Q for Adult Movement**** 400-450 84.7 88.6
5 % Exceedance May*** 85.4
Max Ph w/ 40% spill 430 85.3 88.0
Max Ph 270 77.8 81.3
Discharge 100kcfs (92% Flow Exceedance) 100 73.5 78.2
Min Ph w/40% Spill 85 73.3 78.0
Min Ph 50 72.6 77.6
95% Exceedance Sept*** 74.2
95% Exceedance Oct*** 74.0
Minimum Operating Tailwater™**** 70.0

*Data Source: Stage exceedance, stagef/discharge relationships, and tailwater ranges for the period of record (1974-1999) developed by CENWP-
EC-HY October 2000.

**Tailwater range based on forebay fluctuations at Bonneville Dam from 71.5-76.5 ft. Tailwater elevations were adjusted from RM 188.95 to
location at TDEFL powerhouse (RM 192.43) using relationships developed in Oct. 2000 study.

***Based on hourly readings at Powerhouse gage.

***Estimate to be verified with fish passage data.

*****From Fish Passage Plan 2010

Note: Highlighted values used in final selection of minimum emergency flow analysis.
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Project Title: Dalles EFL Emergency AWS - Intake Design 12/19/2013 By: Logan Negherbon
Check by: Ryan Laughery

Intake Design

The scope of this document is to develop dimensions for the trashrack and intake system. Due to the oversizing of the trashrack, the loss developed
at design dischrage will be assumed constant at all flows for the purposes of this submission. See Energy Dissipation and Hydraulic Transient
Analysis for supporting hydraulic calculations.
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Project Title: Dalles EFL Emergency AWS - Intake Design 12/19/2013 By: Logan Negherbon

Check by: Ryan Laughery

Units definition

ofs = ftos © cubic feet per second

fps := ft-s 1 feet per second
Hydraulic Properties

0= 10002 Fluid density
3

m

Assumed temperature deg. F

5
Ts = 50 To= (Tf - 32)-5 T, =10 Temp. deg. C

6 2 2
n v=1319x 10 6m Kinematic viscosity of water from temp. relationship
S S

1.792-10
V.=

1.0 + (0.0337-TC + 0.000221~TC2)

215
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Project Title: Dalles EFL Emergency AWS - Intake Design 12/19/2013 By: Logan Negherbon
Check by: Ryan Laughery

Design Parameters

Q := 1400cfs Design flow rate
V= 3fps Velocity limitation for trashrack approach velocity - EM 1110-2-1602
Vinr = 5fps Recommended thru velocity maximum for cleaning accessible trashracks from Bureau of Reclamation - Design of Small Dams
Areq = Q Areq = 466.667 ft2 Area required to meet trashrack approach velocity limitation

\%

2 2

Vi & (% . .
hy = Ky — Ki=145-045-— - | — Equation 11, Design of Small Dams - BoR

2.9 a a

g g
a,, == 0.75in Design bar spacing per EDR
ag = iin + ay, Assummed unit thickness for bar and space
an
— =0.706 Resultant porosity
a
g
Vi = Vigr Thru velocity for head loss differential
a

A = g_g Areq = 396.667 ft2 Based on thru velocity limitations A, . = 466ft Area required based on approach

Vn 2 velocity limitations - Controlling
Required trashrack height based on 15 foot width Required trashrack height based on 20 foot width

A A

H= — H = 31.067 ft H= — H = 233 ft
AT MV 20ft

35
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Project Title: Dalles EFL Emergency AWS - Intake Design 12/19/2013 By: Logan Negherbon
Check by: Ryan Laughery

Trashracks for the intake are sized with a 3 fps approach velocity and a flow of 1400 cfs. Velocity criterion was determined during the EDR phase of
design and based off of EM 1110-2-1602. A through bar velocity of 5 fps is recommended by the Bureau of Reclamation Design of Small Dams publication.
An assumed porosity of 70 percent for the trashrack results in a required gross area of 350 square feet; however, in order to meet the approach velocity a
required gross area of trashrack is required to be 466 square feet.

2
a a
Ki:= 145 - 0.45-—n - (_n) K; = 0.634 Resultant loss coefficient
a a
g g
v 2
h = Kt-zi h; = 0.246 ft Resultant head differential
g

A = 466 ft°

req ~ 66
Ry, := 160ft R := 155ft CL := 116.5ft Pt = hiyp-g p; = 0.107 psi
Py:=(Rh-CL)gp  Pq=18858psi py=Rp-CL
Py =Py —p; Po = 18.752 psi Po:=pq — ht
B := 100% Debris blockage factor (% open area)

ft ft
Vi=V=3— VZ::L=4.256—
S a, S
AL -—
B req 2
an . . . .
Fr= (Pl - PZ)'Areq' 1- Ba— + p-Q~(V2 - Vl) Equation for force imparted by momentum and pressure differential
g

F, = 5.52-kip Resultant force from momentum and pressure differential

Fr
—— = 11.845.psf Resultant pressure resistance from momentum and pressure differential
A

req

a5
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Project Title: Dalles EFL Emergency AWS - Intake Design 12/19/2013 By: Logan Negherbon
Check by: Ryan Laughery
3= 50% Debris blockage factor (% open area)
ft Q ft
A ::V:3; VZ::—anZ&SlZZ
BAreq'_
%
an . . . .
Fr= (Pl - PZ)'Areq' 1- Ba— + p-Q~(V2 - Vl) Equation for force imparted by momentum and pressure differential
g
F, = 19.611-kip Resultant force from momentum and pressure differential
_r_ 42.083-psf Resultant pressure resistance from momentum and pressure differential
A
req

55
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The Dalles East Fish Ladder Auxiliary Water Backup System DDR, Appendix B, Hydraulic

Project Title: Dalles EFL Emergency AWS - Energy 12/19/2013 By: Logan Negherbon
Dissipation Checked By: Ryan Laughery

Energy Dissipation

The scope of this document is to develop a one dimensional pipe network design model of the energy dissipation of the backup AWS system from
intake to discharge. This will include flow rates based on available hydraulic head, frictional headloss as a function of flow rate, minor headlosses as
a function of geometry and flow rates, thrust forces based on flow rates and pressure, cavitation potential of minor losses based on flow rates.
Manual calculations were deemed preferable to commercial pipe network model analysis due to the simplicity of the pipe network and the
complexity of the orifice and caviation analysis. Sensitivities factors are included in minor loss definition and equivalent sand grain roughness for
friction through out the document. Common variables are listed on the following page and a design summary is avaliable at the end of the document.
Use the Pipe Losses aerial overlay of the design for references to losses and loss locations. Intake design is available in the Intake worksheet and
hydraulic transient analysis is available in the Hydraulic Transient worksheet.
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Project Title: Dalles EFL Emergency AWS - Energy
Dissipation

12/19/2013

By: Logan Negherbon
Checked By: Ryan Laughery

Common variables

T Temperature

D Diameter

A Area

g Gravitational constant
vV Velocity

Q Flowrate

L Length

f Friction factor

Re Reynolds number

v Kinematic viscosity

eH

HV

Fr

Minor loss coefficient
Density

Unit weight

Pressure

Energy gradeline
Hydraulic gradeline
Velocity head

Froude number

Area ratio/bend angle

Contraction/Discharge coefficient

Common Subscripts

0 Orifice

—us Upstream
_ds Downstream
1 Pipe #

1 Loss ID on Pipe _

b Bend

_ve Vena contracta
e Centigrade

_f Fahrenheit
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Project Title: Dalles EFL Emergency AWS - Energy 12/19/2013 By: Logan Negherbon
Dissipation Checked By: Ryan Laughery

Custom Units Definition

fps = ft-s 1 feet per second cfs = ftz-fps cubic feet per second

Fluid Properties
kg . Ibf . .

p := 1000 — Density of water ~ = 62.41—  Unit weight of water
m3 ft3

Assumed temperature deg. F

5

Ts = 50 To= (Tf - 32)-5 T, =10 Temp. deg. C
-6 2 2
V= 1.79210 n v=132x 10 6m Kinematic viscosity of water from temp. relationship
10+ (0.0337-TC + 0.000221~TC2> ° °
Vapor pressure input matrix (values [Tf, psia] from Prasuhn)
32 0.087
40 012 Temp deg F Pressure psia
50 0.18
) _ _ (0 _ (D
Data:=| 60 0.26 data := csort(Data, 1) Tf .= data Pv := data
70 0.36
80 051 S := cspline(Tf,Pv)
M
90 0.70
Vapor pressure as function of temp, psia
Pv(x) := interp(S, Tf,Pv, ) psi Pv(Tf) = 0.18psi
Vapor pressure as function of temp, psig
Pvg(T¢) = Pv(T¢) — Latm Pvg(T¢) = ~14.52 psi X := 32,33..90

37101
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Vapor Pressure vs Water Temperature

2
—— Vapor Pressure, psi ?':_?
————— Vapor Pressure, ft ©
2
S 06 115 &
(%2} —
o =
5 ©
= =
wn Y
7} ] o
5 0.4 1 &
a R
S o
>
= 7
> i o
0.2 05 5
S
o
o
>
0 0
40 60 80
Temperature, F
Geometric Functions Area function Reynolds number Average velocity
¢’ Qd Q
For circular conduit Ac(d) := = Re.(Q.d) := Ve(Q.d) =
4 Ac(d)-v A(d)
Jain's explicit equation for friction factor Ref: Swamee and Jain, 1976, "Explicit equations for pipe-flow problems," Journal of Hydr. Div.

ASCE, Vol. 102, No. HY5, pp. 657-664

0.25 friction factor for circular conduit

2101
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Checked By: Ryan Laughery

Design Parameters

Q¢ = 1500cfs Design flow rate from intake (high forebay flowrate selected for initial loss calculations)
Qt . . . .
Qp=— Assumed branching flow to pipe 2 at bifurcation
2
Qu=Qt—Qp Q3 = 750-cfs Assumed branching flow to pipe 3 at bifurcation
Diameter Length
Pipe 1 D, := 10ff Ly = 190ft Section from dam to bifurcation
Pipe 2 D, := 7.5f L, == 110ft New section of pipe from bifurcation to AWS Chamber
Pipe 3 D3 := 7.5f Ly = 110ft Section from bifurcation to contraction
Sensitivities :=1.0 minor loss sensitivity coeff
10% increase minor losses T y '
10% decrease minor losses
10x increase in relative roughness - e
0.1x decrease in relative roughness friction loss sensitivity coeff.
10 degree temperature increase/decrease makes negligible changes and is not varried in sensitivity matrix Factors of 1.0 indicate assumed losses
Roughness - Assumed epoxy coating
k:= af-0.025mm Through new pipe with friction loss sensitivity
coefficient (Miller Table 8.1 - New Smooth Pipe)
Kgp:= 0.025mm Rough (Miller Table 8.1- no Kgg := Omm Fully smooth
lining)

5101
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Summary of Losses

Pipe 1

- Trash Rack Loss

- Entrance Loss

- Butterfly Valve Loss

- Bend Loss 1 (59 deg ~ 60 deg)
- Bend Loss 2 (59 deg ~ 60 deg)
- Orifice Loss 1.1

- Orifice Loss 1.2

- Bend Loss 3 (45 deg)

- Friction Loss

Pipe 2

- Wye Loss (10-ft to 7.5-ft)
- Bend Loss 2.1 (30 deg)
- Orifice Loss 2.1

- Bend Loss 2.2 (deg)

- Exit Loss

- Friction Loss

Pipe 3

- Wye Loss (10-ft to 7.5-ft)
- Bend Loss 3.1 (30 deg)
- Orifice Loss 3.1

- Bend Loss 3.2 (90 deg)
- Exit Loss

- Friction Loss

Operating Conditions

High Forebay & High Tailwater (FB:160ft & TW:86ft [AWS:89.8ft] => HD:70.2ft)
High Forebay & Low Tailwater (FB:160ft & TW.:76.4ft [AWS:78.4ft] => HD:81.6ft)
Low Forebay & High Tailwater (FB:155ft & TW.:86ft [AWS:89.8ft] => HD:65.2ft)
Low Forebay & Low Tailwater (FB:155ft & TW.:76.4ft [AWS.:78.4ft]=> HD:76.6ft)

6101
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Key Elevations

Intake Elevation CL: 116.5 ft

Elegpg 1 = 109.5ft
Elegpg o = 109.5ft
Elegpp 1 = 1045t
Elegpg 1 = 1045t
FLCg = 98.5ft

D2
Eleb0p2 = FLCC| - ?

D3
Eleb0p3 = FLCC| - ?

Maximum ydraulic head through Pipe 1 and 2

Minimum hydraulic head through Pipe 1 and 3

FBy, := 160ft High forebay

FB| := 155ft Low forebay

Top of pipe at orifice 1.1
Top of pipe at orifice 1.2
Top of pipe at orifice 2.1

Top of pipe at orifice 3.1

Fishladder crossing centerline elevation

Elepopp = 94.75 ft

Elepgpg = 94.75 ft

HPy15 = FBj, — AWSC, = 816 ft

HP| 9 := FB| — AWSC}, = 655t

HPH13:

HP| 13:= FB| — AWSC}, = 655t

FB}, -~ AWSC, = 81.6ft

AWSC, == 89.5ft High AWSC WSE
AWSC := 78.4ft Low AWSC WSE
FBd = FBh

AWSCd = AWSC|

Elevation of bottom of pipe into AWSC

Elevation of bottom of pipe into AWSC

7101
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Pipe 1 Losses

Re(Q.Dg) = 1.3% 10’

2
V¢(Qu.D
HV, = C(it—gl) HV, = 5,671t
oo
Wi(Q = =

Trash Rack Loss
from Intake worksheet

Entrance Loss Ke =0.16

Butterfly Valve Loss

beV = OLk-O.Z

Reynolds number

Velocity head thru Pipe 1

Ki:= 0634 —>

Assumed loss based on guidance from EM 1110-2-1602 (Section 3-7)

From Miller Fig. 14.19

Assumed lentil shaped butterfly valve oriented with a veritcal axis such that the disc does not act as a flow vane near the following bends.

Bend Loss 1 (59 deg ~ 60 deg)

L
d

K = 0.15
CRe =1.0
Cy=10

— fc(Qt’Dl’ksr)
v fc(Qt’Dl’kss)

Kp1.1 = o KpCreCoCt

Elebl.l .= 116.5ft Elevation at centerline of bend

From Miller Fig. 9.10 61 1 := —60deg Angle of deflection of bend

From Miller Fig. 9.3

No outlet, Miller Fig. 9.4
Cf=112 From Miller Eq. 9.3

Kpp1 =017  From Miller Eq. 9.4

8101
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Dissipation

Bend Loss 2 (59 deg ~ 60 deg)
Elevation at centerline of bend

Eleyy 5 == 104.5ft

Kp1.2= Kp1.1
Angle is reflected to achieve near zero slope within 61 2 := 60deg Angle of deflection of bend

Kp12 =017 _ fle _ _
pipe, loss is identical to previous

Corrected Bend Loss 1 & 2 Proximity

L
Lg:= 2.5ft = _ 0.25 Close proximity allows for reduction in bend loss. L, denotes the staight length of pipe between bends.
D
1
Cp p:=1095 From Miller Fig 10.3
Ko_b1 = Co_b(Kb1.1 + Kp1.2) Ko_p1 = 032
Bend 1 & 2 Cavitation Potential
foriln - 50ft .
or 1.1 h,:=|FBy - hy — | Kg + Ky + fC(Qt,Dl,k)-D—l hvy(Qr) — Eleyg 1 — HVq | h, = 15.3psi
hy - Pv(Tf)
Op=—————— 0,=6.15 opj = 2.2 Incipient cavitation parameter from Miller Fig 6.10 with
VC(Qt,D]_)z o - rld=1
—— -~/ Cavitation parameter is greater than
2.9 incipient cavitation for r/d = 1
bendcav4 1 := [ "Incipient cavitation initiated” if oy < op); bendcav4 4 = "Bend radius ok"

"Bend radius ok"
for 1.2 h - 50ft :
or1.2 b, :=|FBy - hy — | Kg + Kypy + Kpp.g + fC(Qt,Dl,k)-D—l hvy(Qr) ~ Eleyg o — HVq |y hy =20.09psi

hy - Pv(Tf) . o _ _ _
gp=—————— op=81 opj = 2.2 Incipient cavitation parameter from Miller Fig 6.10 with
rid=1

V.(Qs,D
M Cavitation parameter is greater than
2.9 incipient cavitation forr/d = 1
bendcav4 o = "Bend radius ok"

bendcav, o := [ "Incipient cavitation initiated" if o, < op);

"Bend radius ok"

oroL
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Thrust at bends 1 and 2

50ft
for 1.1 p; = {FBd —hi - (Ke + Kpfy + fC(Qt,Dl,k)-D—lj-hvl(Qt) ~ Elepy g - Hvl}-y

P4 = 15.3psi Pressure at point 1 0:=0p1.1 Set bend to bend 1.2 angle
Pix=P1 Ply := Opsi X and Y components of pressure vectors at control volume surface point 1
Aq = Ac(Dl) Area of control volume on which the pressure 1 acts on
2

Aq = 78.54 1t
V1 = V¢(Q.Dy) Vq = 19.1-fps
Vix:=Vq Velocity in X direction at point 1
Vqx = 19.1-fps
Vly := Ofps Velocity in Y direction at point 1

_ 50ft .
Py:=|FBy — hy— | Kg + Kpgy + Kpp 1 + fC(Qt,Dl,k)-D—l hvy(Qr) — Eleyg 1 — HVq | P, = 14.89 psi
Pyy = P5-c0s(6) X and Y components of pressure vectors at control volume surface point 2
sz = P25|n(9)
Ay = Aq Area of control volume on which the pressure 2 acts on
Voy = Vq-c0s(0) Velocity in X direction at point 2 Vo, = 9.55-fps
sz == V-sin(6) Velocity in Y direction at point 2 V2y = —16.54.fps
Fo1.1x = P1xA1 — Pax A = p-Qr(Vax — Vix) P1y-Ap — Poy A, = 88.83-kip —p-Qp(Vax — Vax) = 27.79-kip
Fo1.1x = 116.63~kip| Reactionary force in X direction
Fo1.1y = P1yA1 + PoyAg + p-Qp(Vay — Viy) P1y-Ap + Poy-Ag = ~145.81-kip p-Qr(Vay — Viy) = 48.14-kip

107101
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|Fb1.1y = _193_95.kiq Reactionary for in Y direction
2 2 :
FB1.1= \/Fbl.lx + P11y |FBl.1 = 226.31-k|p| Resultant force

50ft
for1.2 Py = {FBd - hy- (Ke + Koy + Kpp.1 + fc(Qt»Dlvk)'D—lj'h"l(Qt) — Elepy 5 - HVl}'W

P, = 20.09 psi Pressure at point 1 =010 Set bend to bend 1.2 angle
Pax= P1 Paw= Opsi X and Y components of pressure vectors at control volume surface point 1
A= AC(Dl) Area of control volume on which the pressure 1 acts on
2
Aq = 78.54 1t
V= V(. D1) Vq = 19.1-fps
Vixe= V1 Velocity in X direction at point 1
Vqx = 19.1-fps
= Velocity in Y directi t point 1
V3!<' Ofps elocity in Y direction at poin
. 50ft .
Pai=|FBy — hy — | Kg + Ky + Kp 1 + fC(Qt,Dl,k)-D—l hvy(Q) — Eleyg o = HVq |-y Py = 19.72 psi
Pax= Pp-c0(6) X and Y components of pressure vectors at control volume surface point 2
PBM = P25|n(9)
Agi= A Area of control volume on which the pressure 2 acts on
Vo= V1:€0s(6) Velocity in X direction at point 2 V,, = 9.55-fps
Vz% = Vy-sin(8) Velocity in Y direction at point 2 sz = 16.54-fps
Fo1.2x = P1xA1 = PoxAg = p-Qr(Vax — Vix) P1yAL — Poy Ay = 115.69-kip —p-Qp(Vax — Vax) = 27.79-kip
11101
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|Fb1.2x = 143.48~kip| Reactionary force in X direction
Fo1.2y = P1y"Ap + PoyAg + p-Qt-(sz - V1y) Py Aq + Poy-Ay = 193.12-kip p-Qt-(VZy - V1y) = 48.14-kip
|Fb1.2y = 241.26~kip| Reactionary for in Y direction
F = |F 2 F 2 F = 226.31-ki Resultant force
B1.2=4bl2x * "bl2y Bl.1 = 4051 'p|

Orifice Loss 1.1

Doy.1 = 7411 Orifice Diameter

Lop.1 := 100ft Length of 10-ft diameter pipe to first orifice

2
D
0= 01.1 0=0.55 Area ratio of inline orifice and inside pipe diameter
Dy (FEMA Eq. 17a)
C, = 3.1341-6° — 5.8809-6" + 3.8307-6° — 0.879-6° + 0,1851-0 + 0.61 C. =07 Vena Contracta Coefficient
(FEMA Eq. 17)
: Q ft Vena contracta velocit
ViyelQ) = > Vye( Q) = 49.66 — y
C.-0.25-m:D s
c 0l.1
Cy =098 Velocity coefficient for Reynolds number > 105
(FEMA)
CeCy
CD = CD, = 0.75 Orifice discharge coefficient for vena contracta calcs
2 FEMA Eqg. 20
Lo A¢(Do1.1) ( a. 20)
2
Ac(Dy)
Do1.1 . o o
B:= ' B=0.74 Diameter ratio of inline orifice and inside pipe diameter
D
1

127101
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) -10.18:3 .
Ko1.1 = o4890-e Ko1.1 = 262 Loss coefficient
(FEMA Eq. 23)
o ) Kor1
ho11(Q) = : hol.l(Qt) = 14.83ft Head loss associated with design discharge
A¢D1)) 29

Lor1
fo1.1(Q) = fo(Q. Dy k) g

1
ehyso1.1(Q) = hy + (Kg + Kpsy + Ky p1 + T1.1(Qt))hva (Q)

ehusol.l(Qt) = 458t

eHusol.l(Qt) = FBy - ehusol,l(Qt) EHusol.l(Qt) = 155.42 ft
Huso1.1(Qt) = eMyso1.1(Qt) — HV1 Hyso1.1(Qr) = 149.75 ft
Puso1.1(Qt) = (Huso1.1(Qt) — Eleropa.1) Puso1.1(Q) = 1744 psi

Ehdsol.l(Qt) = ehusol.l(Qt) + hol.l(Qt)

P, P
1 Ve

Q=CD, A, |2:g| — - —
00 NN

Vc(Qt’ Dol.l)2

Pvc(Qt) = I:)usol.l(Qt) - ”
CD,"2-g

Pyd(Qt) = 271 psi

Pvg(Tf) = —14.52 psi

Vc(Qt’ Dol.l)2

2
CD,"2-g

Hye(Qt) = Huso1.1(t) - Hyo(Qr) = 11575t

Friction loss to orifice from intake

Head loss from entrance to upstream side of orifice

Energy gradeline at upstream side of orifice

Hydraulic gradeline at upstream side of orifice

Pressure at upstream side of orifice at top of pipe

Head loss from entrance to downstream side of orifice

Discharge as a function of headloss from upstream side
orifice to downstream side at vena contracta
(FEMA Eg. 18)

Pressure at vena contracta

Vapor pressure of water at assume temp

Hydraulic gradeline at vena contracta
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EHdsol.l(Qt) = FBy - ehdsol.l(Qt) EHdsol.l(Qt) = 140.59 ft Energy gradeline downstream of orifice
Hdsol.l(Qt) = EHdsol.l(Qt) - Hvy Hdsol.l(Qt) = 134.92 ft Hydraulic gradeline downstream of orifice
Pdsol.l(Qt) = (Hdsol.l(Qt) - Eletopl.l)'”f Pdsol.l(Qt) = 11.02 psi Pressure at downstream side of orifice at top of pipe

Pvg(Tf) = —14.52 psi

Pdsol.l(Qt) - PVg(Tf)

=
|:’usol.l(Qt) - Pdsol.l(Qt)
0p11=0 Setting cavitation parameter for later output
Tullis Cavitation Method Check
CD := 0.019 + 0.083-8 — 0.203-8% + 1.35.8° CD = 0.52
1
CD:= ——— CD =0.53

A JKor1+1

Conservative CD chosen for further calculations

Gy = 0.62 + 4.4-CD + 6.6CD° + 1.3CD° Gy = 4.95
Dp = Dl
D = 3in
0.25
Y = 03K011

Vapor pressure of water at assumed temp

Cavitation parameter (Rahmeyer Eq 10)

Discharge coefficient based on orifice/pipe diameter ratio
(FEMA Eq. 27)

Discharge coefficient based on orifice loss calculated
previously (FEMA Eq. 28)

Reference incipient cavitation from Tullis lab tests
(FEMA Eg. 30)

Prototype orifice sise

Lab model orifice size (Tullis)

Conversion exponent
(FEMA Eq. 32)

Size scale effect from reference lab results
(FEMA Eq. 31)
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oj = SSE-ojy, oj = 20.22 Incipient cavitation parmeter
(FEMA Eq. 29)
check_cri_l_ 1:= |"ok" if o> 0j check_cri_l_l = "check next"

"check next" otherwise

G = 0.78 + 0.77-CD + 0.89-CD” — 4.16-CD°
Ocr = SSE-oqp o =397

CheCk_c’cr_l.l = |"ok" if o> 0

"check next" otherwise
Gigm = 011 + 6.5-CD — 7.9:-CD” + 8.8.CD°

Pim = 90psi P = —12.2psi

vgm *

Pvg(Tf) = —14.52 psi

0.16
P _ pyg(T
PSE = ( dso1.1(Q) = PVl f)j PSE = 0.8

Pim~— |:’vgm

O'id = Gidm'PSE

check_ojq 1.1:= ["ok" if o> 04

"resize orifice" otherwise
Ogp = 0.15 + 1.2CD — 031.CD” + 3.3.CD°

check_oep 11:= |"ok" if o>o0py

"resize orifice" otherwise

e = 0.83

Oer = 338

check_og, 1.1 = "ok"

O'id =21

check_ojq 1.1 = "ok" |

Och = 1.18

check_ocpy 11 = "oK" |

Reference critical cavitation from Tullis lab tests
(FEMA Eq. 34)

Critical cavitation parameter
(FEMA Eg. 33)

Reference incipient damage cavitation from Tullis tests
(FEMA Eg. 36)

Reference Tullis lab pressure and vapor pressure

Vapor pressure of river water at assumed temperature

Pressure scale effect from reference lab test
(FEMA Eq. 37

Incipient damage caviation parameter
(FEMA Eg. 35)

Choking cavitation parameter
(FEMA Eq. 38)
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Miller Cavitation Check
- Miller's cavitation check was included for additional verification of the Tullis method ensuring no incipient caviation but is not to be

considered primary design method of orifice due to it's inherent size limitation.

Do1.1 e .
=0.74 Orifice/pipe diameter ratio (beta)
Dy
VC(Qt, Dl) ~582.0 Approach velocity at orifice
s

Cl =05 Miller Fig. 6.17
Husol.l(Qt) = 45.64-m Approach pressure head at orifice

Pvg(Tf)
va(Tf) = + Elegpg 1 Vapor pressure head at orifice (top of pipe, gage)

Input matrix for incipient cavitation (Miller Fig. 6.16)

04 29
049 4
06 538
) _ ) (0 . (v
Data:=| 0.66 7 data := csort(Data, 1) dD := data ui ;= data
07 8
. . . . .o.om
0.77 10 8 := cspline(dD, ui) Uir(x) := interp(S, dD, ui,x) —
0.8 115 S
Input matrix for critical incipient cavitation (Miller Fig. 6.16)
04 3
047 4
056 6
) _ ) (0 ) (v
Data:=| 0.64 8 data := csort(Data, 1) dDg, = data ucr := data
0.7 10
. . m
0.75 12 Si= csplme(chr,ucr) Ucr(x) := mterp(S,chr,ucr,x)?
0.79 14
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Input matrix for incipient damaging cavitation (Miller Fig. 6.16)

04 34
044 4
054 6
06 75

) _ ) (0 . v
Data:=| 0.62 8 data := csort(Data, 1) dDy, := data uidr := data
0.68 10
072 12 | s — cspline(dDy,. uidr) Uidr(x) = interp(S,dDdr,uidr,x)?
0.77 14
0.8 15.7

D
Uir( 01'1} 9.1
Dl S
0.5
Dol.l].EHusol.l(Qt) - HVg(Tf)j

Ug = Cy-Uir
¢l ( D, 71.6m

check 013 |, ¢:= | "incipient cavitation initiated" if UC<VC(Qt,D1)

"no cavitation" otherwise

Ue= 2.52-: check_oll_uC = "incipient cavitation initiated"

check 017 ¢ := | "critical cavitation initiated" if Ucr<VC(Qt,D1)

0.5
Do1.1 Husol.l(Qt) - HVg(Tf>
UCr = Cl-Ucr .
Dq 71.6m
"non critical cavitation" otherwise

m n HH H H H ™ 1]
Uer = 3.24~: check_oll_uCr = "critical cavitation initiated

D
vidr| —22L |~ 1080 ™
Dl S
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By: Logan Negherbon
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Do1.1

Qt) - Hvg

U: 4 := Uidr
id
[ Dq

m
Uig = 7.61—

x:=04,042.08

j{Husol.l(

71.6m

(Tf)jOAs

check 017 jq:= |"damaging incipient cavitation initiated" if Ujq <VC(Qt,D1)

"non damaging" otherwise

|check_oll_u.id = "non damaging" |

Factored Miller Fig 6.16 for Prototype Conditions

0.8

i) P y
Il X
04 e %
o 07
% /)\/ —— function Ui
= X xxx values ui
0.6 )
L - — - function Ucr
a / s¢ xxx values ucr
% 05 function Uidr
2 ' xxx values uidr
S X eee Orifice 1.1 Condition
0.4 \
0 2 8
Velocity (m/s)
! T
Critical U, | Incipient Uy, | L . i
;Lf' Original Miller Fig 6.16
Incipient U, | — | — | i
e Vﬁﬁj . (5, k! gUu,..,.
= e
—|p 4
S T
T T 1 1 |
| |
7 4 (] 8 10 12 14 16 18 20
Welocity (m/s)
Cavitation veloities for sharp-edged orifices
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Thrust at Orifice 1.1

Thrust on the orifice will be assumed equal to that of a square edged contraction to a pipe the size of the orifice. This is a conservative measure
that ensures that momentum is accounted including pressure reduction through the orifice.

Pai= Pusor.1(Q) Py =1744psi
Rai=Pasora(@) P =1L02psi
A= Ac(D A; = 78541t
Aui= AdD1) 1= 785
Agi= Ac(D Ay = 4301 ft°
AN c( ol.l) 0 =430

Qt ft
V= — Vy=19.1—

Qt ft
Vo= — V, =34.88 —

A2 S
Fo1.1:= P1-Ap = PyAg + pQp(Va - Vy) P1-Aq — Py-Ay = 129.06-kip p-Qr (Vo — Vq) = 45.92:kip

[Fo1.1 = 174.98-kip

Orifice Loss 1.2

D01.2 .= 75ff Orifice Diameter

Loy o= 140ft
2
Do1.2 o o
0= ' 6 = 0.56 Area ratio of inline orifice and inside pipe diameter
Dy (FEMA Eq. 17a)
Coim 31341.0° — 5.8809-6" + 3.8307-0° — 0.879-6° + 0.1851.6 + 0.61 C.=071 Vena Contracta Coefficient

(FEMA Eq. 17)
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Vi(Q) = L
Cyu= 098
C.-C
c-v
CDO = >
2 Ac(Dol.Z)
L-Cg——+
A¢(D1)
Do1.2

= =075
A D, B

. -10.18-8
Kop 2 = 0y,-4890-e
ho1.2(Q) : Q)" Kotz
0l.2\~/ = ‘
AD1)) 29
Lo1.2

f01.2(Q) = fC(Q’Dlrk)' D,

Vye(Q) = 48.12 %

CD, = 0.75

Ko1.2 = 2:36

ho1.2(Qr) = 13.39t

eNysp1.2(Q) = My + (Ke + Kpgy + Kp_p1+ Ko1.1 + fol.Z(Q))'hvl(Q)

ehyso1.2(Q¢) = 19.61 ft
eHusol.Z(Qt) = FBg - ehusol.Z(Qt)
Husol.Z(Qt) = eHusol.Z(Qt) - HVy

Pusol.Z(Qt) = (Husol.Z(Qt) - Eletopl.z)'”f

ehdsol.Z(Qt) = ehusol.Z(Qt) + hol.Z(Qt)

eHusol.Z(Qt) = 140.39ft
Huso1.2(Qt) = 134721t

Puso1.2(Qt) = 10.93 psi

Vena contracta velocity

Velocity coefficient for Reynolds number > 105
(FEMA)

Orifice discharge coefficient for vena contracta calcs
(FEMA Eg. 20)

Diameter ratio of inline orifice and inside pipe diameter

Loss coefficient
(FEMA Eq. 23)

Head loss associated with design discharge

Friction loss to orifice from intake

Head loss from entrance to upstream side of orifice

Energy gradeline at upstream side of orifice

Hydraulic gradeline at upstream side of orifice

Pressure at upstream side of orifice at top of pipe

Head loss from entrance to downstream side of orifice
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P Pve
Q=CDyAy [2:9:| — - — Discharge as a function of headloss from upstream side
Al orifice to downstream side at vena contracta

Vc(Qt’ D01.2)2

2
CD,"2-g

MQt) = Pusol.Z(Qt) -

Pyc(Qt) = —2.75psi

Pvg(Tf) = —14.52 psi

Vc(Qt’ D01.2)2

Fuel Q) = Huso1 2(Q) - ———— Hyo(Q) = 10315
CDy 2.

eHgso1.2(Qt) = FBq — eNgso1.2(Qt) eHgso1.2(Qr) = 126.99ft

Haso1.2(Qt) = eMgso1.2(Qt) — HV1 Hso1.2(Qr) = 121.32ft

Pdsol.Z(Qt) = (Hdsol.Z(Qt) - Eletopl.z)'”f Pdsol.Z(Qt) = 5.12psi

Pvg(Tf) = —14.52 psi

Pdsol.Z(Qt) - PVg(Tf)

Lo 5
usol.Z(Qt) - dsol.Z(Qt)
Op12=0 Setting cavitation parameter for later output

Tullis Cavitation Method Check

CD:= 0.019 + 0.083-8 — 0.203-8% + 1.35.8° CD = 0.54
1
D= — = CD = 0.55

A JKor2+1

Conservative CD chosen for further calculations

(FEMA Eq. 18)

Pressure at vena contracta

Vapor pressure of water at assume temp

Hydraulic gradeline at vena contracta

Energy gradeline downstream of orifice

Hydraulic gradeline downstream of orifice

Pressure at downstream side of orifice at top of pipe

Vapor pressure of water at assumed temp

Cavitation parameter (Rahmeyer Eq 10)

Discharge coefficient based on orifice/pipe diameter ratio
(FEMA Eq. 27)

Discharge coefficient based on orifice loss calculated
previously (FEMA Eq. 28)
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g = 0.62 + 4.4.-CD + 6.6CD2 + 1.3CD3 Ojm = 5.19 Reference incipient cavitation from Tullis lab tests
(FEMA Eqg. 30)
Dp = Dq Prototype pipe sise
D= 3N Lab model pipe size
0.25 .
X=03Ky 0 Conversion exponent
(FEMA Eq. 32)
D Y
SSE = P Size scale effect from reference lab results
NWWWA D
m (FEMA Eqg. 31
oj = 2048 Incipient cavitation parmeter

Fi= SSE-O‘im

check_oj 1 9:= |"0k" if o>0j

"check next" otherwise

Gam= 078 + 0.77.CD + 0.89-CD” - 4.16-CD°

Takn= SSE-Gcm

check_og 19:= ["ok" if o> 0

"check next" otherwise
2 3

Gidms= 011 + 6.5CD - 7.9-CD" + 8.8.CD

Pim= 90psi W:: —12.2psi

Pvg(Tf) = —14.52 psi

(FEMA Eq. 29)

check_oj 1 o = "check next"

Oem = 0.79

oo = 3.12

check_og, 1.0 ="0k"

Reference critical cavitation from Tullis lab tests
(FEMA Eq. 34)

Critical cavitation parameter
(FEMA Eg. 33)

Reference incipient damage cavitation from Tullis tests
(FEMA Eq. 36)

Reference Tullis lab pressure and vapor pressure

Vapor pressure of river water at assumed temperature
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0.16
Pdsol.Z(Qt) - PVg(Tf)
PSE := PSE = 0.77 Pressure scale effect from reference lab test
Pim~ Pvgm (FEMA Eq. 37
Tids= Tidm PSE gjg =21 Incipient damage caviation parameter
(FEMA Eq. 35)
CheCk_c’id_l.z = |"ok" if o>0jy check_cid_1_2 = "ok"

"resize orifice" otherwise

Choking cavitation parameter

o = 1.25
(FEMA Eq. 38)

Gah,= 0-15 + 1.2CD — 031.CD° + 33.CD

check_cch_l_z = |"ok" if o>o0op check_cch_l_z = "ok"

"resize orifice" otherwise

Miller Cavitation Check

Do1.2
— =0.75 Orifice/pipe diameter ratio (beta)

Dy

\Y (Q ,D ) —582.0 Approach velocity at orifice
c\~t°~1 S

C1= 05 Miller Fig. 6.17
Husol.Z(Qt) = 41.06-m Approach pressure head at orifice

va(Tf) =23.17-m Vapor pressure head at orifice (top of pipe, gage)

0.5
D H Q:) — Hvg(T
. 0l.2 usol.2\ <t f L L .
Ugi= C1~U|r( S ]E (71)6 ( )j check 01y |, ¢:= | "incipient cavitation initiated" if UC<VC(Qt,D1)
1 .om
"no cavitation" otherwise
Ue= 2.32-: check_olz_uC = "incipient cavitation initiated"
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0.5
D H Q:) — Hvg(T
1.2 1.2\t f
Ugpi= Cl-Ucr[ gl ]( uso (71)6m ( )j check 01y |, ¢ := | "critical cavitation initiated” if Ug < VC(Qt,Dl)
"non critical cavitation" otherwise
Uer = 3~m check_ol, |, o = "“critical cavitation initiated”
s u.
0145 . " 1 H 1 H H 1 1 H'H " 1
e i Doy 2 Husol.z(Qt) _ va(Tf) check 01y jq:= |"damaging incipient cavitation initiated" if Ujq <VC(Qt,D1)
ARG Dg 71.6m "non damaging" otherwise
m |check_012_u.id = "non damaging" |
Ujq = 7.07-—
S
Factored Miller Fig 6.16 for Prototype Conditions
0.8 X

2 X

= °

o X

s 07

g x - -

= — function Ui

.fDE X xxx values ui

w 0° function Ucr

o xxx values ucr

2 o5 function Uidr

£ xxx values uidr

5 eee Orifice 1.2 Condition

0.4
0 6 8
Velocity (m/s)
Ko1.2 =236
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Thrust at Orifice 1.2

Thrust on the orifice will be assumed equal to that of a square edged contraction to a pipe the size of the orifice. This is a conservative

measure that ensures that momentum is accounted including pressure reduction through the orifice.

Rai= Pusol.Z(Qt) Py = 10.93psi
Pai=Pasor2(®)  Pp=512ps
A= A¢(D A; = 78541t
Aui= AdD1) 1=1785
2

A2= Ac(Po1.2) A, = 44.18 ft

Qt ft
V= — Vy=19.1—

Qt ft
Vo= — V, = 33.95—
Fo1.2:= P1-Ap = PyAgy + p-Qp(Va — Vy) P1-Aq — Py-Ay = 91.01-Kip p-Qr (Vo — Vq) = 43.23-kip

Fo1.2 = 134.25-kig

Bend Loss 3 (45 deg)

ﬁ =1 Eley; 5 := 101.5ft
K= 0.1 From Miller Fig. 9.10  %b1.3 = ~45deg
LRec= 1.0 From Miller Fig. 9.3

Las=10 No outlet, Miller Fig. 9.4

O R ey a—— Cs =112 From Miller Eq. 9.3
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Kbl.3 = ak'k'b'CRe'Co'Cf Kbl.3 =011 From Miller Eq. 9.4
Bend Cavitation Potential
for 1.3 h - 220ft .
or 1.3 = [FBy — | Kt + Ke + Koy + Ky p1 + Ko1.1 + Ko1.2 + fC(Qt,Dl,k)~D—l hvy(Q) — Eleyg 3 — HVy |-y hy = 6.97 psi
hy - Py(T¢)
gp= ——————— 0o} =276 o = 1.2 @ Incipient cavitation parameter from Miller Fig 6.10 with
VC(QI’D].)Z o - r/d=1.5
~-————= Cavitation parameter is greater than
2.9 incipient cavitation for r/d = 1
bendcavq 5:= [ "Incipient cavitation initiated" if o < 0.8-op); bendcav4 5 = "Bend radius ok"

"Bend radius ok" otherwise

Last been in 10-ft diameter pipe must be 15-ft in radius to avoid initiating incipient cavitation. Due to the low angle of deflection (45
degrees) a reducing factor of 0.8 is applied to the cavitation parameter from Miller Fig 6.10.

Thrust for Bend 3

220ft
for 1.3 py .= {FBd —hi - (Ke + Kpfy + K b1+ Ko1.1 + Kop.2 + fC(Qt,Dl,k)-D—lj.hvl(Qt) — Elepg 3 - Hvl}-w

Py = 8.42psi Pressure at point 1 =913 Set bend to bend 1.3 angle
Pie=P1 m;: Opsi X and Y components of pressure vectors at control volume surface point 1

A= AC(Dl) Area of control volume on which the pressure 1 acts on

A; = 78541t

V= VC(Qt,Dl) Vq = 19.1-fps

M= V1 Velocity in X direction at point 1

Vqx = 19.1-fps

N\ngA:: Ofps Velocity in Y direction at point 1
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220ft

Rai= {FBd = he- (Ke + Kpfy + Kp b1+ Ko1.1 + Koz.2 + fc(QtaDl»k)'—D1 j'hvl(Qt) — Elepy 3 - Hvl}'“f

Po = 8.42psi
L= Po-cos(0)
AE/:%W: Po-sin(0)
A= A1

Vox= V1-c0s(6)

X and Y components of pressure vectors at control volume surface point 2

Area of control volume on which the pressure 2 acts on

Velocity in X direction at point 2 Vo = 13.5-fps

Vo= Vq-sin(6) Velocity in Y direction at point 2 Voy = -13.5-fps

Fp1.ax = Pix AL = PoxAg = pQp(Vay — Vay) Pix A1 — PoxAp = 27.89-kip =pQ(Vax — V1) = 16.28-kip
||:bl 3% = 44.17-kip| Reactionary force in X direction

Fo1.3y = P1y-A1 + PayAg + p-Qp(Vay — Vay) PryAL+ Poy Ay = 67.34kip  p-Qp(Vyy — Vay) = ~30.3L-kip

Fo1.3y = ~106.65-kip

2 2
Fg13:= \/ Fh1.3x + Fb1.3y

Friction Loss

Ly
f1(Q) = fC(Q,Dl,k)~D—1

Ly
h2(Q = fo(Q.Dy k) 5=ty (Q)
1

Reactionary for in Y direction

Fg13= 115_43.kip| Resultant force

hfl(Qt) = 0.941t friction loss head at design discharge
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Pipe 1 total losses

Hy(Q) == hy + (Ke + Koy + Kp_p1 + Ko1.1 + Ko1.2 + Kp1.3+ fl(Q))-hvl(Q)

Hp(Q) = 33.89 ft

h; = 0.25ft

Kg-hvq(Qp) = 0,911t
Kpfyhvy(Q) = 1131t
Kp_p1-hvy(Q) = 181t
Kop 1-hv1(Q;) = 14.83 1t

13.39ft

(@)
Ko1.2v1(Qy)
Kp1.3hv1(Qr) = 0.63ft

f1(Q¢)-hvy(Qt) = 0.9391 ft
Pipe 2 Losses

t
Qup=750Cs i split (assume equal distribution) VC(QIZ’DZ) = 16.98 s

L, = 110ft

Ve(Qr2: D2)2

HV, = 5 HV, = 4.48 ft Velocity head thru Pipe 2
‘9
2
Ve(Q.y)
cl\~ -2
hv =—
2(Q) 29
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Wye Loss
Q1 700 700
— = — —— =05 Qr =05 EleWye = Elepy1 3 .= 30deg

Qg 1400 1400

Tee loss assigned assuming 45 degree angled branching flow

A A(D
1 2
— =05 2) e AR := 0.563
Ag A¢(D1)
Kap = 0y0.15 From Miller Fig. 13.28

Thrust at Wye

Po= (FBOI - Hl(Qt) ~ Eleyyye — Hvl)m{

Pq = 8.21psi
20ft
Rai= {FBd ~Hy(Q) - (KBl + fc(Qtz»Dz»k)'D—zj'h"z(Qtz) — Eleyye - HVz}r
P5 = 8.39 psi
A= A(D1) A =T854 f°

A2= A(Dg) Ay =4418 f°

Q& ft

Vi = Vi, =191—

Qp ft
Vo= A—-cos(e) Voy = 14.7—
2 S
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Fuye = P1-Ap = 2:Py-Ag - p'Qt'(VZX - le)

F ~1.06-kip

wye ~
Since flow is equally distributed between the wye branches at opposing angles, force in the lateral direction (y-axis) are assumed equal.

Bend Loss 2.1 (30 deg)

ﬁ =1 Eley, 1 := 101.1ft Elevation of bend
- : : Lpp 1 = 20ft Length of pipe 2 to

K= 0.06 From Miller Fig. 9.10 . bend

CRrec= 1.0 From Miller Fig. 9.3 B 1 := 30deg Bend angle

Lai=10 No outlet, Miller Fig. 9.4

f (Qia, Dy, k
Ce e M Ce = 111 From Miller Eq. 9.3

P Y
fc(QtS’ Dy, kss)
Kp2 1= % KpCreCoCs Kpo 1 = 0.07 From Miller Eq. 9.4

Corrected Bend Loss 1 & Wye Proximity

L
L= 20ft D_ = 2.67 Close proximity allows for reduction in bend loss. L, denotes the staight length of pipe between bends.
2
L= 0775 From Miller Fig 10.3
Kp_p2.1 = Ch_p(Kb2.1) Kp_po.1 = 0.05
Bend Cavitation Potential

- Lp2.1 :
or2.1 hyi=|FBy — Hy(Q)) — | Kgg + fC(QtZ,Dz,k)-D—Z hv,(Qpp) ~ Elepg 1 — HVp |- h, = 8.56 psi
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Dissipation

Checked By: Ryan Laughery

hy — Py(T¢)
gp= ——————— 0 =432 ;= 2.2 Incipient cavitation parameter from Miller Fig 6.10 with
VC(QIZ’D2)2 o - r/d = 1.0
—— = =/ Cavitation parameter is greater than .
2.g incipient cavitation for r/d = 1 bend less than 45 degrees allows for a reduction
P - factor of 0.8 to be applied (Miller)
bendcav, 1 := | "Incipient cavitation initiated" if o < 0.8-op); bendcav, 4 = "Bend radius ok"

"Bend radius ok" otherwise

Thrust at bend

Lp2.1

Rai= [FBd ~Hy(Q) - (KBl + fc(Qtz»Dzﬁk)'—Dz hv,(Qpp) — Elepg 1 — HVp |-y
P, = 8.56 psi Pressure at point 1
Pax= P1 Paw= Opsi X and Y components of pressure vectors at control volume surface point 1
A= AC(DZ) Area of control volume on which the pressure 1 acts on

2
Aq = 44181t
Nai= Ve(Qt2:D2)
Vix= V1 Velocity in X direction at point 1

Vqx = 16.98-fps

V3!< := Ofps Velocity in Y direction at point 1
, Lp2.1
Pai=|FBg — Hi(Q) — [ Ky + Ky po g + fc(QtZ’DZ’k)'—DZ hvy(Qp) — Elepg 1 — HV, |

P o= PZ'COS(ebZ.l) X and Y components of pressure vectors at control volume surface point 2

AE&W: P25|n(9b21)

Ari= Aq Area of control volume on which the pressure 2 acts on
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Nawi= V1~cos(6b2_1) Velocity in X direction at point 2
Vori= V1'Si”(9b2.1) Velocity in Y direction at point 2
Fpho.1x = P1xA1 = Pox A2 = p'QtZ'(VZX - le) P1xAL = PoxAp = 7.85-kip _p'QtZ'(VZX - le) = 3.31-kip
|Fb2.lx = 11.16-kip| Reactionary force in X direction
Fp2.1y = P1y"Ap + PoyAg + p-Qtz-(VZy - V1y) Py Aq + PoyAp = 26.91-kip p-Qtz-(sz - vly) = 12.35-kip
|Fb2.ly = 39.26-kip| Reactionary for in Y direction
2 2 -
Fho.1 = J Fo2.ax * Fo2.1y Fp2.1 = 40.82-kif Resultant force

Orifice Loss 2.1

D02.1 .= 55ff Orifice Diameter

L021 = 45ft
2
D
02.1
0= ( J 0=054
D,
5 4 3 2
L= 3.1341-6" - 5.8809-6 " + 3.8307-6" — 0.879-6" + 0.1851-6 + 0.61 C,=07
Q ft
Mol Q) = ; Vye(Qrp) = 45.08 N
Cw= 0.98
C.-C
¢V
CDo,= - CD, = 0.74
A.(D
1 Ccz' c( 02.1)

Area ratio of inline orifice and inside pipe diameter
(FEMA Eq. 173a)

Vena Contracta Coefficient
(FEMA Eq. 17)

Vena contracta velocity

Velocity coefficient for Reynolds number > 105
(FEMA)

Orifice discharge coefficient for vena contracta calcs
(FEMA Eq. 20)
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Do2.1 . o
B= 5 =073 Diameter ratio of inline orifice and inside pipe diameter
2
Ky 1 = 0y-4890-¢~ *018P Kyp1 = 28 Loss coefficient
(FEMA Eqg. 23)
Q 2 Kozt
hop 1(Q) = —_— hoo l(QtZ) = 12.54 ft Head loss associated with design discharge
- ADy) ) 29 -
Lo2.1

f02.1(Q) = fC(Q’DZ’k)' D,

ehyso2.1(Q) = Hy(Q) + (Kp_p2.1 + Ka1 + f52.1(Q)hva(Q)

ehys.1(Qtz) = 35.04 ft
eH\502.1(Q) = FBy — ehysqp 1(Q)

Hys02.1(Q) = eHygop 1(Q) — HVy

Pus02.1(Q) = (Husoz.l(Q) - EIetopZ.l)'”f

ehgs02.1(Q) = ehyso2.1(Q) + hgp 1(Q)

P, P
1 Ve

Q=CD, A, |2:g| — - —
00 NN

VC(Q’ Doz.l)2

2
CD,"2-g

Pue(Q) = Pys2.1(Q) = -

eHyso2.1(Qrp) = 124.96 ft

Husoz.l(Qtz) = 119.29ft

PusoZ.l(QtZ) = 6.41psi

Pyc(Qt2) = -5.82psi

Pvg(Tf) = —14.52 psi

Friction loss to orifice from intake

Head loss from entrance to upstream side of orifice

Energy gradeline at upstream side of orifice

Hydraulic gradeline at upstream side of orifice

Pressure at upstream side of orifice at top of pipe

Head loss from entrance to downstream side of orifice

Discharge as a function of headloss from upstream side
orifice to downstream side at vena contracta
(FEMA Eg. 18)

Pressure at vena contracta

Vapor pressure of water at assume temp
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VC(Q’ Doz.l)2

2
CD,"2-g

Hue(Q) = Hyso2.1(Q) —

eHys02.1(Q) = FBy — ehggqp 1(Q)

Hys02.1(Q) = eHygop 1(Q) — HV)

Pds02.1(Q) = (Hdsoz.l(Q) - EIetopZ.l)'”f

Paso2.1(Qt2) — Pva(Ty)

Hyg(Qrp) = 9L.07 ft

eHyso2.1(Qrp) = 11242t

Hdsoz.l(Qtz) = 107.94 ft

PdsoZ.l(Qtz) = 1.49 psi

-5 .
usoZ.l(QtZ) - dsoZ.l(QtZ)
Opp1=0 Setting cavitation parameter for later output
Tullis Cavitation Method Check
CD:= 0.019 + 0.083-8 — 0.203-8% + 1.35.8° CD=05
1
CD=0.51

CD :=
NV

JKo21+1

Conservative CD chosen for further calculations

Timn= 062 + 4.4.CD + 6.6CD2 + 1.3CD3

T = 479

Hydraulic gradeline at vena contracta

Energy gradeline downstream of orifice

Hydraulic gradeline downstream of orifice

Pressure at downstream side of orifice at top of pipe

Cavitation parameter (Rahmeyer Eq 10)

Discharge coefficient based on orifice/pipe diameter ratio
(FEMA Eq. 27)

Discharge coefficient based on orifice loss calculated
previously (FEMA Eq. 28)

Reference incipient cavitation from Tullis lab tests
(FEMA Eg. 30)

Prototype pipe sise

Lab model pipe size

Conversion exponent
(FEMA Eq. 32)
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D Y
SSE = P Size scale effect from reference lab results
NWWWA D
m (FEMA Eqg. 31
i~ SSE-ojm oj=17.93 Incipient cavitation parmeter

check_oj 21 := |"ok" if o> o0j

"check next" otherwise

Gam= 078 + 0.77.CD + 0.89-CD” - 4.16-CD°

Takn= SSE-Gcm

check_og 9.1:= ["ok" if o> 0

"check next" otherwise

Fidmi= 0-11 + 6.5:CD - 7.9-CD” + 8.8.CD°

Pim= 90psi /\E\A/\gm/\:_ —12.2psi
Pvg(Tf) = —14.52 psi

(Pdsoz.l(Qtz) - F’VQ’(Tf)JO'16

Pim~— F’vgm

PSE :=

MWW

O'id = Gidm'PSE

check_ojq 2.1 := ["ok" if o> 0y

"resize orifice" otherwise

Gah,= 0-15 + 1.2CD — 031.CD° + 33.CD

check_oep 21 := |"ok" if o>o0opy

"resize orifice" otherwise

PSE = 0.74

(FEMA Eq. 29)

check_oj o ¢ = "check next"

e = 0.85

g = 317

check_og, 9 1 = "ok"

O'id =19

check_ojq 51 = "ok" |

Och = 1.13

check_ocpy 91 = "oK" |

Reference critical cavitation from Tullis lab tests
(FEMA Eq. 34)

Critical cavitation parameter
(FEMA Eg. 33)

Reference incipient damage cavitation from Tullis tests
(FEMA Eg. 36)

Reference Tullis lab pressure and vapor pressure

Vapor pressure of river water at assumed temperature

Pressure scale effect from reference lab test
(FEMA Eq. 37

Incipient damage caviation parameter
(FEMA Eg. 35)

Choking cavitation parameter
(FEMA Eq. 38)
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Miller Cavitation Check

D
2.1
0% _ 073

D,

Ve(Q. D) = 5.17.?

Ca= 05

HusoZ,l(Qtz) = 36.36-m

Hvg(T¢) = 23.17:m

Orifice/pipe diameter ratio

Approach velocity to orifice

Miller Fig. 6.17

Approach pressure head at orifice

Vapor pressure head at orifice (top of pipe, gage)

2

m
U = 1.89-—
¢ S

U o CoUir Do2.1 .EHusoz.l(Qtz)_ HVQ(Tf)jO'S
e =1 D 71.6m

2

m
Ugr = 242

Qpp) — Hvg

0.5
_ I302.1 Husoz.l(Qt2> N va(Tf)j
Hen= Cl-Ucr[ D ]( 71.6m

DoZ.l] (Husoz.l(

Ujg.= Uidr

m
Uig = 5.87:—

71.6m

(Tf)j0.45

check 021 , ¢:= | "incipient cavitation initiated" if UC<VC(Qt2,D2)

"no cavitation" otherwise

check_024 |, o = "incipient cavitation initiated"

check 021 , o= | "critical cavitation initiated" if Ucr<Vc(Qt21D2)

"non critical cavitation" otherwise

check_02q |, o = "critical cavitation initiated”

check 02 jq:= |"damaging incipient cavitation initiated" if Ujq <VC(Qt2,D2)

"non damaging" otherwise

check_ozl_u.id = "non damaging"
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Factored Miller Fig 6.16 for Prototype Conditions

0.8 3
i) X
I
a4 *  «
& 07
5 X n -
= — function Ui
.fDE x xxx values ui
- 06 X function U
2 unction Ucr
= y xxx values ucr
% o5 function Uidr
e ' xxx values uidr
5 eee Orifice 2.1 Condition

0.4

0 4 6

Velocity (m/s)
Thrust at Orifice 2.1

Thrust on the orifice will be assumed equal to that of a square edged contraction to a pipe the size of the orifice. This is a conservative measure
that ensures that momentum is accounted including pressure reduction through the orifice.

Rai= PusoZ.l(QtZ) Py =641psi
Pa.:= Paso2.1(%2) Py = 149psi
2
A= Ac(D2) Aq = 44.18t
2
A2= Ac(Po2.1) A, = 23.76 ft
Qe ft
V1= — V; = 16.98 —
Qe ft
Vo= — V, = 3157 —
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Foo.1:= P1-Ap = Po-Ay + p-Qp (Vo — V1)

Fo2.1 = 56.92-kif

Ko2.1=28

Bend Loss 2.2 (90 deg)

P1-Aq — Py-A, = 35.68-kip p-Qey (V2 — V7 ) = 21.23:kip

r_q Eley, 5 := 101.1ft  Elevation of bend
d
Lpp o = 75ft Length of pipe 2 to bend
K= 0.26 From Miller Fig. 9.10
_ . . ) := 90deg Bend angle
SRe= 1.0 From Miller Fig. 9.3 b2.2
La=2.75 No outlet, Miller Fig. 9.4
fo( Qg Dok
= M Cs=111 From Miller Eq. 9.3
c(QtZ’ 2> ss)
Kp2 2 = oKy Cre'Co Cs Kpop =0.8 From Miller Eq. 9.4
Bend Cavitation Potential
o220 h - Lp2.2 :
or2.2 b= |FBg — Hy(Q) — | Kay + Kp pp.1 + Kop1 + fc(QtzﬂDzak)'—D2 hv,(Qpp) — Elegp o — HV5 |y hy =2.89psi
hy — Py(T¢)
gp=—————————o0op=14 Op; = 2.2 Incipient cavitation parameter from Miller Fig 6.10 with
2 r/d = 1.0
Ve(Qu:D2)™ : '
—— = =/ Cavitation parameter is greater than
2.9 incipient cavitation forr/d = 1
bendcav, 5 := | "Incipient cavitation initiated" if o, < op); bendcav, o = "Incipient cavitation initiated"
"Bend radius ok™ otherwise
38/101
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Thrust at bend

L
b2.2
Rai= [FBd ~Hy(Q) - (KBl + Kp p2.1t Ko2.1 + fc(QtzﬂDzak)'—D2 J'hVZ(QtZ) — Elepp o — HV |y

P, = 2.89psi Pressure at point 1
PJM = Pl
Paw= Opsi X and Y components of pressure vectors at control volume surface point 1
AL~ AC(DZ) Area of control volume on which the pressure 1 acts on
2
Aq = 44181t
Vixi= Vc(QtZ’DZ) Velocity in X direction at point 1

Vqx = 16.98-fps

y/\l/y/\:: 0fps Velocity in Y direction at point 1

Po= 0psi

Paxi= P2 m;: P1x X and Y components of pressure vectors at control volume surface point 2
Aai= A1 Area of control volume on which the pressure 2 acts on

Naw:= 0fps Velocity in X direction at point 2

A\//&w: -Vix Velocity in Y direction at point 2
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Fp2.2x = P1x'AL — PaxA2 = Qe (Vax — Vi) P1x A1 — PaxAg = 18.41-kip Qe (Vax — Vix) = 24.7°kip

|Fb2.2x = 43.12-kip| Reactionary force in X direction

Foo.2y = —P1y"A1 + Pay-Ay — p-Qpp(Vay — Viy) Py A+ Py Ay = 184LKIp  —pQup(Voy — Viy) = 24.7-kip

|Fb2.2y = 43.12-kip| Reactionary for in Y direction

2 2 -
Fpo.2 = J Fp2.2x + Fo2.2y [Fo2.2 = 60-98-kip Resultant force
45ft-Aq -~ = 124.07-kip Weight of water in pipe spanning the fish ladder

Ve(Q:Dy)

,IQ'DZ

Fra(Q) = Fry(Qep) = 1.09

Friction Loss

Lo
f5(Q) = fC(Q,DZ,k)'D—Z
L
2 - . .
he(Q) = fC(Q,DZ’k).D_Z.hVZ(Q) hfZ(QtZ) = 0.6ft friction loss head at design discharge
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Pipe 2 total losses
Hp(Q) = (Kg1 + Kp_p2.1 + Koz + K2 + 12(Q))-hva(Q)
Hy(Qp) = 17611t
K31-hvy(Qpp) = 0.67ft
Kp_p2.1-hvo(Qpp) = 023t
Kop.1:Vo(Qp) = 12.54 t
fo(Qez) hvo(Qp) = 06t

hv,(Qpp) = 448 t
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Pipe 2 Manifold/Orifice Details
Input matrix for manifold orifice discharge (Miller Fig. 13.55)

0.01 0.6

0.02 0.595

0.03 0.59

0.04 0.585

0.05 0.578

0.06 0.57

0.07 0.564 o

Data := data := csort(Data,0) R := data cd;

0.08 0.555 | mw MW

0.09 0.547

01 054 |mv= cspline(R,cd) Cdm2(x) := interp(S,R,cd, x) Sharp crested orifice manifold

0.2 0.475

xe:= 0.01,0.02..0.5

0.3 0.419

0.4 0.36 0.01 0.905

05 03 0.02 0.895
0.03 0.8875
0.04 0.875
0.05 0.8625
0.06 0.849
0.07 0.8375

Data2 :=

0.08 0.825
0.09 0.815 data2 := csort(Data2,0) R2 .= data2<0> cd2 := data2<1>
0.1 0.805
02 071 S2 := cspline(R2, cd2) Cdm(xe) := interp(S2,R2, cd2, xe)
0.3 0.625 - .
04 054 e = 0.01.0.02..05 Bell mouthed orifice manifold
05 045
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) w\e\ﬂ\e\e\s\e\s\(
Cdm(xe)
cd
XXX
Cdm2(xe)
000 K —x—x¢
0.4 +
0.01 0.1 1
xe, R, xe, R2
. . - De
De = 1.875f]  Diameter of manifold orifices 3 .= D_2 B=025 Diameter ratio of manifold orifice to pipe diameter
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Elegy 1 = 88ft

eHyse2.1(Qt: Qr) = FBg — Hy(Qt) — Ha(Qro)

eHyse2.1(Qt: Qrp) = 1085t

EuseZ.l(Qt’QtZ) = (EHuseZ.l(Qt’Qtz) - EIeeZ.l)

Euse2.1(Qp Q) = 205t

Ve(Qp: D2)2
29
Euse2.1(Qt’ Qt2>

COm2{mR e (0. Q) = 0.6

mRuseZ.l(Qt’ Qt2) =

O

c:dmz(mRusez_l(QpQtz))2

Ke2.1(Qt- Qo) = 464

Ke2.1(Qt Qpo) =

Qe2.1=€21CQp

2
Qe2.1

A¢(De) ™29

hvezll(Qez_l) = 1.03ft

hVe2.1(Qe2.l) =

Outlet elevation for orifice 1

Energy Gradeline Upstream of 1st Orifice Exit

Energy Head on Orifice 1

ey 1:= 0.03 Flow ratio of orifice discharge to

total flow of pipe 2

Velocity/Energy head ratio at manifold orifice

Coefficitent of disharge of orifice based on velocity head to energy head

Loss coefficient conversion

Discharge from orifice 1

Velocity head thru orifice 1

He2.1(Qt Qe2-82.1) = Ke2.1(Qt Qt2) ez 1(82.1 Q)

He2_1(Qp Qt, e2.1) =4.79ft

Euse2.1(Qt Qr) = 205t

Head loss for trial flow distribution
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Elee2.2 = Elee2.1 Outlet elevation for orifice 2

eHyse2.2(Qt: Qr) = FBg — Hy(Qr) — Ha(Qro)

eHyse2.2(Qt: Qrp) = 1085t

Exit

EuseZ.Z(QtaQtZ) = (EHuseZ.Z(Qt’QtZ) - Elee2.2) Energy Head on Orifice 2
Euse2.2(Qt Q) = 205t

29
EuseZ.Z(Qt’ Qt2>

COM2{mR 59 (0. Q) = 0.6

O

CdmZ(mRuseglz(Qt»Qtz»

Ke2.2(Q: Qpp) = 4.64

mRuseZ.Z(Qt’ Qt2) =

Ke2.2(Qt Qpo) = 5

Loss coefficient conversion

Qe22:=€22Qp Discharge from orifice 2

Qe2.22
A¢(De) ™29

He2 2(Qt: Qe2-82.2) = Ke.2( Q1 Qt2) ez 2(82.2Q2)

hvep 5(Qe2.2) =

Velocity head thru orifice 2

HeZ.Z(Qt’QtZ»ez.Z) = 4.79t Head loss for trial flow distribution

Euse2.2(Qt Qp) = 205t

Ele + 622 =0.06 Ke132 = 0.05 Miller 13.31

Energy Gradeline Upstream of 2nd Orifice

Velocity/Energy head ratio at manifold orifice

Flow ratio of orifice discharge to
total flow of pipe 2

Coefficitent of disharge of orifice based on velocity head to energy head
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Q2 1(Qt2) = Qt2'(1 —eyq— € 2) Resulting thru flow downstream of Manifold Orifices 1 and 2
Elego 5 := 82ft Outlet elevation for orifice 3

eHyse2.3(Qt Qt2) = eHuse2.2(Qt- Qr2) — Ke 32M2(Qma.1(Quz))  Energy Gradeline Upstream of 3rd Orifice Exit

eHyse2.3(Qt: Qrp) = 108.3

Euse2.3(Qt Qr2) = (eHuse2.3(Qt: Qr) — Elego 3)

Euse2.3(Qt Q) = 263t

ey 3:= 0.068 Flow ratio of orifice discharge to

Ve(Qma2.1(Qt)-D2)? total flow of pipe 2

29 . . . g
mRuseZ.S(Qterz) = ” 3(Qt th) Velocity/Energy head ratio at manifold orifice
use2. ’
Cdmz(mRuseZ.S(Qt»Qtz)) =0.51 Coefficitent of disharge of orifice based on velocity head to energy head
Ok
Ke2.3(Qt: Qo) = 5
Cdm2(MR 5e2 3(Qt- Qr2))
KeZ.S(Qt’QtZ) =39 Loss coefficient conversion
Qe23:=€23Qp Discharge from orifice 3
2
Qe2.3
hvep 3(Qe2.3) = 5 Qa3 _ 18471
A¢(De) ™29 A(De) s
hvgp 3(Qep.3) = 5:3ft Velocity head thru orifice 3

He2 3(Qt: Qe2-82.3) = Ke2.3(Qt Qt2) ez 3(82.3Qp2)

He2.3(Qth2,62.3) - Head loss for trial flow distribution
Euse2.3(Qt Qpp) = 26.3t
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Eleez_4 = Eleez_3 Outlet elevation for orifice 3

eHuse2.4(Qt»Qt2) = eHuseZ.S(Qt’QtZ)
eHuse2.4(Qt»Qt2) = 108.3ft
Euse2.4(Qt’Qt2) = (EHuse2.4(Qt’Qt2) - Elee2.4)
Euse2.4(Qt’Qt2) = 26.3ft
Ve Qmz.1(Qt2) - D2)2

29

Euse2.4(Qt’Qt2)
Cam2{mRse4(Q1.0g) = 051
QK

Cdmz(mRuse2.4(Qt’Qt2))2

Ke2.4(Qt-Qp) = 39

Qe2.4=€24Qp

mRuse2.4(Qt’ Qt2) =

Ke2.4(Qt: Qpo) =

Loss coefficient conversion

Discharge from orifice

2
Qe2.4

Aq(De)*20
hVe2.4(Qe2.4) = 5.3ft
He2.4(Qt: Qe2-€2.4) = Ke.4(Qt Qt2) MVe2 4(62.4Q2)

He2_4(Qp Qt, 92l4) = 20.7ft

hVe2.4(Qe2.4) =

Velocity head thru orifice

Head loss for trial flow distribution

Euse2.4(Qt»Qt2) = 26.3ft

e23Qp

_— Miller 13.23
Qm2.1(Qe)

= 0.07 Ke232 =0

Energy Gradeline Upstream of 3rd Orifice Exit

Velocity/Energy head ratio at manifold orifice

Coefficitent of disharge of orifice based on velocity head to energy head
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Qm2.2(Qt2) = Qm2.1(%2) — (e2.3 + €2.4) Q2
Elee2_5 = 76ft

eHyse2.5(Qt: Qr) = eHuse2.4(Qt: Qr2) — Ke2.32°MV2(Qma.2(Qe2))

eHu5e2_5(Qth2) = 108.3 ft
EuseZ.S(Qt»QtZ) = (eHuse2.5(Qt’Qt2) - EIeeZ.S)
EuseZ.S(Qt»th) = 32.3ft

Ve Qmz.2 Q)+ D2)2

29
EuseZ.S(Qt’QtZ)
Cdm2(MR g6 5(Q¢. Qpp)) = 0.5

o
Cdmz(mRuseg,gg(Qthz))z
Ke2.5(Qt: Qrp) = 334
Qe2.5:= €25Qr

mRuseZ.S(Qt’ Qt2) =

Ke2.5(Qt Qro) =

2 Q
Qe2.5 e2.5 ft

AC(De)z-Zg
hVeZ.S(QeZ.S) =971t
He2 5(Qt: Qe2-82.5) = Kez5(Qt Qt2) ez 5(82.5-Q2)

Hep 5(Qt Qep-€2.5) = 3241t

hVeZ.S(QeZ.S) =

eHyse 5(Qt Qrp) —~ AWSCy = 299t
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Elegy 5= Elegp 5
eHyse2.6(Qt Q2) = Huse2.5(Qt-Qr2)
eHyse2.6(Qt: Qr) = 108.3t
Euse2.6(Qt Qe2) = (eHuse2.6(Qt Qe2) — Eleen 6)
Euse2.6(Qt Qr) = 3231t

Ve Qmz.2(Q12)-2)’

29
Euse2.6(Qt’ Qt2)

COM2{mR 9 (1. Q) = 055

O

Cdm2<mRuseZ,6(Qt’Qt2>)2

Ke2.6(Qt-Qtp) = 3:34

mRuseZ.G(Qt’ Qt2) =

Ke2.6(Qt: Qro) =

Qe2.6 = €26 Q12
Qe
A¢(De) ™29
hvezlG(QeZB) = 9.7ft

He2.6(Qt: Qe2-82.6) = Ke.6(Qt Qt2) MVe2 6(62.6 Q2

hvep 6(Qe2.6) =

Hep 6(Qt Qep-€2.6) = 324t

eHysep 6(Qt Qrp) — AWSCy = 2991t

Energy Gradeline Upstream of 6th Orifice Exit
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Elego.7:= Eleea 6
EHuseZ.Y(Qt»QtZ) = eHuseZ.G(QterZ) Energy Gradeline Upstream of 7th Orifice Exit

eHyse2.7(Qt: Qrp) = 108.3

Fuse2.7( Q1 Qrz) = (Huse2.7(Qt- Qtg) ~ Fleez.7) ey 7= e d
EuseZ.Y(Qt»th) = 32.3ft
v Qm22(Q1) Do)’
29
Euse2.7(Qt-Qro)

COm2{mR e 7(Q4. Q) = 055

mRuseZ.?(Qt’ Qt2) =

O

c:dmz(mRusezj(QpQtz))2

Kez.7(Qt- Qo) = 334

Ke2.7(Qt: Qpo) =

Qe2.7:= €2.7Qp

Q27
Aq(De)*20 Aq(De) 5
hvep 7(Qez.7) = 971t

He2.7(Qt Qe2-82.7) = Ke27(Qt Qt2) ez 7(82.7Q2)

hVe2.7(Qe2.7) =

Hep 7(Qt Qep-€2.7) = 3241t

eHysep 7(Qt-Qrp) — AWSCy = 2991t

€2 5Qp Ke3.3p = 0.05 Miller 13.23
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Qm2.3(Qt2) = Qm2.2(Qu2) — (e2.5 + €26+ €2.7) Qu2

Eleg) g = 68.0ft

EHuseZ.S(Qt»QtZ) = eHuse2.7(Qter2) - Ke3.32'hV2(Qm2.3(Qt2)) Energy Gradeline Upstream of 8th Orifice Exit

eHyse2.8(Qp Qtp) = 10824t

Euse2.8(Qt»Qt2) = (eHuseZ.S(Qt’QtZ) - EIeeZ.S)
Eu5e2_8(Qth2) = 40.24 ft
v Qmz.o(Q12)-P2)’
29
Euse2.8(Qt-Qt2)

COM2{mR e (01 Q) = 059

O

CdmZ(mRusezlg(Qt’QQ))z

Ke2.8(Qt: Qrp) = 2.8

mRuseZ.S(Qt’ Qt2) =

Ke2.8(Qt Qro) =

Qe2.8:= €28 Q12
Qers”
Aq(De)*20
hvgp g(Qep.g) = 12.64 ft
He2 8(Qt: Qe2-82.8) = Ke.8(Qt Qt2) ez 8(62.8-Q2)

Hep.8(Qp- Qrp-€2.g) = 36.37 ft

hvep g(Qe2.8) =

eHyse2.8(Qt: Qrp) — AWSC = 20.84 ft
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Elegp.9:= Elegp g
eHuseZ.Q(Qt»QtZ) = eHuseZ.S(Qt’QtZ)

eHyse2.9(Qp Qpp) = 10824t

EuseZ.Q(Qt»Qtz) = (eHuseZ.Q(Qt’QtZ) - Elee2.9)
Eu5e2_9(Qth2) = 40.24 ft
v Qmz.o(Q12)-P2)’
29
Euse2.9(Qt-Qr2)

COM2{mR 9 . Q) = 059

O

Cdm2<mRuseZ,9(Qt’Qt2>)2

Ke2.9(Qt: Qpp) = 2.8

mRuseZ.Q(Qt’ Qt2) =

Ke2.9(Qt Qpo) =

Qe2.9:=€29CQp

Ac(Pe) 29

hVep o Qep.g) = 12.64ft

Hg o(Qp Qe-€2.9) = Kep o Q- Qt2) MVe2.9(82.9: Q1)
Heg.9(Qt: Qtp-€2.9) = 36:37 ft

eHyse2.9(Qp: Qrp) — AWSC = 20.84 ft

hvep o(Qe2.9) =

€29 Qp
Qm2.3(Qe2)

Energy Gradeline Upstream of 9th Orifice Exit

=02 Keg 30 = 0.05 Miller 13.23
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Qm2.4(Qt2) = Qm2.3(2) — (e2.8 + €2.9) Q2

Elegy 10 := 62.0ft

EHuseZ.lo(Qt’QtZ) = EHuseZ.Q(Qt»Qtz) - Ke4.32'hV2(Qm2.4(Qt2)) Energy Gradeline Upstream of 10th Orifice Exit

eHyse 10(Qt Qrp) = 10822t

Euse2.10(Qt Qt2) = (Huse2.10(Qt- Qt2) — Elegz.10)
EuseZ.lO(Qt»QtZ) = 46.221t
Ve(Qmz.4(Qt2) D2)2

29
use2.10(Qt: Qe2)
Cdmz(mRuseZ.lo(QthZ)) =06

oy

Cdm2(mR ez 10(Qt: Qr2))

Ke2.10(Qt:Qr2) = 2.78

Qe2.10 = €210 Q12

mRuseZ.lO(Qt’ Qtz) S

Ke2.10(Qt:Qr2) = 5

2
Qe2.10

Ac(Pe) 29

hvep 10(Qe2.10) = 1362t

He2.10(Qt- Qt2-€2.10) = Ke2.10(Qt: Qt2) ez 10(¢2.10'Q12)
He.10(Qt Qr-€2.10) = 3783 ft

eHyse.10(Qt Qrp) ~ AWSCy = 29.82 ft

hvep 10(Qe2.10) =

3210 = 0.109
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Eleele = 62.0ft

eHuse2_11(Qt,Qt2) = EHUSBZ.lo(Qt»Qtz)
eHuseZ.ll(Qt’Qtz) = 108.22ft
Euse2.11(Qt»Qt2) = (EHuseZ.ll(Qt’QIZ) - EIeEZ.ll)
EuseZ.ll(Qt»Qtz) = 46.22 ft
Vc(Qm2.4(Qt2) ’ D2)2

29
use2.11(Qt- Qo)
Cdmz(mRuseZ.ll(Qt»Qtz)) =0.6

oy
Cdm2(mR yse2 11(Qys QtZ))2

Ke2.11(Qe-Qrp) = 278

Qe2.11 = €211 Qp

mRuseZ.ll(Qt’ Qtz) S

Ke2.11(Qt:Qt2) =

2
Qe2.11

A(De)*20
hvezlll(Qezlll) = 13.62 ft
He2.11(Qt: Qt2-€2.11) = Ke2.11(Qt-Qt2) ez 11(2.11 Q1)

He2.11(Qt- Q2 €2.11) = 37.83 t

hvep 11(Qe2.11) =

eHyse2.11(Qt Qrp) ~ AWSCy = 29.82 ft

Energy Gradeline Upstream of 11th Orifice Exit

€211 = €2.10
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Elegy 1 := 62.0ft

eHuse2.12(Qt,Qt2) = EHuseZ.ll(Qt»QtZ) Energy Gradeline Upstream of 12th Orifice Exit
eHyge2 12(Qt Qpp) = 10822t

Euse2.12(Qt-Qt2) = (SHuse2.12( Q- Qo) ~ Eleez 12)

EuseZ.lZ(Qt»Qtz) = 46.22 ft

Ve Qma.4(Qt)- D2)2
29

use2.12(Qt- Q2

Cdmz(mRuseZ.lz(QthZ)) =06

mRuseZ.lZ(Qt’ Qtz) S

oy
Cdm2(mR 62 19( Q4 QtZ))2
Ke2.12(Qt:Qr2) = 2.78

Qe2.12 = €212Qp

Ke2.12(Qt:Qt2) =

2
ea12(%212) = Q62-122 Qe212 .. ft
AC(De> 29 Ac(De) s
hvep 12(Qe2.12) = 1362t
He.12( Q- Qt2-2.12) = Ke2.12( Q- Qo) e2.12(22.12 Q1o)
He.12(Qt Qr-€2.12) = 37.83 ft
eHyge2 12(Qt- Qrp) — AWSCq = 29.82 ft
3

1-(egg+epoteygtegtepsregteyyteggregtey g teyqq+epgp)=-9x10
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Pipe 3 Losses
Qi3 = 750-cfs

Ly = 110ft

Ve(Qs: D3)2

HVq = HV, = 4.48 ft
3 2.g 3
2
V (Q D )
c\~~3
hv. ="
3(Q) 29
Wye Loss
Q1 700 700
— = —— =05 QRp.= 05
Q3 1400 1400

Trial split (assume equal distribution)

Ve(Q3:D3) = 16.98%

Velocity head thru Pipe 3

Q1 700 700
- — —— =05 QR =05
Qg 1400 1400

Tee loss assigned assuming 30 degree angled branching flow

A Ac(D3)

s — 0.56 An = 0.563
A Ac(Py) R
Kagi= 040,15

Bend Loss 1 (30 deg)

.
d

K= 0.06

AQ/R&:: 1.0
C.:=10

From Miller Fig. 13.28

Elebs.l .= 101.1ft Elevation of bend

From Miller Fig. 9.10

Lz 1 = 20ft Length of pipe 2 to bend

From Miller Fig. 9.3

No outlet, Miller Fig. 9.4 03 1 == —30deg Bend angle
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f.(Qsq,Dq,k
_ 9% Psky) Cp =111 From Miller Eq. 9.3

St
fc(QtS’ D3, kss)
Kp3.1 = o Kp'CreCo-Ct

Corrected Bend Loss Wye & 3.1 Proximity

LS
/\IITISI:: 20ft D_ = 2.67
3

Chvb,= 0775

Kp_p3.1 = Ch_p'(Kb3.1)

Bend Cavitation Potential

for3.1p, = [FBd —Hy(Q) - (Ksl - fC(Qts,DS,k)-%]-hVS(QtS) — Elepz 1 - HVS}-W

Kyz 1 = 0.07 From Miller Eq. 9.4

Close proximity allows for reduction in bend loss. L, denotes the staight length of pipe between bends.

From Miller Fig 10.3

Kp p3.1 = 0.05

L
h, = 8.56 psi

_ hy - PV(Tf) ) Incipient cavitation parameter from Miller Fig 6.10 with
= op =4.32 Thin= 22 fd = 1.0
Vc(Qtz» DZ) I . .
—— = =/ Cavitation parameter is greater than bend less than 45 degrees allows for a reduction
2.9 incipient cavitation for r/d = 1 factor of 0.8 to be applied (Miller)
bendcavg 1 := | "Incipient cavitation initiated" if o < 0.8-op); bendcavg 4 = "Bend radius ok"

"Bend radius ok"

otherwise
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Thrust at bend

Lp3.1
Rai= [FBd ~Hy(Q) - (KBl + fC(th,Dg,k)-D—3]~hv3(Qt3) — Elepz 1 - HVS}"Y

P, = 8.56 psi Pressure at point 1
Pax= P1 Paw= Opsi X and Y components of pressure vectors at control volume surface point 1
Ag= AC(D3) Area of control volume on which the pressure 1 acts on
2
Aq = 44181t
Y= Ve(Qt3:D3)
Vixe= V1 Velocity in X direction at point 1

Vqx = 16.98-fps

= Velocity in Y direction at point 1
V3!<' 0fps y p

Lh3.1
Pai= [FBd — Hy(Qp) - [KBl +Ko_p31+ fc(QtS’DS’k)'D—gJ'hVS(QtS) — Elepg 1 — HV3 |y

P o= PZ'COS(ebS.l) X and Y components of pressure vectors at control volume surface point 2

AE&W: P25|n(9b31)

N’AV‘QN:: Al Area of control volume on which the pressure 2 acts on

N V1~cos(eb3_1) Velocity in X direction at point 2

Vor,i= V1'Si”(9b3.1) Velocity in Y direction at point 2

Fp3.1x = P1xA1 = Pox A2 - p'QtZ'(VZX - le) P1xAL = PoxAp = 7.85-kip _p'QtZ'(VZX - le) = 3.31-kip
Fp3.1x = 11.16-kip| Reactionary force in X direction
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Fp3.1y = {Ply-A1 ~ Py Ag - p-Qt2~(V2y - vly)] —(Ply-Al) ~ PpyAg = 26.91-kip p-Qtz-(sz - vly) = -12.35-kip

|Fb3.ly = —39.26~kip| Reactionary for in Y direction
2 2 -
Fh3.1= J Fha.ax * Foa.1y [Fos.1 = 4082 kif Resultant force

Orifice Loss 3.1

D03.1 = DoZ. Orifice Diameter

L031 = 45ft
2
Do3.1

0= ' 0 =054 Area ratio of inline orifice and inside pipe diameter

Dy (FEMA Eq. 17a)
Coim 31341.0° — 5.8809-6" + 3.8307-0° — 0.879-6° + 0.1851.6 + 0.61 C. =07 Vena Contracta Coefficient

(FEMA Eg. 17)

MwelQ) = Q V, (Q ) _ 45081 Vena contracta velocity

: vel <t3 S

2

Velocity coefficient for Reynolds number > 105
C, =098

AR (FEMA)
CeCy
CDo= CD, = 0.74 Orifice discharge coefficient for vena contracta calcs
A (Do )2 (FEMA Eq. 20)
2 c( 03.1)
1 CC —2
Ac(Ds)
Dos.1 . T o
= - =0.73 Diameter ratio of inline orifice and inside pipe diameter
B B
D3
-10.18:8

Ko3.1 = 0y-4890-e Ko3.1 =28 Loss coefficient

(FEMA Eq. 23)
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0 ) Koz
ho3.1(Q) = . hoS.l(QtS) = 12.54 1t Head loss associated with design discharge
A¢(D3)) 29

Fo31= (AC(DS) - AC(DOS.l))'hOS.l(QtS)'”f
Fo3.1 = 15.98-kip (Ac(D3) ~ A¢(Dg3 1)) = 20.42 ft°

Lo3.1
f03.1(Q) = fC(Q’DS’k)' gg

ehys3.1(Q) = Hy(Q) + (Kp_pa.1 + Ka1 + f03.1(Q)hva(Q)

ehys03.1(Qtg) = 35.04 ft

eHys03.1(Q) = FBy — ehyga3 1(Q) e"'usoS.l(QtS) = 124.96ft
Hus03.1(Q) = eHyg3.1(Q) — HV; HusoS.l(QtS) = 119.291t
Pus03.1(Q) = (HUSO3.1(Q) - EIetopS.l)'”f PusoS.l(QtS) = 6.41psi

ehys03.1(Q) = ehyso3.1(Q) + N3 1(Q)

P, P

1 Ve

Q=CD, A, |2:g| — - —
00 NN

VC(Q’ DoS.l)2

2
CD,"2-g

MQ) = Pusog_]_(Q) - PVC(Q'[B) = -5.82psi

Pvg(Tf) = —14.52 psi

Friction loss to orifice from intake

Head loss from entrance to upstream side of orifice

Energy gradeline at upstream side of orifice

Hydraulic gradeline at upstream side of orifice

Pressure at upstream side of orifice at top of pipe

Head loss from entrance to downstream side of orifice

Discharge as a function of headloss from upstream side
orifice to downstream side at vena contracta
(FEMA Eg. 18)

Pressure at vena contracta

Vapor pressure of water at assume temp
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VC(Q’ DoS.l)2

2
CD,"2-g

MQ) = HusoS.]_(Q) - HVC(Qt3) = 91.07 ft

eHgs03.1(Q) := FBy — ehgga3.1(Q) eHdsoS.l(QtS) = 112.421t

Hds03.1(Q) = eHggg3.1(Q) — HV; HdsoS.l(QtS) = 107.941t

Pds03.1(Q) = (HdSO3.l(Q) - EIetopS.l)'”f PdsoS.l(QtS) = 1.49psi

P ~ Pyg(T
/S)'w:: dsoSl(QtS) Vg( f)

Puso3.1(Qt3) ~ Pdso3.1(Qt3)

003.1=9 Setting cavitation parameter for later output

Tullis Cavitation Method Check

CD:= 0.019 + 0.083-8 — 0.203-8% + 1.35.8° CD=05
1
D= — = CD = 051

A JKoz1+1

Conservative CD chosen for further calculations

Hydraulic gradeline at vena contracta

Energy gradeline downstream of orifice

Hydraulic gradeline downstream of orifice

Pressure at downstream side of orifice at top of pipe

Cavitation parameter (Rahmeyer Eq 10)

Discharge coefficient based on orifice/pipe diameter ratio
(FEMA Eq. 27)

Discharge coefficient based on orifice loss calculated
previously (FEMA Eq. 28)
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g = 0.62 + 4.4.-CD + 6.6CD2 + 1.3CD3 Tjm = 4.79 Reference incipient cavitation from Tullis lab tests
(FEMA Eqg. 30)
Dp = Dg Prototype pipe sise
D= 3N Lab model pipe size
0.25 .
Y = 0.3-K Conversion exponent
MW 03.1
(FEMA Eq. 32)
D Y
SSE = P Size scale effect from reference lab results
NWWWA D
m (FEMA Eqg. 31
i~ SSE-ojm oj=17.93 Incipient cavitation parmeter
(FEMA Eq. 29)
check_cri_3_ 1:= |"ok" if o> 0j check_cri_3_1 = "check next"

"check next" otherwise

o= 0.78 + 0.77-CD + 0.89-CD° — 4.16-CD°

AWGRRV

Takn= SSE-Gcm

check_og g3.1:= ["ok" if o> o0

"check next" otherwise

Tidmi= 0-11 + 6.5:CD - 7.9-CD” + 8.8.CD°

Pim= 90psi /\E\A/\gm/\:_ —12.2psi
Pvg(Tf) = —14.52 psi

e = 0.85

g = 317

check_og, 3.1 = "ok"

Reference critical cavitation from Tullis lab tests
(FEMA Eq. 34)

Critical cavitation parameter
(FEMA Eg. 33)

Reference incipient damage cavitation from Tullis tests
(FEMA Eq. 36)

Reference Tullis lab pressure and vapor pressure

Vapor pressure of river water at assumed temperature
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0.16
Paso3.1(Qtz) — Pva(Ty)
PSE = PSE = 0.74 Pressure scale effect from reference lab test
P1m = Pvgm (FEMA Eq. 37)
Tide= Tidm PSE ojg =19 Incipient damage caviation parameter
(FEMA Eq. 35)
check_cid_&l = |"ok" if o>0jy check_cid_3_1 = "ok"

"resize orifice" otherwise

och=113 Choking cavitation parameter

o+ = 0.15 + 1.2CD — 0.31-CD° + 3.3.CD°
(FEMA Eq. 38)

check_crch_3_1 = |"ok" if o>o0op check_crch_3_1 = "ok"

"resize orifice" otherwise

Miller Cavitation Check

Dos.1
— =0.73 Orifice/pipe diameter ratio
D
3

m : -
VC(Qtsa D3) = 5.17-? Approach velocity to orifice

L= 05 Miller Fig. 6.17
HU503-1(Q'[3) = 36.36:m Approach pressure head at orifice
HVg(Tf) =2317m Vapor pressure head at orifice (top of pipe, gage)
D H Hvg(T:) )
| Fo3.1 u503.1(Qt3) B vg( f) check_031 o := |"incipient cavitation initiated" if U, <VC(Qt3,D3)
Ug= Cq-Uir : u.
Dj 71.6m " o, -
no cavitation" otherwise
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m
U = 1.89-—
¢ S

Usn = Cl-Ucr[

m
Ugr = 2.42~?

Do3.1

check_031 |, ¢ = "incipient cavitation initiated"

Do3.1

. ](Husos.l(

Q) -

0.
Qt3> - va(Tf)j ’ check_031 | ¢ =
71.6m h

"non critical cavitation" otherwise

check_031 |, ¢r = "critical cavitation initiated”

Yigo= Uidr[

m
Uig = 5.87:—

D3

](Husos.l(

71.6m

0.45
HVg(Tf)j check 03 ;4=

"non damaging" otherwise

|check_031 wid = "non damaging” |

Factored Miller Fig 6.16 for Prototype Conditions

0.8

0.7

0.6

0.5

Orifice to Pipe Diameter Ratio

—— function Ui
xxx values ui
function Ucr
xxx values ucr
function Uidr
xxx values uidr
eee Orifice 3.1 Condition

0.4
0

4

Velocity (m/s)

6

"critical cavitation initiated” if U, < V¢(Qqz.D3)

"damaging incipient cavitation initiated” if Ujg < V¢(Q3.D3)
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Thrust at Orifice 2.1

Thrust on the orifice will be assumed equal to that of a square edged contraction to a pipe the size of the orifice. This is a conservative measure
that ensures that momentum is accounted including pressure reduction through the orifice.

Rai= PusoS.l(QtS) Py =641psi
Pa.:= Paso3.1(s) Py = 149psi
2
As= Ac(D3) Aq = 44.18t
2
A2= Ac(Po3.1) A, = 23.76 ft
Qi fit
Vo= — V, = 16.98 —
Qi fit
Vo = — V, = 31.57 —
Foaai= P1-AL — Po-Ay + p-Qtz-(Vz - V1) P1-Aq — Py-A, = 35.68-kip p-Qtz-(Vz - V1) = 21.23-kip

Fo3.1 = 56.92-ki

Koz.1=28

Bend Loss 3.2 (90 deg)

Lp3.0 = 75ft
ﬁ =1
K= 0.26 From Miller Fig. 9.10
LRe= 10 From Miller Fig. 9.3
Lav= 275 No outlet, Miller Fig. 9.4
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f.(Qsq,Dq,k
Cs = M Cf=111 From Miller Eq. 9.3
fc(QtS’ D3, kss)

Kp3.2 = K Cre CoCs Kp32 =0.8 From Miller Eq. 9.4
Bend Cavitation Potential
S Lb3.2 :
or3.2 b= |FBg — Hy(Q) — | Kay + Kp p21 + Kog1 + fc(QtS’DS’k)'—Dg hv3(Qyg) — Eleyg o — HV3 |y hy =2.89psi
hy — Py(T¢)
gp=————————o0op=14 Op; = 2.2 Incipient cavitation parameter from Miller Fig 6.10 with
\V/ D 2 r/d = 1.0
o(Qu:D2)” . :
—— = =/ Cavitation parameter is greater than
2.9 incipient cavitation for r/d = 1
bendcavg o := | "Incipient cavitation initiated" if o, < op; |bendcav3_2 = "Incipient cavitation initiated"

"Bend radius ok" otherwise

Thrust at bend

L3
Rai= [FBd ~Hy(Q) - (KBl + Kp p3.1t Koz 1+ fC(th,Dg,k)-D—gJ-hVQ,(th) — Elepz o — HV3 |y

P, =281psi Pressure at point 1 at high discharge
PJM = Pl
Paw= Opsi X and Y components of pressure vectors at control volume surface point 1
Ag= AC(D3) Area of control volume on which the pressure 1 acts on
2
Aq = 44181t
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Naxi= Ve(Q3:D3)

Vqx = 16.98-fps

N\ngA:: 0fps

Po= 0psi

Pavi=P2  FPayi~ Pix

A= A1
Vox= 0fps

Vayi= ~Vix

Velocity in X direction at point 1

Velocity in Y direction at point 1

X and Y components of pressure vectors at control volume surface point 2
Area of control volume on which the pressure 2 acts on

Velocity in X direction at point 2

Velocity in Y direction at point 2

Fog.2x = P1xA1 — Pox A2 = p-Qu3:(Vax — Vax)

[Fo3.2x = 42.59-kig

Reactionary force in X direction

Fp3.2y = P1y AL = Poy Ay = pQz(Voy — Viy)

[Fo3.2y = 6.82:kip

2 2
Fh3.2 = J Fha.ox + Fp3.y
45ft- Ay -y = 124.07-kip

V(@03

,’9'D3

Fr3(Q) =

Reactionary for in Y direction

|Fb3_2 = 43.13-kip| Resultant force

Weight of water in pipe spanning the fish ladder

Fr3(Qe) = 1.09  Froude number of pipe 3
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Friction Loss

L

3
f3(Q) := fC(Q’DS’k)'D_g
L
3 - . .
hez(Q) = fC(Q’DS’k)'D_g'hVS(Q) hfS(QtS) =061t friction loss head at design discharge

Control check for horizontal discharge and potential open channel flow within Pipe 3
D:= D3 Q = Qt3

n:= 0.010 Mannings roughness coefficient

C, = 1.486 %/ﬁ.s_ 1 Units factor for Mannings equation

Sy = 0_001? Slope of pipe crossing fishladder
t
y D’
Angle Functions 0(y) := 2-acos| 1 — 2-— Area Functions A(0) := —-(6 — sin(6
) ( Dj A(6) g ( (6))
Perimeter Functions  P(0) := 2.(6) Hydraulic Radius Rp(6) == A(6)-P(6) .
2
) . (0

Top Width T(6) = D-sm(zj
Full Pipe Condition

Vi D?
yg = 0.90D Vg = 6.75ft 05 = 2-acos(1 - 23} 0 = 5 Ag = '"T

Critical Flow Depth Computations

Zn:= Q— Z.=175x 104ft5 Critical Section Factor
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Q:=11m Trial value for flow angle
Given Solve block for critical depth angle
3
A9 _ , :
W =27, 0 = Find(6) 0 = 5.06 o= |(@2m) if 6,>2-7 0 = 5.06

ec otherwise
Yo:= |D if 6,> 6

D 5 e
> 1 - cos > otherwise y. = 75ft Critical Depth
Critical flow
Rp(8c) = 2.22ft Hydraulic Radius
y

Pere,(y) = S Perfull(yc) = 100-% Percent Full

-1 ft - .
Ver = QA(6) Vg = 17.77 = Critical Velocity

s
T(0c) = 4:3ft Top Width
2 2

Q-n »

S¢ = Sc = 0.49-% Critical Slope
2 2 4
Cy A(0¢) " Ru(®¢)
Q-cfs !

Inlet Condition N=——""""7"— N=26.2
Factor Aft 2 DA
Specific Head at Critical Depth

2
Ho=y Ll H, = 1241 ft

¢l Hyg c :
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Normal Depth Computation

Trial depth angle New;: 1.5m

2
c ol
i = Y Ac0). 3, = Fi -
Given Q= - A(6)-R(6) \/s_o 0, := Find(8) 6, = 15.41
Oai= |@m) it 6y >2m 0, = 6.28
0, otherwise Normal Depth Critical Depth
yn:= |D if 6, > 6 yp = 7.5t ye = 7.5ft
0
D
—-| 1 - cos = otherwise
2 2
Flow Area A(en) _ 44,18t
Hydraulic Radius RH(en) = 1.88ft
Percent Full Perfu”(yn) = 100-%
. -1 ft
Velocity Vi, = Q.A(en) V,, = 16.98 —
s
Top Width T(6y) = Oft
A6
Hydraulic Depth Dhn = ( n) Dpp = 4.81 x 1016ft
T(8n)
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Pipe 3 total losses
H(Q) = (Kg1 + Kp_p31 + Kog1 + Kpg 2 + 13(Q))-hv3(Q)
H3(Q) = 17.61ft
K31-hvg(Qeg) = 0.67ft
Kp_p3.1-hv3(Qrg) = 023t
Kog.1-hv3(Qrg) = 12.54 t
Ko3.2v3(Qrg) = 356 ft
f3(Q)-hv3(Qg) = 0.61t

hv3(Qg) = 448 t
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D
. . o e
De = 1.8751t Diameter of manifold orifices = D_2 B=025 Diameter ratio of manifold orifice to pipe diameter
Elegg 1 == 88ft Outlet elevation for orifice 1

eHuseS.l(Qt»QtS) = FBd - Hl(Qt) - H3(Qt3) Energy Gradeline Upstream of 1st Orifice Exit
eHyse3.1(Qt: Qrg) = 1085t

Euse3.l(Qt’Qt3) = (EHuseS.l(Qt’QtS) - EIeeB.l) Energy Head on Orifice 1

Euse3.l(Qt’Qt3) = 20.5ft e31:= 0.03 Flow ratio of orifice discharge to

) total flow of pipe 3
Ve( Qs Dz)

29
mR Qy,Qta) =
use3.1\*t> ~t3
( ) Euse3.1(Qt-Qt3)
Cdmz(mRuseS.l(Qt»QtS)) = 0.46 Coefficitent of disharge of orifice based on velocity head to energy head
Ok
Ke3.1(QtQt3) = 5
Cdm2(MR 5e3.1(Qt- Q3))
Ke3.1(Qt’Qt3) = 4.64 Loss coefficient conversion
Qe31:=031Q13 Discharge from orifice 1
2
Q Q
MWog 1(Qua 1) 1= —ot 31 g5t
e3.1\~e3.1 5 A (D ) s
A¢(De) 29 c|Pe
hveg 1(Qes.1) = 1.03ft Velocity head thru orifice 1

He3.1(Qt Qta-€3.1) = Kez 1(Qt- Qt3) MVe3 1(e3.1Qa)
He3.1(Qt’Qt3»es.1) = 4.79t Head loss for trial flow distribution

Euse3.1(Qt Qrg) = 205t
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Elegs o == Elegg 1 Outlet elevation for orifice 2

eHuse3.2(Qt»Qt3) = FBy - H1(Qt) - H3(Qt3) Ezsrgy Gradeline Upstream of 2nd Orifice
eHyse3.2(Qt: Qrg) = 1085t

EuseS.Z(Qt»Qt3) = (eHuseB.Z(Qt’QtS) - Elee3.2) Energy Head on Orifice 2
Euse3.2(Qp Qi) = 205t

V4% 0g)°

29
Euse3.2(Qt-Qt3)

mRuseS.Z(Qt’ QtS) =

Flow ratio of orifice discharge to
total flow of pipe 3

Cdmz(mRuseS.Z(Qt»QtS)) = 0.46 Coefficitent of disharge of orifice based on velocity head to energy head
Ok

Ke3.2(Qt:Qt3) = 5

Cdm2(mR se3 2(Qt- Qu3))
KeS.Z(Qt’QtS) = 4.64 Loss coefficient conversion
Qe32:=€32Q43 Discharge from orifice 2

2
Qe3.2

hveg o(Qe3.2) = 5 Rz _ 815"

A¢(De) ™29 A(De) s
hveg 5(Qes.2) = 1.03ft Velocity head thru orifice 2

He3.2(Qt: Qta-€3.2) = Kez 2( Q1 Qt3) MVes 2(63.2Q3)
HeS.Z(Qt’QtS»es.Z) = 4.79t Head loss for trial flow distribution

Euse3.2(Qt Qrg) = 205t

€31+ €3, =006 Keg.32:= 0.05 Miller 13.31
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Qmaa(Q3) = Az (L -~ €31~ e32)

Elees 3= 82ft Outlet elevation for orifice 3

eHuseS.S(Qt»QtS) = eHuseS.Z(Qt’QtS) - Kel.32'hV2(Qm2.1(Qt3)) Energy Gradeline Upstream of 3rd Orifice Exit

eHyse3.3(Qt: Qrg) = 108.3

Euse3.3(Qt»Qt3) = (EHuseg_g(Qt,Qt3) - Elee3_3)
Euse3.3(Qp Qi) = 263t

e3 3:= 0.068 Flow ratio of orifice discharge to

Vc(sz.l(th),Dz)z total flow of pipe 3

29
Euse3.3(Qt’ Qt3)
Cdmz(mRuseS.S(Qt’Qt3)) =031

QK
CdmZ(mRuseglg(Qt’QB))z

Ke3.3(Qt Qeg) = 3.9

Qe3.3= €33Q3

mRuseS.S(Qt’ QtS) =

Ke3.3(Qt-Qt3) =

2
Qe3.3

Aq(De)*20 Aq(De) 5
hveg 3(Qes.3) = 5:3ft
He3.3(Qt Qta-€3.3) = Kez 3(Qt Qts) MVes 3(63.3 Q)

He3_3(Qp Qt3» 933) = 20.7ft

hveg 3(Qe3.3) =

Euse3.3(Qt»Qt3) = 26.3ft
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E|e83_4 = Elee3_3
eHuse3_4(Qt»Qt3) = eHuse3.3(Qt:Qt3)
eHu5e3_4(Qth3) = 108.3 ft
Euse3.4(Qt»Qt3) = (eHuse3.4(Qt’Qt3) - Elee3.4)
Euse3.4(Qp Qi) = 263t
Vc(QmZ.l(QtS) ’ D2)2
2g
Euse3.4(Qt-Qu3)

COm2{mR e 4(Q1- Q) = 051

mRuse3.4(Qt’ QtS) =

O

Cdm2(MR 63 4(Qt- Qt3))2

Ke3.4(Qt Qeg) = 3.9

Qe3.4= €34 Q3

Ke3.4(Qt Qig) =

2
Qe3.4

Aq(De)*20
hVe3.4(Qe3.4) = 5.3ft
He3.4(Qt: Qta-€3.4) = Kega(Qt- Qt3) MVe3 4(63.4Q3)

He3_4(Qp Qt3, e3.4) = 20.7ft

hVe3.4(Qe3.4) =

Euse3.4(Qt»Qt3) = 26.3ft

007 K 232 0 Miller 13.23

Energy Gradeline Upstream of 4th Orifice Exit
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Qm2:2(Q3) = Qm2.1(Qu3) — (83.3+ €3.4) A3

Elegg, 5= 761
eHuse3.5(Qt»Qt3) = eHuse3.4(Qta QIS) - K62.32'hV2(Qm2.2(Qt3)) Energy Gradeline Upstream of 5th Orifice Exit
eHyse3.5(Qt: Qrg) = 108.3 t

EuseS.S(Qt’QtS) = (EHuseS.S(Qt’QtS) - Elee3.5)
EuseS.S(Qt’QtS) = 3231
Ve Qmz.2(Qw)-D2)’ €3 5:= 0.092
29
Euse3.5(Qt-Qt3)
Cam2(mR e 5(Q1. ) - 055
O
Cdm2<mRuse3.5(Qt’Qt3))2
Ke3.5(QtQtz) = 3:34
Qe3.5 = €35CQt3

mRuseS.S(Qt’ QtS) =

Kes 5(Qt Qtg) =

2 Qe3.5 ft

Qe3.5
AC(De)z-Zg
hveg 5(Qe5) = 971t
He3 5(Qt: Qta-€3.5) = Kez5(Qt Qts) MVes 5(63.5Q3)

Heg 5(Qt Qz-€3.5) = 3241t

hVeS.S(QeS.S) =

eHysez 5(Qt-Qta) — AWSCy = 2991t
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Elegz 6 := Elegs 5
eHyse3.6(Qp Q1) = eHuses 5(Qt Qta)
eHyse3.6(Qt: Qrg) = 108.3t
Euse3.6(Qt-Qta) = (eHuses.6(Qt- Qt3) — Eleez g)
Euse3.6(Qt Qrg) = 3231t

Ve Qmz.2(Qw)-D2)’

29
Euse3.6(Qt-Qt3)

COm2{mR 3.1 Q) = 055

O

Cdm2<mRu593,6(Qt’Qt3>)2

Kea.6(Qt-Qta) = 3:34

mRuseS.G(Qt’ QtS) =

Kez.6(Qt Qtg) =

Qe3.6:= €3.6Qt3
Qez 6
AC(De) -29
hve3I6(Qe3_6) = 9.7ft
He3.6(Qt: Qta-€3.6) = Kea6(Qt- Qt3) MVe3 6(63.6 Qa)

Hes 6(Qt Q3-€3.6) = 324t

hveg 6(Qes.6) =

eHyse3 6(Qt-Qta) — AWSCy = 2091t

Energy Gradeline Upstream of 6th Orifice Exit

E3l1 + 632 + 933 + 63.4 + 635 + 636 =0.38
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Elegs.7:= Eleez 6

eHuse3_7(Qth3) = eHuseS,e(Qtath) Energy Gradeline Upstream of 7th Orifice Exit

eHyse3.7(Qt: Qrg) = 108.3

EuseS.Y(Qt’QtS) = (EHuse3.7(Qt’Qt3) - EIeeB.?)

EuseS.Y(Qt» th) = 32.3ft

Ve(Qma.2( Q1) D2)2
29
Euse3.7(Qt-Qu3)

COm2{mR 3 7(Q1. Q) = 055

mRuseS.?(Qt’ QtS) =

oy
KeS.Y(Qt’QtS):: @aq+Ean+Eaa+ g+ Eac+Eapnt€qy=047
Cdmz(mRuse3.7(Qt»Qt3))2 31+ €32+€33T€e34+ €35+ €36+ €37
Ke3.7(Qt Qrg) = 334
Qe3.7 = €3.7CQt3
2
Qe3.7
hves 7(Qe3.7) = - . Qe3.7 ~onooft
A¢(De) ™29 A(De) s

hVeS.?(QeSJ) = 9.7ft

He3.7(Qt-Qt3-23.7) = Kea 7(Qt- Qt3) 'Ve3 7(€3.7° Q)
He3_7(Qth3,e3.7) = 32.4ft

eHuse3.7(Qt»Qt3) — AWSC = 29.9ft

e35Q3

=011 Kea.32.= 0-05 Miller 13.23
Qm2.2(Q3)
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Qm2:3(Q3) = Qm2.2(s) ~ (e35+ €36+ €3.7) Q3
Elegg g = 68.0ft

eHuseS.S(Qt»QtS) = eHuseS.?(QterS) - Ke3.32'hV2(Qm2.3(Qt3)) Energy Gradeline Upstream of 8th Orifice Exit

eHyse3.8(Qp Qtz) = 10824t

Euse3.8(Qt-Qt3) = (cHuses.8(Qt> Q1) — Elees g)

Eu5e3_8(Qth3) = 40.24 ft

Ve(Qmz.3(Qt): D2)2
29
Euse3.8(Qt-Qt3)
Cam2(mR5.5( Q1. Q) - 0.9
oy
Cdm2<mRuse3.8(Qt’Qt3))2

Kez.8(Qt Qea) = 2.88

mRuseS.S(Qt’ QtS) =

Ke3.8(Qt:Qt3) ==
938( t t3) E3l1 + 632 + 633 + 63.4 + E3l5 + 636 + 93_7 = 0.47

Qe3.8:= €38 Q3

Qes’
Aq(De)*20 Aq(De) 5
hveg g(Qes.g) = 12.64 ft
He3.8(Qt: Qta-€3.8) = Keg(Qt- Qt3) MVes 8(63.8-Qa)

Hes.8(Qp Qi3-e3.8) = 36.37 ft

hves g(Qes.8) =

eHyse3.8(Qt: Qrg) — AWSCy = 20.84 ft
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Elegz 9= Elegz g

EHuseS.Q(Qt»QtS) = eHuseS.S(QterS) Energy Gradeline Upstream of 9th Orifice Exit

eHyse3.9(Qp Qtz) = 10824t

Euse3.9(Qt Qtz) = (eHuse3.9(Qt Qta) — Eleez o)

Eu5e3_9(Qth3) = 40.24 ft

Ve(Qmz.3(Qt): D2)2
29
Euse3.9(Qt-Qt3)

COm2{mR 3.1 Q) = 059

mRuseS.Q(Qt’ QtS) =

oy
K63.9(Qt’Qt3) = €nq+ €an+ €ant o+ €ar+ €ap+ qr=047
Cdm2<mRuse3.9(Qt’Qt3))2 31t €32+e33 T34+ €35+ €35+ €37
Kea o Q1 Qtg) = 288
Qe3.9= €3.9Q3
2
Qe3.9
hveg o(Qes.9) = e—z Qeso 28.52 1
A¢(De) ™29 A(De) s

hves o Qea.g) = 1264 ft
He0(Qt- Q3-23.9) = Kea o Q- Qta) ez 9(63.9: Q1)
He3_9(Qth3,e3.9) = 36.37 ft

eHyse3.9(Qp: Qrg) — AWSCy = 20.84 ft

e39Q3

— — _ -0.2 K = 0.05 Miller 13.23
PN Ve 729N
Qm2.3(Qu3)
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MQB) = Qm2.3(Qt3) - (93.8 + e3_9).Qt3

Elegg 10 := 62.0ft

eHuse3.10(Qt’Qt3) = EHuse3.9(Qt9Qt3) - Ke4_32'hV2(Qm2.4(Qt3)) Energy Gradeline Upstream of 10th Orifice Exit
eHuseS.lO(Qt’Qts) = 108.22ft

EuseS.IO(Qt»QtS) = (EHuseS.lo(Qthg) - EIeeS.lo)

EuseS.IO(Qt»th) = 46.22 ft

Vc(Qm2.4(Qt3) ’ D2)2
29
use3.10(Qt- Qta)
Cdmz(mRuseS.lo(Qt’QB)) =06
Qe
Cdmz(mRuseg,lo(Qt’ QtS))

Kes.10(Qt-Qtg) = 278

Qe3.10 = €3.10° Q13

mRuseS.lO(Qt’ Qts) i

K R =
eSlO(Qt Qt3) 2 E3l1 + 632 + 633 + 63.4 + E3l5 + 636 + 93_7 = 0.47

2
Qe3.10

AC(De>2.Zg Ac(De) -
hveg 10(Qes.10) = 1362t

Hes 10(Qt- Qt3-€3.10) = Kea.10(Qt- Qt3) MVe3.10(€3.10'Qt3)

He3_10(QtaQt3,93.10) = 37.83 ft

eHyse.10(Qt Qta) ~ AWSCy = 29.82 ft

hve3 10(Qes.10) =
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EleeSll = 62.0ft

eHuseS.ll(Qt,QtS) = E‘HuseS.lO(Qt»Qt3) Energy Gradeline Upstream of 11th Orifice Exit
eHyge3.11(Qt Qrg) = 108221t

Euse3.11(Qt»Qt3) = (EHuseS.ll(Qt’QtS) - EIeeS.ll)

Euse3.11(Qt»Qt3) = 46.22 ft

Vc(Qm2.4(Qt3) > D2)2
29

use3.11(Qe- Qua)

Cdm2(mR ;63 11(Q¢-Qr3)) = 06

mRuseS.ll(Qt’ Qts) = E

o
KeS.ll(Qt’QtS) = €nq+ €an+ €ant o+ €ar+ €ap+ qr=047
Cdmz(mRuseS.ll(Qt’QtS))z 31te32te33+te34 35+ ezt €37
Ke3.11(Qt-Qua) = 278
Qe3.11 = €3.11°Q13
2
Qe3.11
hVe3.11(Q63.ll) = - 5 Qe3.11 - 29.612
A¢(De) ™29 A(De) s

hveg 11(Qe3.11) = 1362t
Hez 11(Qt-Qta-€3.11) = Kez.11(Qt- Qta) Ve 11(€3.11°Q1a)
He3_11(QtaQt3,93.11) = 37.83 ft

eHyse3.11(Q- Qa) — AWSCq = 29.82 ft
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Elees_lz = 62.0ft

eI—IIJSGS-lZ(Qt’QtS) = eHuseS.ll(Qt»Qts) Energy Gradeline Upstream of 12th Orifice Exit

eHyge3.12(Qt Qra) = 108221t

Euse3.12(Qt»Qt3) = (EHuseS.lz(Qthg) - EIeeS.lZ)

Euse3.12(Qt»Qt3) = 46.22 ft

Vc(Qm2.4(Qt3) ’ D2)2
29
use3.12(Qt’ Qt3)
Cdmz(mRuseS.lz(Qt’QB)) =06
Qi
Cdmz(mRuseg,lz(Qt’ QtS))2

Ke3.12(Qt Qa) = 278

Qe3.12 = €3.12Qt3

mRuseS.lZ(Qt’ Qts) i

Kes.12(Qt-Qtg) =

2
Qe3.12

Ac(De)z-Zg a0y :
hveg 12(Qe3.12) = 1362t

Hea 12(Qt-Qra-€3.12) = Ke 12(Qr- Qua) MVea 12(°3 12 Q)

Hes.12(Qt Qtg-€3.12) = 37.83 ft

eHyse.12(Qt Qta) ~ AWSCy = 29.82 ft

hVe3 12(Qes.12) =

3

1-(e31+e32+ €33+ €34+ €35+ €36+ €37+ €38+ €39+ €310+ €311 + €3.12) = 9% 10 Check for total flow distribution

83/101
B-89



The Dalles East Fish Ladder Auxiliary Water Backup System DDR, Appendix B, Hydraulic

Project Title: Dalles EFL Emergency AWS - Energy 12/19/2013 By: Logan Negherbon
Dissipation Checked By: Ryan Laughery
Flow Solver
PLoVy Py Vy
— 4+ —— 4 =T —+——+2Zy+h Bernoulli equation with Point 1 taken in the forebay at the water surface assuming negligible velocity head
3 2-9 3 9 and Point 2 taken at the outlet of one of the 7.5 ft diameter conduits emptying into the AWSC.
P1
— = 0Oft Pressure at surface is atmospheric
Al
v,°
— = 0ft Velocity head at surface assumed negligible
2.9

zq = FBjorzq = FBy Elevation of water surface in forebay

p

2 = Oft Pressure at outlet is atmospheric
3

vy’

£ - hVZ(Qtz) Velocity head of water exiting outlet
2.9

2y = Awscel Elevation of AWSC water surface
9 = Elee Elevation of centerline of outlet

h, = Hl(Qt) + HZ(QtZ) Headloss through pipe 1 and pipe 2

Loop Check
Hl(Qt) + HZ(QtZ) + hVZ(QtZ) = 55.98 ft Check to see if assumed flow distribution at the Y equalizes head loss through both branches.

H1(Q) + Ha(Qrg) + hv3(Qg) = 55.98 ft
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For Low Driving Head Conditions (Low Forebay - High Tailwater)

Bernoulli equation rewriten with losses as a function of flowrate with an iterative solve block to

Given converge on total and split flow rates.

FB| = AWSCy, + (H(Qp) + Hy(QY)) + He2.1(Qt- Qto-€2.1) FBy = AWSCp, + (H3(Qrg) + H1(Q)) + Hea.a(Q1 Qi-e3.1)
FB| = AWSCy, + (H(Qp) + Hy(QY)) + He2.2(Qt: Qt2-2.2) FBy = AWSCp, + (H3(Qrg) + H1(Q)) + Hea.2( Q1 Qiz-¢3.2)
FB| = AWSCy, + (H(Qp) + Hy(QY)) + He2.3(Qt: Qt2-€2.3) FBy = AWSCp, + (H3(Qrg) + H1(Q)) + Heas( Q1 Qi-e3.3)
FB| = AWSCy, + (H(Qp) + Hy(Qt)) + He2.4(Qt- Qt2-€2.4) FB| = AWSCy, + (H(Qa) + Hy(Qt)) + Hes.4(Qt: Qt2-€3.4)
FB| = AWSCy, + (H(Qp) + Hy(Qt)) + He2.5(Qt: Qto-2.5) FBy = AWSCp, + (H3(Qrg) + H1(Q)) + Heas( Q1 Qiz-e3.5)
FB| = AWSCy, + (H(Qp) + Hy(Qt)) + Hez.6(Qt: Qt2-€2.6) FBy = AWSCp, + (H3(Qrg) + H1(Q)) + Hea.o( Q1 Qtz-e3.6)
FB| = AWSCy, + (H(Qp) + Hy(QY)) + He2.7(Qt- Qt2-€2.7) FB| = AWSCy, + (H(Qa) + Hy(Qt)) + Hes.7(Qt- Qt2-€3.7)
FBj = AWSCy, + (Hp(Qqp) + H1(Qr)) + Hep 8(Q1-Qu2-22.8) FB| = AWSCh + (H3(Qug) + H1(Q1)) + Hea 8(Qt: Qt2-€3.8)
FBj = AWSCy, + (Hp(Qqp) + H1(Qr)) + Hep o Q1 Qu2-82.9) FB) = AWSCh + (H3(Qug) + H1(Qr)) + Hea o At Qt2-€3.9)
FBj = AWSCy, + (Hp(Qqp) + H1(Qr)) + Hep.10(Qt- Qe2-€2.10) FB| = AWSCp + (Hg(Qt3) + H1(Qt)) + Hez 10(CQt- Q2-¢3.10)
FBj = AWSC, + (Hp(Qqp) + H1(Qr)) + Hep.11(Qt Qe €2.11) FBy = AWSCh + (Hg(Qt3) + H1(Qt)) + Heg11(CQt-Q2-¢3.11)
FB| = AWSCy, + (Hy(Qqp) + Hy(Q)) + He.12(Qt- Qe2-2.12) FBy = AWSCy, + (H3(Qea) + H1(Qt)) + Hea.12(Qt: Qe2-¢3.12)

l=eyg+epptepgtepgtergterg+reys+ergteogterg+eyqq+enyn

l=egp+egptegzreggteygregg+ezyregzgtezgtesg+esqq+esy

Qt=Qu+ Q3
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B2ua
S
Rn3n
Rl
R
pr N
R2En
pr XN
R2\9n
K200
K2y
K22,
Q42
£adn | = Find(ep 1.6 2.€9 3.6 4.€9.5.€2.6:€2.7:€2.8:€2.9:€2.10+€2.11-82.12- Q12-€3.1-83.2:€3.3-63.4-83.5:63.6-€3.7-€3.8-€3.9-€3.10-3.11€3.12: U3- Q)
R3v2n
B3
B3l
5351
236
R3n
2381

&394
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€p1t€pteo3tepateygtergteystergtergter g ey tepp=1

€31+ €3+ €33+ €34+ €35+ €35+ €37 +e€3g+ €39+ €370+ €371 €321

Qqq = 1390-cfg Total deliver flowed Vc(leﬂDl) = 17.69% Velocity in pipe 1

ft Lo
Vc(de,DZ) = 15.73; Velocity in pipe 2

Qqp = 695-cfs Flow rate thru pipe 2
Qg3 = 695-cfs Flow rate thru pipe 3

ft Lo
Vc(ng,DS) = 15.73; Velocity in pipe 3
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For High Driving Head Conditions (Low Forebay - High Tailwater)

Bernoulli equation rewriten with losses as a function of flowrate with an iterative solve block to

Given converge on total and split flow rates.

FBpy = Elegp 1 + (Ho(Qep) + H1(Qt)) + He.1(Qt Qe €2.1) FBp = Elegg 1 + (Hg(Qea) + H1(Q)) + Hez1(Qt-Qo-63.1)
FBpy = Elegp o + (Ho(Qep) + H1(Qt)) + He 2(Qt: Qe €2.2) FBp = Elegg 2 + (Hg(Qea) + H1(Q)) + Hea 2 Q- Qo-63.2)
FBp, = Elegy 3+ (Ho(Qep) + H1(Qt)) + He.3(Qt: Qe €2.3) FBp = Elegg 3 + (Hg(Qua) + H1(Q)) + Hea3(Qt-Qo-63.3)
FBpy = Elegp 4 + (Ho(Qep) + H1(Qt)) + Hep.4(Qt: Q- €2.4) FBp = Elegg 4 + (Hg(Qea) + H1(Q)) + Hez a(Qt-Qo-63.4)
FB, = AWSC) + (H(Qp) + Hy(QY)) + Hez.5(Qt: Qt2-€2.5) FBp = AWSC) + (H3(Qrg) + H1(Q)) + Heas(Q1 Qiz-e3.5)
FBp, = AWSC| + (Hp(Qqp) + H1(Qr)) + Hep 6(Qt- Qu2-22.6) FBR = AWSC) + (H3(Qqg) + H(Qt)) + Hea 6(Qt: Qt2-€3.6)
FB, = AWSC) + (H(Qp) + Hy(QY)) + He2.7(Qt- Qt2-€2.7) FBp = AWSC) + (H3(Qrg) + H1(Q)) + Hea.7( Q1 Qt-63.7)
FB, = AWSC) + (H(Qp) + Hy(QY)) + He2.8(Qt: Qto-2.8) FBp = AWSC) + (H3(Qrg) + H1(Q)) + Heag( Q1 Qt-e3.8)
FBpy = AWSC + (Hp(Qqp) + Hy(Q)) + Hez.o(Qt-Qt2:€2.9) FBpy = AWSC| + (Hg(Qgg) + H1(Qt)) + Hes o Qt-Qt2-¢3.9)
FBp, = AWSC| + (Hy(Qqp) + H1(Qr)) + Hep.10(Qt- Qe2-€2.10) FBR = AWSC) + (Hg(Qt3) + H1(Qt)) + Hez 10(CQt- Q2-¢3.10)
FBp, = AWSC| + (Hp(Qqp) + H1(Qr)) + Hep 11(Qt Qe €2.11) FBR = AWSC) + (Hg(Qt3) + H1(Qt)) + Heg11(CQt-Qo-¢3.11)
FBp, = AWSC) + (Hy(Qqp) + Hy(Q)) + He.12(Qt- Qe2-2.12) FBpy = AWSC, + (Hs(Qea) + H1(Qt)) + Hea.12(Qt: Qez-¢3.12)

l=eyg+epptepgtepgtergterg+reys+ergteogterg+eyqq+enyn

l=egp+egptegzreggteygregg+ezyregzgtezgtesg+esqq+esy

Qt=Qu+ Q3
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£adn | = Find(ep 1.6 2.€9 3.6 4.€9.5.€2.6:€2.7:€2.8:€2.9:€2.10+€2.11-82.12- Q12-€3.1-83.2:€3.3-63.4-83.5:63.6-€3.7-€3.8-€3.9-€3.10-3.11€3.12: U3- Q)
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L340,

€p1t€pteo3tepateygtergteystergtergter g ey tepp=1

€31+ €3+ €33+ €34+ €35+ €35+ €37 +e€3g+ €39+ €370+ €371 €321
: ft .
= 1511-cfs Total deliver flowed \Y/ ,Dq)=19.24 — Velocity in pipe 1
Q1.1 s

ft o
Vc(sza D2) =17.11 N Velocity in pipe 2

Q2 = 756-cfs Flow rate thru pipe 2
Qm3 = 756-cfs Flow rate thru pipe 3

ft o
Vc(ng, D3) =17.11 N Velocity in pipe 3
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Exit Trajectory Analysis For Horizontal Discharge

The purpose of this section is to demonstate the flow path of a horizontal discharge from the 7.5-ft pipes into the AWSC. This shows that low tailwater
would result in an impact on the far wall of the AWS chamber, potentially causing scour damage demonstrating the need for the orifice manifold at the

end of the discharge.

ELimp_min:
ELimp_max = 90.0ft Maximum Depth in AWSC
FLC = 9851t Oultlet centerline
Yimp_max = FLCq - ELimp_min Maximum fall distance from centerline
Yimp_max = 245t
Yimp_min = FLCq — ELimp_max Minimum fall distance from centerline
Yimp_min = 85t
Yimp_max 2 : . .
thax = |————— Time to impact for low tailwater
g
tmax = 1.23s
Yimp_min'2 : . . .
tmin= [——— Time to impact for high tail water
g
tmin = 0.73s
x(t) == Vc(QmZDDZ)'t X(tmax) = 21.11ft Maximum horizontal distance to impact from centerline
X(tmin) = 12.43 ft Minimum horizontal distance to impact form centerline

= 74.0ft  Minimum Depth in AWSC (assuming an equalization of AWSC water surface and fishladder and tailrace with no initial flow)
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2
t
y(t) = -g-—
fit
vy(D) = gt Vy(tmax) = —39.71 3
fit
Vy(tmin) = —23.39 N

Vx = Vc(Qm2= DZ)

eimp_min = atan(

vyt
Simp_max = atan(y(v—max)J
= Iy (tma)” + v

\l mln 2 Vx

t:= 0s,0.001s..1.5s

Velocity in the vertical direction at impact during low tailwater conditions

Velocity in the vertical direction at impact during high tailwater conditions

Impact angle (from horizontal) of water jet during high tailwater conditions

eimp_min = -53.82-deg
eimp max = —66.69-deg Impact angle (from horizontal) of water jet during low tailwater conditions
Vimax = 43.23 ft Velocity at impact during low tailwater condition
S
Vimin = 28.98 Tt Veloctiy at impact during high tailwater condition

S
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Culvert Exit Trajectory

1107

Centerline of Culvert
————— Top of Culvert
Bottom of Culvert
—— Minimum AWS Chamber WS
Maximum AWS Chamber WS

100

Elevation (ft)

80]

70

Distance from the Outfall (ft)

P = Qm2~p-vmax-cos(9imp_max) Fy = 25.08-kip Based on impact potential on exterior wall of the AWSC, it was not
recommended to discharge at a horizontal orientation into the AWSC. An
Fy = QmZ'p'(Vmax - Vmax'sm(eimp_max)) Fy = 121.62-kip elbow and vertical orientation was chosen to alleviate this issue.
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Hydraulic Design Summary

Entrance Bell

Concentric eliptical bell entrance with a 5-ft primary radius and 1.5-ft secondary entrance base on guidance from EM 1110-2-1602 (Section 3-7)
Conduit

Steel, lined against corrosion with cavitation resistant material.

k = 0.000082 ft Design equivalent sand grain roughness
D, = 10ft Diameter of Pipe 1 Ly =190ft Length of Pipe 1
Dy = 7.5t Diameter of Pipe 2 Lo = 1101t Length of Pipe 2
Dg = 7.5t Diameter of Pipe 3 Ly =110ft Length of Pipe 3
Appurtenances
Valves

One 10 ft butterfly valve (concentric) will be used at the downstream face of the dam as secondary flow closure.
Orifices

Orifices shall have openings at the invert of the pipe to allow for drainage of conduit during system shutdown.

Dop 1 = 7:4ft Orifice 1.1 (Orifice 1 on Pipe 1) Lop 1 = 1001t Station of Orifice 1.1 on Pipe 1

D12 = 7.5ft Orifice 1.2 (Orifice 2 on Pipe 1) Lop o = 1401t Station of Orifice 1.2 on Pipe 1

Dgo 1 = 5.5t Orifice 2.1 (Orifice 1 on Pipe 2) Lo 1 = 451t Station of Orifce 2.1 on Pipe 2

Do3.1 = 5.5t Orifce 3.1 (Orifice 1 on Pipe 3) Lo3.1 = 451t Station of Orifice 3.1 on Pipe 3
Air Inlets

Air inlets shall be installed downstream of orifices. To be designed.

Bends

Bends shall have a radius of bending to diameter of pipe ratio equal to or greater than 1.0 except for bend 1.3 which requires a bend ratio of 1.5. Bends
shall not be mitered if possible. If mitered bends are determined necessary, maximum number of miters constructably feasible are desired.
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Sensitivity Factors oy =1 Minor loss factor oap =1 Equivalent sand grain
roughness factor
Flowrates

Qg1 = 1390-cfs

Design flow rate (low forebay) - Pipe 1

Qm1 = 1511-cfs

Qg2 = 695¢cfs Design flow rate (low forebay) - Pipe 2 Qmp = 756-cfs
Qg3 = 695-cfs Design flow rate (low forebay) - Pipe 3 Qm3 = 756-cfs
Headlosses
Pipe 1
Design Flow Max Flow
Hy(Qqy) = 29.12ft Hy(Qpy) = 344t
hy = 0.25ft hy = 0.25ft

Kg-hvy(Qqy) = 0.78ft
Kpfy'hvy(Qqy) = 0.97 ft
Kp_p1-hvy(Qqy) = 1.55ft
Ko1.1-hv1(Qqy) = 1273 ft
Ko1.2v1(Qq1) = 1151t
Kp1.3hv1(Qqy) = 0.54ft
f1(Qqa)-hv1(Qqa) = 0.8105ft

hvy(Qqy) = 4.86ft

Kg-hvy(Qppy) = 0.92ft
Kpfy'hvy(Qmmy) = 115t
Kp_p1-1v1(Qma) = 1831t
Ko1.1:V1(Qmmy) = 15.06 ft
Ko1.2V1(Qm1) = 13.6ft
Kp1.3hv1(Qm1) = 0.64ft
f1(Qma)-hv1(Qmy) = 0.9529 ft

hvy(Qpy) = 576 ft

Max flow rate (high forebay) - Pipe 1

Max flow rate (high forebay) - Pipe 2

Max flow rate (high forebay) - Pipe 3

Total losses thru Pipe 1
Trashrack loss
Entrance loss

Butterfly valve loss
Combinded bend loss
Orifice loss 1.1

Orifice loss 1.2

Bend loss 1.3

Total frictional loss

Velocity head within the pipe
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Pipe 2
Design Flow

Hy(Qgp) = 15.12t
Ka1-hvy(Qgp) = 0.58 ft
Ko_b2.1MVp(Qqp) = 0.2ft
Kop.1'Vo(Qq2) = 10.76 ft
Kpg.2'Vo(Qq) = 3.06 ft
f(Qp) v2(Qqp) = 052t
hv,(Qqp) = 3.84ft

Fry(Qqp) = 1.01

Pipe 3
Design Flow

H3(Qgs) = 15.12ft
K31-hva(Qys) = 0.58 ft
Ko_b3.1°Mv3(Qqa) = 0:2ft
Kog.1'hv3(Qq3) = 10.76 ft
Kpg.2'hv3(Qq3) = 3.06 ft
f3(Q)-hv3(Qqyg) = 0.52t
hvs(Qqz) = 3.84ft

Fr3(Qqgs) = 1.01

Max Flow

Hy(Qmp) = 1788t
K31-hvo(Qpyp) = 068t
Ko_b2.1°Mo(Qmp) = 024t
Ko2.1:Wo(Qpmg) = 12.73 ft
Kpg.2"Vo(Qmg) = 3.62ft
f2(Qmz)-hvo(Qma) = 061 ft
hv,(Qpg) = 4.5t

Frz(QmZ) =11

Max Flow

H3(Qng) = 1788t
K31-hv3(Qpg) = 0.68 ft
Ko_b3.1°MV3(Qmg) = 024t
Kog.1:V3(Qmg) = 12.73 ft
Kpg.2'hv3(Qmg) = 3.62ft
f3(Q)-hv3(Qmg) = 0.61ft
hv3(Qpg) = 4.5t

Fr3(Qmg) = 1.1

Total head loss in Pipe 2

Y loss to Pipe 2

Combined bend loss

Orifice loss 2.1

Bend loss 2.2

Total friction loss for Pipe 2
Velocity head within the pipe

Froude exiting pipe 2

Total head loss in Pipe 3

Y loss to Pipe 3

Combined bend loss

Orifice loss 3.1

Bend loss 3.2

Total friction loss for Pipe 3
Velocity head within the pipe

Froude exiting pipe 3
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Reactionary Forces

Forces in X Forces in flow Forces inY

direction as direction as direction as

shown shown shown

Fp1.1x = 116.63-kip Fp1.1y = -19395-kip  Bend 1.1

Fp1.2x = 143.48-kip Fpioy = 241.26-kip ~ Bend 1.2
Fo1.1 = 174.98-kip Orifice 1.1

. Orifice 1.2

Fo1.2 = 134.25-kip

Fp1.3x = 44.17-kip Fh1.gy = ~106.65-kip ~ Bend 1.3
Fwye = -1.06-Kkip Wye - Note that force is considered in the X direction only

Fp2.1x = 11.16-kip Fp2.1y = 39.26-Kip Bend 2.1
Fo2.1 = 56.92-kip Orifice 2.1

Fp2.2x = 43.12-kip Fp2.2y = 43.12-Kip Bend 2.2

Fp3.1x = 11.16-kip Fpa.1y = -3926-kip  Bend3.1
Fo3.1 = 56.92-kip Orifice 3.1

Fp3.2x = 42.59-kip Fp3.2y = 6:82:kip Bend 3.2
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Cavitation Potential Summary

bendcav4 4 = "Bend radius ok"
bendcav4 o = "Bend radius ok"
bendcav4 5 = "Bend radius ok"
bendcav, 4 = "Bend radius ok"

bendcav2_2 = "Incipient cavitation initiated" Bend 2.2 will have an air port located at the separation zone on the bend to alleviate the
cavitation potential

bendcav3_1 = "Bend radius ok"

bendcav3_2 = "Incipient cavitation initiated" Bend 3.2 will have an air port located at the separation zone on the bend to alleviate the
cavitation potential

check_oj 1 1 = "check next" Orifice 1.1 shows "Incipient cavitation" potential but does not demonstate "critical,” "incipient
- damaging,"” or "choking" cavitation potential.
check_og, 1.1 = "ok"

check_ojq 1.1 = "ok"

check_ogp, 1.1 = "ok"

check_oj 1 o = "check next" Orifice 1.2 shows "Incipient cavitation" potential but does not demonstate “critical,” "incipient
- damaging,"” or "choking" cavitation potential.

check_ccr_l_z = "ok"

CheCk_c’id_l.z = "ok"

check_ogp, 1.2 = "ok"
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check_aj 5 1 = "“check next" Orifice 2.1 shows "Incipient cavitation" potential but does not demonstate “critical,” "incipient

damaging,” or "choking" cavitation potential.
check_og, 9 1 = "ok"

check_ojq 2.1 = "ok"

check_ogp, 21 = "ok"

check_oj 31 = "check next" Orifice 3.1 shows "Incipient cavitation" potential but does not demonstate "critical,” "incipient
- damaging,” or "choking" cavitation potential.

check_ccr_3_1 = "ok"

check_cid_&l = "ok"

check_ogp, 3.1 = "ok"
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Clearances
Elebopz = 94.75 ft Elevation of the bottom of pipe 2 at fishladder crossing
Elebops = 94.75 ft Elevation of the bottom of pipe 3 at fishladder crossing

AEFLgp; = 1.3ft

AEFLdIff = 2.2ft

TW i, = 74.0ft
TW = 90.0ft

Eleb0p2 - TWhIgh = AEFLent = 7.45ft

Elepopz — TWmax — AEFLgpn = 3.45ft

Maximum differential at fish ladder entrance

Maximum head on diffusers from AWSC

Minimum tailwater at which the backup AWS operates
Maximum tailwater at which the backup AWS operates

Maximum tailwater at which EFL maintains criteria

Clearance of water in fishladder to bottom of pipe 2 at emergency AWS backup high tailwater operation

Clearance of water in fishladder to bottom of pipe 2 at max tailwater EFL operation point
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Hydraulic Design Summary

Entrance Bell

Concentric eliptical bell entrance with a 5-ft primary radius and 1.5-ft secondary entrance base on guidance from EM 1110-2-1602 (Section 3-7)
Conduit

Steel, lined against corrosion with cavitation resistant material.

k = 0.00082 ft Design equivalent sand grain roughness
D, = 10ft Diameter of Pipe 1 Ly =190ft Length of Pipe 1
Dy = 7.5t Diameter of Pipe 2 Lo = 1101t Length of Pipe 2
Dg = 7.5t Diameter of Pipe 3 Ly =110ft Length of Pipe 3
Appurtenances
Valves

One 10 ft butterfly valve (concentric) will be used at the downstream face of the dam as secondary flow closure.
Orifices

Orifices shall have openings at the invert of the pipe to allow for drainage of conduit during system shutdown.

Dop 1 = 7:4ft Orifice 1.1 (Orifice 1 on Pipe 1) Lop 1 = 1001t Station of Orifice 1.1 on Pipe 1

D12 = 7.5ft Orifice 1.2 (Orifice 2 on Pipe 1) Lop o = 1401t Station of Orifice 1.2 on Pipe 1

Dgo 1 = 5.5t Orifice 2.1 (Orifice 1 on Pipe 2) Lo 1 = 451t Station of Orifce 2.1 on Pipe 2

Do3.1 = 5.5t Orifce 3.1 (Orifice 1 on Pipe 3) Lo3.1 = 451t Station of Orifice 3.1 on Pipe 3
Air Inlets

Air inlets shall be installed downstream of orifices. To be designed.

Bends

Bends shall have a radius of bending to diameter of pipe ratio equal to or greater than 1.0 except for bend 1.3 which requires a bend ratio of 1.5. Bends
shall not be mitered if possible. If mitered bends are determined necessary, maximum number of miters constructably feasible are desired.
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Sensitivity Factors o =11 Minor loss factor af = 10 Equivalent sand grain
roughness factor
Flowrates

Qg = 1325-cfs

Qqp = 663cfs Design flow rate (low forebay) - Pipe 2

Qg3 = 663-cfs

Headlosses

Pipe 1
Design Flow
Hy(Qqy) = 29.24 t
hy=0.25ft
Kg-hvy(Qqy) = 0.711t
Kpfy'hvy(Qqy) = 0.97 ft
Kp_p1-hvy(Qqy) = 1.55ft
Ko1.1-hv1(Qqy) = 1273 ft
Ko1.2v1(Qq1) = 1151t
f1(Qq1)-hv1(Qqa) = 0.9895 t

hvy(Qqq) = 4421t

Design flow rate (low forebay) - Pipe 1

Design flow rate (low forebay) - Pipe 3

Q1 = 1442-cfs
Qma = 72L-cfs

Qm3 = 72L-cfs

Max Flow
H1(Qmq) = 346t

h; = 0.25ft

Kg-hvy(Qpy) = 0.84ft
Kpfy'hvy(Qmmy) = 115t
Kp_p1-1v1(Qma) = 1831t
Ko1.1:V1(Qmmy) = 15.00 ft
Ko1.2V1(Qpmy) = 13.63 ft
Kp1.3hv1(Qm1) = 0.64ft
f1(Qma)-hv1(Qmy) = 1.1708 ft

hvy(Qpy) = 5.241t

Max flow rate (high forebay) - Pipe 1

Max flow rate (high forebay) - Pipe 2

Max flow rate (high forebay) - Pipe 3

Total losses thru Pipe 1
Trashrack loss
Entrance loss

Butterfly valve loss
Combinded bend loss
Orifice loss 1.1

Orifice loss 1.2

Bend loss 1.3

Total frictional loss

Velocity head within the pipe
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Pipe 2
Design Flow

Hy(Qqp) = 15.24 t
Ka1-hvy(Qgp) = 0.58 ft
Ko_b2.1MVp(Qqp) = 0.2ft
Kop.1:Vo(Qq2) = 1077 ft
Kpg.2'Vo(Qq) = 3.06 ft
fa(Qp) Vv2(Qqyp) = 064t
hv,(Qqg) = 351t

Frz(de) =0.97

Pipe 3
Design Flow

H3(Qgs) = 15.24 t
K31-hva(Qys) = 0.58 ft
Ko_b3.1°Mv3(Qqa) = 0:2ft
Kog.1-hv3(Qqz) = 1077 ft
Kpg.2'hv3(Qq3) = 3.06 ft
f3(Q)-hv3(Qqyg) = 0.64t
hv3(Qqg) = 351t

Fr3(Qqs) = 0.97

Max Flow

Ha(Qmyp) = 18.06 ft
K31-hvo(Qpyp) = 068t
Ko_b2.1°Mo(Qmp) = 024t
Ko2.1:Wo(Qpma) = 12.76 ft
Kpg.2"Vo(Qmg) = 3.62ft
f2(Qmg)-hvo(Qmz) = 076 ft
hvy(Qpg) = 4141t

Fry(Qmg) = 1.05

Max Flow

H3(Qn3) = 18.06 ft
K31-hv3(Qpg) = 0.68 ft
Ko_b3.1°MV3(Qmg) = 024t
Kog.1:V3(Qma) = 12.76 ft
Kpg.2'hv3(Qmg) = 3.62ft
f3(Q)-hv3(Qmg) = 0.75ft
hv3(Qpg) = 4.14ft

Fr3(Qmg) = 1.05

Total head loss in Pipe 2

Y loss to Pipe 2

Combined bend loss

Orifice loss 2.1

Bend loss 2.2

Total friction loss for Pipe 2
Velocity head within the pipe

Froude exiting pipe 2

Total head loss in Pipe 3

Y loss to Pipe 3

Combined bend loss

Orifice loss 3.1

Bend loss 3.2

Total friction loss for Pipe 3
Velocity head within the pipe

Froude exiting pipe 3
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Reactionary Forces

Forces in X Forces in flow Forces inY

direction as direction as direction as

shown shown shown

Fp1.1x = 116.37-kip Fpiiy = -1927-kip ~ Bend 1.1

Fp1.2x = 142.97-kip Fhipy = 23965kip  Bend 1.2
Fo1.1 = 177.93-kip Orifice 1.1

. Orifice 1.2

Fo1.2 = 133.62-kip

Fp1.3x = 39.16-kip Fhigy = —9454-kip  Bend 13

Fwye = 1.67-Kkip Wye - Note that force is considered in the X direction only
Fp2.1x = 9-88-kip Fp2.1y = 34.25-Kip Bend 2.1
Fo2.1 = 54.08-kip Orifice 2.1
Fh2.2x = 29-35-kip Fp2.2y = 29:35-kip Bend 2.2
Fp3.1x = 9-88-kip Fpa.1y = -3425-kip  Bend3.1
Fo3.1 = 54.08-kip Orifice 3.1
Fh3.2x = 28.63-kip Fp3.2y = 20.78-kip Bend 3.2
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Cavitation Potential Summary

bendcav4 4 = "Bend radius ok"
bendcav4 o = "Bend radius ok"
bendcav4 5 = "Bend radius ok"
bendcav, 4 = "Bend radius ok"

bendcav2_2 = "Incipient cavitation initiated" Bend 2.2 will have an air port located at the separation zone on the bend to alleviate the
cavitation potential

bendcav3_1 = "Bend radius ok"

bendcav3_2 = "Incipient cavitation initiated" Bend 3.2 will have an air port located at the separation zone on the bend to alleviate the
cavitation potential

check_aj q 1 = "“check next" Orifice 1.1 shows "Incipient cavitation" potential but does not demonstate "critical,” "incipient
- damaging,"” or "choking" cavitation potential.
check_og, 1.1 = "check next"

check_ojq 1.1 = "ok"

check_ogp, 1.1 = "ok"

check_aj 1 o = "“check next" Orifice 1.2 shows "Incipient cavitation" potential but does not demonstate "critical,” "incipient
- damaging,"” or "choking" cavitation potential.

check_ccr_l_z = "check next"

CheCk_c’id_l.z = "ok"

check_ogp, 1.2 = "ok"
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check_cri_z_l = "check next"
check_crcr_z_ 1 = "check next"
CheCk_c’id_z.l = "ok"

check_ogp, 21 = "ok"

check_cri_3_l = "check next"
check_crcr_3_ 1 = "check next"
check_cid_&l = "ok"

check_ogp, 3.1 = "ok"

Orifice 2.1 shows "Incipient cavitation" potential but does not demonstate “critical,” "incipient
damaging,” or "choking" cavitation potential.

Orifice 3.1 shows "Incipient cavitation" potential but does not demonstate "critical,” "incipient
damaging,” or "choking" cavitation potential.
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Clearances
Elebopz = 94.75 ft Elevation of the bottom of pipe 2 at fishladder crossing
Elebops = 94.75 ft Elevation of the bottom of pipe 3 at fishladder crossing

AEFLgp; = 1.3ft

AEFLdIff = 2.2ft

TW i, = 74.0ft
TW = 90.0ft

Eleb0p2 - TWhIgh = AEFLent = 7.45ft

Elepopz — TWmax — AEFLgpn = 3.45ft

Maximum differential at fish ladder entrance

Maximum head on diffusers from AWSC

Minimum tailwater at which the backup AWS operates
Maximum tailwater at which the backup AWS operates

Maximum tailwater at which EFL maintains criteria

Clearance of water in fishladder to bottom of pipe 2 at emergency AWS backup high tailwater operation

Clearance of water in fishladder to bottom of pipe 2 at max tailwater EFL operation point
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Hydraulic Design Summary

Entrance Bell

Concentric eliptical bell entrance with a 5-ft primary radius and 1.5-ft secondary entrance base on guidance from EM 1110-2-1602 (Section 3-7)
Conduit

Steel, lined against corrosion with cavitation resistant material.

k = 0.000082 ft Design equivalent sand grain roughness
D, = 10ft Diameter of Pipe 1 Ly =190ft Length of Pipe 1
Dy = 7.5t Diameter of Pipe 2 Lo = 1101t Length of Pipe 2
Dg = 7.5t Diameter of Pipe 3 Ly =110ft Length of Pipe 3
Appurtenances
Valves

One 10 ft butterfly valve (concentric) will be used at the downstream face of the dam as secondary flow closure.
Orifices

Orifices shall have openings at the invert of the pipe to allow for drainage of conduit during system shutdown.

Dop 1 = 7:4ft Orifice 1.1 (Orifice 1 on Pipe 1) Lop 1 = 1001t Station of Orifice 1.1 on Pipe 1

D12 = 7.5ft Orifice 1.2 (Orifice 2 on Pipe 1) Lop o = 1401t Station of Orifice 1.2 on Pipe 1

Dgo 1 = 5.5t Orifice 2.1 (Orifice 1 on Pipe 2) Lo 1 = 451t Station of Orifce 2.1 on Pipe 2

Do3.1 = 5.5t Orifce 3.1 (Orifice 1 on Pipe 3) Lo3.1 = 451t Station of Orifice 3.1 on Pipe 3
Air Inlets

Air inlets shall be installed downstream of orifices. To be designed.

Bends

Bends shall have a radius of bending to diameter of pipe ratio equal to or greater than 1.0 except for bend 1.3 which requires a bend ratio of 1.5. Bends
shall not be mitered if possible. If mitered bends are determined necessary, maximum number of miters constructably feasible are desired.

947101
B-115



The Dalles East Fish Ladder Auxiliary Water Backup System DDR, Appendix B, Hydraulic

Project Title: Dalles EFL Emergency AWS - Energy 12/19/2013 By: Logan Negherbon
Dissipation Checked By: Ryan Laughery
Sensitivity Factors o =11 Minor loss factor oap =1 Equivalent sand grain
roughness factor
Flowrates

Qg = 1329-cfs

Qqp = 665¢cfs Design flow rate (low forebay) - Pipe 2

Qg3 = 665-cfs

Headlosses

Pipe 1
Design Flow
Hy(Qqq) = 29.17 ft
hy=0.25ft
Kg-hvy(Qqy) = 0.711t
Kpfy'hvy(Qqy) = 0.98 ft
Kp_p1-hv1(Qqy) = 1.56 ft
Ko1.1-hv1(Qqy) = 1281 ft
Ko1.2v1(Qqy) = 1157 ft
Kp1.3hv1(Qqy) = 0.55ft
f1(Qqa)-hv1(Qqa) = 0.7442 ft

hvy(Qqy) = 445ft

Design flow rate (low forebay) - Pipe 1

Design flow rate (low forebay) - Pipe 3

Q= 1447-cfs
Qp = 724-cfs

Q3 = 724-cfs

Max Flow
Hy(Qmg) = 34511t

h; = 0.25ft

Kg-hvy(Qpy) = 0.84ft
Kpfy'hvy(Qmmy) = 1.16ft
Kp_p1-1v1(Qma) = 1851t
Ko1.1:V1(Qmmy) = 15.18 ft
Ko1.2V1(Qpmy) = 13.7L ft
Kp1.3hv1(Qm1) = 0.65ft
f1(Qma)-hv1(Qmy) = 0-8762ft

hv1(Qpy) = 5.28ft

Max flow rate (high forebay) - Pipe 1

Max flow rate (high forebay) - Pipe 2

Max flow rate (high forebay) - Pipe 3

Total losses thru Pipe 1
Trashrack loss
Entrance loss

Butterfly valve loss
Combinded bend loss
Orifice loss 1.1

Orifice loss 1.2

Bend loss 1.3

Total frictional loss

Velocity head within the pipe
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Pipe 2
Design Flow

Hy(Qgp) = 15.17ft
Ka1-hvy(Qgp) = 0.58 ft
Ko_b2.1MVp(Qqp) = 0.2ft
Kop.1-Vo(Qq2) = 1083 ft
Kpg.2'Vo(Qqg) = 3.08ft
fa(Qp) V2(Qqp) = 048 ft
hv,(Qqg) = 3.52ft

Frz(de) =0.97

Pipe 3
Design Flow

H3(Qgs) = 15.17 ft
K31-hva(Qys) = 0.58 ft
Ko_b3.1°Mv3(Qqa) = 0:2ft
Kog.1-hv3(Qq3) = 1083 ft
Kpg.2'hv3(Qq3) = 3.08ft
f3(Q)-hv3(Qyg) = 047 ft
hv3(Qqg) = 3.52ft

Fr3(Qqs) = 0.97

Max Flow

Hy(Qmp) = 17.97 ft
K31-hvo(Qpyp) = 0.69 ft
Ko_b2.1°Mo(Qmp) = 024t
Kop.1:Wo(Qpmg) = 12.84 ft
Kpg.2"Vo(Qma) = 3.65ft
f2(Qmz)-hvo(Qmz) = 0.56 ft
hvy(Qpg) = 417t

Fry(Qmg) = 1.05

Max Flow

H3(Qng) = 17.97 ft
K31-hv3(Qpg) = 0.69 ft
Ko_b3.1°MV3(Qmg) = 024t
Kog.1:MV3(Qmg) = 12.84 ft
Kpg.2'hv3(Qmg) = 3.65ft
f3(Q)-hv3(Qmg) = 0.56 t
hv3(Qpg) = 417t

Fr3(Qmg) = 1.05

Total head loss in Pipe 2

Y loss to Pipe 2

Combined bend loss

Orifice loss 2.1

Bend loss 2.2

Total friction loss for Pipe 2
Velocity head within the pipe

Froude exiting pipe 2

Total head loss in Pipe 3

Y loss to Pipe 3

Combined bend loss

Orifice loss 3.1

Bend loss 3.2

Total friction loss for Pipe 3
Velocity head within the pipe

Froude exiting pipe 3
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Reactionary Forces

Forces in X Forces in flow Forces inY

direction as direction as direction as

shown shown shown

Fp1.1x = 116.58-kip Fp1.1y = ~19306-kip  Bend 1.1

Fp1.2x = 143.18-kip Fpyoy = 24002:kip  Bend 1.2
Fo1.1 = 178.31-kip Orifice 1.1

. Orifice 1.2

Fo1.2 = 134.13-kip

Fp1.3x = 39.7°kip Fhigy = —9585-kip  Bend 13
Fwye = 1.26-kip Wye - Note that force is considered in the X direction only

Fp2.1x = 10.02-kip Fp2.1y = 34.76-Kip Bend 2.1
Fo2.1 = 54.61-kip Orifice 2.1

Fp2.2x = 30.65-kip Fp2.2y = 30.65-Kip Bend 2.2

Fp3.1x = 10.02-kip Fpa.1y = -3476-kip  Bend3.1
Fo3.1 = 54.61-kip Orifice 3.1

Fp3.2x = 30.11-kip Fp3.2y = 19.3-kip Bend 3.2
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Cavitation Potential Summary

bendcav4 4 = "Bend radius ok"
bendcav4 o = "Bend radius ok"
bendcav4 5 = "Bend radius ok"
bendcav, 4 = "Bend radius ok"

bendcav2_2 = "Incipient cavitation initiated" Bend 2.2 will have an air port located at the separation zone on the bend to alleviate the
cavitation potential

bendcav3_1 = "Bend radius ok"

bendcav3_2 = "Incipient cavitation initiated" Bend 3.2 will have an air port located at the separation zone on the bend to alleviate the
cavitation potential

check_aj q 1 = "“check next" Orifice 1.1 shows "Incipient cavitation" potential but does not demonstate "critical,” "incipient
- damaging,"” or "choking" cavitation potential.
check_og, 1.1 = "check next"

check_ojq 1.1 = "ok"

check_ogp, 1.1 = "ok"

check_aj 1 o = "“check next" Orifice 1.2 shows "Incipient cavitation" potential but does not demonstate "critical,” "incipient
- damaging,"” or "choking" cavitation potential.

check_ccr_l_z = "check next"

CheCk_c’id_l.z = "ok"

check_ogp, 1.2 = "ok"
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check_cri_z_l = "check next"
check_crcr_z_ 1 = "check next"
CheCk_c’id_z.l = "ok"

check_ogp, 21 = "ok"

check_cri_3_l = "check next"
check_crcr_3_ 1 = "check next"
check_cid_&l = "ok"

check_ogp, 3.1 = "ok"

Orifice 2.1 shows "Incipient cavitation" potential but does not demonstate “critical,” "incipient
damaging,” or "choking" cavitation potential.

Orifice 3.1 shows "Incipient cavitation" potential but does not demonstate "critical,” "incipient
damaging,” or "choking" cavitation potential.
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Clearances
Elebopz = 94.75 ft Elevation of the bottom of pipe 2 at fishladder crossing
Elebops = 94.75 ft Elevation of the bottom of pipe 3 at fishladder crossing

AEFLgp; = 1.3ft

AEFLdIff = 2.2ft

TW i, = 74.0ft
TW = 90.0ft

Eleb0p2 - TWhIgh = AEFLent = 7.45ft

Elepopz — TWmax — AEFLgpn = 3.45ft

Maximum differential at fish ladder entrance

Maximum head on diffusers from AWSC

Minimum tailwater at which the backup AWS operates
Maximum tailwater at which the backup AWS operates

Maximum tailwater at which EFL maintains criteria

Clearance of water in fishladder to bottom of pipe 2 at emergency AWS backup high tailwater operation

Clearance of water in fishladder to bottom of pipe 2 at max tailwater EFL operation point
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Hydraulic Design Summary

Entrance Bell

Concentric eliptical bell entrance with a 5-ft primary radius and 1.5-ft secondary entrance base on guidance from EM 1110-2-1602 (Section 3-7)
Conduit

Steel, lined against corrosion with cavitation resistant material.

k = 0.000008 ft Design equivalent sand grain roughness
D, = 10ft Diameter of Pipe 1 Ly =190ft Length of Pipe 1
Dy = 7.5t Diameter of Pipe 2 Lo = 1101t Length of Pipe 2
Dg = 7.5t Diameter of Pipe 3 Ly =110ft Length of Pipe 3
Appurtenances
Valves

One 10 ft butterfly valve (concentric) will be used at the downstream face of the dam as secondary flow closure.
Orifices

Orifices shall have openings at the invert of the pipe to allow for drainage of conduit during system shutdown.

Dop 1 = 7:4ft Orifice 1.1 (Orifice 1 on Pipe 1) Lop 1 = 1001t Station of Orifice 1.1 on Pipe 1

D12 = 7.5ft Orifice 1.2 (Orifice 2 on Pipe 1) Lop o = 1401t Station of Orifice 1.2 on Pipe 1

Dgo 1 = 5.5t Orifice 2.1 (Orifice 1 on Pipe 2) Lo 1 = 451t Station of Orifce 2.1 on Pipe 2

Do3.1 = 5.5t Orifce 3.1 (Orifice 1 on Pipe 3) Lo3.1 = 451t Station of Orifice 3.1 on Pipe 3
Air Inlets

Air inlets shall be installed downstream of orifices. To be designed.

Bends

Bends shall have a radius of bending to diameter of pipe ratio equal to or greater than 1.0 except for bend 1.3 which requires a bend ratio of 1.5. Bends
shall not be mitered if possible. If mitered bends are determined necessary, maximum number of miters constructably feasible are desired.
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Sensitivity Factors o =11 Minor loss factor af = 0.1 Equivalent sand grain
roughness factor
Flowrates

Qg = 1330-cfs

Qqp = 665¢cfs Design flow rate (low forebay) - Pipe 2

Qg3 = 665-cfs

Headlosses

Pipe 1
Design Flow
Hy(Qqy) = 29.15 t
hy = 0.25ft
Kg-hvy(Qqy) = 0.711t
Kpfy'hvy(Qqy) = 0.98 ft
Kp_p1-hv1(Qqy) = 1.56 ft
Ko1.1-hv1(Qqy) = 1283 ft
Ko1.2'v1(Qqy) = 1159 ft
Kp1.3hv1(Qqy) = 0.55ft
f1(Qq1)-hv1(Qqy) = 0-682 ft

hvy(Qqy) = 446 ft

Design flow rate (low forebay) - Pipe 1

Design flow rate (low forebay) - Pipe 3

Qm1 = 1448-cfs
Qo = 724-cfs

Q3 = 724-cfs

Max Flow
H1(Qmy) = 3449t

h; = 0.25ft

Kg-hvy(Qppy) = 0.85 ft
Kpfy'hvy(Qmmy) = 1.16ft
Kp_p1-1v1(Qma) = 1851t
Kol_l-hvl(le) = 15.21 ft
Ko1.2V1(Qpmy) = 13.73 ft
Kp1.3hv1(Qm1) = 0.65ft
f1(Qma)-hv1(Qmy) = 0.7995 ft

hv1(Qpy) = 5.28ft

Max flow rate (high forebay) - Pipe 1

Max flow rate (high forebay) - Pipe 2

Max flow rate (high forebay) - Pipe 3

Total losses thru Pipe 1
Trashrack loss
Entrance loss

Butterfly valve loss
Combinded bend loss
Orifice loss 1.1

Orifice loss 1.2

Bend loss 1.3

Total frictional loss

Velocity head within the pipe
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Pipe 2
Design Flow

Hy(Qqp) = 15.16 t
Ka1-hvy(Qgp) = 0.58 ft
Ko_b2.1MVp(Qqp) = 0.2ft
Kop.1:Vo(Qq2) = 1085 ft
Kpg.2'Vo(Qqg) = 3.08ft
f(Qp) V2(Qqp) = 044 ft
hv,(Qqg) = 3.52ft

Frz(de) =0.97

Pipe 3
Design Flow

H3(Qg3) = 15.16 t
K31-hva(Qys) = 0.58 ft
Ko_b3.1°Mv3(Qqa) = 0:2ft
Kog.1-hv3(Qq3) = 1085 ft
Kpg.2'hv3(Qq3) = 3.08ft
f3(Q)-hv3(Qqyg) = 043t
hv3(Qqg) = 3.52ft

Fr3(Qqs) = 0.97

Max Flow

Hy(Qmp) = 17.95
K31-hvo(Qpyp) = 0.69 ft
Ko_b2.1°Mo(Qmp) = 024t
Ko2.1:Vo(Qpmg) = 12.86 ft
Kpg.2"Vo(Qma) = 3.65ft
f2(Qmg)-hvo(Qmz) = 0.52t
hvy(Qpg) = 417t

Fry(Qmg) = 1.06

Max Flow

H3(Qng) = 17.95ft
K31-hv3(Qpg) = 0.69 ft
Ko_b3.1°MV3(Qmg) = 024t
Kog.1:1V3(Qmg) = 12.86 ft
Kpg.2'hv3(Qmg) = 3.65ft
f3(Q)-hv3(Qmg) = 0.51ft
hv3(Qpg) = 417t

Fr3(Qmg) = 1.06

Total head loss in Pipe 2

Y loss to Pipe 2

Combined bend loss

Orifice loss 2.1

Bend loss 2.2

Total friction loss for Pipe 2
Velocity head within the pipe

Froude exiting pipe 2

Total head loss in Pipe 3

Y loss to Pipe 3

Combined bend loss

Orifice loss 3.1

Bend loss 3.2

Total friction loss for Pipe 3
Velocity head within the pipe

Froude exiting pipe 3
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Reactionary Forces

Forces in X Forces in flow Forces inY

direction as direction as direction as

shown shown shown

Fp1.1x = 116.64-kip Fp1.1y = -193.16-kip  Bend 1.1

Fp1.2x = 143.23-kip Fpyoy = 24011-kip  Bend 1.2
Fo1.1 = 178.41-kip Orifice 1.1

. Orifice 1.2

Fo1.2 = 134.27-kip

Fp1.3x = 39.84-kip Fhigy = —96.19-kip  Bend 1.3
Fwye = 1.15-kip Wye - Note that force is considered in the X direction only

Fp2.1x = 10.05-kip Fp2.1y = 34.89-Kip Bend 2.1
Fo2.1 = 54.75-kip Orifice 2.1

Fp2.2x = 30.98-kip Fp2.2y = 30.98-Kip Bend 2.2

Fp3.1x = 10.05-kip Fpa.1y = -3489-kip  Bend3.1
Fo3.1 = 54.75-kip Orifice 3.1

Fp3.2x = 30.5-kip Fp3.2y = 18.91-Kip Bend 3.2
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Cavitation Potential Summary

bendcav4 4 = "Bend radius ok"
bendcav4 o = "Bend radius ok"
bendcav4 5 = "Bend radius ok"
bendcav, 4 = "Bend radius ok"

bendcav2_2 = "Incipient cavitation initiated" Bend 2.2 will have an air port located at the separation zone on the bend to alleviate the
cavitation potential

bendcav3_1 = "Bend radius ok"

bendcav3_2 = "Incipient cavitation initiated" Bend 3.2 will have an air port located at the separation zone on the bend to alleviate the
cavitation potential

check_aj q 1 = "“check next" Orifice 1.1 shows "Incipient cavitation" potential but does not demonstate "critical,” "incipient
- damaging,"” or "choking" cavitation potential.
check_og, 1.1 = "check next"

check_ojq 1.1 = "ok"

check_ogp, 1.1 = "ok"

check_aj 1 o = "“check next" Orifice 1.2 shows "Incipient cavitation" potential but does not demonstate "critical,” "incipient
- damaging,"” or "choking" cavitation potential.

check_ccr_l_z = "check next"

CheCk_c’id_l.z = "ok"

check_ogp, 1.2 = "ok"
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check_cri_z_l = "check next"
check_crcr_z_ 1 = "check next"
CheCk_c’id_z.l = "ok"

check_ogp, 21 = "ok"

check_cri_3_l = "check next"
check_crcr_3_ 1 = "check next"
check_cid_&l = "ok"

check_ogp, 3.1 = "ok"

Orifice 2.1 shows "Incipient cavitation" potential but does not demonstate “critical,” "incipient
damaging,” or "choking" cavitation potential.

Orifice 3.1 shows "Incipient cavitation" potential but does not demonstate "critical,” "incipient
damaging,” or "choking" cavitation potential.
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Clearances
Elebopz = 94.75 ft Elevation of the bottom of pipe 2 at fishladder crossing
Elebops = 94.75 ft Elevation of the bottom of pipe 3 at fishladder crossing

AEFLgp; = 1.3ft

AEFLdIff = 2.2ft

TW i, = 74.0ft
TW = 90.0ft

Eleb0p2 - TWhIgh = AEFLent = 7.45ft

Elepopz — TWmax — AEFLgpn = 3.45ft

Maximum differential at fish ladder entrance

Maximum head on diffusers from AWSC

Minimum tailwater at which the backup AWS operates
Maximum tailwater at which the backup AWS operates

Maximum tailwater at which EFL maintains criteria

Clearance of water in fishladder to bottom of pipe 2 at emergency AWS backup high tailwater operation

Clearance of water in fishladder to bottom of pipe 2 at max tailwater EFL operation point
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Hydraulic Design Summary

Entrance Bell

Concentric eliptical bell entrance with a 5-ft primary radius and 1.5-ft secondary entrance base on guidance from EM 1110-2-1602 (Section 3-7)
Conduit

Steel, lined against corrosion with cavitation resistant material.

k = 0.00082 ft Design equivalent sand grain roughness
D, = 10ft Diameter of Pipe 1 Ly =190ft Length of Pipe 1
Dy = 7.5t Diameter of Pipe 2 Lo = 1101t Length of Pipe 2
Dg = 7.5t Diameter of Pipe 3 Ly =110ft Length of Pipe 3
Appurtenances
Valves

One 10 ft butterfly valve (concentric) will be used at the downstream face of the dam as secondary flow closure.
Orifices

Orifices shall have openings at the invert of the pipe to allow for drainage of conduit during system shutdown.

Dop 1 = 7:4ft Orifice 1.1 (Orifice 1 on Pipe 1) Lop 1 = 1001t Station of Orifice 1.1 on Pipe 1

D12 = 7.5ft Orifice 1.2 (Orifice 2 on Pipe 1) Lop o = 1401t Station of Orifice 1.2 on Pipe 1

Dgo 1 = 5.5t Orifice 2.1 (Orifice 1 on Pipe 2) Lo 1 = 451t Station of Orifce 2.1 on Pipe 2

Do3.1 = 5.5t Orifce 3.1 (Orifice 1 on Pipe 3) Lo3.1 = 451t Station of Orifice 3.1 on Pipe 3
Air Inlets

Air inlets shall be installed downstream of orifices. To be designed.

Bends

Bends shall have a radius of bending to diameter of pipe ratio equal to or greater than 1.0 except for bend 1.3 which requires a bend ratio of 1.5. Bends
shall not be mitered if possible. If mitered bends are determined necessary, maximum number of miters constructably feasible are desired.
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Sensitivity Factors oy =1 Minor loss factor af = 10 Equivalent sand grain
roughness factor
Flowrates

Qg = 1385-cfs

Design flow rate (low forebay) - Pipe 1

Qm1 = 1506-cfs

Qg = 692 cfs Design flow rate (low forebay) - Pipe 2 Q= 753-cfs
Qg3 = 692-cfs Design flow rate (low forebay) - Pipe 3 Q3 = 753-cfs
Headlosses
Pipe 1
Design Flow Max Flow
Hl(le) =29.2ft Hl(le) = 34.5ft
hy = 0.25ft hy = 0.25ft

Kg-hvy(Qqy) = 0.77ft
Kpfy'hvy(Qqy) = 0.97 ft
Kp_p1-hvy(Qqy) = 1.54ft
Ko1.1'hv1(Qqy) = 1264 ft
Ko1.2v1(Qqy) = 1142 ft
Kp1.3hv1(Qqy) = 0.54ft
f1(Qq1)-hv1(Qqa) = 10797 ft

hvy(Qqy) = 4.83ft

Kg-hvy(Qppy) = 0.91 1t
Kpfy'hvy(Qumy) = 1141t
Kp_p1-hv1(Qma) = 1821t
Ko1.1:V1(Qpmy) = 14.95 ft
Ko1.2V1(Qpmy) = 1351 ft
Kp1.3hv1(Qm1) = 0.64ft
f1(Qma)-hva(Qmy) = 1.2757 ft

hvy(Qpy) = 572t

Max flow rate (high forebay) - Pipe 1

Max flow rate (high forebay) - Pipe 2

Max flow rate (high forebay) - Pipe 3

Total losses thru Pipe 1
Trashrack loss
Entrance loss

Butterfly valve loss
Combinded bend loss
Orifice loss 1.1

Orifice loss 1.2

Bend loss 1.3

Total frictional loss

Velocity head within the pipe
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Pipe 2
Design Flow

Hy(Qqp) = 15.19 t
Ka1-hvp(Qgp) = 057 ft
Ko_b2.1MVp(Qqp) = 0.2ft
Kop.1-Vo(Qq2) = 1069 ft
Kpg.2'hVo(Qq) = 3.04ft
fa(Qqp) V2(Qqp) = 0.7t
hv,(Qqp) = 3.82ft

Fry(Qqp) = 1.01

Pipe 3
Design Flow

H3(Qg3) = 15.19t
K31-hva(Qyg) = 057 ft
Ko_b3.1°Mv3(Qqa) = 0:2ft
Kog.1-hv3(Qq3) = 10.69 ft
Kpg.2'hv3(Qq3) = 3.04ft
f3(Q)-hv3(Qqgg) = 0.7t
hv3(Qqg) = 3.82ft

Fr3(Qqgs) = 1.01

Max Flow

Hy(Qmp) = 17.97 ft
K31-hvo(Qpyp) = 068t
Ko_b2.1°o(Qmp) = 0231t
Kop.1:Wo(Qpmg) = 12.64 ft
Kpg.2"Vo(Qpma) = 3.59ft
f2(Qmz)-hvo(Qma) = 0.82t
hv,(Qpg) = 452t

Frz(QmZ) =11

Max Flow

H3(Qng) = 17.97 ft
K31-hv3(Qpg) = 0.68 ft
Ko_b3.1°MV3(Qmg) = 023t
Kog.1:1V3(Qmg) = 12.64 ft
Kpg.2'hv3(Qmg) = 3.59ft
f3(Q)-hv3(Qmg) = 0.82ft
hv3(Qpg) = 4.52t

Fr3(Qmg) = 1.1

Total head loss in Pipe 2

Y loss to Pipe 2

Combined bend loss

Orifice loss 2.1

Bend loss 2.2

Total friction loss for Pipe 2
Velocity head within the pipe

Froude exiting pipe 2

Total head loss in Pipe 3

Y loss to Pipe 3

Combined bend loss

Orifice loss 3.1

Bend loss 3.2

Total friction loss for Pipe 3
Velocity head within the pipe

Froude exiting pipe 3
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Reactionary Forces

Forces in X Forces in flow Forces inY

direction as direction as direction as

shown shown shown

Fp1.1x = 116.42-kip Fp1.1y = -19358-kip  Bend 1.1

Fp1.2x = 143.27-kip Fh1.2y = 240.9-kip Bend 1.2
Fo1.1 = 174.6-kip Orifice 1.1

. Orifice 1.2

Fo1.2 = 133.73-kip

Fp1.3x = 43.63-kip Fhigy = ~105.34-kip  Bend 1.3
Fwye = -0.65-kip Wye - Note that force is considered in the X direction only

Fp2.1x = 11.03-kip Fp2.1y = 38.76-Kip Bend 2.1
Fo2.1 = 56-39-kip Orifice 2.1

Fh2.2x = 41.82-kip Fp2.2y = 41.82-Kip Bend 2.2

Fp3.1x = 11.03-kip Fpa.1y = —3876-kip  Bend3.1
Fo3.1 = 56-39-kip Orifice 3.1

Fp3.2x = 41.1-kip Fp3.2y = 8:3L-kip Bend 3.2
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Cavitation Potential Summary

bendcav4 4 = "Bend radius ok"
bendcav4 o = "Bend radius ok"
bendcav4 5 = "Bend radius ok"
bendcav, 4 = "Bend radius ok"

bendcav2_2 = "Incipient cavitation initiated" Bend 2.2 will have an air port located at the separation zone on the bend to alleviate the
cavitation potential

bendcav3_1 = "Bend radius ok"

bendcav3_2 = "Incipient cavitation initiated" Bend 3.2 will have an air port located at the separation zone on the bend to alleviate the
cavitation potential

check_oj 1 1 = "check next" Orifice 1.1 shows "Incipient cavitation" potential but does not demonstate "critical,” "incipient
- damaging,"” or "choking" cavitation potential.
check_og, 1.1 = "ok"

check_ojq 1.1 = "ok"

check_ogp, 1.1 = "ok"

check_oj 1 o = "check next" Orifice 1.2 shows "Incipient cavitation" potential but does not demonstate “critical,” "incipient
- damaging,"” or "choking" cavitation potential.

check_ccr_l_z = "ok"

CheCk_c’id_l.z = "ok"

check_ogp, 1.2 = "ok"
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check_aj 5 1 = "“check next" Orifice 2.1 shows "Incipient cavitation" potential but does not demonstate “critical,” "incipient

damaging,” or "choking" cavitation potential.
check_og, 9 1 = "ok"

check_ojq 2.1 = "ok"

check_ogp, 21 = "ok"

check_oj 31 = "check next" Orifice 3.1 shows "Incipient cavitation" potential but does not demonstate "critical,” "incipient
- damaging,” or "choking" cavitation potential.

check_ccr_3_1 = "ok"

check_cid_&l = "ok"

check_ogp, 3.1 = "ok"
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Clearances
Elebopz = 94.75 ft Elevation of the bottom of pipe 2 at fishladder crossing
Elebops = 94.75 ft Elevation of the bottom of pipe 3 at fishladder crossing

AEFLgp; = 1.3ft

AEFLdIff = 2.2ft

TW i, = 74.0ft
TW = 90.0ft

Eleb0p2 - TWhIgh = AEFLent = 7.45ft

Elepopz — TWmax — AEFLgpn = 3.45ft

Maximum differential at fish ladder entrance

Maximum head on diffusers from AWSC

Minimum tailwater at which the backup AWS operates
Maximum tailwater at which the backup AWS operates

Maximum tailwater at which EFL maintains criteria

Clearance of water in fishladder to bottom of pipe 2 at emergency AWS backup high tailwater operation

Clearance of water in fishladder to bottom of pipe 2 at max tailwater EFL operation point

100/101
B-135



The Dalles East Fish Ladder Auxiliary Water Backup System DDR, Appendix B, Hydraulic

Project Title: Dalles EFL Emergency AWS - Energy 12/19/2013
Dissipation

By: Logan Negherbon
Checked By: Ryan Laughery

Hydraulic Design Summary

Entrance Bell

Concentric eliptical bell entrance with a 5-ft primary radius and 1.5-ft secondary entrance base on guidance from EM 1110-2-1602 (Section 3-7)
Conduit

Steel, lined against corrosion with cavitation resistant material.

k = 0.000008 ft Design equivalent sand grain roughness
D, = 10ft Diameter of Pipe 1 Ly =190ft Length of Pipe 1
Dy = 7.5t Diameter of Pipe 2 Lo = 1101t Length of Pipe 2
Dg = 7.5t Diameter of Pipe 3 Ly =110ft Length of Pipe 3
Appurtenances
Valves

One 10 ft butterfly valve (concentric) will be used at the downstream face of the dam as secondary flow closure.
Orifices

Orifices shall have openings at the invert of the pipe to allow for drainage of conduit during system shutdown.

Dop 1 = 7:4ft Orifice 1.1 (Orifice 1 on Pipe 1) Lop 1 = 1001t Station of Orifice 1.1 on Pipe 1

D12 = 7.5ft Orifice 1.2 (Orifice 2 on Pipe 1) Lop o = 1401t Station of Orifice 1.2 on Pipe 1

Dgo 1 = 5.5t Orifice 2.1 (Orifice 1 on Pipe 2) Lo 1 = 451t Station of Orifce 2.1 on Pipe 2

Do3.1 = 5.5t Orifce 3.1 (Orifice 1 on Pipe 3) Lo3.1 = 451t Station of Orifice 3.1 on Pipe 3
Air Inlets

Air inlets shall be installed downstream of orifices. To be designed.

Bends

Bends shall have a radius of bending to diameter of pipe ratio equal to or greater than 1.0 except for bend 1.3 which requires a bend ratio of 1.5. Bends
shall not be mitered if possible. If mitered bends are determined necessary, maximum number of miters constructably feasible are desired.
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Sensitivity Factors oy =1 Minor loss factor af = 0.1 Equivalent sand grain
roughness factor
Flowrates

Qqq = 1391-cfs

Design flow rate (low forebay) - Pipe 1

Qm1 = 1513-cfs

Qg2 = 695¢cfs Design flow rate (low forebay) - Pipe 2 Qmp = 756-cfs
Qg3 = 695-cfs Design flow rate (low forebay) - Pipe 3 Qm3 = 756-cfs
Headlosses
Pipe 1
Design Flow Max Flow
Hy(Qqy) = 2911t Hy (Qpg) = 34.38ft

h; = 0.25ft

Kg-hvy(Qqy) = 0.78ft
Kpfy'hvy(Qqy) = 0.97 ft
Kp_p1-hvy(Qqy) = 1.55ft
Ko1.1-hv1(Qqy) = 1275 ft
Ko1.2v1(Qqy) = 1152 ft
Kp1.3hv1(Qqy) = 0.54ft
f1(Qqa)-v1(Qqa) = 0.7411 ft

hvy(Qqy) = 4.87ft

h; = 0.25ft

Kg-hvy(Qppy) = 0.92ft
Kpfy'hvy(Qmmy) = 115t
Kp_p1-1v1(Qma) = 1831t
Ko1.1:V1(Qmmy) = 15.08 ft
Ko1.2V1(Qpmy) = 13.62 ft
Kp1.3hv1(Qm1) = 0.64ft
f1(Qma)-hv1(Qmy) = 0-8676 ft

hvy(Qpy) = 577t

Max flow rate (high forebay) - Pipe 1

Max flow rate (high forebay) - Pipe 2

Max flow rate (high forebay) - Pipe 3

Total losses thru Pipe 1
Trashrack loss
Entrance loss

Butterfly valve loss
Combinded bend loss
Orifice loss 1.1

Orifice loss 1.2

Bend loss 1.3

Total frictional loss

Velocity head within the pipe
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Pipe 2
Design Flow
Hy(Qgp) = 15.11t
Ka1-hvy(Qgp) = 0.58 ft
Ko_b2.1MVp(Qqp) = 0.2ft
Kop.1:Vo(Qq2) = 10.78 ft
Kpg.2'Vo(Qq) = 3.06 ft
fa(Qp) V2(Qqp) = 048 ft
hv,(Qqg) = 3.85ft
Frz(de) =1.01

Pipe 3
Design Flow
H3(Qgs) = 15.11t
K31-hva(Qys) = 0.58 ft
Ko_b3.1°Mv3(Qqa) = 0:2ft
Kog.1-hv3(Qq3) = 10.78 ft
Kpg.2'hv3(Qq3) = 3.06 ft
f3(Q)-hv3(Qyg) = 047 ft
hv3(Qq3) = 3.85ft

Fr3(Qqgs) = 1.01

Max Flow

Hy(Qmp) = 1786 ft
K31-hvo(Qpyp) = 068t
Ko_b2.1°Mo(Qmp) = 024t
Ko2.1:Wo(Qpma) = 12.76 ft
Kpg.2"Vo(Qmg) = 3.62ft
f2(Qmz)-hvo(Qmz) = 0.56 ft
hv,(Qpg) = 4.56 ft

Frz(QmZ) =11

Max Flow

H3(Qng) = 1786 ft
K31-hv3(Qpg) = 0.68 ft
Ko_b3.1°MV3(Qmg) = 024t
Kog.1:V3(Qma) = 12.76 ft
Kpg.2'hv3(Qmg) = 3.62ft
f3(Q)-hv3(Qmg) = 0.56 t
hv3(Qpg) = 4.56 ft

Fr3(Qmg) = 1.1

Total head loss in Pipe 2

Y loss to Pipe 2

Combined bend loss

Orifice loss 2.1

Bend loss 2.2

Total friction loss for Pipe 2
Velocity head within the pipe

Froude exiting pipe 2

Total head loss in Pipe 3

Y loss to Pipe 3

Combined bend loss

Orifice loss 3.1

Bend loss 3.2

Total friction loss for Pipe 3
Velocity head within the pipe

Froude exiting pipe 3
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Reactionary Forces

Forces in X Forces in flow Forces inY

direction as direction as direction as

shown shown shown

Fp1.1x = 116.68-kip Fp11y = -19404kip ~ Bend 1.1

Fp1.2x = 143.53-kip Fpioy = 241.36-kip  Bend 1.2
Fo1.1 = 175.08-kip Orifice 1.1

. Orifice 1.2

Fo1.2 = 134.38-kip

Fp1.3x = 44.32-kip Fh1.gy = ~106.99-kip  Bend 1.3
Fwye = -1.17-kip Wye - Note that force is considered in the X direction only

Fp2.1x = 11.19-kip Fp2.1y = 39.39-Kip Bend 2.1
Fo2.1 = 57.06-kip Orifice 2.1

Fh2.2x = 4345-kip Fp2.2y = 43.45-Kip Bend 2.2

Fp3.1x = 11.19-kip Fpa.1y = —3939-kip  Bend3.1
Fo3.1 = 57.06-kip Orifice 3.1

Fp3.2x = 42.97-kip Fp3.2y = 6:44-kip Bend 3.2
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Cavitation Potential Summary

bendcav4 4 = "Bend radius ok"
bendcav4 o = "Bend radius ok"
bendcav4 5 = "Bend radius ok"
bendcav, 4 = "Bend radius ok"

bendcav2_2 = "Incipient cavitation initiated" Bend 2.2 will have an air port located at the separation zone on the bend to alleviate the
cavitation potential

bendcav3_1 = "Bend radius ok"

bendcav3_2 = "Incipient cavitation initiated" Bend 3.2 will have an air port located at the separation zone on the bend to alleviate the
cavitation potential

check_oj 1 1 = "check next" Orifice 1.1 shows "Incipient cavitation" potential but does not demonstate "critical,” "incipient
- damaging,"” or "choking" cavitation potential.
check_og, 1.1 = "ok"

check_ojq 1.1 = "ok"

check_ogp, 1.1 = "ok"

check_oj 1 o = "check next" Orifice 1.2 shows "Incipient cavitation" potential but does not demonstate “critical,” "incipient
- damaging,"” or "choking" cavitation potential.

check_ccr_l_z = "ok"

CheCk_c’id_l.z = "ok"

check_ogp, 1.2 = "ok"
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check_aj 5 1 = "“check next" Orifice 2.1 shows "Incipient cavitation" potential but does not demonstate “critical,” "incipient

damaging,” or "choking" cavitation potential.
check_og, 9 1 = "ok"

check_ojq 2.1 = "ok"

check_ogp, 21 = "ok"

check_oj 31 = "check next" Orifice 3.1 shows "Incipient cavitation" potential but does not demonstate "critical,” "incipient
- damaging,” or "choking" cavitation potential.

check_ccr_3_1 = "ok"

check_cid_&l = "ok"

check_ogp, 3.1 = "ok"
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Clearances
Elebopz = 94.75 ft Elevation of the bottom of pipe 2 at fishladder crossing
Elebops = 94.75 ft Elevation of the bottom of pipe 3 at fishladder crossing

AEFLgp; = 1.3ft

AEFLdIff = 2.2ft

TW i, = 74.0ft
TW = 90.0ft

Eleb0p2 - TWhIgh = AEFLent = 7.45ft

Elepopz — TWmax — AEFLgpn = 3.45ft

Maximum differential at fish ladder entrance

Maximum head on diffusers from AWSC

Minimum tailwater at which the backup AWS operates
Maximum tailwater at which the backup AWS operates

Maximum tailwater at which EFL maintains criteria

Clearance of water in fishladder to bottom of pipe 2 at emergency AWS backup high tailwater operation

Clearance of water in fishladder to bottom of pipe 2 at max tailwater EFL operation point
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Hydraulic Design Summary

Entrance Bell

Concentric eliptical bell entrance with a 5-ft primary radius and 1.5-ft secondary entrance base on guidance from EM 1110-2-1602 (Section 3-7)
Conduit

Steel, lined against corrosion with cavitation resistant material.

k = 0.00082 ft Design equivalent sand grain roughness
D, = 10ft Diameter of Pipe 1 Ly =190ft Length of Pipe 1
Dy = 7.5t Diameter of Pipe 2 Lo = 1101t Length of Pipe 2
Dg = 7.5t Diameter of Pipe 3 Ly =110ft Length of Pipe 3
Appurtenances
Valves

One 10 ft butterfly valve (concentric) will be used at the downstream face of the dam as secondary flow closure.
Orifices

Orifices shall have openings at the invert of the pipe to allow for drainage of conduit during system shutdown.

Dop 1 = 7:4ft Orifice 1.1 (Orifice 1 on Pipe 1) Lop 1 = 1001t Station of Orifice 1.1 on Pipe 1

D12 = 7.5ft Orifice 1.2 (Orifice 2 on Pipe 1) Lop o = 1401t Station of Orifice 1.2 on Pipe 1

Dgo 1 = 5.5t Orifice 2.1 (Orifice 1 on Pipe 2) Lo 1 = 451t Station of Orifce 2.1 on Pipe 2

Do3.1 = 5.5t Orifce 3.1 (Orifice 1 on Pipe 3) Lo3.1 = 451t Station of Orifice 3.1 on Pipe 3
Air Inlets

Air inlets shall be installed downstream of orifices. To be designed.

Bends

Bends shall have a radius of bending to diameter of pipe ratio equal to or greater than 1.0 except for bend 1.3 which requires a bend ratio of 1.5. Bends
shall not be mitered if possible. If mitered bends are determined necessary, maximum number of miters constructably feasible are desired.
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Sensitivity Factors oy =09 Minor loss factor af = 10 Equivalent sand grain
roughness factor
Flowrates

Qg = 1453-cfs

Qqp = 727 cfs Design flow rate (low forebay) - Pipe 2

Qq3 = 727-cfs

Headlosses

Pipe 1
Design Flow
Hy(Qqy) = 29.15 t
hy = 0.25ft
Kg-hvy(Qqy) = 0.85ft
Kpfy'hvy(Qqy) = 0.96 ft
Kp_p1-hv1(Qqy) = 1.52ft
Ko1.1-hv1(Qqy) = 1253 ft
Ko1.2'v1(Qqy) = 11.32ft
Kp1.3hv1(Qqy) = 0.53ft
f1(Qqa)-hv1(Qqa) = 11884 t

hvy(Qqq) = 5.32ft

Design flow rate (low forebay) - Pipe 1

Design flow rate (low forebay) - Pipe 3

Qm1 = 1579-cfs
Qma2 = 790-cfs

Qm3 = 790-cfs

Max Flow
H1(Qmy) = 34.38

h; = 0.25ft

Kg-hvy(Qppy) = 101t
Kpfy'hvy(Qmmy) = 113t
Ko_b1v1(Qmg) = 181t
Ko1.1:v1(Qm1) = 148t
Ko1.2V1(Qpmy) = 1337 ft
Kp1.3hv1(Qm1) = 0.63ft
f1(Qma)-hv1(Qmy) = 14016 ft

hvy(Qpy) = 6.28ft

Max flow rate (high forebay) - Pipe 1

Max flow rate (high forebay) - Pipe 2

Max flow rate (high forebay) - Pipe 3

Total losses thru Pipe 1
Trashrack loss
Entrance loss

Butterfly valve loss
Combinded bend loss
Orifice loss 1.1

Orifice loss 1.2

Bend loss 1.3

Total frictional loss

Velocity head within the pipe

95/101
B-144



The Dalles East Fish Ladder Auxiliary Water Backup System DDR, Appendix B, Hydraulic

Project Title: Dalles EFL Emergency AWS - Energy
Dissipation

12/19/2013

By: Logan Negherbon
Checked By: Ryan Laughery

Pipe 2
Design Flow

Hy(Qqp) = 15.14 1t
Ka1-hvp(Qgp) = 057 ft
Ko_b2.1MVp(Qqp) = 0.2ft
Koz.1:1Vo(Qq) = 1061t
Kpg.2'hVo(Qqg) = 3.01ft
f(Qp) Vv2(Qqp) = 077 ft
hv,(Qqg) = 4.21t

Fry(Qqp) = 1.06

Pipe 3
Design Flow

H3(Qgs) = 15.14 t
K31-hva(Qyg) = 057 ft
Ko_b3.1°Mv3(Qqa) = 0:2ft
Kog.1'hv3(Qq3) = 1061t
Kpg.2'hv3(Qq3) = 3.01ft
f3(Q)-hv3(Qyg) = 0.77ft
hv3(Qqg) = 4.2t

Fr3(Qqs) = 1.06

Max Flow

Hy(Qmp) = 1787t
K31-hvo(Qpp) = 067t
Ko_b2.1°o(Qmp) = 0231t
Koz_l-hvz(QmZ) = 12.51 ft
Kpg.2"Vo(Qpma) = 3.56 ft
f2(Qmz)-hvo(Qmz) = 0.9ft
hv,(Qpg) = 4.97 ft

Fry(Qmg) = 1.15

Max Flow

H3(Qng) = 1787t
K31-hv3(Qpg) = 067t
Ko_b3.1°MV3(Qmg) = 023t
K03_1-hv3(Qm3) = 12,51 ft
Kpg.2'hv3(Qmg) = 3.56 ft
f3(Q)-hv3(Qmg) = 0.91ft
hv3(Qpg) = 4.97ft

Fr3(Qmg) = 1.15

Total head loss in Pipe 2

Y loss to Pipe 2

Combined bend loss

Orifice loss 2.1

Bend loss 2.2

Total friction loss for Pipe 2
Velocity head within the pipe

Froude exiting pipe 2

Total head loss in Pipe 3

Y loss to Pipe 3

Combined bend loss

Orifice loss 3.1

Bend loss 3.2

Total friction loss for Pipe 3
Velocity head within the pipe

Froude exiting pipe 3
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Reactionary Forces

Forces in X Forces in flow Forces inY

direction as direction as direction as

shown shown shown

Fp1.1x = 116.46-kip Fp1.1y = -19447-kip  Bend 1.1

Fp1.2x = 143.57-kip Fpyoy = 24214-kip  Bend 1.2
Fo1.1 = 171.27-kip Orifice 1.1

. Orifice 1.2

Fo1.2 = 133.85-kip

Fp1.3x = 48.11-kip Fpigy = ~116.14-kip  Bend 1.3
Fwye = -2.97-kip Wye - Note that force is considered in the X direction only

Fh2.1x = 12.17-kip Fp2.1y = 43.27-Kip Bend 2.1
Fop.1 = 58.7-kip Orifice 2.1

Fp2.2x = 54.29-kip Fp2.2y = 54.29-kip Bend 2.2

Fp3.1x = 12.17-kip Fpa.1y = —4327-kip  Bend3.1
Fo3.1 = 58.7-kip Orifice 3.1

Fp3.2x = 53.58-kip Fp3.2y = ~4-17-kip Bend 3.2
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Cavitation Potential Summary

bendcav4 4 = "Bend radius ok"
bendcav4 o = "Bend radius ok"
bendcav4 5 = "Bend radius ok"
bendcav, 4 = "Bend radius ok"

bendcav, , = "Bend radius ok" Bend 2.2 will have an air port located at the separation zone on the bend to alleviate the
cavitation potential

bendcav3_1 = "Bend radius ok"

bendcavg , = "Bend radius ok™ Bend 3.2 will have an air port located at the separation zone on the bend to alleviate the
cavitation potential

check_oj 1 1 = "check next" Orifice 1.1 shows "Incipient cavitation" potential but does not demonstate "critical,” "incipient
- damaging,"” or "choking" cavitation potential.
check_og, 1.1 = "ok"

check_ojq 1.1 = "ok"

check_ogp, 1.1 = "ok"

check_oj 1 o = "check next" Orifice 1.2 shows "Incipient cavitation" potential but does not demonstate “critical,” "incipient
- damaging,"” or "choking" cavitation potential.

check_ccr_l_z = "ok"

CheCk_c’id_l.z = "ok"

check_ogp, 1.2 = "ok"
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check_aj 5 1 = "“check next" Orifice 2.1 shows "Incipient cavitation" potential but does not demonstate “critical,” "incipient

damaging,” or "choking" cavitation potential.
check_og, 9 1 = "ok"

check_ojq 2.1 = "ok"

check_ogp, 21 = "ok"

check_oj 31 = "check next" Orifice 3.1 shows "Incipient cavitation" potential but does not demonstate "critical,” "incipient
- damaging,” or "choking" cavitation potential.

check_ccr_3_1 = "ok"

check_cid_&l = "ok"

check_ogp, 3.1 = "ok"
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Clearances
Elebopz = 94.75 ft Elevation of the bottom of pipe 2 at fishladder crossing
Elebops = 94.75 ft Elevation of the bottom of pipe 3 at fishladder crossing

AEFLgp; = 1.3ft

AEFLdIff = 2.2ft

TW i, = 74.0ft
TW = 90.0ft

Eleb0p2 - TWhIgh = AEFLent = 7.45ft

Elepopz — TWmax — AEFLgpn = 3.45ft

Maximum differential at fish ladder entrance

Maximum head on diffusers from AWSC

Minimum tailwater at which the backup AWS operates
Maximum tailwater at which the backup AWS operates

Maximum tailwater at which EFL maintains criteria

Clearance of water in fishladder to bottom of pipe 2 at emergency AWS backup high tailwater operation

Clearance of water in fishladder to bottom of pipe 2 at max tailwater EFL operation point
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Hydraulic Design Summary

Entrance Bell

Concentric eliptical bell entrance with a 5-ft primary radius and 1.5-ft secondary entrance base on guidance from EM 1110-2-1602 (Section 3-7)
Conduit

Steel, lined against corrosion with cavitation resistant material.

k = 0.000082 ft Design equivalent sand grain roughness
D, = 10ft Diameter of Pipe 1 Ly =190ft Length of Pipe 1
Dy = 7.5t Diameter of Pipe 2 Lo = 1101t Length of Pipe 2
Dg = 7.5t Diameter of Pipe 3 Ly =110ft Length of Pipe 3
Appurtenances
Valves

One 10 ft butterfly valve (concentric) will be used at the downstream face of the dam as secondary flow closure.
Orifices

Orifices shall have openings at the invert of the pipe to allow for drainage of conduit during system shutdown.

Dop 1 = 7:4ft Orifice 1.1 (Orifice 1 on Pipe 1) Lop 1 = 1001t Station of Orifice 1.1 on Pipe 1

D12 = 7.5ft Orifice 1.2 (Orifice 2 on Pipe 1) Lop o = 1401t Station of Orifice 1.2 on Pipe 1

Dgo 1 = 5.5t Orifice 2.1 (Orifice 1 on Pipe 2) Lo 1 = 451t Station of Orifce 2.1 on Pipe 2

Do3.1 = 5.5t Orifce 3.1 (Orifice 1 on Pipe 3) Lo3.1 = 451t Station of Orifice 3.1 on Pipe 3
Air Inlets

Air inlets shall be installed downstream of orifices. To be designed.

Bends

Bends shall have a radius of bending to diameter of pipe ratio equal to or greater than 1.0 except for bend 1.3 which requires a bend ratio of 1.5. Bends
shall not be mitered if possible. If mitered bends are determined necessary, maximum number of miters constructably feasible are desired.
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Sensitivity Factors oy =09 Minor loss factor oap =1 Equivalent sand grain
roughness factor
Flowrates

Qg = 1459-cfs

Qqp = 729¢cfs Design flow rate (low forebay) - Pipe 2

Qg3 = 729-cfs

Headlosses

Pipe 1
Design Flow
Hy(Qq1) = 29.06 ft
hy = 0.25ft
Kg-hvy(Qqy) = 0.86ft
Kpfy'hvy(Qqy) = 0.97 ft
Kp_p1-hvy(Qqy) = 1.54ft
Ko1.1-hv1(Qqy) = 1263 ft
Ko1.2v1(Qq) = 1141t
f1(Qq1)-hv1(Qqa) = 0.8902 ft

hvy(Qqy) = 5.36ft

Design flow rate (low forebay) - Pipe 1

Design flow rate (low forebay) - Pipe 3

Qm1 = 1585-cfs
Qma2 = 793-cfs

Qm3 = 793-cfs

Max Flow

Hy(Qmy) = 34.27ft

h; = 0.25ft

Kg-hvy(Qppy) = 101t
Kpfy'hvy(Qumy) = 1141t
Kp_p1-1v1(Qma) = 1811t
Ko1.1:V1(Qmmy) = 14.91 ft
Ko1.2V1(Qpmy) = 1347 ft
Kp1.3hv1(Qm1) = 0.64ft
f1(Qma)-hva(Qmy) = 1.0449 ft

hvy(Qpy) = 6.33ft

Max flow rate (high forebay) - Pipe 1

Max flow rate (high forebay) - Pipe 2

Max flow rate (high forebay) - Pipe 3

Total losses thru Pipe 1
Trashrack loss
Entrance loss

Butterfly valve loss
Combinded bend loss
Orifice loss 1.1

Orifice loss 1.2

Bend loss 1.3

Total frictional loss

Velocity head within the pipe
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Pipe 2
Design Flow

Hy(Qqgp) = 15.05 t
Ka1-hvp(Qgp) = 057 ft
Ko_b2.1MVp(Qqp) = 0.2ft
Kop.1'Vo(Qq2) = 1068 ft
Kpg.2'hVo(Qqg) = 3.03ft
fa(Qp) v2(Qqp) = 057 ft
hv,(Qqg) = 4.24ft

Fry(Qqp) = 1.06

Pipe 3
Design Flow

H3(Qg3) = 15.05 ft
K31-hva(Qyg) = 057 ft
Ko_b3.1°Mv3(Qqa) = 0:2ft
Kog.1-hv3(Qq3) = 1068 ft
Kpg.2'hv3(Qq3) = 3.03ft
f3(Q)-hv3(Qyg) = 057 ft
hvg(Qqg) = 4.24ft

Fr3(Qqs) = 1.06

Max Flow

Hy(Qmp) = 17.77
K31-hvo(Qpyp) = 068t
Ko_b2.1°o(Qmp) = 0231t
Koz_l-hvz(QmZ) = 12,61 ft
Kpg.2"Vo(Qma) = 3.58 ft
f2(Qmz)-hvo(Qmz) = 0.67ft
hv,(Qpmg) = 5ft

Fry(Qmy) = 1.16

Max Flow

H3(Qmg) = 17.77 ft
K31-hv3(Qpg) = 0.68 ft
Ko_b3.1°MV3(Qmg) = 023t
K03_1-hv3(Qm3) = 12,61 ft
Kpg.2'hv3(Qmg) = 3.58 ft
f3(Q)-hv3(Qmg) = 0.68ft
hv3(Qpg) = 51t

Fr3(Qmg) = 1.16

Total head loss in Pipe 2

Y loss to Pipe 2

Combined bend loss

Orifice loss 2.1

Bend loss 2.2

Total friction loss for Pipe 2
Velocity head within the pipe

Froude exiting pipe 2

Total head loss in Pipe 3

Y loss to Pipe 3

Combined bend loss

Orifice loss 3.1

Bend loss 3.2

Total friction loss for Pipe 3
Velocity head within the pipe

Froude exiting pipe 3
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Reactionary Forces

Forces in X Forces in flow Forces inY

direction as direction as direction as

shown shown shown

Fp1.1x = 116.67-kip Fpy.1y = -194.83-kip ~ Bend 1.1

Fp1.2x = 143.78-kip Fpioy = 24251-kip  Bend 1.2
Fo1.1 = 171.65-kip Orifice 1.1

. Orifice 1.2

Fo1.2 = 134.37-kip

Fp1.3x = 48.65-kip Fpigy = ~11745-kip  Bend 1.3
Fwye = -3.38-kip Wye - Note that force is considered in the X direction only

Fp2.1x = 12.3-kip Fp2.1y = 43.77-Kip Bend 2.1
Fo2.1 = 59.23-kip Orifice 2.1

Fp2.2x = 55:59-kip Fp2.2y = 55.59-Kip Bend 2.2

Fp3.1x = 12.3-kip Fpa.1y = —4377-kip  Bend3.1
Fo3.1 = 59.23-kip Orifice 3.1

Fp3.2x = 55.06-kip Fp3.2y = ~5:65-Kip Bend 3.2
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Cavitation Potential Summary

bendcav4 4 = "Bend radius ok"
bendcav4 o = "Bend radius ok"
bendcav4 5 = "Bend radius ok"
bendcav, 4 = "Bend radius ok"

bendcav, , = "Bend radius ok" Bend 2.2 will have an air port located at the separation zone on the bend to alleviate the
cavitation potential

bendcav3_1 = "Bend radius ok"

bendcavg , = "Bend radius ok™ Bend 3.2 will have an air port located at the separation zone on the bend to alleviate the
cavitation potential

check_oj 1 1 = "check next" Orifice 1.1 shows "Incipient cavitation" potential but does not demonstate "critical,” "incipient
- damaging,"” or "choking" cavitation potential.
check_og, 1.1 = "ok"

check_ojq 1.1 = "ok"

check_ogp, 1.1 = "ok"

check_oj 1 o = "check next" Orifice 1.2 shows "Incipient cavitation" potential but does not demonstate “critical,” "incipient
- damaging,"” or "choking" cavitation potential.

check_ccr_l_z = "ok"

CheCk_c’id_l.z = "ok"

check_ogp, 1.2 = "ok"
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check_aj 5 1 = "“check next" Orifice 2.1 shows "Incipient cavitation" potential but does not demonstate “critical,” "incipient

damaging,” or "choking" cavitation potential.
check_og, 9 1 = "ok"

check_ojq 2.1 = "ok"

check_ogp, 21 = "ok"

check_oj 31 = "check next" Orifice 3.1 shows "Incipient cavitation" potential but does not demonstate "critical,” "incipient
- damaging,” or "choking" cavitation potential.

check_ccr_3_1 = "ok"

check_cid_&l = "ok"

check_ogp, 3.1 = "ok"
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Clearances
Elebopz = 94.75 ft Elevation of the bottom of pipe 2 at fishladder crossing
Elebops = 94.75 ft Elevation of the bottom of pipe 3 at fishladder crossing

AEFLgp; = 1.3ft

AEFLdIff = 2.2ft

TW i, = 74.0ft
TW = 90.0ft

Eleb0p2 - TWhIgh = AEFLent = 7.45ft

Elepopz — TWmax — AEFLgpn = 3.45ft

Maximum differential at fish ladder entrance

Maximum head on diffusers from AWSC

Minimum tailwater at which the backup AWS operates
Maximum tailwater at which the backup AWS operates

Maximum tailwater at which EFL maintains criteria

Clearance of water in fishladder to bottom of pipe 2 at emergency AWS backup high tailwater operation

Clearance of water in fishladder to bottom of pipe 2 at max tailwater EFL operation point
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By: Logan Negherbon
Checked By: Ryan Laughery

Hydraulic Design Summary

Entrance Bell

Concentric eliptical bell entrance with a 5-ft primary radius and 1.5-ft secondary entrance base on guidance from EM 1110-2-1602 (Section 3-7)
Conduit

Steel, lined against corrosion with cavitation resistant material.

k = 0.000008 ft Design equivalent sand grain roughness
D, = 10ft Diameter of Pipe 1 Ly =190ft Length of Pipe 1
Dy = 7.5t Diameter of Pipe 2 Lo = 1101t Length of Pipe 2
Dg = 7.5t Diameter of Pipe 3 Ly =110ft Length of Pipe 3
Appurtenances
Valves

One 10 ft butterfly valve (concentric) will be used at the downstream face of the dam as secondary flow closure.
Orifices

Orifices shall have openings at the invert of the pipe to allow for drainage of conduit during system shutdown.

Dop 1 = 7:4ft Orifice 1.1 (Orifice 1 on Pipe 1) Lop 1 = 1001t Station of Orifice 1.1 on Pipe 1

D12 = 7.5ft Orifice 1.2 (Orifice 2 on Pipe 1) Lop o = 1401t Station of Orifice 1.2 on Pipe 1

Dgo 1 = 5.5t Orifice 2.1 (Orifice 1 on Pipe 2) Lo 1 = 451t Station of Orifce 2.1 on Pipe 2

Do3.1 = 5.5t Orifce 3.1 (Orifice 1 on Pipe 3) Lo3.1 = 451t Station of Orifice 3.1 on Pipe 3
Air Inlets

Air inlets shall be installed downstream of orifices. To be designed.

Bends

Bends shall have a radius of bending to diameter of pipe ratio equal to or greater than 1.0 except for bend 1.3 which requires a bend ratio of 1.5. Bends
shall not be mitered if possible. If mitered bends are determined necessary, maximum number of miters constructably feasible are desired.
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Sensitivity Factors oy =09 Minor loss factor af = 0.1 Equivalent sand grain
roughness factor
Flowrates

Qg1 = 1460-cfs

Qqgp = 730¢fs Design flow rate (low forebay) - Pipe 2

Qg3 = 730-cfs

Headlosses

Pipe 1
Design Flow
Hy(Qqy) = 29.04 ft
hy=0.25ft
Kg-hvy(Qqy) = 0.86ft
Kpfy'hvy(Qqy) = 0.97 ft
Kp_p1-hvy(Qqy) = 1.54ft
Ko1.1-hv1(Qqy) = 1265 ft
Ko1.2'v1(Qqy) = 1143 ft
f1(Qqa)-hv1(Qqa) = 08121 ft

hvy(Qqy) = 5.37ft

Design flow rate (low forebay) - Pipe 1

Design flow rate (low forebay) - Pipe 3

Qm1 = 1587-cfs
Qma = 794-cfs

Qm3 = 794-cfs

Max Flow
Hy(Qmy) = 34.24 1t

h; = 0.25ft

Kg-hvy(Qppy) = 1.021t
Kpfy'hvy(Qumy) = 1141t
Kp_p1-hv1(Qma) = 1821t
Ko1.1:V1(Qpmy) = 14.94 ft
Ko1.2v1(Qm1) = 135t
Kp1.3hv1(Qm1) = 0.64ft
f1(Qma)-hv1(Qmy) = 0.9491 ft

hv1(Qppy) = 6.35ft

Max flow rate (high forebay) - Pipe 1

Max flow rate (high forebay) - Pipe 2

Max flow rate (high forebay) - Pipe 3

Total losses thru Pipe 1
Trashrack loss
Entrance loss

Butterfly valve loss
Combinded bend loss
Orifice loss 1.1

Orifice loss 1.2

Bend loss 1.3

Total frictional loss

Velocity head within the pipe
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By: Logan Negherbon
Checked By: Ryan Laughery

Pipe 2
Design Flow

Hy(Qqgp) = 15.03 t
Ka1-hvp(Qgp) = 057 ft
Ko_b2.1MVp(Qqp) = 0.2ft
Koz.1:Vo(Qq) = 107t
Kpg.2'hVo(Qq) = 3.04ft
f(Qp) v2(Qqp) = 052t
hv,(Qqg) = 4.25ft

Fry(Qqp) = 1.06

Pipe 3
Design Flow

H3(Qg3) = 15.03 t
K31-hva(Qyg) = 057 ft
Ko_b3.1°Mv3(Qqa) = 0:2ft
Kog.1'hv3(Qq3) = 107 ft
Kpg.2'hv3(Qq3) = 3.04ft
f3(Q)-hv3(Qqyg) = 0.52t
hv3(Qq) = 4.25ft

Fr3(Qqs) = 1.06

Max Flow

Hy(Qmp) = 17.75
K31-hvo(Qpyp) = 068t
Ko_b2.1°o(Qmp) = 0231t
Ko2.1:Vo(Qpmg) = 12.63 ft
Kpg.2"Vo(Qpma) = 3.59ft
f2(Qmz)-hvo(Qma) = 061 ft
hv,(Qpg) = 5.01t

Fry(Qmy) = 1.16

Max Flow

H3(Qmg) = 17.75 t
K31-hv3(Qpg) = 0.68 ft
Ko_b3.1°MV3(Qmg) = 023t
Kog.1:V3(Qmg) = 12.63 ft
Kpg.2'hv3(Qmg) = 3.59ft
f3(Q)-hv3(Qmg) = 0.62ft
hv3(Qpg) = 5.01t

Fr3(Qmg) = 1.16

Total head loss in Pipe 2

Y loss to Pipe 2

Combined bend loss

Orifice loss 2.1

Bend loss 2.2

Total friction loss for Pipe 2
Velocity head within the pipe

Froude exiting pipe 2

Total head loss in Pipe 3

Y loss to Pipe 3

Combined bend loss

Orifice loss 3.1

Bend loss 3.2

Total friction loss for Pipe 3
Velocity head within the pipe

Froude exiting pipe 3
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Reactionary Forces

Forces in X Forces in flow Forces inY

direction as direction as direction as

shown shown shown

Fp1.1x = 116.73-kip Fpy.1y = -194.93-kip ~ Bend 1.1

Fp1.2x = 143.84-kip Fh1.2y = 242.6-kip Bend 1.2
Fo1.1 = 171.75-kip Orifice 1.1

. Orifice 1.2

Fo1.2 = 134.5-kip

Fp1.3x = 48.79-kip Fhigy = -117.79-kip  Bend 1.3
Fwye = —3.49-kip Wye - Note that force is considered in the X direction only

Fp2.1x = 12.34-kip Fp2.1y = 43.9-kip Bend 2.1
Fo2.1 = 59-36-kip Orifice 2.1

Fp2.2x = 55.93-kip Fp2.2y = 55.93-Kip Bend 2.2

Fp3.1x = 12.34-kip Fp3.1y = —439-Kip Bend 3.1
Fo3.1 = 59:36-kip Orifice 3.1

Fp3.2x = 55:44-kip Fp3.2y = —6:08-Kip Bend 3.2
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Cavitation Potential Summary

bendcav4 4 = "Bend radius ok"
bendcav4 o = "Bend radius ok"
bendcav4 5 = "Bend radius ok"
bendcav, 4 = "Bend radius ok"

bendcav, , = "Bend radius ok" Bend 2.2 will have an air port located at the separation zone on the bend to alleviate the
cavitation potential

bendcav3_1 = "Bend radius ok"

bendcavg , = "Bend radius ok™ Bend 3.2 will have an air port located at the separation zone on the bend to alleviate the
cavitation potential

check_oj 1 1 = "check next" Orifice 1.1 shows "Incipient cavitation" potential but does not demonstate "critical,” "incipient
- damaging,"” or "choking" cavitation potential.
check_og, 1.1 = "ok"

check_ojq 1.1 = "ok"

check_ogp, 1.1 = "ok"

check_oj 1 o = "check next" Orifice 1.2 shows "Incipient cavitation" potential but does not demonstate “critical,” "incipient
- damaging,"” or "choking" cavitation potential.

check_ccr_l_z = "ok"

CheCk_c’id_l.z = "ok"

check_ogp, 1.2 = "ok"
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check_aj 5 1 = "“check next" Orifice 2.1 shows "Incipient cavitation" potential but does not demonstate “critical,” "incipient

damaging,” or "choking" cavitation potential.
check_og, 9 1 = "ok"

check_ojq 2.1 = "ok"

check_ogp, 21 = "ok"

check_oj 31 = "check next" Orifice 3.1 shows "Incipient cavitation" potential but does not demonstate "critical,” "incipient
- damaging,” or "choking" cavitation potential.

check_ccr_3_1 = "ok"

check_cid_&l = "ok"

check_ogp, 3.1 = "ok"
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Clearances
Elebopz = 94.75 ft Elevation of the bottom of pipe 2 at fishladder crossing
Elebops = 94.75 ft Elevation of the bottom of pipe 3 at fishladder crossing

AEFLgp; = 1.3ft

AEFLdIff = 2.2ft

TW i, = 74.0ft
TW = 90.0ft

Eleb0p2 - TWhIgh = AEFLent = 7.45ft

Elepopz — TWmax — AEFLgpn = 3.45ft

Maximum differential at fish ladder entrance

Maximum head on diffusers from AWSC

Minimum tailwater at which the backup AWS operates
Maximum tailwater at which the backup AWS operates

Maximum tailwater at which EFL maintains criteria

Clearance of water in fishladder to bottom of pipe 2 at emergency AWS backup high tailwater operation

Clearance of water in fishladder to bottom of pipe 2 at max tailwater EFL operation point

100/101
B-163



The Dalles East Fish Ladder Auxiliary Water Backup System DDR, Appendix B, Hydraulic

Project Title: Dalles EFL Emergency AWS - Hydraulic 12/19/2013 By: Logan Negherbon
Transient Analysis Checked By: Ryan Laughery

Hydraulic Transient Analysis

The scope of this document is to develop hydraulic transient analysis of the proposed emergency AWS system and define valve closure rate.
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Preliminary Hydraulic Transient Analysis for Valve Closure

Reference EM 1110-3-173 Pumping System Design
Hydroelectric Handbook by Creager and Justin
Fundamentals of Hydraulic Engineering by Prasuhn
Handbook of Hydraulics by King and Brater

Custom Units Definition
fps = ft-s 1 feet per second cfs .= ftz.fps cubic feet per second
Fluid Properties

kg
= — Ibf
p := 1000 2 ~ = 62.41 =
m ft3
Assumed temperature deg. F

5

Ts = 50 To= (Tf - 32)-5 T, =10 Temp. deg. C
-6 2 2
V= 1.79210 n v=1319x 10 6m Kinematic viscosity of water from temp. relationship
1.0+ (0'0337'Tc + 0.000221~TC2) > >
Global Functions
Area function Reynolds number Average velocity
rd? Q-d Q
Ad) = —— Re(Q,d) := V(Q,d) = ——
A9 4 AHQ.9) A(d)-v MQ-9) A(d)
Design Parameters
Q := 1500cfs Design flow rate Diameter Length
Pipe 1 Dy := 10ft L, = 50ft
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EM 1110-3-173 Pumping System Design (Water Hammer Guidance)

8min = 2700fps Minimum wave speed for steel pipe
8may = 3900fps Maximum wave speed for steel pipe
2(Lq) . .
Ten= T, =0037s Maximum time of closure
a -
min
2-(L1) N _
Ten= T, =0026s Minimum time of closure
a
max
amin'V(Q’ Dl) . : . . . .
w=E——— hyy = 1603 ft Theoretical surge in head due to instantaneous closure (using min. wave speed for steel pipe)
g
amax'V(Q’ Dl) : . : . . .
h=————— hyy = 2315ft Maximum theoretical surge in head due to instantaneous closure (using max. wave speed for steel pipe)
g
t=FS LV Time of closure for specified head surge
9-Hay
[Trial time of closurg
FS:=4 Factor of safety (typical range of FS from 1 to 4)
L1-V(Q.Dy) . . .
Awt) .= FS————~ Reorganized to solve for head with respect to time

gt

H(t) = 1.319 ft [H(t)-~ = 0.572psi | Head/pressure increase due to closure at specified time]
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Hydroelectric Handbook (Chapter 34)

w= 2L Critical time - Eq 1
a
h = aAv Head increase - Eq 2
9
a= ﬂfps Pressure wave speed - Eq 3
k-d
1+|—
E-e

For simple burried section of 10-ft diameter pipe

d := 10ft Diameter
€min := 0.5in Potential minimum thickness of pipe €may == 1.5in Potential maximum thickness of pipe
Ibf . . . .
k := 294000 — Voluminal modulus of elasticity of water in compression
in2
Ibf - . .
E := 29400000 — Modulus of elasticity of the sidewall material (steel)
in
4675fps 4675fps
am —oWS__ ,_ 535.fps A= ———— 2 a- 3485ps
k-d k-d
1+ 1+
E-€min E-max
For section of 10-ft diameter pipe encased in concrete/grout thru dam
d = 10ft Diameter
M\
kd =0 For a pipe in solid concrete, this fraction becomes infintesimal and the limiting value of 4675 is reached for a, this being the velocity
E-e of sound in water.
a := 4675fps Max potential wave speed due to concrete encasement
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L%Bmaxé: (p'ac'vo)|

Project Title: Dalles EFL Emergency AWS - Hydraulic 12/19/2013 By: Logan Negherbon
Transient Analysis Checked By: Ryan Laughery
Fundamentals of Hydraulic Engineering - Prasuhn
slu Ib Ibf
p= 19438 p= 62428 — N = 62.41.— L= Ly = 50ft
3 3 >
K := 294000 Iof
T _2 Voluminal modulus of elasticity of water in compression
in
Ibf o . .
E;= 29400000—2 Modulus of elasticity of the sidewall material (steel)
in
D:=d=10ft Diameter
t ;= 0.5in Thickness
W
Co=1 Eq 6-41c (Assuming pipe is anchored against axial movement throughout its length,
but provided with expansion joints at regular intervals)
K
Go= P Eq 6-45 Wave speed calculation ¢ = 2533.254-fps
KD
1+——2C
Et ©
Vo f L Vo (2¢  fL : . . . o
H: —f — — — = — | — + — Eq 6-47 Maximum increase in head at valve due to water hammer including friction
g 2D 29 | Vo 42D
hy
Hf = T Eq 6-46 Approximation of reduced friction loss seen at the valve at closure
2
L
R NIAVA
Ap = (p'C'Vo)'_ = ———— Eq 6-48 Pressure rise do to time of closure
te tc
ft locity i . 2-L
Vg = V(Q,d) Vg = 19.099; Velocity in 10-ft pipe Ten= T To.=0.039s

Maximum pressure increase using wave speed derived from Prasuhn method

|APmay = 651.915 psi |

Maximum pressure increase using wave speed derived from Hydroelectric

|APmay = 1203.078psi | aximum
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h| = ﬁ(;/l_Sft = 4.597 psi Losses through the 10-ft conduit due to friction that will be not be present when velocity equals O for rapid closure cases.
2
2:-L-Vyp _
Ap(tc -—— te = 0.15,0.2s.. 1205 [Ap(90s) = 0.286-psi Pressure increase due to 90s
tc valve closure time
2:-L-Vyp
FSAp(tC) =FS——— Applied factor of safety noted above from EM 1110-3-173 [FSAp(90s) = 1.144 psi | Pressure increase due to 90s
te FS=14 valve closure time with FS
Hydraulic Transient Magnitude vs Time of Closure Expanded

10000 100f;
Z i
= |
D 1000Ps ~  8of
5 g |
(9p] \‘~\ ~ 1
o> Tl et i
\_,Cl 100 = ~ § 60 :
o £ :
2 [T~ I T T T 20 = .,
&) 10 = ‘\\\ [¢}) 40 l|
o . 2 .I
[ S~ [3+] \
q_) ‘~\\\ e \‘
4 ! ~ @) \
c
[3+]
e
©)

0.1
0.1 1 10 100
Time of Valve Closure (Log Scale) (s) Time of Valve Closure (s)

Further analysis will be completed upon defining valve actuation limitations and valve manufacture recommendations.

It is noted that the conduit will be partially encased in concrete causing the waves speed to be accelerated to the speed of sound traveling through water.
However, the wave speed is not accounted for in time of closure calculations and does not affect operating limitations. EM 1110-3-175 will be used as
primary design guidance; however, approximations with other methods will be used to assess the applied factor of safety.
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MAXIMUM FOREBAY-TAILWATER DIFFERENTIAL EGL & HGL — oL
FOREBAY - 160.0 FT MSL
TAILRACE - 74.0 FT MSL — . HGL
AWS CHAMBER - 77.5 FT MSL
NOTE: ORIFICE MANIFOLD EGL & HGL AT DISCHARGE NOT SHOWN —  CONDUIT
DUE TO VERTICAL COMPONENT AND SCALE OF THE FEATURE. REFFER
TO ENERGY DISSIPATION CALCULATIONS FOR DETAILS OF
HYDRAULIC LOSSES.
T T 8 —
) 0 a) = - )
) ™ z %) < |
~ ~ Ll b4 (] o
1 I (o] ¥ I %
I I = [ I
S w S g = Z g <§t
L?é o © w — ' — z 39 oy
T2 % 2 62 oy 9 P 0% 3
22K <o 2 ig s 2 b g 5 =g -
[ [ o z X X
S 5 o o 37 Ch T =h 0 o o m O
R /— EGL
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EL 111.5
TR g §
\\ *,— WSE 93.5
4 —Z/ —=——WSE 97.0
| ~ b B V4R I
Sa o S VA L N I ‘
N FLOW = -<——— WSE 91.3 ’ ‘ ¥ e WSE900
kX ‘| —WSE 775
- /z
4 . v ¥ |
LV I .
T WeE7E3 . — ¥ <« WSE74.0
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B-170
DR .dan () 1/ PV

i
,I



The Dalles East Fish Ladder Auxiliary Water Backup System DDR, Appendix B, Hydraulic

MINIMUM FOREBAY-TAILWATER DIFFERENTIAL EGL & HGL — EaL
FOREBAY - 155.0 FT MSL
TAILRACE - 86.0 FT MSL — . HGL
AWS CHAMBER - 89.5 FT MSL
NOTE: ORIFICE MANIFOLD EGL & HGL AT DISCHARGE NOT SHOWN — CONDUIT
DUE TO VERTICAL COMPONENT AND SCALE OF THE FEATURE. REFFER
TO ENERGY DISSIPATION CALCULATIONS FOR DETAILS OF
HYDRAULIC LOSSES.
i n 8 -
0 0 a) = b )
< < = ~ =
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1 I (o] ¥ I %
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Dalles AWS Roller Gate By: EW
Roller Gate Checked By :

Design Criteria:

Ref 1- EM 1110-2-2105-Design hof Hydraulic Steel Structures
Ref 2- EM 1110-2-2701-Vertical Lift Gates

Ref 3-EM 1110-2-2703-Lock Gates and Operating Equipment
Ref 4-AISC 360-05 Steel Construction Manual

These calc's check flexure for a simple support beam (built up girder)- for final gate design will need to check
moments at ends due to guide wheels loading and all EM load cases. Theses calc's provide enough info to
preliminarily size the gate.

Note: Applied EM HSS factors at end.
Material - Steel ASTM A709 Gr. 50. Zone 2

Fy := 50-ksi
F = 65ksi
E := 29000-ksi
a:=0.85
¢p =09 Flexural reduction factor
H= 70t Design Hydraulic head-max head
a:= 32-in Girder Spacing
b:= 10-ft Stiffener Spacing (Intercostal)
tg:=0.75-in Skinplate Thickness
W := H-62.4-pcf = 4.4 x 103-E
MW 2
ft
0 5~W~b2

tmin = . 5= 0.057-in Ref 1 egn B-5

b

a
Skin_Plate_Thickness_is := |"OK" if tg >t = "OK"

"Not OK" otherwise
0 0284-W-b4
3 = : = 0.019-in
b 5 3 Ref 1 egn Section B-3(b)
1+ 1.056 (—) ‘Bt
a
Page 1 of 7
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The Dalles East Fish Ladder Auxiliary Water Backup System DDR, Appendix C, Structural

Dalles AWS Roller Gate By: EW
Roller Gate Checked By :
.4 Based on skin plate spanning 4
8y = 0.0065-W-12-in-a_ _ 0.203-in  members, displacement from AISC
E-i~12~in-t 3 360-05 Table 3-23 Deflection for 4 equal
12 S loaded spans assumes 1 foot distributed
width with no stiffeners.
Agsmax = 0415 = 0.3-in Max Skinplate Deflection Ref 2 eqn Section 3-6(b)
Dskin_is = |"OK" if 8 < Agpax = "OK"
"Not OK" otherwise
Applied loads
L ;= 14.5-ft
MW
W-a~L2
M, = 5 = 306.124-kip-ft

Determine the N. A., Flange of T as base line.

Will build a WT out of Plate- Value will be close to WT prosperities in

Code.
t ’ Fy
bg = 2,038 E _13.727-in effective W|ch_ of skip plate while keeping Ref 4 Table B4.1
F compact criteria.
y Case 2 Compact
member

ASp off = bgtg = 10,296-in2 effective skinplate area that will act as a built up

' member
bfe := 10-in Compression Flange
tee = (1)-in
by := bg = 13.727:in Tension Flange Skin Plate, b.ft will be
tg = tg = 0.75:in governed by skinplate effective width
h:= 16:3L~in Web
t,, ;= —-in
weo2
d:=h+ th + tft = 17.75-in

) Solving for Modulus of elasticity

AfC = be'th = 10-in

d\,\, =d- g — ty = 16-in

Ay = tyty = 8in”

Ay = brytey = 10.296-in”

Page 2 of 7
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The Dalles East Fish Ladder Auxiliary Water Backup System DDR, Appendix C, Structural

Dalles AWS
Roller Gate

Roller Gate

MA/&&ZZ be'th = 10-in2

.2
Ag = Aft + Afc + AW = 28.296-in

t t
fc h ft
AfC[?j + AVV (E + tfcj + Aft(? +h+ tfcj
= 9.043-in

Y, =
bar A
g

2
'w = E.tw.h + AW(E + th - Ybarj = 170.7-in

2
t
1 3 fc . 4
IfC = E.be.th + Afc'(Ybar — 7] = 730.7-in

2
t
1 3 ft .4
Ift = E-bft'tft + Aft(d - Ybar — ?j = 715.2-in

Iy = by + lgo + lgp = 1616.6:in”

X
Iy .3
SXt o= = 185.7-in
d- Ybar
|
X .
Syci= —— = 178.8:in°
Ypar

Plastic Section Modulus of elasticity for composite shape

Z=Ayrdy + Aygdy + Aprdz + Agdy

By: EW
Checked By :

Neutral Axis of built-up member,
calculated from compression
flange

Built-up member modulus of
elasticity

Find PNA Where Area Compression = Area Tension This is the center of the built up shape based on Area

Given
X = 2-in

Ag
— — Af. —t,,x=0

2 fc — 'w

Xo= Find(x) = 8.296-in
X = 8.296-in

Ybar.pna =X+ th = 9.296-in

— X
W 3852.in

d, =
1 2

C-3

A
79 _ 14.148.in°

Distance from edge of compression flange to PNA
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The Dalles East Fish Ladder Auxiliary Water Backup System DDR, Appendix C, Structural

Dalles AWS Roller Gate By: EW
Roller Gate Checked By :
X .
dy = E = 4.148-in

t

dg = 2:dy + ?ﬂ = 8.079-in

tfe

dg = 2dp + — = 8.796:in

Ayt = 201t = 3.852-in”

Ay = 20yt = 4.148-in”

.3
prna = Awt'dl + ch'd2 + Aﬁ~d3 + AfC~d4 = 203.18-in

Zy = Zypna

Check limiting Width- Thickness Ratios for compression members Table B4.1

K. =

Ko=0707 k= |035 if K,<035 k. =0.707

4
¢ h
— 0.76 if K. > 0.76
tW C

K. otherwise S
c X 1039
FL:= 0_7.Fy FL = 35-ksi Reference foot note on AISC Table B4.1, Sxc
Major axis bending of slender-web built up | shaped
members
Flange limiting thickness Table B4.1 Case 2
ratio, unstiffened element 3
b )\pf = 0.38: F_ )\pf = 9.152 compact
f J
Me = — Mc = g
e E-ke noncompact
bft )\rf = 0.95- F_L )\rf = 22.995
)\ft = )\ft = 9.152
tht

Web limiting thickness

Table B4.1 Case 11

ratio, stiffened element

he = 2:(Ypar — tfc) e = 16.087-in

Twice the distance from the centroid to the inside
face of the compression flange Ref. B4.2(b)

hp = Z(Ybar.pna - tfc) = 16.591-in Twice the distance from the PNA to the inside

face of the compression flange Ref. B4.2(b)

Mp = ZX'Fy if ZX'Fy <1.6Sy. Fy Mp = 846.6-kip-ft
1.6-Sy¢ Fy otherwise
Myc:= Fy-Sxc  Myc = 744.8-kip-ft
)\W = — )\W =32.173 >‘rW =570 |— >‘rW = 137.3 noncompac
ty Fy

Page 4 of 7
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The Dalles East Fish Ladder Auxiliary Water Backup System DDR, Appendix C, Structural

Dalles AWS Roller Gate By: EW
Roller Gate Checked By :

fe [E
ho | Fy
Mp

0.54—P _ 0.09
MVC

Npw = Min(Apw. Xry) Npw = 85115

AW = _
2 Apw = 85.1 compact

Check Compression Flange
Compression_Flange_is_:= |"Compact” if X < >‘pf = "Compact"
"Noncompact” if >‘pf <N SNf

"Slender Elements” otherwise - -
Compression_Flange_is_ = "Compact"

Check Web
Web_is_:= |"Compact” if X\, < >‘pw = "Compact"

"Noncompact™ if >‘pw <A S Nw

"Slender Elements" otherwise

Web_is_ = "Compact
Web_is_ = "Compact"

From Table F1.1 - AISE Section F4

Check:

1. (Y) Yielding (compression flange yielding) Section F4.1
2. (LTB) Lateral torsional buckling Section F4.2

3. (FLB) Flange Local Buckling Section F4.3

4. (TFY) tension flange yielding Section F4.4

Calculate the plastification factor corresponding to compression:

Z,Fy= 8466 kipft  16:5,.F, = 11917 kip-ft
Mpi= | 2xFy 1 2Py <168y Fy My, = 846.6-kip-t
1-6'ch'Fy otherwise
Myor= Fy'Sxc  Myc = 744.8-kip-ft Eqn (F4-4)
M M Ay — N
Rpc:= | —> — | — _p|| X PW Rpc = 1.275 Eqn (F4-9b)
Myc | Myc Arw ~ Npw
Mp
R,~:= |Rpc if Rpc <——
C =
p Mye Ryc = 1.137
Mp
—— otherwise
Myc

1. (Y) Yielding (compression flange vielding) Section F4.1

Page 5 of 7
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The Dalles East Fish Ladder Auxiliary Water Backup System DDR, Appendix C, Structural

Dalles AWS Roller Gate By: EW
Roller Gate Checked By :

M. :=R..F, S = 846.6-kip-ft Eqn (F4-1)

ny pc Ty > xc IVln.y
2. (LTB) Lateral torsional buckling Section F4.1

h.t i
a, = — _ 0804 Egn (F4-11)
W et
fc 'fc
et . :
hyg=d- — - — =16.875in Distance between flange
2 2 centroids
b
E F4-10
fy= fe — 0.233t an (F4-10)
ho 1 h2
12) — + =a,,——
d 6 “hyd
E
Lp=11r f— = 6.175ft
F
y
b
fe — 2.712:in

lof ==
st
ht
1214 LW
6 bty
E .
pi= Tl = 20.435-ft Section F4.2(b)
0.7~Fy

Cb =10 Lb =1L

LTB:= |"EqnF4-2" if Ly <Lp <L, ="EqnF4-2"
"Change" otherwise
Ly - L
. b~ "p . Eqgn (F4-2)
MnLTB.F4.2 = Cb{Rpc'Myc = (RpeMyc - FL-SXC){ﬁH = 656.7-kip-ft
r—-p

MpLTB = mi”(Mn.LTB.F4,27Rpc'MyC) = 656.7-kip-ft

3. (FLB) Flange Local Buckling (compression flange local buckling) Section F4.1

S
. Xt
= O.7-Fy if — >07 Eqgn (F4-6a)
xc
S S
Fy._Xt it =X 07 L - 35ksi Eqn (F4-6b)
Sxc Sxc
' Mo~ “pf Eqn (F4-12
My FLB.F4.12 = | RpcMyc — (RpeMyc = FL"Sx¢) ﬁ an (F4-12)
r p
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The Dalles East Fish Ladder Auxiliary Water Backup System DDR, Appendix C, Structural

Dalles AWS Roller Gate By: EW
Roller Gate Checked By :
0'9'E'kC'SXC Mn.FLB.F4.12 = 944.1~kip~f‘[
MnFLBF413= = _
Compression_Flange_is_ = "Compact"
M, gL = [|"Does notapply” if Compression_Flange_is_ = "CompaciM, g g = "Does not apply" -kip-ft
M, FLB.Fa.12 If Compression_Flange_is_ = "Noncompact"
My FLB.F4.13 If Compression_Flange_is_ = "Slender Elements”
M, g = "Does not apply" -kip-ft
4. (TEY) tension flange vielding Section F4.4
Calculate the plastification factor corresponding to tension:
M M Ay — A
Rpti= |—0 — | 2 _q|| Y _"PW Rpt = 1.19 Eqn (F4-15b)
Myt Myt Aw = Npw
Mp
R := |Rpc if Rpc < —
t =
p Myt Rpt 1.094
Mp
—— otherwise
Myt
M TEy = |"Does Not Apply" if Sy > Sy,
Rpt'Myt if Syt < Syc
M, Tpy = "Does Not Apply" -Kip-ft
Determine Mn, Lowest value for (Y, LTB,FLB, TFY)
Mp := min(My v, M | 1) = 656.72-kip-ft
[Mp, = 656.7-kip-fi
LFRD design capacity ASD Design Capacity
=09 Q.= 1.67 M, = 306.1-kip-ft
M M
. n .
o b — = 358.9-Kip-f LRFD 1o g7| =2 | = 342.1-kip-f ASD
1 Qc
Page 7 of 7
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The Dalles East Fish Ladder Auxiliary Water Backup System DDR, Appendix C, Structural

Dalles AWS Trash Rack Bars Designed By: EW
Trash Rack Bars Check By:
Dalles AWS

Trash Rack Design to 30% These cacls are for checking grating loaded that is loaded on the opposite side than
bar grating catalog. The compression side is not braced with cross braces every 4"

Will used SS. (1-1/4"-3/16) with bar spacing at 15/16™ o.c. This provides a 3/4" clear opening between bars.
UseS.S. for reduced maintenance.

Bar Grating will be loaded opposite than design catalogs to allow for a trash rake to push debris off. This mean the
unbraced length will be between supports. These calculations are more conservative than when using NAAMM
Manual MBG 3%4-94 Metal bar grating engineering design manual. The MBG-354-94 calcs follow these calcs.

Based on AISC 360-05 manual

Section F11 Rectanqular Bars bent about the major

axis
E := 28000ksi Modulus of elasticity of steel These values come from
ANSI/NAAMM MBG 531-00
Fy := 16.5-ksi Yield strength of S.S. Metal Bar Grating Manual 6th
ed. For SS. IfuseSS 304/316
d:= 1.25-in depth of bar F=30ksi, if use SS 304L/316L
3 F=25ksi- for design assume
t:=—-in thickness of bar 304L. 304L is easier to weld.
16 Ifworks for 304L it will work
15 . . for 304.
S:=—-in bar spacing
Mo16
L, = 3-ft True unbraced length would be between inflection points
Cp:=10 lateral torsional buckling modification factor- assumed 1, conservative.
A= 167 AISC 360-05 ASD reduction factor
Section
2
t-d
S, i= —— = 0.0488-in’
6
2
z, =4 _o0732in®
4
1.9-E-Cy _
FCf = T = 41.6-ksi eqn F11-4
t2
My = Sx'Fy = 0.1-kip-ft Yield moment about the axis of bending, Saimon on
Johnson 4ed page 373.
Ly-d
Limit_1:= —— = 1280
2
t
Limit_2 := 008 E =135.8
Fy
Limit_3 := 19E = 3224.2
Fy

1of3
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The Dalles East Fish Ladder Auxiliary Water Backup System DDR, Appendix C, Structural

Dalles AWS Trash Rack Bars Designed By: EW
Trash Rack Bars Check By:

Mn F11.1 = Min(Fy-Zy. 1.6:My ) = 0.101 kip-ft eqn F11-1

Lyd) Fy
min Cpy{ 152 - 0.274) —— | | My, My £y 1| = 0088 kipft  ean F1-2

MhFi1.2°
Mn F11.3 = Min(Fep-Sx.Mp p11.1) = 0.101 kip-ft eqn F11-3

n=

K.=——=128 Number of bars per foot

Mpk = M,-K = 1.1-kip-ft flexural capacity per foot.

MgK _ 0.68-Kip-ft allowable flexural capacity per foot.

lteration 1. Loads from

loadl from H&H

Py := 42.1-psf pressure on bar grating with 75% open space (this assume 71% open for

Load per foot of bar grating steel)

kip
W= Py-Lp = 0.13-—
b ft

2
w-L
M = il = 0.142-kip-ft This is assuming simply supported ends, if continuous beams then moment will be
less.

K
Flexure_is_:= [|"OK" if M < Mn~5 = "OK"

"NOT OK" otherwise

Pd.= 62.4-pcf-5.ft = 312.psf ~ EM 1110-2-3104 Unusual loading for trash racksis 5 feet of pressure.

y
W= PyLp = 0.94-#IO

2
w-Ly, M f i
— > _ 0.702-kip~ft oment for continuous beam

=

MK
T = 0.68-kip-ft allowable flexural capacity per foot.

For this loading case, trash rack bars are slightly under rated, but this is an unusual load case, thus the FOS could be
reduces slightly- See bar grating capacity calcs below. Thoughs calcs indicate that the capacity is adequate for the
unusual loading condition.

20f3
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The Dalles East Fish Ladder Auxiliary Water Backup System DDR, Appendix C, Structural

Dalles AWS Trash Rack Bars Designed By: EW
Trash Rack Bars Check By:

NBG 531-00 ANSI/NAAMM Metal Bar Grating Manual 6th ed.

304&316 S.S. bar grating loading @4' values
are with bar spacing of 1-3/16":

U=411psf

Du=0.274in

C=822 Ib per ft of grading

Dc=0.219in

Shear is OK based on NBG 531-00 Catalog

Note: these values are for
grating with cross barson
compression side of members.

These calcs are based on NAAMM MBG 534-94 Metal Bar Grating Engineering Design Manual

Applied load is 5*t of water pressure, 5ft*62.4pcf=312psf load, based on EM 1110-2-3104

d:= 1.25-in
M
b :=t=0.1875-in Thickness of individual bars
Ay = 8= 0.9375in Bearing Bar spacing

12-in . .
K=——=128 Number of bearing bars per foot of width
MWV

AW

2 . .

K-b-d I foot of width

Sg . _ 0.625~in3 Section modulus per foot of widt
6
Fg = 16.5ksi Design alowable based on material properties from guidance
Mg = Fa-Sg = 10312.5-Ibf-iMax bending moment for grating per foot width.
Mg
M = —— = 10312.5remove units for empirical equation- units in
g_unlt Ibf-i .
n Ib-in

Ly
L:=— =236 unitsin inches
M in

4'Mg unit . .
L= f— =1145.8  Lbf ffoot width concentrated load per foot width

M . . .
U= 96. g_unit _ 7639  psf uniform load per foot width.
2
L
Py = 312-psf applied load on grating with 5 ft of head

U is greater than P.d, grating is OK for loads based on the metal bar grating Engineering deign Manual, MBG-534-94

30f3
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The Dalles East Fish Ladder Auxiliary Water Backup System DDR, Appendix C, Structural

Dalles AWS Trash Rack Frame By: EW
Trash Screen Frame Checked By :

Rectangular HSS in Flexure
AISC 360-05 Design Guidance

This is the calc for the frame that supports the SS grating for the Trash rack.
The trash rack will span approx 23." and be in section of 12'tall. The frame will be built
out of HSS ss tubes.

10x4x3/8 s.s.- called Ryerson Tull, they produce this size of SS tubes.

Fy := 30-ksi ASTM A 304
E := 28000ksi
Zy = 27-in3 axis resisting water load
Zy = 14. in3 axis resisting dead load and grating weight
C = 24.4in°
MW
d:= 10-in dy = 4-in Yy is weak axis
. .4
t,y = 0.349-in ly == 24.3-in
W, := 32.51-plf Beam weight
Applied Ibf This assume 42.1psf applied
w:= 126.-— load with 3ft span of grating
ft applied from debris
Wy = 7psf
Wg = Wg.e.ft = 42-plf Weight of grating on beam
L — 23.f Unbraced length of beam- conservative for hydraulic
A= 23T loading-grating will brace compression face.
2
2 Wg + Wy)-L
w-L . ( g b .
M, := —— = 5.55-kip-ft M,,, := ——— = 3.3-kip-ft
v 12 P y 12 P
M. := M, = 5.554-kip-ft
r a Mry = May
Applied Shear
w-L . (Wg * Wb)'L .
V, = - 1.449-kip Vay = — - 0.9-kip
V, =
T Viy = Vay
Applied Torsion
L= g + ﬁ-in = 5.625-in Center of beam to center of
2 2 grating
Wg-L~e
Ty= . = 0.226-kip-ft
Tr = Ta

Page 1 of 7

C-11



The Dalles East Fish Ladder Auxiliary Water Backup System DDR, Appendix C, Structural

Dalles AWS
Trash Screen Frame

Check Slenderness Ratio Table B4.1 Case 12 and 13

Af = 8.46
Ay = 25.7
Flange_is_:= ["Compact” if ¢ < >‘pf

"Non Compact" if >‘pf <N SN

"Slender" otherwise

Flange_is_ = "Compact"

Trash Rack Frame

Check Flanoe Table B4.1 Case

’ E
>‘pf =112 |— =342 compact
F
y
’ E
Af =14 F_ =428 noncompact
y

Check Web Table B4.1 Case 13

’ E
>‘pw =242 F_ =739
y compact
E
A =970 [—=1741
I:y noncompact
Web_is_:= |"Compact” if X\, <Xy

By: EW

Checked By :

"Non Compact" if >‘pf <N SN

"Slender" otherwise

Web_is_ = "Compact"

For bending about the dead load axis (y-weak) the member will still be compact, Af and

Aw would be switched

Check Flexure Chapter F

From Table F1.1 use AISE Section F7- Square and Rectangular HSS and Box Shaped

Members
Check:
1. (Y) Yielding Section F7-1

2. (FLB) Flange Local Buckling Section F7-2
3. (WLB) Web Local Buckling Section F7-3

Section F7-1
Yielding
Q= 1.67
M, = Fy-ZX = 67.5-kip-ft
My
Mgi=—-= 40.42-Kip-ft
Oy

Section F7-2 Flange Local Buckling
Does not apply for compact
sections

Section F7-3 Web Local Buckling
Does not apply for compact
sections

Dead load value

Mpy = Fy-Zy = 35-kip-ft eqn F7-1
M
= =Y _ 21 kip-
Mey = — = = 2Lkip-ft

C-12
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The Dalles East Fish Ladder Auxiliary Water Backup System DDR, Appendix C, Structural

Dalles AWS

Trash Rack Frame
Trash Screen Frame

By: EW
Checked By :
Flexure_is:= |"OK" if Mr < MC = "OK"

"Not OK" otherwise

Check Shear Chapter G
Q,, = 1.67

h:=d- 2(3-tW) = 7.906-in Height of web in shear minus radius

Ay = 2:Nty, = 5.518-in° Area of web minus radius

. E eqn G2-3
Cyi= [11F My <10 fky— =1

y
110. /kV~F£
E E
— Y i 110 [ky— <Ny <137 [k, — eqn G2-4
Ay / Fy / Ry

151.Ek,
————— if Ny > 137 [k

E
(>‘w)2' Fy |:y eqn G2-5

Vi = 0.6-Fy-AyCy, = 99.3-kip eqn G2-1

Vi

V.= — = 59.5-kip
C
Q,

Shear_is := |"OK" if V <V, = "OK"

"Not OK" otherwise

hy = dy - 2:3-t,, = 1.906-in Dead load value
.2

AWy = 2-hy-tW: 1.33-in

Vny = 0.6~Fy-AWy-CV = 23.947-kip

V,
n
\Y ::—y

oy = 14.34-kip

\'

Page 3 of 7
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The Dalles East Fish Ladder Auxiliary Water Backup System DDR, Appendix C, Structural

Dalles AWS Trash Rack Frame By: EW
Trash Screen Frame Checked By :

Design for member in Torsion and Flexure H3-6b

h
==X Q= 1.67 .
W t F) =18
t (0.6:Fy) = 18-ksi
. E . eqn H3-3
For:= [(0.6Fy) if Ay <245 /F— = 18-ksi
y
s [E)
E E eqn H3-4
06F,~—72 if 245 /— <Ay <307 /— v
Aw Fy Fy
0458-m2—— if 3.07- | <X, <260 eqn H3-5
2 Fy
>\W
Tp = ForC = 36.6 ft-kip eqn H3-1
T

T = — — 21,916 ft-kip
Q

Torsion_is := |"OK" if T, <T, = "OK"

"Not OK" otherwise

M, M, vV, V. T, 2 If Less than or equal to 1-is OK,
L Y L Yy T Zo3|  Gravity loads will be less under
M M Vv T water.

eqn H3-6

c ¢ Vey c

cy

4
Wg-L

= ——— = 0.078:in
384-E-I,

Page 4 of 7
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The Dalles East Fish Ladder Auxiliary Water Backup System DDR, Appendix C, Structural

Dalles AWS Trash Rack Frame By: EW
Trash Screen Frame Checked By :

Based on EM 1110-2-3104, unusal loading conditons- Trash rachs shall be designed to 5 feet of water pressure.

W = 5-ft-62.4-pcf -3-ft = 936 ft- psf distrubuted width 3 foot spacing
W= - reduced for infrequacy of event
M 1.33
e = 7psf
W, = Wg.e.ft = 42-plf Weight of grating on beam
Lo 23f Unbraced length of beam- conservative for hydraulic
= 231 loading-grating will brace compression face.
2
2 Wg + Wy)-L

w-L . ( g b .
M, .= —— = 31.02-kip-ft M., = ———— = 3.3-kip-ft
M= Mg = 31.024-kip-ft M. e

MW ay

Applied Shear

w-L . (Wg * Wb)'L .
Moo= T = 8.093-kip Vau:: f = 0.9-kip
V, =V
MWV a —

VFU = Vay
Applied Torsion
L= g + ——-in = 5.625-in Center of beam to center of
2 2 grating

Wg-L~e _
Tan= > = 0.226-kip-ft
A= Ta

Check Flexure Chapter F

From Table F1.1 use AISE Section F7- Square and Rectangular HSS and Box Shaped
Members

Check:

1. (Y) Yielding Section F7-1

2. (FLB) Flange Local Buckling Section F7-2

3. (WLB) Web Local Buckling Section F7-3

Section F7-1
Yielding Dead load value

A= 1.67

. M., ;= F\,-Z,, = 35-kip-ft eqn F7-1
Ma= Fy-ZX = 67.5-kip-ft MY Ty
M
M ny .
_n_ Lin, M, ;.= — = 21-kip-ft
Ma.i= % = 40.42-kip-ft MVBW b

Page 5 of 7
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The Dalles East Fish Ladder Auxiliary Water Backup System DDR, Appendix C, Structural

Dalles AWS Trash Rack Frame By: EW
Trash Screen Frame Checked By :

Section F7-2 Flange Local Buckling
Does not apply for compact
sections

Section F7-3 Web Local Buckling
Does not apply for compact
sections

Flexure is:= ["OK" if M <M, ="OK"
MWW
"Not OK" otherwise
Check Shear Chapter G
A= 1.67
h:=d- 2(3-t ) = 7.906-in Height of web in shear minus radius
MA W

Ayi= 2Nty = 5.518-in° Area of web minus radius

K= 5

2-
= |1 if < 1.10- kV-FE -1 eqn G2:3

Cuv
y
1.10- kV'E
Fy E E
————= if 1.10- [k, — <X\, <137 [k, — eqn G2-4
A F F
W y y

151.Ek,
if Ny > 1.37 |k,

(XW)Z'Fy y

M= 0.6:Fy-AyCy = 99.3-kip eqn G2-1

E
= eqn G2-5

v,
Vo= —

= — = 59.5:ki
MBA QV p

Shear is = |"OK" if V <V, = "OK"
NMWWWWWWW

"Not OK" otherwise

/UMG: dy - 2:3-t,, = 1.906-in Dead load value

2
uns= 2ty = 1.33:in

Vayi= 06-Fy-AyyCy = 23.947-kip

v
Y i
Yoy, = 2 " 14.34-kip

Page 6 of 7
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The Dalles East Fish Ladder Auxiliary Water Backup System DDR, Appendix C, Structural

Dalles AWS Trash Rack Frame By: EW
Trash Screen Frame Checked By :

Design for member in Torsion and Flexure H3-6b

h
T M= 107 (06:Fy) = 18:ksi
. E . eqn H3-3
Fon= [(0.6Fy) if Ny <245 /F— = 18-ksi
y
(2.45 [;}
E E eqn H3-4
06F,~— 2 if 245 | = <), <307 | — v
Ay ’ Fy / Fy
0458-m2—— if 3.07- | = <X, < 260 eqn H3-5
2 Fy
>\W
T~ ForC = 36.6 ft-kip eqn H3-1
Tn .
Toi= g, = 21916 tkip

t

Torsion is:= |"OK" if T.<T = "OK"
MVWVMWWAWY r c

"Not OK" otherwise

2 i
(& . Mry] (ﬁ ﬂ EJ . If Less than or equal to 1-is OK,

Gravity loads will be less under

eqn H3-6
M¢ Mcy Ve ch Te water. q
wy L
A= —— =0.078-in
M BB4-Eqly

Page 7 of 7
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Dalles AWS Steel Pipe In Dam Designed By: EW
Steel Pipe In Dam Check By:
Dalles AWS

Size steel pipe in non-overflow Monolith

Reference:
1. Steel Penstocks 2nd ed, Bambei Jr. John H., ASCE, 2012
2. AWWA M11, Steel Pipe- A guide for Design and Installation

Note Pipes in concrete are typically governed by buckling lobe based on Amstutz Formulations. Other factors will
need to be checked such as internal pressure and water hammer pressure. For 30% DDR will just check Amztutz
Formulations. Calcs can be refined in final design.

This is a quick check for internal pressures to validate the assumption that lobe buckling will govern the design.
Based on AWWA M11 Table 4-2, for allowable stress of the steel pipe to reach 15000psi (FOS of approx 2.4) a120"
1/2 wall pipe can handle 125 psi. Internal water pressure at the inlet has 67 feet of head with 29psi internal pressure.
the steel pipe is adequate for the loads. Note, thicker pipe will increase in pressure loading capacity. Water
hammer should be checked in final design.

Pipe properties through Dam.

t.= %in Pipe thickness
D := 10-ft = 120-in DIA of Pipe
E := 29000ksi Modulus of Elasticity of steel
v:i=03 Poisson’s Ratio
Oy = 35-ksi yield stress
Applied load at pipe elevation
Ibf
Yy = 624 —
3

H,, = 178.4ft — 111.5-ft = 66.9 ft PMF water elevation to base of Pipe

P.= Hyy = 29psi Required external pressure to resist by pipe,

based on Steel Penstocks 2nd ed

Yw

Determine Pipe Wall Thickness

foo (D + 20in) Minimum Wall Thickness, based on handling AWWA M11 section 4.6,
min-= 400 eqn 4-6
trin = 0-4-in Factor of safety is based on Section 35.5. Buckling FS for empty tunnel lineris 1.5 The
FS - 15 buckling FOS for an exposed penstock in 2.4 (based on a theoretical FOS of 3 and a
o b knockdown factor of 0.8)
P-E
tmin2 = —— = 0.07-in eqn (4-1)
g
Y
FS

Steel Penstock Chapter 6- Steel Tunnel Liners

Design For external Pressures "The critical external buckling pressure for an unstiffened steel liner is
determined by considering a gap between the steel liner an the concrete backfill
surround caused by concrete shrinkage and temperature differences. The gap
can realistically vary from 0 to 0.001 times the radius." (Steel Penstocks, Section
6.2)

1of3
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Dalles AWS Steel Pipe In Dam Designed By: EW
Steel Pipe In Dam Check By:

Amstutz Formulation

E* = _E = 31868.1-ksi  reduced modulus when axial stress exceeds 80% of yield stress
(1-+7)
1 2 Supporting effects coefficient (which
p:=15-05 can be setequal to 1 to allow for
1_ O.OOZ-E shape irregularities)
%y
p=0.3
Mo=1.0 Setto 1.0
o e Y o*, = 30378.1 psi
y = 1 y © 9S8P
2
(1 -V+ 1/2)
. t .
i:=——=0.2in
V12
t .
e:=—=0.3in
2
D . . .
r:= E = 60-in Tunnel liner radius
F=t Total cross sectional area of ring between stiffeners
A
o,=-—|-E*
A . .
— = Gap ratio, for gaps ratios between steel and
r concrete see Fig 6.3 and 6.4- Penstock Design
P =192 Used for Amstutz curves (Figures to check math)
t
A := 0.0003-r = 0.018-in Assume a 46 deg temp difference
A = 0.0003 Used for Amstutz curves (Figures to check math)
r

A .
oy = —(—}E* = —9560.4 psi
r

op = 0.8-0,, = 28000 psi

y
Given
3 *
oN — O o o*, — O
u. _r . _N =173 I 1- 0225 r_y N eqn (6-1)
O'*y —on L\i E* e e Ex*
m:: Flnd(O‘N)
o = 14106.7 psi circumferential axial stressin plate liner ring

20f3
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Dalles AWS Steel Pipe In Dam Designed By: EW
Steel Pipe In Dam Check By:
"Use E*" if o2 0.8~<7y = "Unity in equations"
"Unity in equations” if oy < 0.8-0y oy = 35.Kksi
F r\ 9y ~ON . iy .
Per=1| = |'on |1 - 0175 — | ————| = 143 psi Penstock - Eqn 6-2 Critical external Buckling
E*
r € Pressure
Por = 143 psi
Per . . o
P = — = 95.4psi Allowable buckling pressure (with modified E)
all.m FS

Now Calculate with E not modified, Based on the text, E modified is required if 80% of the axial stress were to exceed
about 80% of yield stress. The current sizing has less than 80% if yield stress.

AI;A:‘A:: E* if oN 2 0.8'0'y = 29000-ksi

E if oN < O.8~0'y

3
oN — O o o*, — O
um / _ﬂ _ 1_73.(1){1 . 0_225(_rj.y—*'\‘}
o y ~ oN i E e e E

TN Find(O'N)

Given

oy = 13342.5psi circumferential axial stress in plate liner ring

"Use E*" if oy 20380 = "Unity in equations"(T

y y = 35-ksi
"Unity in equations” if oy < 0.8-0y
F r\ %y ~ON
P, :=|—|opn|1l-0.175 — | —— | =134.8psi
Por = 134.8 psi
Per . . . -

P = — = 89.9psi Allowable buckling pressure (without modified E)

all.nm FS
|Pall = mi”(Pall.nm’Pall.m) = 89.9psi Used the minimum allowable bucking pressure
Pressure_is_:= |"OK" if Py =P = "OK" Compare allowable

pressures to applied
"Not OK™ otherwise pressures.

30f3
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Dalles AWS
Steel Pipe Buried

Dalles AWS

Size steel pipe buried under soil

Reference:

Designed By: EW
Check By:

Buried Steel Pipe

1. Steel Penstocks 2nd ed, Bambei Jr. John H., ASCE, 2012
2. AWWA M11, Steel Pipe- A guide for Design and Installation

This calc is checking an HS-20 load over the pipe with 2feet of fill material. This is to check for displacements on
the buried steel pipe. This is one set of calc's based on AWWA M11 and steel penstock design. For final design all

calculations should be performed.

Pipe properties

1.
t:=—-In
2
D := 10-ft = 120-in
= 29000ksi
r= 2N 6o3in
2
t3 in4
| .= — =0.0104 —
12 in

By := D+ 2:t=121in

D| =15

K:=0.1

MWV

E':= 1000psi

H:= 2-ft

MW

W= 120~ﬂ
ft3

W|_:= 800psf-(B;) = 672.2—

Ibf
W, := w-H-B, = 201.7 —

n
W:=W.+ W, = 873.9ﬂ
MW C L in

E := 29000ksi
MV
Buried pipes with HS-20 Load

3
K-W-
X = Dl r
E-l + 0.061-E-r°
A=2 200175
D
A= 18%

Pipe thickness
DIA of Pipe

Modulus of Elasticity of steel

Pipe meanradius

Moment of inertia of pipe wall
Pipe outside DIA

Deflection lag factor AWWA M11 Note at base of page, Varies from 1.0-1.5. 1.0 for
pressure pipes. Accounts for long term settlement in soil.

Bedding Constant, AWWA M11

soil modulus: Course soil with little or no fines, 90% relative compaction- assumed
see AWWA M11 2004 table 6-1 values
soil cover

unit weight of soil

Surface live load, assume highway HS-20 live load: see Table 6-3 from AWWA M11 2004

Soil Dead Load

Surface live load+soil dead load

Modulus of elasticity of steel

= 2.1in Modified lowa formula for horizontal deflection, per AWWA M11 2004, egn 6-5

Modified lowa formula for horizontal deflection in %

AWWA M11 (2004) Allowable pipe deflection for various coatings

1of2
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Dalles AWS
Steel Pipe Buried

Mortar lined coated= 2% Pipe DIA
Mortar lined and flexible coated= 3% Pipe DIA
Flexible lined and coated=5% Pipe DIA

D-5% = 6in

dall5o -

68.”3% = D-3% = 3.6in

Buried Steel Pipe Designed By: EW

Check By:

These calc's do not represent soil displacements, they are only
for the structural integrity of the steel pipe. Note that soil
displacement and settlements calc's need to be determined in
final design.

This pipe should be flexible lined and coated-epoxy paint- 5% Pipe DIA will be used for displacement

Pipe_displacement_is:= |"OK" if X <0504 = "OK"

"Not OK" otherwise

20f2
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[\ W w A‘ - m I l SUPPORTS FOR PIPE 69
’
4S span

The flexure stress Sy should be calculated in the usual manner. In single spans, this
stress is maximum at the center between supports and may be quite small over the support if
flexible joints are used at the pipe ends. In multiple-span cases, the flexure stress in rigidls
joined pipe will be that indicated by the theory of continuous beams.

For pipe with diameters of 6 in. to 144 in., Table 7-1 gives practical safe spans that ma
be on the conservative side for pipes supporting their weight plus that of the contained
water. Other live loads such as earthquake, wind, or the like should also be calculated. Dara
for calculating spans for large pipe on saddles have been published.?

Table 7-1 Practical Safe Spans for Simply Supported Pipe in 120° Contact Saddles*
Wall Thickness
in.
Y16 /4 516 3/8 /16 /2 5/8 ¥4 /8 1
Nominal Size Span 1
n. fi
6 36 40 44
8 38 42 45
10 39 43 46
12 40 44 47
14 40 44 47
16 41 45 48
18 41 46 49 52
20 42 46 50 53
22 42 46 51 54
24 42 48 52 55 58 60
26 43 48 52 56 59 61
28 43 48 53 56 59 62
30 43 49 53 57 60 63
32 44 49 54 57 61 64
34 44 49 54 58 61 64
36 44 50 54 58 62 65 70
38 44 50 55 59 62 65 70
40 44 50 55 59 63 66 71
42 44 50 55 59 63 66 72
45 51 55 60 63 67 72
48 51 56 60 64 67 73 78
51 51 56 60 64 68 74 79
54 51 56 61 65 68 74 79
57 51 57 61 65 69 75 80
60 51 57 61 65 69 75 80
63 52 57 62 66 69 76 81
i 66 52 57 62 66 70 76 81 86 90
72 52 58 62 66 70 77 82 87 92
78 58 62 67 71 77 83 88 93
84 58 63 67 71 78 84 89 94
—1) 58 63 67 71 78 84 90 94 |
96 58 63 68 72 79 85 90 95
102 58 63 68 72 79 85 91 96
108 64 68 72 80 86 91 96
‘ 114 64 68 73 80 86 92 97
1 120 69 73 80 87 92 98
126 69 73 81 87 93 98
132 69 73 81 87 93 98
138 69 73 81 88 94 99
144 69 74 81 88 94 99
*After Cates®: dand  are pipe diameter and thickness (ininches) respectively, and L is in feet; fiber stress = 8000 psi, loaded by
dead weight of pipe plus container water.
E C-23
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These calcs check normal pool
Monolith 5 Stability Check elevation for base condition
Reference Hand Sketch for sections
Calcs are per monolith width of 69'-4"
Ignored water pressure in fish ladder- MathCAD seismic calcs showed this had little effect.
Moment arm about toe of dam

Base elevation of Dam 94 - assumed, based on drawings DDF-1-4-5/P2 and DDf-1-4-5/P3 to find gallery

base
Top of Dam 185
Ignore soil at toe of dam
Specific Gravity Water 62.5 Ib/ftA3
Wt Concrete 150 Ib/ftA3
Normal high Pool 160 ft
Max Pool 181.8 ft
Tail water is below Toe- 100yr event
EL of base of monolith 94 ft
Length of Monolith 64.4 ft Based on depth of 94ft
Depth of Monolith 69.33 ft
Assume a 60 ft tall coffer cell
Weight/

L H Area Volume Force M arm Moment

ft ft ftr2 ftr3 kip ft kip-ft
w1 20 91 1820 126181 18927 54.4 1029634 See hand sketch
W2 1642.8 113895 17084 29.6 505695 See hand sketch
W3 21.4 2.417 51.7238 3586 538 18.9 10166 See hand sketch
w4 83.35 5779 867 37.7 32678 See hand sketch
Pipe area 0 0 0.0 0 Pipe Area
G1 7.68 7 53.76 3727 -559 53.2 -29762 Gallery 1
G2 6 8 48 3328 -499 51.4 -25658 Gallery 2
Uplift 2062.5 -9209 42.9 -395363
Water 2062.5 -9438 22.0 -207626
Coffer Cell load 0 0.0 0
Sum Vertical Force kip 27149
Sum Moments kip-ft 919765
M/V= ft 33.88
Middle 2/3 Range
1/3 Range ft 21.47 OK if M/V is in this Range
2/3 Range ft 42.93
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Sliding These calcs check normal pool elevation for base condition

Case 4 Phi=0 C=0psi

Phi 45 deg Angle of internal friction of the foundation material under the structural wedge
C 0 kip/ft"2  Cohesive strength of the foundation material under structural wedge

W 36358 kip Sum of Gravity loads- minus uplift

u 9209 kip Uplift

P 9438 kip Hydraulic Pressure

T 9438 kip Shear force acting parallel to the base of the wedge

N 27149 kip Force acting normal to the sliding failure plane under the structural wedge

FS 2.88

Case 3 Phi=45 C=250psi

Phi 45 deg

C 36 kip/ftA2
w 36358 kip

U 9209 kip

P 9438 kip

T 9438 kip

N 27149 kip

FS 19.91

Case 2 Phi=40deg C=200psi

Phi 40 deg

C 28.8 kip/ftr2
W 36358 kip

U 9209 kip

P 9438 kip

T 9438 kip

N 27149 kip

FS 16.04

Casel Phi=30deg C=36psi

Phi 30 deg

o 5.18 kip/ftr2
w 36358 kip

u 9209 kip

P 9438 kip

T 9438 kip

N 27149 kip

FS 4.11
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These calcs check normal pool
elevation with a 10' DIA pipe
Monolith 5 Stability Check removed from monolith
Reference Hand Sketch for sections
Ignored water pressure in fish ladder- MathCAD seismic calcs showed this had little effect.
Calcs are per monolith width of 69'-4"
Moment arm about toe of dam

Base elevation of Dam 94 - assumed, based on drawings DDF-1-4-5/P2 and DDf-1-4-5/P3 to find gallery

base
Top of Dam 185
Ignore soil at toe of dam
Specific Gravity Water 62.5 Ib/ftA3
Wt Concrete 150 Ib/ftA3
Normal high Pool 160 ft
Max Pool 181.8 ft
Tail water is below Toe- 100yr event
EL of base of monolith 94 ft
Length of Monolith 64.4 ft Based on depth of 94ft
Depth of Monolith 69.33 ft
Assume a 60 ft tall coffer cell
Weight/

L H Area Volume Force M arm Moment

ft ft ftA2 ftr3 kip ft kip-ft
W1 20 91 1820 126181 18927 54.4 1029634 See hand sketch
W2 1642.8 113895 17084 29.6 505695 See hand sketch
W3 21.4 2.417 51.7238 3586 538 18.9 10166 See hand sketch
w4 83.35 5779 867 37.7 32678 See hand sketch
Pipe area 3925 -589 25.0 -14719 Pipe Area
Gl 7.68 7 53.76 3727 -559 53.2 -29762 Gallery 1
G2 6 8 48 3328 -499 51.4 -25658 Gallery 2
Uplift 2062.5 -9209 42.9 -395363
Water 2062.5 -9438 22.0 -207626
Coffer Cell load 0 0.0 0
Sum Vertical Force  kip 26560
Sum Moments kip-ft 905046
M/V= ft 34.08
Middle 2/3 Range
1/3 Range ft 21.47 OK if M/V is in this Range
2/3 Range ft 42.93
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Sliding These calcs check normal pool elevation with a 10' DIA pipe removed from monolith

Case 4 Phi=0 C=0psi

Phi 45 deg Angle of internal friction of the foundation material under the structural wedge
c 0 kip/ft*2  Cohesive strength of the foundation material under structural wedge

w 35769 kip Sum of Gravity loads- minus uplift

U 9209 kip Uplift

P 9438 kip Hydraulic Pressure

T 9438 kip Shear force acting parallel to the base of the wedge

N 26560 kip Force acting normal to the sliding failure plane under the structural wedge

FS 2.81

Case 3 Phi=45 C=250psi
Phi 45 deg
36 kip/ftr2
35769 kip
9209 kip
9438 kip
9438 kip
26560 kip
19.85

gz-vcse

Case 2 Phi=40deg C=200psi
Phi 40 deg
28.8 kip/ftr2
35769 kip
9209 kip
9438 kip
9438 kip
26560 kip
15.99

Zz-ccse

Casel Phi=30deg C=36psi

Phi 30 deg

o 5.18 kip/ftr2
w 35769 kip

U 9209 kip

P 9438 kip

T 9438 kip

N 26560 kip

FS 4.08
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These calcs check normal pool
elevation with a 10' DIA pipe
removed and a 35' DIA half coffer
Monolith 5 Stability Check cell on face of dam.
Reference Hand Sketch for sections
Calcs are per monolith width of 69'-4"
Ignored water pressure in fish ladder- MathCAD seismic calcs showed this had little effect.
Moment arm about toe of dam

Base elevation of Dam 94 - assumed, based on drawings DDF-1-4-5/P2 and DDf-1-4-5/P3 to find

gallery base
Top of Dam 185
Ignore soil at toe of dam
Specific Gravity Water 62.5 Ib/ftA3
Wt Concrete 150 Ib/ftA3
Normal high Pool 160 ft
Max Pool 181.8 ft
Tail water is below Toe- 100yr event
EL of base of monolith 94 ft
Depth of Monolith 69.33 ft
Length of Monolith 64.4 ft Based on depth of 94ft
Assume a 60 ft tall coffer cell
Weight/

L H Area Volume Force M arm Moment

ft ft ftr2 ft”3 kip ft kip-ft
w1 20 91 1820 |126180.6| 18927 54.4 1029634 See hand sketch
W2 1642.8 | 113895.3| 17084 29.6 505695 See hand sketch
W3 21.4 2.417 51.7238 | 3586.011 538 18.9 10166 See hand sketch
w4 83.35 | 5778.656 867 37.7 32678 See hand sketch
Pipe Volume 3925 -589 25.0 -14719 Pipe Area
G1 7.68 7 53.76 | 3727.181 -559 53.2 -29762 Gallery 1
G2 6 8 48 3327.84 -499 51.4 -25658 Gallery 2
Uplift 2062.5 -9209 42.9 -395363
Water 2062.5 -9438 22.0 -207626
Coffer Cell load 28848.75| -1803 71.6 -129089
Sum Vertical Force kip 24757
Sum Moments kip-ft 775957
M/V= ft 31.34
Middle 2/3 Range
1/3 Range ft 23.11 OK if M/V is in this Range
2/3 Range ft 46.22
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Sliding These calcs check normal pool elevation with a 10' DIA pipe removed and a 35' DIA half coffer cell on
face of dam.

Case 4 Phi=0 C=0psi

Phi 45 deg Angle of internal friction of the foundation material under the structural wedge

c 0 ksf Cohesive strength of the foundation material under structural wedge

W 33966 Kip Sum of Gravity loads- minus uplift

U 9209 Kip Uplift

P 9438 kip Hydraulic Pressure

T 9438 kip Shear force acting parallel to the base of the wedge

N 24757 kip Force acting normal to the sliding failure plane under the structural wedge

FS 2.62

Case 3 Phi=45 C=250psi

Phi 45 deg
c 36 ksf
w 33966
u 9209
P 9438 kip
T 9438 kip
N 24757 kip
FS 19.65

Case 2 Phi=40deg C=200psi
Phi 40 deg
28.8 ksf
33966
9209
9438 kip
9438 kip
24757 kip
15.83

nz-4vcso

Casel Phi=30deg C=36psi

Phi 30 deg
o 5.18 ksf
W 33966
u 9209
P 9438 kip
T 9438 kip
N 24757 kip
FS 3.97
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Dalles AWS By: EW
Stability Seismic Checked By :

Dalles AWS monolith 5 sliding calcs with seismic

These calculations are to check sliding stability for Monolith 5 with a 10foot DIA hole installed for the
AWS pipe. The calculations will include Hydrodynamic load for seismic conditions. The intent is to verify
the SSR and original calcs that flood load governs design.

References

The Dalles Lock and Dam Seismic Safety Review (SSR) Dated 27 September 2013 (95% PCCR Draft)
EM 1110-2-2100

EM 1110-2-2200

DDF-1-4-5/P2- monolith 5 drawing

Original Hand Calcs

Ignored from calculation (this is conservative)
Fill/rock at toes of dam
Potential shear key around grout gallery.

v = 150pcf specific weight of concrete

Yy = 62.5pcf specific weight of water

We| 1:= 160ft Hi normal pool elevation

We| = 94ft Approx base of monolith

hi=Wg 1 — W o= 66ft Depth of water acting on Monolith
Lms := 69.33ft Monolith length

Tail water is below base of monolith
Deck_el := 185-ft deck elevation
Base_el := Wy o = 94ft Base elevation

MS_base := 20-ft + .6-(168.ft — Base_el) = 64.4ft Monolith thickness

Develop weights- Reference hand sketch

Wy := 20ft-(Deck_el — Base_el)-~q L5 = 18927-kip Deck_el — Base_el = 911t
1 .

W, = E~(168-ft — Base_el)-[.6-(168ft — Base_el)]-v.-Ly,5 = 17084-kip
Wg = 21L.4ft-2-ft-y L5 = 445-Kip

1 , Approx Fish ladder
W, = E~10ft~16.67-ft-~{C~Lm5 = 867-kip weight
Galleries
Up = 6-ft-8-ft-y-Lyyy5 = 499-Kip
Uy := 7.68-ft-7-ft-y-Ljy5 = 559-Kip
Pipe

T 2 . ;

Ppipe = z.(]_oft) -50-ft-~y, = 589-kip Weight of concrete

removed from pipe

Page 1 of 5
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Dalles AWS
Stability Seismic

The Dalles East Fish Ladder Auxiliary Water Backup System DDR, Appendix C, Structural

By: EW
Checked By :

Weight of Dam

Wd = Wl + W2 + W3 + W4 - Ul - Ul - = 35736k|p

Ppipe
Water Pressure

1,2 .
Puater = 5+ (0L = 9438-kip

1 .
Puplift = E'(h)"YW'LmS'MS_base = 9209-kip

Seismic Loading

k:= 0.126
from SSR 2013.

7 2 .
PE= E'k'h"YW'h = 1321-kip Effect of water

Water pressure- high
normal

Seismic coefficient (stability)=2/3 EPGA=0.126

egn 4-2, EM 1110-2-2100

Hydrodynamic forces/Westergaard

Fp, := k-Wy = 4503-kip

Water loads due to Fish ladder
hfl = 11-ft
width of fish ladder
Wyvater 1= NfI-We-Yw Lms = 1430-kip
7 2 .
PE_fI:= 75 K Nawhe = 6-kip

Fh_ﬂ = kWW = 180klp

ater_fl

Moment arms- sum moments about the toe

LWl = Ms_base — 10-ft = 54.4ft
2
Ly = 5(Ms_base ~ 20-ft) = 206t

31
LW3 = MS_base — 30-ft - 7-ft = 18.9ft
2
Lw4 = Ms_base - 20ft - ElOft = 377ft

LUl = M5_base - 10ft - 3ft = 514ft
7.68-ft

Luz = Ms_page — 7:33-ft - = 53.2ft
50-ft
Lpipe = — = 25t
1
Luater = 50 = 221t

C-32

Inertia force due to structure mass

egn 4-1, EM 1110-2-2100

Approx height of water in fish ladder

Fish ladder water weight

Westergaard load on fish ladder water

inertia force due to structure mass of water in fish ladder

Ms_page — 20-ft = 4.4t

Page 2 of 5



The Dalles East Fish Ladder Auxiliary Water Backup System DDR, Appendix C, Structural

Dalles AWS By: EW
Stability Seismic Checked By :

2
Luplift = E'Ms_base = 42,91t

Lp g = 0.4h = 26.4ft

Lpg_f| = 0-4-hg + (Deck_el — Base_el) — 38-ft = 57.41ft

30ft

L = Mg pase — 30t = == = 1941t

water_fl -

1
'—h_fl := (Deck_el — Base_el) — 38-ft + Ehﬂ = 58.5ft

Determine Approx location for CG of monolith

Deck el — Base el
dl = = > =— = 4551t

1
do := [(Deck_el — Base_el) — 17~ft]~§ = 2471t

dg := (Deck_el — Base_el) — 39.25-ft = 51.75 ft

1
dy := (Deck_el — Base_el) — 17-ft — 516.67~ft = 68.4ft

d5 = 4ft
dg := (Deck_el — Base_el) — 13.5-ft = 77.5ft

Yhar :=
bar W1+W2+W3+W4—U1—U2

Moments

M1 = Wq-Lyyq = 1029634-kip-ft
M2 := Wo-Lyyo = 505695-kip-ft
Myp/3 = W3-Lyy3 = 8412-kip-ft
Myy4 = Wy-Lyyg = 32707-kip-ft
My = Uq-Lyyq = 25658:-kip-ft
My = Up-Lyyp = 29760-kip-ft
Mpipe = Lpipe'Ppipe = 14726-kip-ft

M =P L = 207626-kip-ft

water = "water “water

Muyplift = Puplift Luplift = 395363 ft-kip
Mpg = Pg-Lp g = 34866-kip-ft

Mg == Fpy-Ypgr = 163847-kip-ft

C-33

Fish ladder Westergaard distance

fish ladder water distance

Fish ladder inertia distance

= 36.389 ft
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Dalles AWS
Stability Seismic

By: EW
Checked By :

My fI = Wiater fI'Lwater fl = 27741-kip-ft

Mg 1= Pg_frlpg g = 35L-kip-ft

M f1:= Fn_fi'Ln_fi = 10540-kip-ft

Sum Moments
Mige1 = M1 + My + My + Myyg + My, g = 1604189-kip-ft
Mioe2 = -My1 — My2 - IV'pipe = Myater - Muplift_ Mpg - Mg - IVIE_fI - Mh_fl = ~882737 kip-ft

Positive and negative moments were separated due to
space on sheet. Moments are added to gather in Md

My = Mige1 + Mige2 = 721453-Kkip-ft

Sum Vertical Forces

Vd = Wd - PUplIft + Wwater_fl = 27957k|p

1 2

E'MS_base = 21.5ft E'MS_base = 4291t

Mg

— =258ft Resultant
Vd

Factor of Safety EM 1110-2-2100 eqgn 5-3

N-t -L
FS, = and + ¢
T

T:=Pwater + PE+ Fh+ Fry 71 + PE 1 = 15447 kip Shear force acting parallel to the base of the wedge

MV

N,= Wq = Pyplift = 26527-kip Force acting normal to the sliding failure plane under the structural wedge

2
b= Ms_pase'Lms = 465t

Case 4
Deases = 45-deg Angle of internal friction of the foundation material under the structural
wedge
_ o.kip
Ccaseq = ¥ 2 Cohesive strength of the foundation material under structural wedge
ft

N'ta”(¢case4) + Ceaseq L

FSgq = T =172
Case 3
Grase3 = 45-deg

kip
Coase3 = 36—

ft

N-tan( ¢ +C -L
FSgq = ( caseS) case3 1212
T

Page 4 of 5
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Dalles AWS By: EW
Stability Seismic Checked By :
Case 2

bease2 = 40-deg

kip
Ccase2 = 28'8'_2
ft

N'ta”(d’casez) + Coase2’L

FSer =
s2 T

=9.77

Case 1

Geaser = 30-deg
kip

Ccasel = 5'18'_2
ft

N-tan( ¢ +C -L
( case}r) casel _ 949

FSS]. =
FS

sl 2.49
FSso 9.77

ST =
FSe3 12.12
1.72

FSe4

Check max applies stress, stress=M/S+P/A

1 2 3

8= 5 tmsMs _base = 479231t

Wy .

Oaxial = T = 55.6psi
I-m5'M5_balse

Mg .
Oflexual == ? = 104.5 psi

Tseismic = Taxial * Oflexual = 160-1psi

Ogeismic = 23058.3-psf
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Dalles AWS By: EW
Stability Checked By :
ST. Calc.

Dalles AWS monolith 5 sliding calcs with seismic

These calculations are to check sliding stability for Monolith 5 with a 10foot DIA hole installed for the
AWS pipe. The calculations will include Hydrodynamic load for seismic conditions. The intent is to verify
the SSR and original calcs that flood load governs design.

References

The Dalles Lock and Dam Seismic Safety Review (SSR) Dated 27 September 2013 (95% PCCR Draft)
EM 1110-2-2100

EM 1110-2-2200

DDF-1-4-5/P2- monolith 5 drawing

Original Hand Calcs

Ignored from calculation (this is conservative)
Fill/rock at toes of dam
Potential shear key around grout gallery.

v = 150pcf specific weight of concrete

Yy = 62.5pcf specific weight of water

We| 1:= 160ft Hi normal pool elevation

We| o= 97ft Approx base of monolith

hi=Wg| 1 — W o= 63ft Depth of water acting on Monolith
Lms := 69.33ft Monolith length

Tail water is below base of monolith
Deck_el := 185-ft deck elevation
Base_el := Wy o =97t Base elevation

Mg pase = 20-ft + .6-(168.ft - Base_el) = 62.6 1t Monolith thickness

Develop weights- Reference hand sketch

Wy := 20ft-(Deck_el — Base_el)-v, L5 = 18303-kip Deck_el — Base_el = 88ft
1 .

W, = E~(168-ft — Base_el)-[.6-(168ft — Base_el)]-¢'Lyy,5 = 15727-kip
Wg = 21L.4ft-2-ft-y L5 = 445-Kip

1 , Approx Fish ladder
W, = E~10ft~16.67-ft-~{C~Lm5 = 867-kip weight
Galleries
Up = 6-ft-8-ft-y-Lyyy5 = 499-Kip
Uy := 7.68-ft-7-ft-y-Ljy5 = 559-Kip
Pipe

T 2 . ;

Ppipe = z.(10ft) -50-ft-~y, = 589-kip Weight of concrete

removed from pipe

Page 1 of 5
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Dalles AWS
Stability
ST. Calc.

Weight of Dam

Wd:=W1+W2+W3+W4—U1—U1—

Water Pressure

Ppipe = 33755-kip

1, .2 .
Pwater = ?(h) “Yw Lms = 8599-kip

1 -
Puplift = 5 (N Lms Ms _pase = 8544-kip

Seismic Loading

k:=0.126

P = %-khqwhz = 1149-kip

Seismic coefficient (stability)=2/3 EPGA=0.126
from SSR 2013.

Effect of water
Hydrodynamic forces/Westergaard

Inertia force due to structure mass

Water loads due to Fish ladder

hﬂ = 11.ft

Approx height of water in fish ladder
width of fish ladder

Water fl = he Wi Yy Lms = 1430-kip  Fish ladder water weight

7 2 .
PE_fI:= 7 K Nawhe = 6-kip

Fh_fl = K Wyyater_f1 = 180-kip

Westergaard load on fish ladder water

Moment arms- sum moments about the toe

LWl = M5_base — 10-ft = 52.6 ft

2

Ly = 5( 5 base — 20-ft) = 2841t

Ms_pase — 20-ft = 42,6t

31
st = Ms_base — 30-ft - 7ft =17.1ft

2
Lw4 = Ms_base - 20-ft - Eloﬁ. = 35.9ft

LUl = M5_base — 10-ft — 3-ft = 49.6 ft

LU2 = M5_base - 7.33-ft —

50-ft _ o5t

Lplpe

L -h =211t

2
-1
water = 5

788 _ o) 4t

C-37

The Dalles East Fish Ladder Auxiliary Water Backup System DDR, Appendix C, Structural

By: EW
Checked By :

Water pressure- high
normal

egn 4-2, EM 1110-2-2100

eqgn 4-1, EM 1110-2-2100

inertia force due to structure mass of water in fish ladder
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The Dalles East Fish Ladder Auxiliary Water Backup System DDR, Appendix C, Structural

Dalles AWS By: EW
Stability Checked By :
ST. Calc.

2
Luplift = E'MS_base = 4171t

Lpg f = 0.4-hg + (Deck_el — Base_el) — 38-ft = 54.4t Fish ladder Westergaard distance

30ft
Lwater_fl = M5 _pase ~ 30-ft - 5 17.61 fish ladder water distance

1
Lh_fl := (Deck_el — Base_el) — 38-ft + Ehﬂ = 5551t Fish ladder inirtia distance

Determine Approx location for CG of monolith

dy = Deck_el — Base_el _ a4t
2

do := [(Deck_el — Base_el) — 17~ft]% =23.7ft

dg := (Deck_el — Base_el) — 39.25-ft = 48.75 ft

dy := (Deck_el — Base_el) — 17-ft - %16.67~ft = 65.4ft

d5 = 4ft
dg := (Deck_el — Base_el) — 13.5-ft = 74.5ft

di-Wq + do-Woy + dq-Wq + dy-W, + de-(-Uq) + dg-(-U
1V T MWV T MgtV T Hg Vg 5( 1) 6( 2)=35.361ft

Yhar :=
bar Wy + Wy + W3 + W, — U - Uy

Moments

My == Wy -Lyyp = 962744-kip-ft
My = Wo-Lyyo = 446651 kip- ft
Myy3 == Wa-Lyyg = 7611-kip-ft
Mz == Wy-Lyy = 31147 kip-ft

M =P L = 180581-kip-ft

water = “water ~water

Mup“ft = PUplIftLupllft = 356590 ft-kip
Mpg = Pg-Lp g = 28946-kip-ft

MFh = Fh'Ybar = 150395k|pft
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Dalles AWS By: EW
Stability Checked By :
ST. Calc.

Mw 1= Wiater fI'Lwater fi = 25167 kip-ft

ME_fI = PE_fI'LPE_fI = 332.6-kip-ft

Mh_fl = Fh_fl"—h_fl = 10000-Kip-ft

Sum Moments
Mige1 = M1 + M2 + My + Myyg + Mw_fl = 1473320-kip-ft
Mige2 = -My1 — Myz - Iv'pipe ~ Myater ~ Muplift_ Mpg —~ Mg - IVIE_fI - IV'h_fl = —795083-kip-ft

My := Mige1 + Migen = 678238-Kip-ft Positive and negative moments were separated due to

Sum Vertical Forces

Va = Wy = Pypiift + Wiwater fi

1
3Ms_base = 209t

space on sheet. Moments are added to gather in Md

= 26640-kip

2
3'Ms_pase = 4171t

Mg
—— = 255ft Resultant
Vd
Factor of Safety EM 1110-2-2100 eqgn 5-3
FS, = N-tand + c-L
T
1= Pwater + PE+ Fp + Fh_fl + PE_fI = 14187 kip Shear force acting parallel to the base of the wedge

MNN:: Wd - PUpllft = 25210k|p

2
| = Ms_base'LmS = 4340 ft

Force acting normal to the sliding failure plane under the structural wedge

MW
Case 4
deasea = 45-deg Angle of internal friction of the foundation material under the structural
wedge
kip
Ccases = O'f_z Cohesive strength of the foundation material under structural wedge
t
N'tan(¢case4) + Ceaseq'L
FSgq = - =178
Case 3
eage3 = 45-deg
kip
Ccase3 = 36'_2
ft
N'tan(d)caseS) + Ceage3'L
FSg3 = T =12.79
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Dalles AWS By: EW
Stability Checked By :
ST. Calc.

Case 2

d’casez := 40-deg

kip
Ccase2 = 28'8'_2
ft
N-tan( ¢ +C -L
FSg, = ( case2) case2 _ 103
T
Case 1
beager = 30-deg
kip
Ccasel = 5'18'_2
ft
N-tan( ¢ +C -L
FSgy = ( casel) casel _ 961
T
FS
s 2,611
FSs2 | | 10.301
FSq:= =
FSq3 12.79
1.777
FSg4

Check max applies stress, stress=M/S+P/A

1 2 3
/%:: E'Lm5'M5_base = 45281ﬁ.
Wy .
Taxial = = 54 psi
I-m5'M5_bas,e
Mg .
O'flexual = ? =104 psli

Oseismic = Taxial + Oflexual = 198 PSi

Oseismic = 227558p3f
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AN

Walton, Eric D NWW

~om: Vincent, David E NWP
it: Friday, July 19, 2013 2:48 PM
a5 Walton, Eric D NWW
Cc: Scofield, David H NWP

Subject: RE: Dalles AWS Monolith 5 Stability (UNCLASSIFIED)

Classification: UNCLASSIFIED
Caveats: NONE

Eric
I don't have the specific Monolith 5 values.

Apparently original designers may have used phi = 30 degrees and ¢ = 36 psi. The values
likely depend on specific features analyzed.

I have assumed the following general prelimihary values phi = 40 and c = 200 psi.
DM29, 1994 presents the following rock values:
phi = 45 and ¢ = 250 psi (Table 9-6)
DM29, 1994 presents the following rock fill values:
~hi = 45 and c = @ psi
.anks
David Vincent
----- Original Message-----
From: Walton, Eric D NWW
Sent: Friday, July 19, 2013 1:10 PM
To: Vincent, David E NWP
Cc: Chase, Matthew T NWP; Lee, Randall T NWP; Laughery, Ryan O NWW
Subject: RE: Dalles AWS Monolith 5 Stability (UNCLASSIFIED)

Classification: UNCLASSIFIED
Caveats: NONE

David,

Do you have an angle of internal friction and a cohesive values for Monolith 5 (non overflow)
for the Dalles Dam?

I have run some stability calcs using Phi=45deg and C=0, but should probably use actual
values if they are known.

Thanks
ic Walton

NWW-EC-D-ST
509 527-7548
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