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Executive Summary
The purpose of The Dalles East Fish Ladder Auxiliary Water Backup System Engineering 
Documentation Report (EDR) is to recommend an alternative for further engineering design that 
will best provide an emergency backup supply of water to the auxiliary water system (AWS).
Water is currently supplied to the AWS by two fish unit turbines located on the west end of the 
powerhouse. If one or both fish unit turbines 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. To provide a backup supply of water 
to the AWS in case of a fish unit turbine failure, four alternatives have been evaluated in this 
EDR. 

The alternatives and improvements evaluated in this EDR are capable of providing 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 would be operational, but under less than ideal flow 
conditions.

The following improvements and alternatives were evaluated in support of the EDR process:

� Improvements to the existing Valve Room,

� Improvements to the existing Fishlock,

� Improvements to the existing Fishway Approach Channel,

� Alternative #1 – Siphon for Additional Water to the Fishlock,

� Alternative #2 – Low Level Intake,

� Alternative #10 – Single Pump/Pumphouse on East Side of Cul-de-sac, and

� Alternative #11 – Upstream Intake Tower with Siphon.

Improvements to the Valve Room would provide about 400 cfs and need to be combined with an 
alternative to obtain the required 1,400 cfs.

Alternatives Analysis Discussion
This EDR focuses on the evaluation of improvements to the existing infrastructure and 4
alternatives that were ultimately chosen from almost 20 alternatives. These alternatives were 
formulated during a “USACE/HDR brainstorming team meeting” in December 2011. The 
alternatives evaluated in this EDR were selected by the USACE and are discussed below.

Alternative #1 – Siphon for Additional Water to the Fishlock. This alternative evaluates the 
potential of taking water from the forebay through two siphons to an existing fishlock that has 
been decommissioned. Water from the fishlock would be routed to the existing auxiliary water 
conduit (AWC).

Alternative #2 – Low Level Intake. This alternative consists of two conduits that pass through one 
of the concrete monoliths. These pipes would be routed along the base of the concrete non-
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overflow section of the dam to the existing fishlock. Water from the fishlock would be routed to 
the existing AWC.

Alternative #10 – Single Pump/Pumphouse on East Side of Cul-de-sac. This alternative considers 
the use of one single large pump and a pumphouse structure. Water from the tailwater would be 
pumped into the existing fishway approach channel that has been decommissioned. Water would 
then be routed to the existing AWC.

Alternative #11 – Upstream Intake Tower with Siphon. This alternative evaluates the use of an 
intake tower with intake openings at the bottom of the tower to draw water from deep in the 
forebay. The intake tower is attached to the face of a concrete monolith. Two siphons within the 
intake tower would route water to the fishlock where it would be routed to the existing AWC.

Final Recommendation
Based on the engineering analysis for this EDR, evaluation criteria for this project, and USACE 
team input, Alternative #2, Low Level Intake and improvements to the valve room, is being 
recommended for further evaluation as a potential solution for an emergency backup system for 
the EFL AWS.

The construction cost with contingency for improvements to the valve room, fishlock, approach 
channel and Alternative #2, Low level Intake, is estimated to be approximately $10,304,100. The 
Total Project Cost, without Operations and Maintenance (O&M) is currently estimated to be 
approximately $16,588,300.
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Pertinent Data
PERTINENT PROJECT DATA

GENERAL
THE DALLES LOCK AND DAM - LAKE CELILO

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
Reservoir surface area – normal maximum power pool 
(EL 160.0) 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) - feet3/s 2,660,000
Probable maximum flood (regulated) - feet3/s 2,060,000
Standard project flood (unregulated) - feet3/s 1,580,000
Standard project flood (regulated) - feet3/s 840,000
100-year flood event (regulated) - feet3/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 90
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

POWER PLANT
THE DALLES LOCK AND DAM - LAKE CELILO

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 - feet3/s 260,000
Maximum flow capacity - feet3/s 320,000
Fishway Units (Not Included Above) 2
Installed power capacity Kilowatts 28,000
Peak generating efficiency flow - feet3/s 2,500
Maximum flow capacity - feet3/s 2,500
Station Service Units (Not Included Above) 2
Installed power capacity Kilowatts 6,000
Peak generating efficiency flow - feet3/s 300
Maximum flow capacity - feet3/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 - feet3/s 800
Maximum flow capacity - feet3/s 800
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Acronyms and Abbreviations

ACI American Concrete Institute
AFBMA Anti-Friction Bearing Manufacturers Association
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
AWWA American Water Works Association
BEP best efficiency point
CFD computational fluid dynamic
cfs Cubic feet per second

CRFI Continuous Resin Flow Impregnation
CVP concrete volute pump
DDR Design Documentation Report
EAWS Emergency Auxiliary Water Supply
EFL East Fish Ladder
EM Engineering Manuals
ER Engineering Regulations
ETL Engineering Technical Letters
ETR Engineering Technical Reports
FCC fish collection channel
fps feet per second
FFDRWG Fish Facility Design and Review Work Group
FHWA Federal Highway Administration
FTC fish transportation channel
gpm gallons per minute
HDC Hydroelectric Design Center
HI Hydraulic Institute
hp horsepower
HSS Hollow Structural Sections
ICEA Insulated Cable Engineers Association
IEEE Institute of Electrical and Electronic Engineers
IES Illuminating Engineering Society
ISA International Society of Automation
kV kilovolt
kVA kilovolt-ampere
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kW kilowatt
MCASES II Micro Computer Aided Cost Estimating System Version II
MCC motor control center
MCE Maximum credible earthquake
msl mean sea level
NEC National Electrical Code
NEMA National Electrical Manufacturers Association
NETA InterNational Electrical Testing Association
NFPA National Fire Protection Association
NHSM National Seismic Hazard Maps
NMFS National Marine Fisheries Service
O&M Operations and Maintenance
OBE Operational based earthquake
ODOT Oregon Department of Transportation
OSHA Occupational Safety and Health Administration
P pole
pcf Per cubic foot
PDT Product Development Team
PH Phase
psi Pounds per square inch
PUD People’s Utility District
rpm revolutions per minute
RTD resistance temperature detectors
SDBM Small Diameter Boring Machines
SEI Structural Engineering Institute
TDH total discharge head
TEFC totally enclosed, fan-cooled
TEWAC totally enclosed, water-to-air cooled
UL Underwriters Laboratories
USBR U.S. Bureau of Reclamation
V volt
VFD variable frequency drive
VPI Vacuum Pressure Impregnation
USACE U.S. Army Corps of Engineers
USGS U.S. Geological Survey
W wire
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1.0 INTRODUCTION
1.1 General
This report has been developed to aid the USACE in developing cost effective alternatives for 
providing a backup supply for the auxiliary water system (AWS) for The Dalles Dam EFL. 
Alternatives presented and discussed in this report were developed during a brainstorming 
meeting held on December 8, 2010. The brainstorming meeting was attended by USACE staff, 
regional fish agencies, and HDR product development team (PDT) members. The USACE 
selected four of the alternatives for further evaluation as part of the scope of work. Additionally, 
improvements to the existing fishlock valve room and the power house equalizing header system 
were evaluated.

The Engineering Documentation Report was formulated as follows:

� Evaluate four alternatives to the 60% review level

� Select two alternatives and carry the designs forward to the 90% review level

� Select one alternative from the 90% review level and carry it forward to the final design

Alternatives were ranked and scored based on criteria developed by team participants. Results of 
this process are presented in this report. Engineering judgment and limited computations were 
used to support conclusions.

Additional studies and engineering will be required to finalize the selected alternative. This will 
happen in the next phase of the project. Typically, the USACE will prepare a decision documents 
report (DDR) for final approval.

1.2 Purpose and Problem Description
Auxiliary water for the EFL is critical to the overall success of adult fish passage at The Dalles 
Dam. Approximately 80% of the returning adult salmon use the EFL as a passage route to upper 
parts of the Columbia watershed. The EFL AWS is supplied by two fish unit turbines and 
reliability of these turbines is critical. The USACE through the Hydroelectric Design Center 
(HDC) has investigated the reliability of the fish unit turbines. These investigations have been 
used to develop this report. 

The AWS conduit supplies water to the East, West, and South Fish Ladder entrances in order to 
attract upstream migrating adult fish. Water is currently supplied to the AWS conduit 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. If one or both fish unit turbines fail, water supplied to the AWS 
would be severely limited or eliminated. Four alternatives have been developed to provide a 
backup supply of water to the AWS in case of a fish unit turbine failure.

The backup water supply system being considered in this report allows for operation of the EFL 
when the two fish turbines are not operational. The 1,400 cfs design discharge discussed in 
Alternatives 1, 2, 10, and 11 provides flow to the East entrance of the EFL. The West and South 
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entrances will be closed which will be an integral part of the emergency backup operation. "East 
Entrances only" operation is only acceptable in the event of an outage of both fish turbine units.
The determination of the design flow of 1,400 cfs was thoroughly coordinated and discussed 
with state and federal fishery agencies. Approximately 80% of the returning adult salmon that 
approach The Dalles Dam use the EFL as a passage route to upper parts of the Columbia 
watershed. The EFL AWS is supplied by two fish turbine units and reliability of these turbines is 
critical. The USACE, through the Hydroelectric Design Center (HDC) has investigated the 
reliability of the fish turbine units. Investigations by the USACE and other engineering firms 
have been used to demonstrate the viability of the alternatives presented in this report.

The purpose of this EDR is to document and recommend four alternatives from a brainstorming 
meeting with the intent of the alternatives being refined and evaluated with other potential 
solutions for a DDR to be developed in the future. Each alternative has been designed to provide 
at least 1,000 cfs. Improvements to the existing facilities (valve room and fishway approach 
channel) will provide an additional 400 cfs for a total discharge of 1,400 cfs.

To ensure equal treatment of each alternative identified in the Brainstorming session, a consistent 
set of assumptions, constraints, and criteria were developed at the outset of this study. The 
criteria are presented in Section 2.0 of this report.

1.3 Scope
HDR has prepared this EDR to describe four alternatives that were evaluated to provide a backup 
water supply for the EFL. Four alternatives were examined to the 60% review level. Two 
alternatives were then taken to the 90% review level and finally an alternative was selected for 
final design.

1.4 Authorization
The 1995 Energy and Water Development Appropriation Bill directed the USACE to use 
additional appropriations to aggressively improve effectiveness and efficiency of the bypass 
systems, reduce mortality by predators, and enhance passage conditions.

1.5 Existing Fishway Facilities
1.5.1 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 for the EFL is provided by two fish turbine units 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 fishway at the 
junction pool, east entrance, south entrance, west entrance, and transportation channel after 
passing through diffusers. It can enter the collection channel but these diffusers were closed 
because fish entrances along the collection channel are not operational. Fish enter the South and 
West fish ladders and travel through the transportation and collection channels, respectively, to 
the EFL (Figure 1 through Figure 3).
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Figure 1. The Dalles Dam Fish Ladder System
(Illustration from the 2008 Fish Passage Plan, USACE)

Figure 2. The Dalles Dam East Fish Ladder
(Illustration from the 2008 Fish Passage Plan, USACE)
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Figure 3. The Dalles Dam West and South Fish Ladders
(Illustration from the 2008 Fish Passage Plan, USACE)

1.5.2 Fish Turbine Units

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 and a maximum flow capacity of 
2,500 cfs each. Water (5,000 cfs) is discharged from the fish turbine units into the AWC. 
Trashracks spaced 1 inch apart are installed in the fish turbine unit intakes.

1.5.3 Auxiliary Water System

As shown on Figure 1 through Figure 3, the AWS consists of a large 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 South, West, and East Fish Ladder entrances. Water is supplied to 
the AWC from the two fish turbine unit. This system is complex to operate, but an integral part 
of the overall operation of the EFL system. Based on a numerical model developed by the 
USACE, CENWP-EC-HD, the hydraulic head within the AWS conduit is approximately 9 feet
greater than the tailrace water surface elevation. This information is referenced on page 12 of the 
Inca 1997 report, the original model was developed by Northwest Hydraulics, Inc. for the 
USACE. Prior to flowing through the EFL entrance, water is sent through a series of diffusers in 
the junction pool. 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 with a minimum discharge of 1,400 cfs with the South and West 
entrances closed.
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2.0 DESIGN CRITERIA
2.1 Purpose
This section of the report sets forth a detailed list of criteria used in the development of the EDR. 
The criteria are used to design system components, subjectively evaluate the four alternatives, 
and recommend the best alternative for further development by the USACE.

2.2 Background
The purpose of The Dalles East Fish Ladder Auxiliary Water Backup System Engineering 
Documentation Report is to recommend the alternative that will best provide a backup supply of 
water to the AWS. The AWS conduit supplies water to the East, West, and South Fish Ladder 
entrances in order to enhance attraction of upstream migrating adult fish. Water is currently 
supplied to the AWS conduit by two fish turbine units located on the west end of the 
powerhouse. The AWS normally operates with a total flow of up to 5,000 cfs. If one or both fish 
turbine units fail, water supplied to the AWS would be severely limited. Four (4) alternatives that 
could provide a backup supply of water to the AWS in case of a fish turbine unit failure have 
been selected for evaluation. The alternatives are as follows:  

� Alternative #1, Siphon for Additional Water to the Fishlock,

� Alternative #2, Low Level Intake (formerly River Wet Tap),

� Alternative #10, Single Pump/Pump house on East Side of Cul-de-sac, and

� Alternative #11, Intake Tower with Siphon to Fishlock.

These 4 alternatives were selected by the USACE for further analysis from 15 
alternatives/concepts formulated during a “brainstorming” session that was conducted in 
December 2010. Other improvements to the existing infrastructure (fishlock and piping 
improvements) also will be examined during development of the EDR as potential sources of 
water for the AWS. The USACE and other agencies in the Fish Facility Design and Review 
Work Group (FFDRWG) have agreed on a total flow requirement of 1,400 cfs for the AWS
backup system.

To ensure an equal treatment of each alternative in the EDR, a consistent set of assumptions, 
constraints, and design parameters are required to establish design criteria to be used in the 
alternative evaluation. The design criteria are separated into specific disciplines including:  
biological, geotechnical, hydraulic, mechanical, structural, and electrical. Also considered in the 
evaluation of each alternative are system flexibility, ease of operation, construction cost, 
constructability, and safety criteria. Pertinent Data for The Dalles Dam is included at the front of 
this report.

2.3 Design Life
The alternatives considered in this project would have an estimated design life of 50 years.
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2.4 Hydraulic Criteria
2.4.1 General

The hydraulic criteria list the discharges, water surface elevations, head differentials, and 
velocities used as the constraints in developing the concept designs for each alternative. 
Discharge and water surface elevation levels are divided into two types: maximum design and 
normal operating limits. The maximum design values are those used in designing the alternative 
and assessing the stability and forces acting upon it. The operating values are those for which the 
alternative is designed to operate and perform its intended purpose. The operating values may 
include both minimum and maximum values.

The selected alternative must be able to function under varied flow conditions. Flow 
requirements for optimal fish passage operations vary due to the fluctuation of forebay and 
tailwater conditions. The normal forebay elevation ranges from 155 to 160 feet (feet), mean sea 
level (msl).

Due to the constant fluctuations in the forebay and tailwater elevations, operation of the turbine 
units and fishway entrance weirs is controlled automatically. As the tailwater and forebay 
elevations fluctuate, the turbine unit discharge and entrance weir elevations change to maintain a 
constant head differential at the fishway entrances. The following components are impacted by 
forebay and tailwater elevation fluctuations:

� Entrance weir elevations will fluctuate as the tailwater changes to meet the entrance head 
differential criterion.

� West and South fish entrance weirs will be closed, when both fish turbine units are 
inoperable/off line.

� The East fish entrance will operate with two weirs; the third weir will be closed.

� Entrance weir elevation changes result in water surface elevation changes throughout the 
fishway channel system.

� Fish turbine operations change in response to forebay and fishway channel elevation 
fluctuations.

Under a normal two turbine operating condition, the AWS operates with flows of up to 5,000 cfs.
In an emergency operating scenario where there is a one or two fish unit failure, the proposed 
backup AWS design discharge is 1,400 cfs. Improvements to the Valve Room and Fishway 
Approach channel should provide 400 cfs and each alternative is designed to provide 1,000 cfs, 
for a total discharge of 1,400 cfs. USACE determined the design flow requirement of 1,400 cfs.
This flow requirement has been documented in a USACE-CENWP-EC-HD memo which is 
included in Appendix A of this report.

Table 1 provides a summary of the design discharges for the existing fish turbine units and the 
emergency backup system at The Dalles Dam.
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Table 1. Design Discharges for Existing Fish Turbine Units and Emergency Backup System at The Dalles Dam.

Fish Turbine Unit Discharge

Maximum: 2,500 cfs per unit

Operating: 2,500 cfs (peak generating efficiency flow per unit)

Total Discharge: 5,000 cfs (combined two units)

Emergency AWS Discharge Requirements

Design Discharge: 1,400 cfs

Operating: 1,400 cfs

Valve Room 
Improvements to provide

400 cfs

Alternative to provide 1,000 cfs

Sketches, calculations, and other hydraulic support information can be found in Appendix B.

2.4.2 Water Surface Elevations

The normal operating and design water surface elevations for forebay and tailwater are shown in 
Table 2. These values were provided by the USACE and developed for Design Document 
Report #34, The Dalles Lock and Dam, Juvenile Behavioral Guidance System, May 2006. The 
exact water surface elevations used for the design of each alternative are described in the 
appropriate sections of this memorandum.

Table 2. Water Surface Elevations for Hydraulic Design

Normal Operating Elevations 
(feet, msl)

Design Elevations 
(feet, msl)

Maximum Forebay 160.0 160.0

Minimum Forebay 155.0 155.0

Maximum Tailwater 84.2 86.0

Minimum Tailwater 76.4 76.4

2.4.3 Head Differentials and Velocities for Fish Ladders

The following criteria, detailed in the 2011 Fish Passage Plan, are used for guidance in 
developing the AWS backup alternatives and for evaluation of the alternatives. The 2011 Fish 
Passage Plan was written by the USACE and adopted by regional agencies. It documents the 
operational procedures for ensuring fish passage (juvenile and adult) at USACE projects on the 
Columbia and Snake Rivers.

� Water depth over fish ladder weirs: 1.0 foot +/- 0.1 foot. During the shad passage season: 
1.3 feet +/- 0.1 foot.

� Head on all entrance weirs: 1 to 2 feet (1.5 feet optimum).
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� Fishway transport velocities:  Maintain water velocities of 1.5 to 4 feet per second (fps; 2 
fps optimum) for the full length of the powerhouse collection channel, entrance channels, 
and the fish ladder pools that are submerged by the tailwater.

� Main entrance weir depths: Weir crest 8 feet or more below tailwater. 

� Diffuser velocities:  Less than 1 fps for horizontal diffusers, less than 0.5 fps for 
horizontal diffusers.

2.4.4 Auxiliary Water Conduit

The one-dimensional hydraulic numerical model of The Dalles fish facilities may be used by 
USACE Portland District staff to determine if the alternatives under consideration for the backup 
water supply would adversely impact the operation of the EFL. The model output will provide 
velocities and water surface elevations throughout the AWC and fish channels. The model output 
will be reviewed to determine if the flow distribution through the AWS and fishway system are 
acceptable. Although there is no criterion for AWC velocities, a maximum velocity of 10 fps will
be applied to the conduits to minimize energy dissipation issues.

2.4.5 Siphon Criteria

Two of the alternatives include a siphon to discharge flow from the forebay to the fishlock. The 
main issues with a siphon include pressures in the system and priming issues. The following 
siphon design criteria were developed to minimize these issues.

� Limit negative pressures in the design to 20 feet.

� Provide adequate siphon priming such as a mechanical system to remove air from the 
siphon or a pumping system to fill the siphon with water to remove the air. 

� Provide adequate inlet submergence on the pipe. The minimum inlet submergence will be 
one siphon pipe diameter. 

� “Fill time” to prime siphons will be 2 hours.

2.4.6 Fishlock Channel Criteria

The fishlock channel will be evaluated as an option to discharge flow into the AWC from the 
forebay. The fishlock channel was originally designed to transport fish to the lock, and was 
previously utilized as an open channel system until the fishlock was abandoned as a passage 
option. Due to the location of the channel, the walls extend up to 105 feet, msl; Hydraulic 
analyses are required to determine if the fishlock could be operated with a high open channel 
water surface elevation (much higher than the design water surface elevation) or if it would need 
to be covered allowing for pressurization.

Structural analyses will be required to determine the load restrictions of the channel walls for 
both an open channel water surface elevation with a minimum of 1 foot of freeboard and a 
condition where the channel is pressurized.
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2.4.7 Operational Criteria for Overall Fish Ladder System

The ease of operation and maintenance was considered with each alternative. If an alternative 
was easier to operate compared to the other alternatives it was given a higher score compared to 
the others.

2.4.8 Trashracks

Trashracks will be provided for all alternatives. A ¾-inch opening will be the maximum spacing 
for all bars. The assumption of a ¾-inch opening is based on team member discussions and team 
meetings. Woody debris larger than ¾ inch could damage components of the AWS. Trashracks 
for the two existing fish turbines are sized for 2-inch openings. 

Trashracks were sized with an approach velocity of 3 fps and a flow of 1,000 cfs. This velocity 
criteria was determined to be a reasonable value based on discussions among and experience of 
the USACE/HDR team. USACE guidance is not directly available for this type of a backup 
system.

2.5 Geotechnical Criteria
2.5.1 Surface and Subsurface Assumptions

� Subsurface assumptions are based on material presented by the USACE in Part IV, 
Closure and Non-overflow Dams, of Foundation Report of The Dalles Dam, May 1964.

� Bedrock under the non-overflow dams and closure structure are shown to be Basalts of 
Columbia River Basalt Group. No other rock units are identified. Overburden depths 
under the East Non-overflow structure were shallow and all overburden was removed 
from beneath the structure during construction.

� The closure dam was built in two phases. Stage I placed Rock Fill in-water to 
approximately Elevation 25 feet, msl. A zoned embankment was placed above this 
material which consisted of a downstream quarry run rock fill, with three zones (spalls, 
gravel, and blanket material) of material placed on the upstream face to create a zone of 
minimal permeability.

� The rock fill zones are constructed of hard, durable Basalt with unit weights of 170 to 180 
pounds per cubic foot (pcf), with a maximum stone weight to 300 pounds.

� Rock spalls are reasonably well graded 6-inch minus quarry run rock.

� Gravel fill is a skip-graded sandy gravel from an upstream gravel bar area.

� Upstream blanket is a sandy gravel, or gravely sand pit run gravel.

2.5.2 Geotechnical Assumptions

� Bedrock materials will be sufficiently strong to support relatively heavy structures.

� The unconfined compressive strengths of the Basalt range from 2,000 pounds per square 
inch (psi) to 37,000 psi and may be very difficult to bore. Rock quality designation (RQD) 
for the Basalt is 100%, and the rock mass rating (RMR) will vary by rock unit from Class 
I to Class II.
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� The final structures will be designed for no damage during the operational based 
earthquake (OBE), with a no collapse criteria for the maximum credible earthquake 
(MCE). Table 3 provides the seismic design criteria for The Dalles Dam.

� Concrete in the east non-overflow section is assumed to be 3,000 psi concrete containing 
aggregates to 6 inches in size. Unconfined compressive strengths for some of the 
aggregates exceed 10,000 psi, and will be difficult to mechanically mine if the contractor 
is not using appropriate equipment.

Table 3: Seismic Hazard for USACE Performance Levels

Performance Level Return Period PGA (g)*

Operating Basis Earthquake (OBE) 144-year 0.10

Maximum Design Earthquake (MDE) 
(noncritical structures)

975-year 0.13

Maximum Credible Earthquake (MCE) 
(based on deterministic seismic hazard analysis [DSHA])

2,475-year 0.19

*PGA from U.S. Geological Survey (USGS) National Seismic Hazard Maps (NHSM), 2008

2.5.3 Geotechnical Construction Assumptions

� The ability to use Small Diameter Boring Machines (SDBM) will be determined by the 
rock properties which vary from good to difficult. The SDBM are normally only able to 
excavate rock with unconfined compressive strengths up 25,000 psi and then only if the 
rock is sufficiently fractured. Some of the more massive units at The Dalles Dam have 
strengths in excess of 25,000 psi.

� In-water rock excavation or use of SDBM should be avoided due to the high cost 
associated with this type of work.

� Borings up to about 72 inches in diameter can be made in the concrete with SDBM
without excessive difficulty. Openings for the 72-inch pipes can also be mined without 
excessive difficulty.

2.5.4 Applicable USACE and FHWA Design Documents

Applicable Engineering Manuals (EM) and Engineering Regulation (ER) design documents 
include:

� EM 1110-1-2907, Rock Reinforcement, 15 Feb 1980

� EM 1110-1-2908, Rock Foundations, 30 Nov 1994

� EM 1110-2-2200, Gravity Dam Design, 30 June 1995

� ER 1110-2-1806, Earthquake Design and Evaluation of Civil Works Projects, 31 July 
1995.

� FHWA-SA-97-070, Micropile Design and Construction Guidelines – Implementation 
Manual June 2000.

� FHWA-NHI-05-039, Micropile Design and Construction Reference Manual 2005.
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� Figures supporting geotechnical information can be found in Appendix C.

2.6 Biological Criteria
2.6.1 General

This section discusses biological and behavioral characteristics of both adult and juvenile fish 
species that migrate through The Dalles Dam fish passage facilities. Although this report is 
focused on facilities for the fish ladders that are designed to convey adult salmonids upstream, 
other species and downstream migrants are also discussed as they are a consideration for 
potential entrainment or other impact in the design of the water intake structures. The
information below addresses passage seasons and project operational criteria.

The Dalles Dam has two primary fish ladders: the North and East fish ladders. The 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.

Species of fish migrating past The Dalles Dam include Chinook, Coho, and sockeye salmon,
steelhead, Pacific lamprey, white sturgeon, and American shad. Bull trout 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. It is likely that downstream migrating larval and juvenile Pacific lamprey are 
present during the winter, but no information has been collected to verify this.

2.6.2 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 4).

Adult Pacific lamprey also migrate past The Dalles Dam. Counts have ranged from almost 
29,000 to less 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 4).

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 use the EFL almost exclusively for upstream passage (Parsley 
et al. 2007), although they may reside for periods of time in both the east and north fish ladders.
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Figure 4. Ten-Year Average (2002-2011) of Adult Salmonid Counts at The Dalles Dam (Fish Passage Center 2011).

Table 4. Adult Pacific Lamprey Migration Dates for The Dalles Dam.

Year
Cumulative Percent Passage

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

2.6.3 Adult Passage Criteria

Adequate water depths and flows through the fishways are required to facilitate fish moving 
upstream through the ladders. The complete operating criteria for adult salmonid passage
through the facilities are provided in the 2011 Fish Passage Plan for The Dalles Dam (USACE 
2011). During the fish passage season, water depths over fish ladder weirs must be maintained at 
1 foot (+/- 0.1 foot) for salmon passage, and 1.3 feet (+/- 0.1 foot) during peak shad passage. The 
fish ladder entrances must maintain a 1- to 2-foot head (optimum = 1.5 feet), and water velocities 

0 

1000 

2000 

3000 

4000 

5000 

6000 

7000 

8000 

1-Apr 1-May 1-Jun 1-Jul 1-Aug 1-Sep 1-Oct 

A
du

lt
 S

al
m

on
id

 P
as

sa
ge

 a
t 

Th
e 

D
al

le
s 

D
am

  

Chinook Coho Sockeye Steelhead 



Engineering Documentation Report – 90% Review Page 13
The Dalles East Fish Ladder Auxiliary Water Backup System April 9, 2012

in the collection channels and lower ends of the fish ladders must be between 1.5 and 4 fps, with 
2 fps being optimum.

2.6.4 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. 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% 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 5 (USACE 2011) and add 
approximately one day to the dates for each species to estimate the juvenile salmonid arrival 
dates at The Dalles Dam.

Relatively little is known about downstream-migrating lamprey in the Columbia River. Juvenile 
lamprey are thought to migrate lower in the water column than juvenile salmonids; therefore, 
collection rates at most dams are lower than those for juvenile salmonids. Despite this, some 
juvenile lamprey are collected at dams. Although no sampling is conducted at The Dalles Dam, 
data from John Day Dam indicates 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.

2.6.5 In-Water Work Period

The in-water work period 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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Table 5. Juvenile Salmonid Migration Dates for John Day Dam (USACE 2011).

Year
Yearling Chinook

10% 50% 90%
2001 6-May 27-May 20-Jun
2002 1-May 17-May 1-Jun
2003 3-May 19-May 2-Jun
2004 28-Apr 16-May 30-May
2005 25-Apr 12-May 22-May
2006 25-Apr 11-May 24-May
2007 2-May 13-May 25-May
2008 4-May 22-May 1-Jun
2009 27-Apr 17-May 1-Jun
2010 1-May 18-May 6-Jun

Year
Unclipped Steelhead

10% 50% 90%
2001 28-Apr 5-May 30-May
2002 19-Apr 19-May 8-Jun
2003 30-Apr 28-May 4-Jun
2004 30-Apr 23-May 2-Jun
2005 1-May 14-May 24-May
2006 24-Apr 13-May 29-May
2007 29-Apr 13-May 28-May
2008 6-May 21-May 1-Jun
2009 26-Apr 11-May 28-May
2010 27-Apr 12-May 8-Jun

Year
Coho

10% 50% 90%
2001 17-May 1-Jun 14-Aug
2002 7-May 1-Jun 12-Jun
2003 9-May 30-May 8-Jun
2004 12-May 27-May 12-Jun
2005 5-May 16-May 3-Jun
2006 10-May 26-May 12-Jun
2007 5-May 16-May 4-Jun
2008 11-May 25-May 6-Jun
2009 16-May 29-May 13-Jun
2010 9-May 3-Jun 16-Jun

Year
Subyearling Chinook

10% 50% 90%
2001 27-Jun 30-Jul 22-Aug
2002 20-Jun 30-Jun 20-Jul
2003 6-Jun 27-Jun 30-Jul
2004 14-Jun 28-Jun 23-Jul
2005 19-Jun 5-Jul 27-Jul
2006 14-Jun 3-Jul 18-Jul
2007 25-Jun 8-Jul 17-Jul
2008 24-Jun 9-Jul 5-Aug
2009 17-Jun 1-Jul 17-Jul
2010 14-Jun 1-Jul 20-Jul

Year
Clipped Steelhead

10% 50% 90%
2001 2-May 17-May 10-Jun
2002 24-Apr 14-May 6-Jun
2003 2-May 29-May 4-Jun
2004 7-May 20-Jun 29-May
2005 4-May 19-May 26-May
2006 28-Apr 10-May 29-May
2007 4-May 12-May 26-May
2008 7-May 16-May 30-May
2009 29-Apr 10-May 27-May
2010 3-May 11-May 9-Jun

Year
Sockeye

10% 50% 90%
2001 1-Jun 14-Jun 27-Jun
2002 9-May 21-May 2-Jun
2003 10-May 19-May 2-Jun
2004 20-May 1-Jun 12-Jun
2005 16-May 21-May 31-May
2006 7-May 20-May 30-May
2007 9-May 25-May 7-Jun
2008 22-May 29-May 6-Jun
2009 10-May 25-May 7-Jun
2010 11-May 29-May 9-Jun
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2.6.6 Fish Screening

The four alternatives being considered for the AWS would be used temporarily during 
emergency situations, and therefore potential fish entrainment would be a temporary risk.
Trashracks with ¾-inch spacing will be included with each alternative to keep debris from 
entering. These trashracks will also preclude adult fish, even Pacific lamprey, from being 
entrained (Moser et al. 2007).

Some juvenile fish may be vulnerable to entrainment; however, because of the temporary and 
emergency nature of operations, and because the turbines at The Dalles Dam are not screened, 
the USACE and National Marine Fisheries Service (NMFS) have indicated that screens will not 
be necessary for most alternatives. Screens have been considered as a possible requirement for 
alternative 10 because of the possibility of entraining juvenile salmonids that have already 
migrated past the dam. 

2.7 Structural Criteria
2.7.1 General

For conceptual design of structures considered in the study, structural analysis and general 
structural computations are required. One or more of the four (4) alternatives may involve 
penetrations through existing reinforced concrete sections. These penetrations must be analyzed 
to determine their effect on the structural integrity (and stability) of the facility. Sketches,
calculations, and other structural support information can be found in Appendix D.

2.7.2 Design Code References

The following design code references, USACE EMs, Engineering Technical Letters (ETL), and 
Engineering Technical Reports (ETR) will apply:

� American Concrete Institute (ACI) 318-08 - Building Code Requirements for Structural 
Concrete

� American Institute of Steel Construction (AISC) Steel Construction Manual, 13th Edition

� AISC/American National Standards Institute (ANSI) 360-05 – Specifications for 
Structural Steel Buildings

� American Society for Civil Engineers (ASCE) ASCE/SEI 7-05 Minimum Design Loads 
for Buildings and Other Structures

� EM 1110-2-2100 - Stability Analysis of Concrete Structures

� EM 1110-2-2104 - Strength Design for Reinforced-Concrete Hydraulic Structures

� EM 1110-2-2400 - Structural Design and Evaluation of Outlet Works

� EM 1110-2-2902 - Conduits Pipes and Culverts

� EM 1110-2-3104 - Structural and Architectural Design of Pumping Stations
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� EM 1110-2-6053 - Earthquake Design and Evaluation of Concrete Hydraulic Structures

� ETL 1110-2-568 - Seismic Evaluation Procedures for Existing Civil Works Powerhouses

� ETR INP-SL-1 - Assessment of Underwater Concrete Technologies for In-the-Wet  
Construction of Navigation Structures, September 1999

� International Building Code (IBC), 2009

� PCI Design Handbook, Precast and Prestressed Concrete, 6th Ed, Precast Concrete 
Institute

� Post-tensioning Manual, PTI, 6th Ed., Post-tensioning Institute

� Recommendations for Prestressed Rock and Soil Anchors, PTI,

2.7.3 Structural Materials

The following structural design requirements and USACE ETLs will apply:

� Existing concrete 28-day compressive strength: f’c = 3,000 psi based on Appendix D
evaluation procedures found in ETL 1110-2-568

� 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 based on Appendix D evaluation 
procedures found in ETL 1110-2-568

� 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: 
o W shapes: ASTM A992, fy = 50,000 psi

o M, S, C, MC, and L shapes: ASTM A36, fy = 36,000 psi

o Hollow Structural Sections (HSS): 

� Round – ASTM A500 Grade B, fy = 42,000 psi

� Rectangular and Square – ASTM A500 Grade B, fy = 46,000 psi

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

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

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

o Conventional Structural Bolts: ASTM A325

� Nuts: ASTM A563

� Washers: ASTM F436
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o Anchor Rods: ASTM F1554 Grade 36, fy = 36,000 psi, Grade 55, fy = 55,000 psi 

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

o All-Thread Bar Couplings: ASTM A29, Grade C1045 

2.7.4 Design Loads and Operating Conditions 

The alternatives will be evaluated to determine the effect and limitations of normal operating 
conditions of the main powerhouse unit and the EFL AWS. This evaluation will include 
complete and partial dewatering of the AWC, diffuser chambers, and draft tubes. Structural 
components will be evaluated for the range of anticipated operating pressures for the preferred 
alternative. 

The following elevations will apply to all alternatives unless otherwise noted. 

� Maximum pool elevation: 160.0 feet, msl 

� Minimum pool elevation: 155.0 feet, msl 

� Maximum tailwater elevation: 86.0 feet, msl 

� Minimum tailwater elevation: 76.4 feet, msl 

For extreme flood events, the maximum pool elevation will be at 178.4 feet, msl and maximum 
tailwater elevation will be at 127.2 feet, msl. 

Additionally, a 2000 report by CH2M Hill/Montgomery Watson indicated that the AWC cannot 
be fully dewatered unless the elevation of the tailwater remains below elevation 70 feet, msl for 
the duration of the dewatering. In order to dewater the AWC a bracing system would need to be 
deployed to help carry the loads. In a previous report prepared by HDR for the USACE, it was 
determined that a bracing system was feasible. 

2.8 Electrical Criteria 
2.8.1 Station Service Power 

The existing station service power system does not have available capacity allocated for any 
large additional loads that are not associated with the powerhouse. A new 13.8-kilovolt (kV) or 
4,160-volt tap with transformer and switchgear and/or motor control centers shall be included to 
provide power to large motor loads. 

2.8.2 Induction Motors, 600 Volt and Less 

Non-submersible motors would be in locations that are easily accessible for operation and 
maintenance. Enclosures for motors are to be totally enclosed, fan-cooled (TEFC) type. Service 
factors would be 1.15. Motor insulation would be Class F with the rise limited to Class B. 
Bearings are to be rated 100,000-hour Anti-Friction Bearing Manufacturers Association 
(AFBMA) B-10 life. Motor voltages would be 460-volt, 3-phase for motors 0.5 horsepower (hp) 
up to 200 hp, and 120-volt, single-phase for motors less than 0.5 hp. All 3-phase motors of 50 hp 
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or less may be operated from combination motor starters with overload protection and 120-volt 
control transformers located in the motor control centers. All motors would have local disconnect 
switches at the equipment. The use of soft-start reduced-voltage starters or variable frequency 
drives (VFDs) may be required for pump starting with motors greater than 50 hp.

Depending on the cooling requirements for the pump motor, the use of totally enclosed, water-to-
air cooled (TEWAC) motors may be required.

2.8.3 Induction Motor, Greater than 600 Volt

Enclosures for motors are to be cast iron-type WP-1 or WP-II. Service factors would be 1.15.
Motor windings shall be form wound. Insulation shall be Vacuum Pressure Impregnation (VPI) 
or Continuous Resin Flow Impregnation (CRFI). Bearing resistance temperature detectors 
(RTDs) and vibration monitors shall be included. Motors will be synchronous-type operating 
from 4,160 or 6,600-volt, 3-phase power. Motors would be operated from medium-voltage full 
voltage non-reversing starters, VFDs, or soft starters. These motors will not include local 
disconnects at the equipment as they are not practical for loads of this size.

2.8.4 Motor Operated Valve and Gate Actuators

The motor operated valve and gate actuators would be served with power from a new motor 
control center and unit substation. It is assumed the valves and gates would include motors in the 
range of 1 to 2 hp.

The control circuits for any remotely controlled valve or gate operators would be routed back to 
the main control room, located at the powerhouse. Valves and gates would include a local 
control station with LOCAL/OFF/AUTO selector switch and push-buttons for OPEN, CLOSE, 
and STOP operation.

2.8.5 Design Code References

The alternative designs would conform to the latest edition of the following applicable standards 
and codes:

� National Electrical Code (NEC-2011 edition)

� Life Safety Code (National Fire Protection Association [NFPA]-101 2009 edition)

� National Electric Safety Code (ANSI C2 2012 edition)

� Standard for Electrical Safety in the Workplace (NFPA 70E)

� American National Standards Association (ANSI)

� Illuminating Engineering Society (IES)

� National Electrical Manufacturers Association (NEMA)

� Institute of Electrical and Electronic Engineers (IEEE)

� Instrument Society of America (ISA)

� Insulated Cable Engineers Association (ICEA)
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� Occupational Safety and Health Administration (OSHA)

� Underwriters Laboratories (UL)

� InterNational Electrical Testing Association (NETA)

Sketches, calculations, and other electrical support information can be found in Appendix E.

2.9 Mechanical Criteria
2.9.1 Pump Stations & Pipelines

Listed below are the design criteria for the pump station and pipelines:

� Maximum hydraulic velocity for all piping systems: 16 fps

� Target hydraulic velocity for pump suction and discharge pipes: 5 to 8 fps

� Maximum velocity for pump suction pipes: 8 fps

� Two generic types of pumping units are available: vertical axial or mixed flow pumps and 
concrete volute pump (CVP). Since HDR is only scoped to evaluate one pump station 
option, vertical pumps were assumed as they provide the most flexibility with respect to 
construction methods for the pump station structure.

� The pump station will incorporate all of the support utilities necessary for the pumping 
units to be evaluated.

� For conceptual design, the pump efficiency will be assumed to be 85% at the best 
efficiency point (BEP).

� For pricing, the use of bronze fitted impellers will be assumed.

� The pump driver will consist of an appropriately-sized electric motor operating at 900 
revolutions per minute (rpm) close coupled to a parallel shaft gear reduction unit.

� For pump station layout, it is assumed that pump and motor removal will be accomplished 
using a barge-mounted crane.

� The design water surface elevations for the suction side of the pump station alternative 
will be per Section 2.4.2.

� Electrical and mechanical equipment and controls will be placed at an elevation of 
93.0 feet, msl. (this elevation matches existing electrical equipment)

2.9.2 Design Code References

The designs of alternatives would conform to the following pertinent mechanical criteria and 
applicable standards and codes: 

� American Water Works Association (AWWA)
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2.9.2.1 Water Control Gates

� Conform to AWWA 561, Standard for Fabricated Stainless Steel Slide Gates

� Maximum effort on crank or handwheel: 40 pounds.

� Centerline height of crank or handwheel: 36 inches.

� Stem covers: Clear butyrate plastic with Mylar open/close indicator.

� Maximum allowable leakage rate: 0.1 gpm per foot of seat perimeter.

2.9.2.2 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

2.9.2.3 Valves

� AWWA C515, Standards for Reduced-Wall, Resilient-Seated Gate Valves for Water 
Supply Service

� 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

2.9.2.4 Pumps

Pump hydraulics and design will comply with the following requirements:

� Hydraulic Institute Standards.

� EM 1110-2-3105 Mechanical and Electrical Design of Pumping Stations

Sketches, calculations, and other mechanical support information can be found in Appendix F.

2.10 Construction Considerations
The ease of construction was considered with each alternative. If cost and schedule are similar 
the alternative that is more easily constructible is preferable when determining the final 
recommended alternative.
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2.11 Operational Criteria
The ease of operation and maintenance was considered with each alternative. If an alternative 
was easier to operate compared to the other alternatives it was given a higher score compared to 
the others. Some annual maintenance will be required for all alternatives including periodically 
exercising of the valves, gates, and trash cleaning devices. Alternative #10, the large pump 
alternative, will require significantly more effort and cost to maintain the pump in operational 
condition including periodically starting the pump.

2.12 Cost
A conceptual level Construction Cost estimate for each investigated alternative was prepared at 
the 60% level (Appendix G). Costs presented were effective price levels as of March 2012. Cost 
data was based on estimates from vendors, fabricators, contractors, the Oregon Department of 
Transportation (ODOT) construction cost database, previously prepared cost estimates at The 
Dalles Lock and Dam Spillway, and other projects in the Pacific Northwest. The estimates 
contain contractor markups and contingencies. Contingency amounts were established based on 
an Abbreviated Risk Analysis (see guidance at 
www.nww.usace.army/mil/html/OFFICES/ED/C/default.asp). Cost estimates for the alternatives 
selected for the 90% and final reports are provided in Micro Computer Aided Cost Estimating 
System (MCACES) MII estimate. Contingencies will be established based on an Abbreviated 
Risk Cost estimates will conform to USACE publications ER 1110-2-1150, Engineering and 
Design for Civil Works Projects; ER 1110-2-1302, Civil Works Cost Engineering; and 
ETL1110-2-573 Engineering and Design: Construction Cost Estimating Guide for Civil Works. 
Information on the abbreviated risk analysis is contained in Appendix G.

2.13 Safety Criteria
Safety was an important consideration when evaluating each alternative. If the construction or 
operation of an alternative put human life or existing structures at risk, the alternative was not 
considered. All regulatory safety standards were considered during the development of each 
alternative. The safety of construction and operation and maintenance personnel would be 
essential for each alternative.
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3.0 ALTERNATIVES TAKEN TO 60% DESIGN LEVEL 
AND OTHER IMPROVEMENTS

3.1 General Discussion
This section of the report will provide information about each alternative that has been evaluated 
and designed to the 60% level. Four major alternatives and hydraulic improvements to existing 
facility will be discussed. Each sub-section will contain the following: 

� General Description of the Alternative 

� Biological Considerations 

� Geotechnical Evaluation 

� Hydraulic Design
� Mechanical Design

� Structural Design

� Electrical Design

� Cost Information

� Constructability

� Summary discussion

Each alternative has been designed to provide 1,000 cfs. Improvements to the existing piping 
systems in the valve room will provide 400 cfs. The combined flow of 1,000 and 400 cfs will 
match the total design flow requirement of 1,400 cfs. Sheets 1-20, prepared for the 60% EDR 
submittal, have been revised based on review comments received. Minor revisions have been 
made for the 90% submittal.

Sheet 1 provides the locations of each of the following alternatives.

3.2 Alternative #1—Siphon for Additional Water to the Fishlock
3.2.1 Description of Alternative

This alternative proposes the use of two 72-inch steel siphon pipes that will convey water from 
the forebay to the existing fishlock. The fishlock will then discharge into the fishway approach 
channel which in turn will flow through an 8-foot by 8-foot culvert and finally discharge into the 
junction pool. Flow through the culvert (8 feet x 8 feet) goes to the AWC and through diffusers 
before entering the junction pool, ladder, and east entrance. Sheet 2 displays the general plan for 
this alternative.

The siphon pipes will be sized for approximately 1,000 cfs. Improvements to the existing piping 
systems in the valve room will provide an additional flow of about 400 cfs, for a combined flow 
of 1,400 cfs. Figure 3 displays the piping layout in section views for this alternative and its 
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relationship to the existing dam facilities. The control building on top of the fishlock may need to 
be demolished, but this depends on its importance to future operations. It may also need to be 
demolished because of placement of siphon pipes.

The siphons will be primed by pumps prior to beginning operation. An upstream gate valve at 
elevation 150.0 feet, msl will be provided for priming purposes. A downstream combination 
valve will be used for priming and flow control as needed. The two valves are located at 
elevation 120.0 feet, msl near the end of the pipe.

The invert elevation of the intake for each siphon pipe is at 134.0 feet, msl; the crest invert 
elevation is at 161.0 feet, msl; and the invert of the discharge outlet pipes are at elevation 
120.0 feet, msl. This proposed alternative is designed to function over the range of the normal 
operating pool limits of 160.0 feet, msl to 155.0 feet, msl.

Inspection hatch covers will be added in the final design phase. This will allow for inspection 
access and minor maintenance if needed.

Six trashrack panels with ¾-inch spacing will be provided at the upstream trashrack structure. An
air blast-type cleaning system will be used to remove debris.

3.2.2 Biological Considerations

3.2.2.1 Juvenile Salmonids and Lamprey

Juvenile salmonids and lamprey encounter The Dalles Dam during their downstream migration; 
therefore flow through the intake pipes could result in some entrainment. Although 
approximately 80% 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 would therefore be vulnerable to entrainment. A relatively shallow intake 
would likely have more impact on juvenile salmonids than a deeper intake. Information on 
distribution of juvenile lamprey is scarce; however, the collection of some larval (ammocoete) 
and juvenile (macrophthalmia) lamprey in salmonid bypass systems at other mainstem dams 
illustrates the potential vulnerability of young lamprey as well.

Summary of potential impacts:
Downstream-migrating juvenile salmonids and lamprey could be entrained into pipes during 
operation. Estimating the proportion of juvenile salmonids vulnerable to entrainment is not 
feasible; however, the proportion is likely to be low.

3.2.2.2 Adult Salmonids and Lamprey

Adult salmonids migrating upriver and exiting the fishways of dams will occasionally pass back
downstream via one of many potential routes, an event commonly called 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. The position of the intake pipes near the exit of the 
fishway could serve as an attractant to adult salmonids and possibly lamprey.
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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 -
1.4%) than for those using the north fish ladder (1.8% - 5.0%). Similarly, fallback of adult 
Pacific lamprey was lower for those using the EFL (2.6%) than the north fish ladder (11.8%; 
Claybough et al. 2011).

Trashracks placed over the intake pipes should eliminate the potential for fallback. During tests 
at Bonneville Dam, no adult lamprey were able to pass through grating with ¾-inch spacing 
(Moser et al. 2007). Adult salmonids would also be precluded from passing. Adult Pacific 
lamprey can achieve short-term burst speeds exceeding 12 fps (Moser et al. 2002); therefore, 
impingement on trashracks should not be a problem.

Summary of potential impacts:
Flow into the intake pipes during operation may serve as an attractant to adult salmonids and 
Pacific lamprey; however, trashracks should prevent fallback. 

3.2.3 Geotechnical Evaluation

The siphon pipes and trashrack located upstream of the concrete non-overflow dam would rest 
on the wraparound section of the embankment dam. The embankment dam was designed with an 
upstream zone, which was designated the “upstream blanket material,” and was intended to
reduce permeability and limit the flow through the dam. This material is described as well graded 
fine sandy gravel or course gravely sand. Between 35% and 75% of the material is smaller than 
¼-inch. It contains sufficient gravel material sizes up to 8 inches to reduce the potential for 
surface erosion except from high velocities. Much of the material was placed under water and 
should be considered loose. The bearing capacity of the material is not known. The blanket 
material is only protected above about elevation 145 feet, msl with a 2-foot layer of revetment 
rock. It is intended that the blanket material zone would not be disturbed by construction of the 
siphon or its trashrack. Sheet 16 provides an upstream profile of embankment materials.

3.2.4 Hydraulic Design

The hydraulic analysis of the siphon alternative assumes that 1,000 cfs will be supplied to the 
fishlock by the proposed new siphon connection to the forebay, and 400 cfs will be supplied by 
the existing valve room piping with some minor modifications. Section 3.6.4 provides a 
summary of the valve room hydraulics. As a result, two separate hydraulic analyses were 
conducted to evaluate the two supply sources including the siphon pipe and valve room pipe 
systems.

3.2.4.1 Siphon Hydraulic Evaluation

The hydraulic analysis of the siphon alternative included estimating a pipe diameter that would
provide the required discharge while also meeting the project hydraulic criteria. Both the 
negative pressure and velocity criteria were used in the hydraulic analysis of the siphons. At the 
crest of the siphon, the negative pressures were limited to -20 feet of pressure head. The 
velocities in the siphon were originally limited to 16 fps; however, that criterion was based on 
velocity limits for valves. To allow for higher velocities (and smaller pipes), the pipe size will be 
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expanded at the valve sections to meet the 16 fps criterion; therefore, velocities in the main 
siphon pipes were allowed to exceed 16 fps.

The available head for this alternative is the forebay elevation minus the pressure grade elevation 
at the pipe outlet. An energy loss equation from the reservoir to the fishlock was utilized to 
estimate the discharge for various pipe diameters and is shown below: 

� � �� � � � 	
�
�
� � �

Where,
 H = Head between reservoir and fishlock, feet 
 K = Sum of minor loss coefficients 
 f = Pipe friction factor 
 L = Length of pipe, feet 
 d = Diameter, feet 

V = velocity, fps 
 g = gravitational constant, feet/s2

The minor losses included trashrack, entrance, bend, valve, and exit. Several references were 
used for the minor loss coefficients including “Internal Flow Systems”, D.S. Miller; USACE 
EM110-2-1602 “Hydraulic Design of Reservoir Outlet Structures”; “Handbook of Hydraulics”, 
Brater and King; and “Mechanics of Fluids”, Potter and Wiggert. The friction loss in the pipes 
was also estimated by these sources, and a sensitivity analysis was conducted on the friction 
values. A Darcy-Weisbach roughness value (e) of 0.2 millifeet was used for the siphon pipes, 
which results in a friction factor of approximately 0.0115. To facilitate the design process, the 
numerical model EPANET was used to evaluate the various pipes and flow scenarios. EPANET 
simulates the hydraulics within pressurized pipe networks. The EPANET ‘network’ extended 
from the forebay to the siphon exit in the fishlock. The EPANET results provided the pressure 
grade line throughout the length of the pipe.

The inlet to the siphon is located at an invert elevation of 134.0 feet, msl. This elevation provides 
26 feet and 21 feet of submergence on the entrance centerline when the forebay is at elevation 
160 feet, msl and 155 feet, msl, respectively. EM 1110-2-1602 was used for a preliminary review 
of potential vortex activity. For a 72-inch pipe and a discharge of 500 cfs, the submergence is in 
a region that should not produce vortex activity; however, the lower forebay scenario is barely in 
the non-vortex region. Although vortices could be minor surface swirls or surface dimples, 
stronger vortices that could pull trash or full air core vortices that would break the siphon action 
would be more problematic and would need to be eliminated. The trashrack located in front of 
the intake could help break up vortices that may form. The entrance elevation selected was 
considered adequate for this level of detail; however, potential vortex activity should be 
considered and addressed in more detail as the design progresses. 

There are three sharp bends in the vertical alignment of the siphon. The radii of the bends need to 
be sufficiently large to prevent separation that would increase the head losses and create 
undesirable pressure fluctuations through the bend. To address these issues, the radius should be 
at least, and preferably larger than, 1.5 times the pipe diameter. Due to the high discharge and 
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velocities, the thrust on the bends is also a significant issue that must be accounted for in the 
design. Preliminary calculations estimate a thrust on the order of 50 to 60 kips (1,000 pounds –
force) would exist on the 90-degree bend located where the pipe enters the fishlock. Supports 
along the full length of the pipe are needed to restrain the pipe and minimize undesirable 
vibration. In addition, the pipes extend 40 feet vertically down into the fishlock and would need 
to be rigidly supported along that length to restrain the pipe and minimize undesirable vibration. 
Loading on and support of the control valve at the pipes exit also present a significant design 
challenge. 

The jets exiting the pipes at elevation 120 feet, msl are in a vertical direction into the fishlock
pool and are located about 10 feet above the water surface elevation in the fishlock. This 
configuration will create complex hydraulic conditions within the fishlock. The close proximity 
of the two discharge jets and the turbulence the jets create within the fishlock chamber will need 
further evaluation. Physical and computational fluid dynamic (CFD) numerical models would be 
required in subsequent design phases to address the complex hydraulics associated with the 
turbulence and jet interaction.

The two system valves include a closure valve upstream of the siphon crest and a control valve at 
the downstream end of the system. Depending on the type of control valve selected, a positive 
full closure valve upstream of the control valve may be required for siphon priming operations.
In addition, appropriate venting will be provided at the siphon crest to release and provide air 
during filling and emptying, respectively. The control valve would be used to control the 
discharge to ensure a constant inflow to the AWS system, which is required to minimize 
fluctuations in the fishway open channel system. For the siphon hydraulics presented in this 
report, a sleeve valve was used for pipe sizing purposes as it was the type of valve originally 
considered for this application. Since sleeve valves result in a higher loss coefficient when fully 
open compared to other types of valves, this was considered to be a conservative approach to 
sizing the pipes. As the design progresses, the valve manufacturer for the selected valve type will 
be able to provide detailed loss coefficient information. The loss coefficient for a fully open 
sleeve valve was obtained from U.S. Bureau of Reclamation model studies entitled ‘Hydraulic 
Tests and Developments of Multijet Sleeve Valves’ (USBR, 1977). The loss coefficients for 
other various types of valves vary significantly; therefore, other energy dissipation valves were 
also considered and used in sensitivity analyses. To be conservative, an exit loss was included in 
the calculations; however, if the valves are located at the end of the siphon pipes, the exit loss 
would be included in the valve loss.

Based on the preliminary hydraulic analysis for this alternative, two 72-inch diameter pipes 
would have the capacity to provide the required discharge of 1,000 cfs. The capacity of the pipes 
is on the order of 600 cfs to 650 cfs depending on the forebay elevation. Although the 
preliminary analysis shows that the pipes provide the required 500 cfs per pipe, as the design 
progresses the capacity of the pipes should be reevaluated as the minor losses will change, which 
could impact the capacity. As noted, the type of valve and loss associated with the valve will 
impact the discharge capacity of the system. As the design is refined and additional valve 
information is obtained, the size of the pipes should be reevaluated. The minimum pressures 
along the siphon crest are approximately negative 15 feet and negative 18 feet for forebay 
elevations of 160 feet, msl and 155 feet, msl, respectively. With a pipe size diameter of 72 inches 
and a discharge controlled to 500 cfs, the velocities would be approximately 18 fps. 
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Another siphon concept option that could be considered would include lowering the invert of the 
siphon crest to about elevation 154 feet, msl so that the pipe would automatically fill or ‘self 
prime’, which would eliminate the need for a pump fill system. The discharge capacity of the 
system would be about the same as the presented design alternative since most of the losses 
would be similar.

A less complicated design alternative that would completely eliminate the priming and low 
pressure issues associated with a siphon concept is a high level outlet (invert elevation to be 
determined based on submergence and geotechnical considerations) with the 6-foot diameter 
pipes extending directly from the reservoir, through the dam without a siphon, and into the 
fishlock at elevation 120.0 feet, msl. This concept would have the same, or somewhat greater 
capacity due to fewer minor losses, than the siphon alternative as the hydraulic head available for 
both concepts would be identical. 

3.2.5 Mechanical Design

The siphon pipe will be primed using a small centrifugal pump that will fill each siphon line in 
approximately 2 hours. The capacity of the pump is 300 gpm at an estimated total discharge head 
(TDH) of 40 feet, which requires a 5-hp motor. Two pumps will be provided, one duty pump and 
one standby pump.

The siphon pipe will be provided with an isolation valve on the inlet side. To minimize head 
losses in the siphon, a full port resilient seated gate valve is assumed. On the downstream side, a 
jet flow gate valve will be used for both isolation of the pipeline for siphon priming, and as an 
energy dissipation valve to control the flow through the pipe during siphon operation. Both 
valves will be hydraulically actuated.

An air release valve will be provided at the invert of the siphon to evacuate air during priming of 
the pipeline.

3.2.6 Structural Design

A preliminary structural design was performed for this siphon alternative. The two, 72-inch 
diameter steel siphon pipes will be placed through monolith number 7 of the non-overflow 
section of the dam. It is assumed that the method of concrete removal will be coring or mining.
The construction contractor will select one of these options. For both methods, the steel pipes 
will be fully grouted in place. Both siphon pipes will enter the fishlock at approximately 110-
degrees to the axis of the dam (and the parallel centerline of the fishlock) to minimize the length 
of steel pipe to reach the trashrack structure at an elevation of 132.0 feet, msl. This optimized 
angle also keeps the pipes within 2 feet of the existing fishway channel exit. The approximate 
length of the pipes from the upstream face of the dam monolith to the back of the trashrack
structure is 95 feet. The steel trashrack structure (without trashrack panels) will be shop welded 
and built in sections that can be bolted together. This will facilitate dipping into galvanization
tanks in the Portland area. Sheet 2 shows the plan view and Sheet 3 shows the sections. Sheet 4
shows sizes and details of the trashracks and for the steel sections and pipe support brackets. 

There are six trashrack panels which are supported on the bottom concrete pad and on the sides 
by the steel HSS sections and ¾-inch thick plate. The trashrack panels are sized using 1-inch 
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vertical bars and ¾-inch spaces between the bars. All panels are 10 feet 7 inches wide by 14 feet
tall. The vertical bars are welded to three horizontal members that are welded to vertical HSS 
members on each side that are stabilized by a steel plate. All members are welded. The trashrack 
panels are bolted to the steel structure and can be removed. The 1-inch vertical bars were 
designed for a 5-foot head differential per EM 1110-2-3104. A vibrational analysis of the vertical 
members was not completed for this level of preliminary design. The trashrack panels are placed 
optimally at a 5 to 1 slope.

The 3-foot thick by 33.5 feet square concrete bearing pad will be placed on existing embankment 
material and the pipes will be bedded from the upstream face of the dam at elevation 148.8 feet,
msl to approximately elevation 132.0 feet, msl without any excavation of existing material. 
Additional bedding material may be used to provide a level support grade.

3.2.7 Electrical Design

3.2.7.1 Electrical Loads

Alternative #1 includes the electrical loads identified in Table 6. The total connected electrical 
load is estimated to be 59 kVA. 

Two siphon priming pumps are to be provided. One siphon pipe will be filled at a time using one 
pump; the second pump is a standby pump for backup. Three hydraulically actuated valves are to 
be provided on the discharge pipe of the pumps to control the flow of the water from the pumps 
to the siphon pipes. Additionally, two, 72-inch, hydraulically actuated valves will be installed on 
each siphon pipe to allow the siphon to be filled for siphon priming. A single hydraulic power 
unit is to be used for these four valves.

An electrically-operated debris cleaning system is to be installed on the trashrack at the upstream 
intake.

A lighting panelboard is included to provide new lighting and convenience receptacles at the new 
facilities, as required.

Two new motor actuated valves are to be installed in the Fish Ladder Valve Room to replace 
existing valves.
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Table 6. Alternative #1 Electrical Loads

Description
Estimated

Connected Load Voltage
Siphon Priming Pump 1 5 hp 460 volt, 3-phase

Siphon Priming Pump 2 5 hp 460 volt, 3-phase

Hydraulic Power Unit 5 hp 460 volt, 3-phase

Trashrack Debris Cleaning System 25 hp 460 volt, 3-phase

Fishlock Valve Room 42-inch Valve 2 hp 460 volt, 3-phase

Fishlock Valve Room 36-inch Valve 2 hp 460 volt, 3-phase

Lighting Panelboard 15 kVA 460 volt, 3-phase

3.2.7.2 Electrical Power Source

There is no reserved electrical power capacity at any of the existing motor control centers to 
provide power to the new equipment as part of this alternative. Therefore, a new Unit Substation 
and 480-volt motor control center is to be installed. Sheet 18 displays an electrical one-line 
diagram. This equipment is to be located in a nearby pipe gallery.

The unit substation shall receive 4,160-volt, 3-phase power from the existing station service 
switchgear. Kirk-key interlocked, load break switches are included in the Unit Substation to 
allow selection of primary power from one of two 4,160-volt buses.

3.2.7.3 Control Requirements

There are no automatic or remote controls associated with operation of this equipment. When 
this system is required, the equipment will be manually controlled.

Siphon Priming Pump Controls
The pumps will include local control stations located near each valve. Because these pumps are 
to be rarely operated, the local operator controls (push buttons) are to be installed in a secured 
enclosure. The local control station will include the following operator control devices:

� START push button (momentary contact)

� STOP push button (momentary contact)

� RUNNING indicator light

� STOPPED indicator light
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The local controls for the pumps will provide dry, relay contact to allow remote monitoring of 
the following status points:

� RUNNING

Valve Controls
The valves will include local control stations located near each valve. Because these valves are to 
be rarely operated, the local operator controls (push buttons) are to be installed in a secured 
enclosure. The local control station will include the following operator control devices:

� OPEN push button (momentary contact)

� STOP push button (momentary contact)

� CLOSE push button (momentary contact)

� FULLY OPEN indicator light

� FULLY CLOSED indicator light

The local controls for the valves will provide dry, relay contact to allow remote monitoring of 
the following status points:

� FULLY OPEN

� FULLY CLOSED

Debris Cleaning System
A manufacturer supplied control panel will be located near the trashrack equipment. This panel 
will include the motor controls as required to operate the system. In automatic mode the cleaning 
system will be controlled by timers located in the manufacturer supplied control panel. The panel 
will include the following operator control devices:

� HAND/OFF/AUTO selector switch

� EMERGENCY STOP push button (maintained contact)

� RUNNING indicator light

� FAULT indicator light

Hydraulic Power Unit
A manufacturer supplied control panel will be located near the hydraulic power unit. This panel 
will include the motor controls as required to operate the system. In automatic mode the unit will 
be controlled by pressure switches or transmitters located on the hydraulic power unit. The panel 
will include the following operator control devices:

� HAND/OFF/AUTO selector switch

� EMERGENCY STOP push button (maintained contact)

� RUNNING indicator light
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� FAULT indicator light

3.2.8 Cost Evaluation

Construction of Alternative #1 will require construction of a work platform in the fishlock,
mining or drilling for two, 72-inch steel pipes through the east non-overflow structure, and 
fabrication of the upstream siphon pipes and trashracks performed in the wet using barges, barge 
mounted cranes, and divers. This alternative also will require construction of an underwater 
concrete pad for the trashrack. The estimated construction cost for Alternative #1 is $4,771,000.
The cost estimate has attempted to capture the additional cost associated with in-water work. The 
cost per unit and the source of the estimate are shown on the backup data provided in Appendix 
G.

3.2.9 Constructability 

The Siphon will be excavated from the inside of the fishlock and will pass through the fishlock
and monolith 7 at an invert elevation of 161.0 feet, msl. Normal maximum pool level is elevation 
160.0 feet, msl so a cofferdam will not be required for construction of the openings for the two,
72-inch pipes. It is assumed that construction will be performed from a secured platform inside 
of the fishlock. Demolition or support of the fishlock control building will be required. Mining 
for the siphon pipes will be performed in the dry with out the need for a floating plant in the lake.
The siphon pipe will extend down the face of the dam to about elevation 149.0 feet, msl where 
they will rest on the surface of the embankment dam. The pipe will extend downward along the 
embankment until the invert is at an elevation of about 134.0 feet, msl where it will tie into the 
trashrack structure. The trashrack will be founded on a concrete pad placed on the embankment 
dam slope. The concrete pad that will support the ends of the pipes and the trashrack structure 
and panels will be built using the tremie method of placing concrete underwater. Once the pad is 
in place, the trashrack structure can be assembled and lowered from a work barge with a crane 
and bolted to the embedded anchors. Most of the work to place the pipe and trashrack panels will 
be completed by divers.

3.3 Alternative #2 – Low Level Intake 
3.3.1 Description of Alternative 

This alternative proposes the use of two, 72-inch pipes that will convey water from the forebay 
to the existing fishlock. The fishlock will then discharge into the approach channel which in turn 
will flow through an 8-foot by 8-foot culvert and finally discharge into the junction pool. Flow 
through the culvert (8 feet x 8 feet) goes to the AWC and through diffusers before entering the 
junction pool, ladder, and east entrance. The pipes will be sized for approximately 1,000 cfs.
Improvements to the existing piping systems in the valve room will provide an additional flow of 
about 400 cfs, for a combined flow of 1,400 cfs. Sheet 5 displays the plan layout of the
alternative and its major features.

The preliminary design of each pipe shows a discharge capacity of about 760 cfs, for total 
combined capacity of about 1,520 cfs. A downstream flow control valve on each pipe would be 



Engineering Documentation Report – 90% Review Page 32
The Dalles East Fish Ladder Auxiliary Water Backup System April 9, 2012

used to limit the discharge into the fishlock. Further engineering will be required in the next 
phase of the study if this alternative is selected.

Downstream valves will be used for flow control as needed. The locations of these valves are
displayed in Sheet 5.

Inspection hatch covers will be added in the final design phase. This will allow for inspection 
access and minor maintenance if needed.

The invert elevation of the intake trashrack is 104.0 feet, msl, the invert elevation for each pipe is 
at 111.5 feet, msl, and the invert of the discharge outlet pipes at the fishlock are at elevation 
110.5 feet, msl.

Trashracks with ¾-inch spacing will be provided at the upstream intake. A debris cleaning 
system will also be included. Bulkheads will be attached to the upstream face of the dam at the 
entrance to each pipe to keep the system in a “dewatered” mode when not in operation. A crane 
will be needed to lower and raise the bulkheads. It is assumed that the trashrack enclosure will be 
attached by divers.

3.3.2 Biological Considerations

3.3.2.1 White Sturgeon and Lamprey

Position of the intake could impact benthic fish such as young sturgeon and larval lamprey.
Young sturgeon rear in deep water in reservoirs (Parsley and Beckman 1994), preferring deep 
(29 - 125 feet), low velocity areas, where substrate particle sizes are small (e.g., sand; Parsley et 
al. 1993). During non-winter months, age-0 and juvenile white sturgeon tend to select areas of 
moderate to high depth (70 feet) with steep channel slopes and bottom roughness (Hatten and 
Parsley 2009). Boyson and Hoover (2009) found that small (about 4 inches in length) age-0
white sturgeon had escape speeds of about 1.3 to 1.5 fps. Overall, benthic station-holding 
behaviors were least frequent in the smallest fish.

In general, lamprey ammocoete habitat occurs in low velocity, low gradient areas containing soft
substrate and organic materials (Pirtle et al. 2003; Graham and Brun 2006). Ammocoetes will 
remain burrowed in soft substrates for up to 7 years (Close et al. 1995). Sutphin and Hueth 
(2010) found that the burst swimming speeds of Pacific lamprey ammocoetes increased with 
length, and ranged from about 1.1 to 2.5 fps. Moursund et al. (2003) found that juvenile lamprey 
had a maximum burst speed of 0.9 to 3.3 fps, increasing with length from about 5 to 7 inches.
Most fish became impinged within one minute when exposed to velocities of 1.5 fps.

Although much remains unknown about the downstream migration of larval and juvenile 
lamprey in the Columbia River, in general, lampreys utilize a greater proportion of the water 
column than out-migrating juvenile salmonids. This is evident by the collection of some larval 
and juvenile lamprey in salmonid bypass systems at mainstem dams, and the affinity of 
ammocoetes for the substrate. Although blind and sedentary while burrowed, evidence suggests 
that ammocoetes from a given cohort can colonize the stream network from where they emerge 
down to the Lower Columbia River (Jolley et al. 2010). 
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Summary of potential impacts:
Depending on substrate composition, construction could displace rearing lamprey and white 
sturgeon. Lamprey will likely not be abundant in areas where the bottom is bedrock or consists 
mostly of sand. However, age-0 white sturgeon may be found over sand substrate. 

Operation could entrain age-0 white sturgeon and larval and juvenile lamprey. White sturgeon 
may grow to as long as 10 inches by age 1 (Chapman and Kern 2005); therefore, only very 
young fish should be vulnerable to entrainment. Approach velocities greater than 1.1 to 1.3 fps
could entrain sturgeon and lamprey if they are in the area. 

3.3.2.2 Juvenile Salmonids

This alternative also has the possibility of entraining juvenile salmonids. Juvenile salmonids may 
be located throughout the water column, however, the overwhelming majority are usually found 
in the upper portions of the water column (Faber et al. 2005). Therefore, levels of entrainment of 
juvenile salmonids will likely be very low. 

Summary of potential impacts:
Juvenile salmonids may be entrained; however, location of the intake near the bottom would 
likely minimize this impact.

3.3.3 Geotechnical Evaluation

The low level intake will be mined through the east non-overflow dam with the trashrack
connected to the upstream face of the east non-overflow dam. On the downstream side of the 
non-overflow dam the pipes will be placed on the existing elevation 111.5-foot bench. The 
surface of this bench is paved surface. Stability of the concrete dam is not considered an issue.
The paved surface of the 111.5-foot bench appears to have been designed for significant loads 
and the pipe should not cause settlement issues.

3.3.4 Hydraulic Design

The hydraulic analysis of the low level lake tap option included estimating a pipe size that would 
provide the required discharge while also meeting the project hydraulic criteria. The available 
head for this alternative is the forebay elevation (155-160 feet, msl) minus the fishlock water 
surface elevation (110 feet, msl). An energy loss equation from the reservoir to the fishlock was 
utilized to estimate the discharge for various pipe size diameters. Section 3.2.4.1 provides the 
energy loss equation used in the analysis. As described in Section 3.2.4.1, the minor losses 
included trashrack, entrance, bend, valve, and exit losses. The friction loss in the pipes was also 
estimated by these sources, and a sensitivity analysis was conducted on the friction values. A
Darcy-Weisbach roughness coefficient (e) of 0.2 millifeet was used for the low level pipes. 

Similar to the siphon alternatives, control valves would be located on the downstream end to 
control the discharge and to dissipate energy. For this alternative, the valves would discharge just 
above the water surface elevation in a horizontal direction. An emergency closure gate would be 
required at the entrance of the low level outlet system. 
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For the hydraulic analysis of the low level outlet alternative, a sleeve valve was used for the loss 
coefficients as discussed in Section 3.2.4.1. A sensitivity analysis was conducted to evaluate 
other types of valves. As the design progresses and additional valve information is available, the 
capacity of the pipes should be reevaluated. Other control options considered included slide 
gates; however, due to the high velocity and discharge, the energy dissipation associated with a 
sleeve-type valve was considered to be desirable. The impact of the jets on the walls of the 
fishlock and turbulence issues will need to be evaluated in future design phases. Other design 
considerations including thrust blocks and bend radius to pipe diameter ratios were discussed in 
Section 3.2.4.1.

Since several different low level outlet options were evaluated, the EPANET numerical model 
was used to evaluate the various options. The EPANET ‘network’ extended from the forebay to 
the fishlock water surface elevation. The model was also used to conduct sensitivity analyses on 
the minor losses and friction losses. Two, 72-inch diameter low level pipes would provide the 
1,000 cfs requirement. The discharge capacity of each pipe exceeds 500 cfs, and the control 
valves would be used to maintain total discharge of 1,000 cfs through this system. The discharge 
capacity of the low level outlets is greater than that of the siphons as the head is 10 feet greater 
than the siphon head due to the siphon pipes horizontal exit invert elevation being 10 feet above 
the fishlock water elevation. Similar to the 72-inch diameter siphon pipes, the velocity in the 
pipes would be approximately 18 fps with 500 cfs passing through each pipe. 

3.3.5 Mechanical Design

A jet flow gate valve will be used for energy dissipation in this alternative. The valve will be 
installed close to the discharge in the existing fishlock, on a valve support pad at the existing 
grade. To provide adequate safety during valve maintenance activities, it is also recommended 
that an additional isolation gate valve be provided on the upstream side of the jet flow gate valve 
to provide a backup means of isolation in addition to the bulkhead gates. The valves will be 
hydraulically actuated. 

3.3.6 Structural Design

The two, 72-inch diameter steel siphon pipes will be placed through monolith number 5 of the 
non-overflow section of the dam. It is assumed that for the method of coring or mining through 
the concrete dam, contractor will select one of these options. For both methods, the steel pipes 
will be fully grouted in place. The invert elevation of the pipe is at 111.5 feet, msl and the pipes 
will run horizontal to the fishlock. The pipes will be either supported on the ground or on 
concrete pipe saddles (Sheet 5 and Sheet 6).

There are two trashrack steel enclosures that are bolted to the upstream wall, one for each of the 
proposed low level inlet pipes. These enclosures will hold three trashrack panels each for a total 
of six panels. The trashrack panels are sized using 1-inch vertical bars and ¾-inch spacing
between the bars. All panels are 10 feet 7 inches wide by 15 feet 4 inches tall. The vertical bars 
are welded to three horizontal members that are welded to vertical HSS members on each side 
and stabilized by steel plates. All members are welded. The trashrack panels are bolted to the 
steel structure and can be removed if needed. The 1-inch vertical bars were designed for a 5-foot 
head differential per EM 1110-2-3104. A vibrational analysis of the vertical members was not 
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completed for this level of preliminary design. The trashrack panels are placed at a 5 to 1 slope. 
Inside the trashrack enclosures are two steel bulkheads to be utilized when the system is not in 
operation. The bulkheads for each outlet slide down into the enclosures on guide rails. When the 
system is in operation, the bulkheads are lowered out of the way and stored in the enclosures. 
When the Emergency Auxiliary Water Supply (EAWS) is not in operation, the bulkheads are 
pulled up and pinned into place. The steel enclosure will be bolted to the upstream face of the 
dam using 1-inch diameter stainless steel undercut anchors embedded 2 feet into the concrete.
The invert elevation of the trashracks is 104.0 feet, msl.

3.3.7 Electrical Evaluation

3.3.7.1 Electrical Loads

Alternative #2 includes the electrical loads identified in Table 7. The total connected electrical 
load is estimated to be 59 kVA. 

One 72-inch, hydraulically actuated valve will be installed at the downstream end of each pipe.
A hydraulically actuated emergency closure gate is also provided for each pipe. A single 
hydraulic power unit is to be used for these two valves and two gates.

An electrically operated debris cleaning system will be installed on the trashrack at the upstream 
intake.

A lighting panelboard is included to provide new lighting and convenience receptacles as 
required at the new facilities.

Two new motor actuated valves are to be installed in the fish ladder valve room to replace 
existing valves.

Table 7. Alternative #2 Electrical Loads

Description
Estimated

Connected Load Voltage
Bulkhead Crane 10 hp 460 volt, 3-phase

Hydraulic Power Unit 5 hp 460 volt, 3-phase

Trashrack Debris Cleaning System 25 hp 460 volt, 3-phase

Fishlock Valve Room 42-inch Valve 2 hp 460 volt, 3-phase

Fishlock Valve Room 36-inch Valve 2 hp 460 volt, 3-phase

Lighting Panelboard 15 kVA 460 volt, 3-phase
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3.3.7.2 Electrical Power Source

There is no reserved electrical power capacity at any of the existing motor control centers to 
provide power to the new equipment as part of this alternative. Therefore, a new Unit substation 
and 480-volt motor control center will be installed. Sheet 19 displays an electrical one-line 
diagram. This equipment is to be located in a nearby pipe gallery.

The unit substation shall receive 4,160-volt, 3-phase power from the existing station service 
switchgear. Kirk-key interlocked, load break switches are included in the Unit Substation to 
allow selection of primary power from one of two 4,160-volt buses.

3.3.7.3 Control Requirements

There are no automatic or remote controls associated with the operation of this equipment. When 
this system is required, the equipment will be manually controlled as required to be placed into 
service.

Valve and Gate Controls
The valves will include local control stations located near each valve. Because these valves are to 
be rarely operated, the local operator controls (push buttons) are to be installed in a secured 
enclosure. The local control station will include the following operator control devices:

� OPEN push button (momentary contact)

� STOP push button (momentary contact)

� CLOSE push button (momentary contact)

� FULLY OPEN indicator light

� FULLY CLOSED indicator light

The local controls for the valves will provide dry, relay contact to allow remote monitoring of 
the following status points:

� FULLY OPEN

� FULLY CLOSED

Debris Cleaning System
A manufacturer supplied control panel will be located near the trashrack equipment. This panel 
will include the motor controls as required to operate the system. In automatic mode the cleaning 
system will be controlled by timers located in the manufacturer supplied control panel. The panel 
will include the following operator control devices:

� HAND/OFF/AUTO selector switch

� EMERGENCY STOP push button (maintained contact)

� RUNNING indicator light
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� FAULT indicator light

Hydraulic Power Unit
A manufacturer supplied control panel will be located near the hydraulic power unit. This panel 
will include the motor controls as required to operate the system. In automatic mode the unit will 
be controlled by pressure switches or transmitters located on the hydraulic power unit. The panel 
will include the following operator control devices:

� HAND/OFF/AUTO selector switch

� EMERGENCY STOP push button (maintained contact)

� RUNNING indicator light

� FAULT indicator light

3.3.8 Cost Evaluation

Construction of the Alternative #2 will require mining or drilling for two, 72-inch steel pipes 
through the east non-overflow structure, and fabrication of upstream trashracks. This work can 
be performed from the elevation 111.5-foot, msl downstream bench or from the roadway on top 
of the dam. A crane and divers will be required to install the cofferdam structure, trashrack, and 
bulkhead structure. The estimated construction cost for Alternative #2 is $4,152,000. The cost 
estimate has attempted to capture the additional cost associated with in-water work. The cost per 
unit and the source of the estimate are shown on the backup data provided in Appendix G.

3.3.9 Constructability

The low level intake will require boring or mining openings for two, 72-inch diameter steel pipes 
through the east non-overflow structure. The borings will be made at an invert elevation of 
approximately 111.5 feet, msl. The excavation will require some form of cofferdam on the 
upstream face of the dam. It is assumed that the contractor will use a bolt on structure just large 
enough to allow the boring to safely penetrate the dam and with enough space to perform any 
entrance modification that are required to insure a smooth approach of flows into the pipes. See 
Plan and Elevation on Sheet 7. The cofferdam will be left in-place until the pipes have been 
grouted into place and the pipe line to the fishlock has been installed along with the downstream 
control valves. Once the pipe line is completed the cofferdam can be removed and the trashrack
bolted to the face of the dam. A bulkhead structure will be fitted to the face of the trashrack
structure. It is assumed that all work can be performed from the elevation 111.5 feet, msl bench 
or from the top of the dam roadway. Installation of the cofferdams and trashracks will require 
divers working from a dive barge. 
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3.4 Alternative #10 – Single Pump/Pump House on East Side of Cul-de-
sac

3.4.1 Description of Alternative 

This alternative proposes the use of a single pump and pump house. The pump house will be 
located in the east side of the “Cul-de-sac” with access to the pump house from the north, as 
shown in Sheet 8. Two generic types of pumping units are available: vertical pump and CVP. For 
the purposes of this evaluation, a vertical axial flow pump was assumed. This type was selected 
over the CVP because vertical pumps provide more flexibility in terms of possible in-water 
construction methods for the pump station structure. CVP pumps would require the use of a 
cofferdam to allow for forming of the concrete volute.

The pump will discharge into a single steel pipe which is 11 feet in diameter and will have an 
invert elevation of 95.0 feet, msl. The discharge pipe will follow the bank line and then connect 
to the existing fishway approach channel that was formerly used for the fishlock operations. The 
approach channel will then discharge into an existing 8 foot by 8 foot culvert and finally 
discharge into the junction pool. Flow through the culvert (8 feet x 8 feet) goes to the AWC and 
through diffusers before entering the junction pool, ladder, and east entrance. Sheet 8 through 
Sheet 11 show the layout of this alternative and its major features.

The single pump will be sized for about 1,000 cfs at 52 feet TDH. Improvements to the existing 
piping systems in the valve room will provide about 400 cfs, for a combined flow of 1,400 cfs.
The size and configuration of the pump house wet well was determined using Hydraulic Institute 
(HI) standards based on the design flow of the pump. Wet well and pump sizing calculations are 
provided in Appendix F. Based on these calculations, the size of the pump motor will be 
approximately 7,000 hp and will run at a speed of 900 rpm. A parallel shaft gear reducer will 
reduce the speed of the pump to approximately 167 rpm.

During normal operation, it is assumed that the water surface elevation in the approach channel 
is at elevation 109.0 feet, msl, similar to the other alternatives. However, this channel will most 
likely be empty during pump startup, which could cause cavitation issues in the pump. Typically, 
this is mitigated by starting the pump against a closed downstream valve that is slowly opened 
once the pump is up to speed, but the pump manufacturer does not recommend this procedure for 
the selected pump. To facilitate pump startup, the pump will discharge into a junction tower 
approximately halfway between the pump station and the approach channel. The junction tower 
will contain a weir with a set elevation that provides a constant head for pump operation. The 
water then flows over the weir and to the approach channel by gravity. The size and 
configuration of the junction tower is shown in Sheet 8.

The pump house wet well is determined from HI standards to provide minimum pump 
submergence and ideal approach conditions at the design flow. For this alternative, the bottom of 
the wet well is at elevation 41.0 feet, msl, which results in a pump house that is 52 feet deep. The 
width of the wet well is 30 feet and the overall inside length if 90 feet. Due to the significant size 
and backup nature of this facility, it was assumed that dewatering the wet well would not be a 
frequent occurrence. Thus, the structure as currently designed to determine the project costs does 
not allow dewatering without the use of temporary bracing inside the wet well. If it is later 
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decided that dewatering the wet well is an essential feature of this pump station, it is estimated 
that the structure costs would increase by approximately 30%.

For this alternative, it was also assumed that the pump, gear reducer and motor would be 
removed from the pump house using a barge mounted crane. Since it is unlikely that the pump or 
motor would ever need to be removed from the pump station, and due to the significant weight 
and size of the pump components, providing a station mounted bridge crane (along with the 
necessary structural improvements) is cost prohibitive.

Inspection hatch covers will be added in the final design phase. This will allow for inspection 
access and minor maintenance if needed.

Trashracks will be provided at the upstream intake including a proprietary debris cleaning 
system.

3.4.2 Biological Considerations

3.4.2.1 White Sturgeon

Adult white sturgeon aggregate in the cul-de-sac during winter months and disperse downriver as 
temperatures increase in the spring (Parsley et al. 2007). The deep, still waters of the cul-de-sac 
likely provide good habitat during periods of reduced metabolic activity during winter. White 
sturgeon have also been the second most common incidental catch of crews fishing for northern 
pikeminnow in The Dalles Dam tailrace, including the cul-de-sac, during spring and summer 
(U.S. Department of Agriculture 2009; Hone et al. 2011).

Habitat suitable for white sturgeon spawning exists in the tailrace of the dam (downstream from 
the cul-de-sac), especially at flows greater than 150,000 cfs (Parsley and Beckman 1994). 
Maturing and ripe female white sturgeon have been collected in the cul-de-sac during spring 
sampling in multiple years (Webb et al. 2005; Webb and Kappenman 2008). Although not 
specific to the cul-de-sac, age-0 white sturgeon have been collected throughout the Bonneville 
Reservoir annually (Chapman and Jones 2011). Boyson and Hoover (2009) found that small 
(about 4 inches in length) age-0 white sturgeon had escape speeds of about 1.3 to 1.5 fps.

Summary of potential impacts
Installation and construction in the cul-de-sac could disrupt adult white sturgeon congregating 
for the winter. Operation of the pump in winter may also disrupt white sturgeon.

Operation of the pump could possibly entrain age-0 white sturgeon if approach velocities exceed 
1.3 to 1.5 fps. White sturgeon may grow to as long as 10 inches by age 1 (Chapman and Kern 
2005); therefore, only very young fish should be vulnerable to entrainment.

3.4.2.2 Juvenile Salmonids

Approximately 80% to 90% of juvenile salmonids migrate past The Dalles Dam via the spillway 
and ice and trash sluiceway (Johnson et al. 2007); however, a small number may reside for a 
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period of time in the cul-de-sac. Although not specific to pumps, the general NMFS criterion for 
approach velocity at screens to protect juvenile salmonids is 0.4 fps (NMFS 2008).

Summary of potential impacts
Operation of the pump could possibly entrain juvenile salmonids. Even if screened, approach 
velocities would exceed NMFS criteria. Because most fish pass via the spillway or ice and trash 
sluiceway, only a small proportion of juvenile salmonids migrating past the dam would be 
vulnerable to entrainment.

3.4.2.3 Predation

A new structure may provide additional habitat for non-native predators found in the cul-de-sac 
such as smallmouth bass and walleye. Smallmouth bass in particular have an affinity for 
structures including pilings and riprap (Pribyl et al. 2005). Smallmouth bass have consistently 
been the most common incidental catch of crews fishing for northern pikeminnow in The Dalles 
Dam tailrace, including the cul-de-sac (U.S. Department of Agriculture 2009; Hone et al. 2011).
Effects of a single structure are difficult if not impossible to quantify; however, effects of 
multiple structures are cumulative.

Both smallmouth bass and walleye prey on juvenile salmonids and juvenile white sturgeon. 
Smallmouth bass also prey on small lamprey, although sculpins are generally the most 
commonly consumed fish between Bonneville and The Dalles dams (Weaver et al. 2009).

Summary of potential impacts
The new structure may result in some increase in predation on native fishes; however, 
quantifying this impact would be difficult or impossible. The effect of a single structure is likely 
minimal.

3.4.3 Geotechnical Evaluation

The pump platform and trashrack structure are located near the contact between the elevation 60-
foot, msl bedrock bench and the downstream embankment dam. The pump house and trashrack
structure location will be adjusted to insure that it does not straddle this contact. The downstream 
portion of the embankment dam was constructed of quarry run rock fill consisting of hard, 
durable Basalt blocks generally weighing between 200 and 300 pounds with the potential for 
larger stones. Much of the fill material was placed in-the-wet and extends down to an elevation 
of about 80 feet, msl or lower. Driving of piles into the rock fill is not recommended. Micropiles 
can be used to tie foundations into this fill area. Drilling into the rock fill will require a cased 
hole. Piles or piers installed in bedrock will require a rock socket. 

3.4.4 Hydraulic Design

Preliminary pump hydraulic calculations are provided in Appendix F. If the pump station 
alternative is ultimately selected, physical modeling of the pump station and discharge piping is 
recommended.
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3.4.5 Mechanical Design

An isolation sluice gate and a butterfly valve will be provided on the discharge pipe near the 
fishway approach channel to provide redundant isolation of the pipe for personnel to enter and 
inspect the pipeline.

The pump gear reducer will require an oil-to-water or oil-to-air heat exchanger to dissipate heat 
generated by the motor during operation. This system also requires an oil storage tank that is 
approximately 500 gallons in size. The pump seals will require seal water for flushing, so a 
potable water line will be needed at the pump station. The motors will be equipped with anti-
condensation heaters and vibration monitoring equipment.

The pumps will require monthly and weekly maintenance to ensure they will perform as 
required. The pump motor control center will be equipped with a jog switch that slightly moves 
the pump shaft to keep the bearings lubricated. This should be done on a weekly basis. It is also 
recommended that the pump be operated for a short period of time on a monthly basis. All valves 
and gates should also be operated monthly.

The pump station trashrack will be equipped with a mechanical trash rake system to remove 
debris from the trashrack. Cut sheets for this and other mechanical items are provided in 
Appendix F.

3.4.6 Structural Design

The pump house 2-foot thick concrete platform (and integrated beams) is designed to support a 
200-ton, 7,000-HP vertical turbine pump. For this level of effort, the structure was not designed 
for lateral (seismic) forces or rotational motor torque. The 52-foot walls were not designed for a 
de-watered condition for pump maintenance. 

The concrete wet-well is 30 feet wide by 90 feet long by 52 feet tall. The 2-foot thick walls (and 
integrated columns) are supported on a 4-foot concrete foundation mat that is supported on ten 6-
foot diameter and four 4-foot diameter drilled shafts. The reinforced drilled shafts are embedded
into the rock approximately 5 feet. At the entrance to the wet-well, there are four trashrack 
panels supported on the sloped 5 vertical to 1 horizontal concrete end walls. The trashrack panels 
are sized using 1-inch vertical bars and ¾-inch spacing between the bars to allow a flow of 1,000
cfs at a velocity of 3 fps. All panels are 14 feet wide by 16 feet 6 inches tall. The vertical bars are 
welded to three (3) horizontal 2-inch by 6-inch deep members that are welded to vertical HSS
members on each side that will be bolted to 8-inch by 8-inch by ½-inch angles welded to 
embedded plates in the wall. Additional steel members to support the trashracks as required. The 
1-inch vertical bars were designed for a 5-foot head differential per EM 1110-2-3104. A 
vibrational analysis of the vertical members was not completed for this level of preliminary
design.

The pump house building is a simple structure using 12-foot by 8-foot- by 16-foot concrete 
masonry units (CMU) and is approximately 43 feet at the highest point. CMU pilasters may be 
needed for wind and seismic design. There are two 12 feet wide by 15-foot tall garage doors on 
each side of the building to allow a small truck to drive through the pump house building and
access the rear deck to service the proprietary trash rake system and remove debris. To remove 
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the motor and pump, a removable hatch has been incorporated into the steel roof and it is 
assumed this would be removed by a barge-mounted crane. There are other options for the roof 
joists, but a W18 roof beam at 5-foot centers has been used. A metal deck roof spans the beams.

The roadway bridge is 14 feet wide out-to-out and is comprised of three ODOT 
precast/prestressed slabs side by side. A 3-inch concrete deck overlay will be used and the 
roadway barriers will be supported on corbel extensions on the outside slabs. There are three 50-
foot spans that will be supported on two 4-foot diameter concrete piers supported on a thick 
concrete mat foundation founded on micropiles. The roadway is sloped at a 10% grade from the 
downstream dam embankment to the pump house. The bridge is supported on a spread footing-
type abutment seat at the downstream embankment and a corbel at the pump house back wall. 
With more refinement, this slope may be lessened.

The 11-foot diameter steel pipe shares one bridge pier with the roadway and then is supported on 
a single pier midway between the fishlock approach channel and discharge box/junction
structure. The pipe is supported on a concrete pipe saddle at the pump house. A 30-foot diameter 
steel junction structure is required and is founded on a concrete footing which is also supported 
on micropiles. 

3.4.7 Electrical Evaluation

3.4.7.1 Electrical Loads

Alternative #10 includes the electrical loads identified in Table 8. The total connected electrical 
load is estimated to be 7,180 kVA. 

A single pump is used to deliver water to the fishway approach channel. The motor is a 
synchronous-type motor and operated with a full voltage non reversing starter. Further analysis 
will be required if this alternative is selected to move forward in order to investigate the effects 
of motor inrush current to determine if a reduced voltage autotransformer-type starter is 
necessary. Vibration and temperature monitoring equipment is to be provided to protect the 
pump and motor against abnormal conditions.

An electrically operated debris cleaning system is to be installed on the trashrack at the upstream 
intake.

A lighting panelboard is included to provide new lighting and convenience receptacles at the new 
facilities, as required.
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Table 8. Alternative #10 Electrical Loads

Description
Estimated

Connected Load Voltage
Auxiliary Water Pump 7,000 hp 6,600-volt, 3-phase

Trashrack Debris Cleaning System 50 hp 460-volt, 3-phase

Pump Station Heating and Ventilation 100 kW 460-volt, 3-phase

Lighting Panelboard 30 kVA 460-volt, 3-phase

3.4.7.2 Electrical Power Source

The auxiliary water pump represents a substantial load. It is proposed that a connection to the 
13.2 kV power system near the main units (generators) be made to provide power to the pump 
station as indicated on the electrical one line diagram on Sheet 20. A current limiting reactor is 
shown on the one-line diagram. Further analysis will be required if this alternative is selected to 
move forward to determine if the current limiting reactor is required for limiting the available 
fault current to the new system.

A primary unit substation would be located near the existing roadway and the new bridge to the 
pump station to convert the 13.2-kV power to 6,600-volt power for the motor control equipment.
The 6,600-volt motor control equipment is to be located within the pump station.

3.4.7.3 Control Requirements

There are no automatic or remote controls associated with the operation of this equipment. When 
this system is required, the equipment will be manually controlled as required to be placed into 
service.

Auxiliary Water Pump Controls
The pumps will include local control stations located at the pump station. Because these pumps 
are to be rarely operated, the local operator controls (push buttons) are to be installed in a 
secured enclosure. The local control station will include the following operator control devices:

� START push button (momentary contact)

� STOP push button (momentary contact)

� RUNNING indicator light

� STOPPED indicator light

The local controls for the pumps will provide dry, relay contact to allow remote monitoring of 
the following status points:

� RUNNING
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Debris Cleaning System
A manufacturer supplied control panel will be located near the trashrack equipment. This panel 
will include the motor controls as required to operate the system. In automatic mode the cleaning 
system will be controlled by timers located in the manufacture supplied control panel. The panel 
will include the following operator control devices:

� HAND/OFF/AUTO selector switch

� EMERGENCY STOP push button (maintained contact)

� RUNNING indicator light

� FAULT indicator light

3.4.8 Cost Evaluation

Construction of the single pump alternative will require construction two bridges and the pump 
house platform and installation of a large pump. Bridge and pump station construction will use a
construction process typical of bridge construction and other forms of in-water work. The 
portions of the pump station constructed below the water level will be more difficult since 
dewatering of the structure will not be possible without significant additional structural members 
being added. Installation of the pump and pump assembly will require a barge mounted crane to 
lift the pump and motor into place. The electrical connection is expected to have a significant 
cost. The estimated construction cost for Alternative #10 is $22,208,000. The cost estimate has 
attempted to capture the additional cost associated with in-water work. The cost per unit and the 
source of the estimate are shown on the backup data provided in Appendix G.

The cost for the pump assumes that no exotic materials are required for the pump bowl or 
impeller. The cost for the bare pump without the motor and the gear reducer without contingency 
is approximately $2,500,000. However, if a stainless steel impeller and pump bowl are required, 
and stringent vibration limitations are specified, the bare pump cost could escalate to 
approximately $4,000,000.

3.4.9 Constructability

Construction of the pump station and associated bridges will likely be performed from a crane 
barge or by construction of a temporary trestle. Much of the initial construction will use standard 
bridge construction technology. Once the drilled piers and base slab are in-place and the 
perimeter walls constructed, the remainder of the work including bridge decks, pump station 
deck and interior wall will not be considered in-water. The piers will require a double casing to 
contain any spillage of cuttings or concrete. The concrete base slab will be placed underwater by 
tremie method of concrete placement using non-dispersive concrete. Pipe line construction and 
mining of the fishlock approach channel will be performed in the dry.
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3.5 Alternative #11 – Intake Tower with Siphon to Fishlock
3.5.1 Description of Alternative 

This alternative requires two, 72-inch siphon pipes that will convey water from an upstream
intake tower with low level inlet openings to the existing fishlock. The fishlock will then 
discharge into the fishway approach channel (no longer in use) which in turn will flow through 
an 8-foot by 8-foot culvert and finally discharge into the junction pool. Flow through the culvert
(8 feet x 8 feet) goes to the AWC and through diffusers before entering the junction pool, ladder,
and east entrance. Sheet 12 displays the general plan layout and flow path for this alternative.

The siphon pipes will be sized for approximately 1,000 cfs. Proposed Improvements to the 
existing piping systems in the “valve room” will provide about 400 cfs, for a combined flow of 
1,400 cfs. Sheet 13 shows the pipe layout sectional view for this alternative. The piping
geometry from elevation 120.0 feet, msl in the fishlock through the dam monolith is the exact 
same configuration as Alternative #1.

The siphons will be primed by pumps prior to the beginning of operation. An upstream gate 
valve at elevation 150.00 feet, msl will be provided for priming purposes. Downstream jet flow 
valves in the fishlock at elevation 120.0 feet, msl will be used for priming and flow control as 
needed. The locations of these valves are also shown in Figure 13. The design will include a 
small pump used to fill the siphon pipes that will prime the siphon. The operation of the 
upstream and downstream valves needs to open and close simultaneously to ensure initiation of 
the siphon action. 

Inspection hatch covers will be added in the final design phase. This will allow for inspection 
access and minor maintenance if needed.

The invert elevation of the trashrack at the intake tower is at 100.0 feet, msl, the intake invert for 
the siphon is at elevation 134.0 feet msl, the crest invert elevation for the siphon pipes is at 161.0 
feet, msl and the invert elevation of the discharge outlet pipes is at 120.0 feet, msl, which is 
located in the fishlock. This proposed alternative is designed to function over the range of the 
normal operating pool limits of 160.0 to 155.0 feet, msl.

The proposed design calls for six trashrack openings at the base of the intake tower. There will 
four flat rectangular and two curved rectangular trashracks. An air blast-type cleaning system 
will be used to remove debris from the trashrack faces.

3.5.2 Biological Considerations

3.5.2.1 White Sturgeon and Lamprey

Position of the intake slots could impact benthic fish such as young sturgeon and larval lamprey.
Young sturgeon rear in deep water in reservoirs (Parsley and Beckman 1994), preferring deep 
(29-125 feet), low velocity areas, where substrate particle sizes are small (e.g., sand; Parsley et 
al. 1993). During non-winter months, age-0 and juvenile white sturgeon tend to select areas of 
moderate to high depth (70 feet) with steep channel slopes and bottom roughness (Hatten and 
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Parsley 2009). Boyson and Hoover (2009) found that small (about 4 inches in length) age-0
white sturgeon had escape speeds of about 1.3 to 1.5 fps. Overall, benthic station-holding 
behaviors were least frequent in the smallest fish.

In general, lamprey ammocoete habitat occurs in low velocity, low gradient areas containing soft
substrate and organic materials (Pirtle et al. 2003; Graham and Brun 2006). Ammocoetes will 
remain burrowed in soft substrates for up to 7 years (Close et al. 1995). Sutphin and Hueth 
(2010) found that the burst swimming speeds of Pacific lamprey ammocoetes increased with
length, and ranged from about 1.1 to 2.5 fps. Moursund et al. (2003) found that juvenile lamprey 
had a maximum burst speed of 0.9 to 3.3 fps, increasing with length from about 5 to 7 inches.
Most fish became impinged within one minute when exposed to velocities of 1.5 fps.

Although much remains unknown about the downstream migration of larval and juvenile 
lamprey in the Columbia River, in general, lamprey utilize a greater proportion of the water 
column than out-migrating juvenile salmonids. This is evident by the collection of some larval 
and juvenile lamprey in salmonid bypass systems at mainstem dams, and the affinity of 
ammocoetes for the substrate. Although blind and sedentary while burrowed, evidence suggests 
that ammocoetes from a given cohort can colonize the stream network from where they emerge 
down to the Lower Columbia River (Jolley et al. 2010). 

Summary of potential impacts:
Depending on substrate composition, construction could displace rearing lamprey and white 
sturgeon. Lamprey will likely not be abundant in areas where the bottom is bedrock or consists 
mostly of sand. However, age-0 white sturgeon may be found over sand substrate. 

Intake slots on or near the base of the tower could result in entrainment of lamprey and age-0
white sturgeon. This placement should minimize potential impacts on juvenile salmonids.

3.5.2.2 Juvenile Salmonids

This alternative also has the possibility of entraining juvenile salmonids. Juvenile salmonids may 
be located throughout the water column, however, the overwhelming majority are usually found 
in the upper portions of the water column (Faber et al. 2005). Therefore, levels of entrainment of 
juvenile salmonids will likely be very low. 

Summary of potential impacts:
Juvenile salmonids may be entrained; however, location of the intake near the bottom would 
likely minimize this impact.

3.5.2.3 Predation

A new structure may provide additional habitat for non-native predators found in The Dalles 
Dam forebay, especially smallmouth bass. Smallmouth bass density fluctuates in the forebay, 
generally increasing from 1990-2006, but decreasing from 2006 to 2009; however, sculpins 
dominate the diet of smallmouth bass throughout the reservoir. Approximately 70-80% of fish 
consumed by smallmouth bass in the reservoir are sculpins, 5-6% salmonids, and 0-1% lamprey 
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(Weaver et al. 2007; 2010). Effects of a single structure are difficult if not impossible to 
quantify; however, effects of multiple structures are cumulative.

Summary of potential impacts
The new structure may result in some increase in predation on native fishes; however, 
quantifying this impact would be difficult or impossible. The effect of a single structure is likely 
minimal.

3.5.3 Geotechnical Evaluation

The intake for this option will be founded on bedrock at about elevation 100 feet, msl. The rock 
in this area is hard sound Basalt with relatively high unconfined compressive strengths. The 
structure will be located 35 to 40 feet west of the toe of the embankment dam and should have no 
impact on the dam.

3.5.4 Hydraulic Design

The hydraulic analysis of the siphon with an intake tower is very similar to the siphon option 
discussed in Section 3.2.4.1 where the siphon intake is located upstream of the dam in the 
forebay. The analysis included estimating a siphon pipe size diameter that would provide the 
required discharge while also meeting the project hydraulic criteria. Similar to the Alternative 1 
siphon option, the available head for this alternative is the forebay elevation minus the pressure
grade elevation at the exit elevation of the siphon pipe in the fishlock. An energy loss equation 
from the reservoir to the fishlock was utilized to estimate the discharge for various pipe size 
diameters. Section 3.2.4.1 provides the energy loss equation used in the analysis. As described in 
Section 3.2.4.1, the minor losses included trashrack, entrance, bend, valve, and exit losses. The 
friction loss in the pipes was also estimated by these sources, and a sensitivity analysis was 
conducted on the friction values. A Darcy-Weisbach roughness coefficient (e) of 0.2 millifeet 
was used for the low level pipes. 

Similar to the Alternative 1 siphon alternative, control valves would be located on the 
downstream end to control the discharge and dissipate energy. The valves would discharge into 
the fishlock in a vertical direction at elevation 120 feet, msl. For the hydraulic analysis of this 
alternative, a sleeve valve was used for the loss coefficients as discussed in Section 3.2.4.1. A
sensitivity analysis was conducted to evaluate other types of valves. Section 3.2.4.1 also 
describes thrust issues at bends (especially at the 90 degree bend into the fishlock), necessary 
bend radii, pipe and valve support issues, and additional hydraulic analyses required as the 
design progresses to evaluate the jet impact and potential turbulence issues in the fishlock.

EPANET was used to facilitate the hydraulic analyses, and the EPANET ‘network’ extended 
from the forebay to the fishlock water surface elevation. The model was also used to conduct 
sensitivity analyses on the minor losses and friction losses. Based on this preliminary analysis, 
two, 72-inch diameter siphon pipes would provide the 1,000 cfs requirement. Similar to 
Alternative 1, the capacity of the pipes is around 600 cfs to 650 cfs depending on the forebay 
elevation. The discharge is about the same for both siphon alternatives as there are relatively 
minor differences in the two configurations, and the friction loss associated with the longer pipe 
length for this alternative was minor. Although the preliminary analysis shows that the pipes 
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provide the required 500 cfs per pipe, the capacity of the pipes should be reevaluated as the 
design progresses since the minor losses will change and could impact the capacity. Similar to 
the other alternatives, as the design is refined and additional valve information is obtained, the 
size of the siphons should be reevaluated. The negative pressures along the siphon crest are 
approximately negative 15 feet and negative 18 feet for forebay elevations of 160 feet, msl and 
155 feet, msl, respectively. With two, 72-inch diameter pipes, the velocity in the pipes would be 
approximately 18 fps with 500 cfs passing through each pipe. 

3.5.5 Mechanical Design

The siphon pipe will be primed using a small centrifugal pump that will fill each siphon line in 
approximately 2 hours. Due to the longer length of the pipelines for this alternative, the capacity 
of the pump is 670 gpm at an estimated TDH of 40 feet, which requires a 10-hp motor. Two 
pumps will be provided, one duty pump and one standby pump.

The siphon pipe will be provided with a isolation valve on the inlet side. To minimize head 
losses in the siphon, a full port resilient seated gate valve is assumed. On the downstream side, a 
jet flow gate valve will be used for both isolation of the pipeline for siphon priming, and as an 
energy dissipation valve to control the flow through the pipe during siphon operation. Both 
valves will be hydraulically actuated.

An air release valve will be provided at the invert of the siphon to evacuate air during priming of 
the pipeline.

3.5.6 Structural Design

A preliminary structural design was completed for this second siphon alternative. A semi-
circular concrete intake tower is used for siphoning water from elevation 100.0 feet, msl. Two,
72-inch diameter steel siphon pipes will also be placed through monolith number 7 of the non-
overflow section of the dam in the same manner as Alternative #1. It is again assumed for the 
method of coring or mining through the concrete dam, contractor will select one of these options.
For both construction methods, the steel pipes will be fully grouted in place. Both siphon pipes 
will exit the intake tower at elevation 161.0 feet, msl at approximately Station 43+14.13. The 
pipes will enter the fishlock at approximately 110 degrees to the axis of the dam (and the parallel 
centerline of the fishlock).The length of the pipes from elevation 134.0 feet, msl to the upstream 
face of the dam monolith is 165 feet. The pipes are supported at the intake tower (on concrete 
saddles) at the Fishway Channel piers, and at the upstream face of the dam as they enter through 
monolith number 7. Sheet 12 shows the piping layout in plan view and Sheet 13 shows the 
sections. Sheet 14 shows the pipe support at the fishway channel pier and Sheet 15 shows the 
plan and elevation of the intake tower and basic preliminary dimensions. There are six trashrack
panels which are supported on the bottom concrete foundation pad and on the sides by the 
concrete walls. Four of the panels are rectangular and two of the upstream panels are curved. The 
trashrack panels are sized using 1-inch vertical bars and ¾-inch spacing between the bars. All 
panels are 10 feet 7 inches wide by 14 feet tall. The vertical bars are welded to three horizontal 
members that are welded to vertical HSS members on each side that are stabilized by steel plate. 
All members are welded. The trashrack panels are bolted to embed plates and can be removed. 
The 1-inch vertical bars were designed for the case when the trashrack is 50% covered by debris. 
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A vibrational analysis of the vertical members was not completed for this level of preliminary 
design. The trashrack panels are placed optimally at a 5 to 1 slope.

The concrete intake tower is 85 feet tall. The walls of the concrete intake tower are 2 feet thick 
and designed for a differential pressure head of 60 feet. For this EDR, the tower was not 
designed for hydrodynamic forces. It is also assumed that the tower will not be fully dewatered 
so there will be no differential pressure to design the lower walls. The tower may be dewatered 
to elevation 145.0 feet, msl to service the gate valve. The walls are supported on a 3-foot-thick 
concrete foundation. The lower 14 feet of the tower were designed to support the steel trashrack 
panels. The walls are attached to the upstream face of the dam using grouted dowels. The top 
deck of the tower is at elevation 185.0 feet, msl to match the existing top of dam. The top deck 
has removable metal grating for servicing the valves. Part of the existing concrete railing on the 
dam is removed and a similar rail is used on the new concrete deck.

3.5.7 Electrical Evaluation

3.5.7.1 Electrical Loads

This alternative includes the electrical loads identified in Table 9. The total additional electrical 
load is estimated to be 69 kVA. 

Two siphon priming pumps are to be provided to deliver water to the siphon pipe for priming.
One siphon pipe will be filled at a time using one pump; the second pump is a standby pump for 
backup. Three hydraulically actuated valves are to be provided on the discharge pipe of the 
pumps to control the flow of the water from the pumps to the siphon pipes. Additionally, two,
72-inch, hydraulically actuated valves will be installed on each siphon pipe to allow the siphon to 
be filled for siphon priming. A single hydraulic power unit is to be used for these four valves.

An electrically operated debris cleaning system is to be installed on the trashrack at the upstream 
intake.

A lighting panelboard is included to provide new lighting and convenience receptacles as 
required at the new facilities.

Two new motor actuated valves are to be installed in the fish ladder valve room to replace 
existing valves.



Engineering Documentation Report – 90% Review Page 50
The Dalles East Fish Ladder Auxiliary Water Backup System April 9, 2012

Table 9. Alternative #11 Electrical Loads

Description
Estimated

Load Voltage
Siphon Priming Pump 1 10 hp 460-volt, 3-phase

Siphon Priming Pump 2 10 hp 460-volt, 3-phase

Hydraulic Power Unit 5 hp 460-volt, 3-phase

Trashrack Debris Cleaning System 25 hp 460-volt, 3-phase

Fishlock Valve Room 42-inch Valve 2 hp 460-volt, 3-phase

Fishlock Valve Room 36-inch Valve 2 hp 460-volt, 3-phase

Lighting Panelboard 15 kVA 460-volt, 3-phase

3.5.7.2 Electrical Power Source

There is no reserved electrical power capacity at any of the existing motor control centers to 
provide power to the new equipment as part of this alternative. Therefore, a new unit substation
and 480-volt motor control center is to be installed. Sheet 18 displays an electrical one-line 
diagram. This equipment is to be located in a nearby pipe gallery.

The unit substation shall receive 4,160-volt, 3-phase power from the existing station service
switchgear. Kirk-key interlocked, load break switches are included in the unit substation to allow 
selection of primary power from one of two 4,160-volt buses.

3.5.7.3 Control Requirements

There are no automatic or remote controls associated with the operation of this equipment. When 
this system is required, the equipment will be manually controlled as required to be placed into 
service.

Siphon Priming Pump Controls
The pumps will include local control stations located near each valve. Because these pumps are 
to be rarely operated, the local operator controls (push buttons) are to be installed in a secured 
enclosure. The local control station will include the following operator control devices:

� START push button (momentary contact)

� STOP push button (momentary contact)

� RUNNING indicator light

� STOPPED indicator light
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The local controls for the pumps will provide dry, relay contact to allow remote monitoring of 
the following status points:

� RUNNING

Valve Controls
The valves will include local control stations located near each valve. Because these valves are to 
be rarely operated, the local operator controls (push buttons) are to be installed in a secured 
enclosure. The local control station will include the following operator control devices:

� OPEN push button (momentary contact)

� STOP push button (momentary contact)

� CLOSE push button (momentary contact)

� FULLY OPEN indicator light

� FULLY CLOSED indicator light

The local controls for the valves will provide dry, relay contact to allow remote monitoring of 
the following status points:

� FULLY OPEN

� FULLY CLOSED

Debris Cleaning System
A manufacturer supplied control panel will be located near the trashrack equipment. This panel 
will include the motor controls as required to operate the system. In automatic mode, the 
cleaning system will be controlled by timers located in the manufacturer supplied control panel. 
The panel will include the following operator control devices:

� HAND/OFF/AUTO selector switch

� EMERGENCY STOP push button (maintained contact)

� RUNNING indicator light

� FAULT indicator light

Hydraulic Power Unit
A manufacturer supplied control panel will be located near the hydraulic power unit. This panel 
will include the motor controls as required to operate the system. In automatic mode, the unit 
will be controlled by pressure switches or transmitters located on the hydraulic power unit. The 
panel will include the following operator control devices:

� HAND/OFF/AUTO selector switch

� EMERGENCY STOP push button (maintained contact)

� RUNNING indicator light
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� FAULT indicator light

3.5.8 Cost Evaluation

Construction of Alternative #11 will require construction of a work platform in the fishlock, 
mining or drilling for two, 72-inch steel pipes through the east non-overflow structure, 
fabrication of the upstream siphon pipes, and construction of a precast intake structure with 
trashracks attached to the face of the dam. This alternative will require construction of an 
underwater concrete pad for the intake structure. All upstream work can be performed without 
any floating plant except as required by the divers. The estimated construction cost for 
Alternative #11 is $3,826,000. The cost estimate has attempted to capture the additional cost 
associated with in-water work. The cost per unit and the source of the estimate are shown on the
backup data provided in Appendix G.

3.5.9 Constructability

The siphon with an intake tower will be constructed in the same manner as the siphon alternative 
from the fishlock to the upstream face of the dam. Unlike the siphon option, the siphon pipes will 
be hung from the upstream face of the non-overflow structure to the location of the intake 
structure. The foundation base for the intake tower will be cast in-the-wet using tremied non-
dispersive concrete. The base will have cast-in-place threaded rod for attaching precast (and 
possibly prestressed) tower wall sections. The tower walls are assumed to be cast at a precast 
plant and shipped in sections that meet ODOT requirements. This is up to the contractor, as the 
sections can be cast at the plant or cast on top of the dam. The precast sections will be lowered 
by crane on top of the foundation and post-tensioned to the foundation base. This procedure will 
require the use of divers. The pipes and valves will be installed in the dry. A floating barge 
mounted crane should not be required with all lifting being performed from the roadway of the 
concrete dam. Once the intake tower is completed, the pipes and valves will be installed and the 
structure watered up.

3.6 Improvements to Fishlock, Valve Room, and Approach Channel
3.6.1 Description of Improvements to Existing Fishlock, Valve Room, and Approach Channel

During the brainstorming meeting, several improvements to the existing project features were 
identified. These are as follows:

� Improvements to the existing valve room

� Improvements to the fishlock approach channel

� Improvements to the equalizing headers and pipe system.

This section of the report will discuss the above proposed improvements.
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3.6.2 Biological Considerations

Potential effects of providing a backup supply for the AWS were described for each of the four 
alternatives, under the assumption that fish entrained into the system through any of the 
alternatives would be severely injured or killed. Therefore, a detailed description of biological 
considerations is not provided here. It is possible however, that removal of the diffusers could 
lessen the impact of entrainment on fish. Impacts of diffuser removal would be the same for each 
design alternative. 

3.6.3 Geotechnical Evaluation N/A

The Geotechnical Evaluation is not applicable.

3.6.4 Hydraulic Evaluation

3.6.4.1 Valve Room Pipe Hydraulic Evaluation

The fishlock system includes an existing piping system that was designed and originally used for 
the fishlock fill supply, holding pool discharge, and approach channel attraction flow. The 
discharge from this existing pipe system (400 cfs) would be used in addition to the siphon 
alternative (1,000 cfs capacity) to provide the total required 1,400 cfs for the AWS. The existing 
fill system includes a 42-inch diameter and 36-inch diameter pipe extending from the forebay to 
the valve room where the pipes connect to various components of the system.

The 42-inch diameter pipe connects the forebay to the fishlock and was originally used for filling 
the fishlock. The 36-inch diameter pipe divides into three 18-inch diameter pipes that were used 
to provide flows to the fishlock approach channel (open channel) downstream of the fishlock 
itself. Two of the 18-inch diameter pipes supply discharge to the holding pond just downstream 
of the fishlock. The other 18-inch diameter pipe supplies water to the diffuser located between 
the fishlock approach channel and AWS diffusers 77 and 78. This analysis assumed that the 
diffuser screens and bubbler diffuser beams would be removed. Similar to the siphon pipe 
analysis, the EPANET numerical model was used to estimate the discharge capacity of the pipes.

The valve room pipe system includes a substantial number of losses due to the intricate design of 
the system. For the 42-inch diameter pipe, the minor losses included entrance, sudden valve 
contraction (entrance conduit to 42-inch diameter pipe), bends, diffuser chimney expansion 
section, and an exit loss. For the 36-inch diameter pipe, the minor losses include those listed for 
the 42-inch diameter pipe as well as losses associated with the 36-inch diameter pipe branching 
into three 18-inch diameter pipes. The discharge capacities of the 36-inch diameter and 42-inch 
diameter pipes were originally estimated for two different fishlock and channel water surface 
elevations. If the existing fishlock approach channel is covered with a 'lid' to create a pressurized 
system, the flow through the 36-inch diameter and 42-inch diameter pipes will be reduced due to 
the reduction in available head on the pipes. Subsequent analyses provided an alternative 
solution to pressurizing the fishlock channel; therefore, the open channel downstream condition 
(resulting in a higher head for the valve room piping system) was used for the results presented 
in this report.



Engineering Documentation Report – 90% Review Page 54
The Dalles East Fish Ladder Auxiliary Water Backup System April 9, 2012

The capacities of the two systems for forebay elevations of 155.0 and 160.0 feet, msl are shown 
in Table 10 with and without the 16 fps velocity criterion. The 16 fps pipe velocity criterion is 
based on the velocity through the existing valves. As shown in Table 10, the total capacity of the 
existing pipe system as limited by the existing valves is less than the required 400 cfs, whereas 
the maximum capacity without the valve velocity limitation is significantly greater than 400 cfs.
Replacing the existing valves with newer larger valves that could accommodate higher velocities 
would allow the 16 fps velocity criterion to be exceeded in the pipes themselves.

Table 10. Valve Room Piping Discharge Capacities

Pipe System
Forebay

(feet, msl)

Discharge 
Capacity

(cfs)

Velocity for 
Discharge 
Capacity

(fps)

Discharge with 16 
fps velocity 

criterion
(cfs)

42-inch diameter 160 375 39 155

42-inch diameter 155 350 36 155

36-inch diameter 160 180 25 85

36-inch diameter 155 170 25 85

As shown in Table 10, the capacity of this system is capable of exceeding 400 cfs. The velocities 
in the system could be reduced to less than 25 fps by controlling the discharge with the valves to 
400 cfs. One modification that was considered included connecting the 36-inch diameter pipe to 
discharge directly into the fishlock drain, thus bypassing the 18-inch diameter pipes that 
currently restrict the capacity of the 36-inch diameter pipe. In this scenario, the fishlock drain 
pipe would be modified to discharge into the fishlock approach channel immediately 
downstream of the fishlock. Based on an initial review, this modification could increase the 
capacity of the 36-inch diameter pipe system by 30%; however, a discharge of 400 cfs is met 
with the existing system, would not require any major modifications, and would limit the 
velocities in the pipes to a reasonable value. As a result, all of the alternatives are required to 
pass 1,000 cfs with the remaining 400 cfs being supplied by the valve room piping system.

3.6.4.2 Fishlock Approach Channel

The hydraulic evaluation of the fishlock approach channel was required to determine the 
maximum discharge capacity of the connection between the fishlock approach channel and the 
AWS. Discharge would essentially flow in the reverse direction when compared to the original 
design. There are four diffuser systems connecting the fishlock approach channel to the AWS.
The analysis of the existing system assumed that the diffusers and bubbler beams underneath the 
diffusers would be removed. Additional analyses were conducted to determine options that 
would increase the discharge capacity of the connection.

For the existing system, an EPANET numerical model was developed from the fishlock
approach channel upstream of the four diffusers to the main AWS conduit. EPANET was 
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developed for pressure systems with round pipes; therefore, the program requires an input 
diameter for the size of the pipe. Since the AWS system includes rectangular conduits, the 
equivalent hydraulic diameter of the various rectangular conduits was used in the model. Use of 
the hydraulic diameter instead of actual conduit area results in smaller areas than exist in the 
rectangular conduit and is appropriate in a pipe system where friction losses dominate. For this 
application, minor losses are not the dominant losses; however, using the hydraulic diameter in 
the computations results in higher velocities than actually exist in the rectangular conduits; and, 
therefore, provides the most conservative estimate of capacity. There are other limitations with a 
one-dimensional model applied to this type of analysis; however, other types of models were 
considered beyond the scope for this preliminary analysis.

To obtain the maximum discharge possible through the existing system, a water surface elevation 
of 109 feet, msl was used in the fishlock approach channel. This assumes that the fishlock
approach channel water surface has 1 foot of freeboard from the top of the channel wall; and, it 
assumes a water surface elevation of approximately 110 feet, msl in the fishlock. The opening 
between the fishlock and approach channel has an area of approximately 350 feet2, and the head 
loss associated with the constriction is minor. Along the fishlock approach channel, the head loss 
was considered to be negligible due to the large cross-section area of the fishlock approach 
channel and low velocities (less than 2 fps). At the downstream end of the fishlock approach 
channel (downstream for this operation versus original design), the fishlock approach diffuser 
system and the main AWS conduit are connected by an 8-foot by 8-foot AWS concrete ‘culvert’.
Each of the four diffusers includes two constrictions that restrict the discharge capacity of this 
system. There is a typical diffuser chimney section that includes a 4-foot by 4-foot gate opening 
constriction as well as a 2-foot by 14-foot opening between the diffuser chamber and the diffuser 
chimney. 

The minor losses included contractions, expansions, bends, combining flow, exit, and others. The 
AWS conduit systems include components that require the application of minor loss coefficient 
estimates based on standard and well documented components found in water distribution 
systems. Several references were used for the minor loss coefficients including 'Internal Flow 
Systems', D.S. Miller; USACE EM110-2-1602; 'Handbook of Hydraulics', Brater and King; and 
'Mechanics of Fluids', Potter and Wiggert. A Darcy-Weisbach roughness coefficient (e) of 1 
millifeet (0.001 feet) was used for the concrete conduits. The upstream node of the EPANET 
model represented the fishlock approach channel. The system includes four branches to represent 
the four diffuser connections. The branches merge in the manifold conduit upstream of the 8-foot
by 8-foot AWS concrete ‘culvert’. The model extended to the main AWS conduit that was 
represented by a reservoir with a water surface elevation 5 feet above the tailwater elevation. 

The 8-foot by 8-foot culvert discharges into the AWS at a location where the cross-sectional area 
is 600 feet2 with around 30 feet of water depth. In future analyses, potential issues with 
turbulence and surging in this chamber should be evaluated; however, 3-dimensional modeling 
would be required to adequately evaluate this area. Sensitivity analyses were conducted to 
evaluate the impact of additional losses associated with baffles or other type of energy 
dissipation structure.

Due to the original design purpose of the fishlock approach channel/AWS connection, the 
existing system includes multiple constrictions and losses. As a result, the overall discharge 
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capacity is estimated to be approximately 1,000 cfs for a fishlock approach channel water surface 
elevation of 109 feet, msl. Sensitivity analyses were conducted on the minor loss and friction 
values; however, the total discharge capacity was still well below the 1,400 cfs requirement. An 
8-foot by 8-foot conduit directly connecting the AWS and fishlock approach channel would have 
a maximum discharge capacity of about 2,500 cfs based on an upstream water surface elevation 
of 109 feet, msl and a downstream pressure grade line of 85 feet. Therefore, the culvert is not a 
restriction in the system. Other constrictions were also evaluated to determine if improvements 
could be made to increase the discharge capacity of the system.

Since the 1,400 cfs discharge requirement would not be met with the existing fishlock approach 
channel, modifications to the system were evaluated in an attempt to provide a higher discharge.
The two modifications considered included the following:

1. Pressurize the fishlock approach channel.
2. Remove the diffuser chimney constrictions (Sheet 17).

3.6.4.3 Pressurize Fishlock

For this option, a trial and error approach was used to determine the pressure grade line that 
would provide the required head to discharge 1,400 cfs through the fishlock channel/AWS 
connection. For this evaluation, a pressure grade line upstream approximately 128 feet was 
required to pass 1,400 cfs through the system. Such a high pressure elevation would decrease the 
capacity of proposed Alternatives 1, 2, and 11 to supply the fishlock

3.6.4.4 Remove Diffuser Chimney Constrictions

This option included removing the four diffuser chimney constrictions. The EPANET model was 
modified to represent an option where the diffuser chimneys are completely removed. Due to the 
one-dimensional nature of EPANET and the difficulty in estimating losses associated with AWS 
systems where the types of losses encountered are not readily available in references, there is 
some uncertainty associated with estimating an exact discharge; however, based on this 
preliminary analysis, a discharge on the order of 1,400 cfs appears to be possible. Future 
analyses would require  CFD modeling since the one-dimensional EPANET model and loss 
estimates are only approximations, and this type of modification would be a major structural 
change to the system that requires evaluation in a detailed hydraulic model prior to detailed 
design.

3.6.5 Mechanical Design

Mechanical Design is not applicable.

3.6.6 Structural Design

Structurally, portions of the four gates, frames, and shaft walls will be removed to accommodate 
the additional water to the 8-foot by 8-foot concrete conduit. No additional structural 
modifications will be required.
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3.6.7 Electrical Evaluation

Electrical Evaluation is not applicable.

3.6.8 Cost Evaluation

Improvements to the fishlock, valve room, and approach channel will require concrete 
demolition and some reconstruction, and replacement and some demolition in the valve room.
The estimated construction cost for the fishlock, valve room, and approach channel options is 
$817,000. The cost estimate has attempted to take in to account all cost associated with this type 
of work when selecting appropriate unit costs. The cost per unit and source of the estimate are 
shown on the backup data provided in Appendix G.

3.6.9 Constructability 

The fishlock approach channel can be de-watered and the demolition of the concrete for the gates 
and frames can be completed in the dry.

3.7 Equalizing Headers and Pipe System Improvements
3.7.1 Description of Improvements Existing Equalizing Headers and Pipe System

3.7.2 Hydraulic Evaluation

3.7.2.1 System Description

The improvements to the equalizing headers and pipe system would utilize the scroll case fill 
lines as a water supply source to the AWS. The scroll case fill line is used during the start-up of a 
unit that has been drained to equalize head on the bulkheads before the unit is placed back into 
operation. The scroll case fill line connects to a 24-inch diameter steel equalizer header pipe that 
runs in a gallery along a section of units of the powerhouse. The equalizer header system is split 
into three sections including Units 1-8, Units 9-14, and Units 15-22. For Units 1-14, this system 
was also designed to operate as an AWS and fish ladder fill line to provide additional filling 
capacity when the AWS and fish ladder have been drained for maintenance. As a result, the 
possibility of utilizing this existing system to supplement the Emergency Auxiliary Water Supply 
(EAWS) water is under consideration by the USACE. By utilizing this AWS fill line source from 
the scroll case, essentially the full reservoir head would be available to drive flow into the AWS 
through a series of existing pipes. For Units 15-22, blind flanges were included in several 
locations; however, the fish ladder drain and fill system was never installed. Therefore, this 
alternative is currently applicable to only Units 1-14.

The scroll case equalizer pipe system is connected to the fish ladder system via drain lines and 
fill pipe connections. The fish collection channel and the AWS conduit along the powerhouse 
include drains that are used when the system is dewatered. These drains connect into the main 
powerhouse sump system; however, there are also fill pipe connections that connect each 
powerhouse collection channel, diffuser chamber, and AWS drain to the equalizer header pipe 
and subsequently the scroll case fill line. The AWS and diffuser chamber fill pipe connections 
could be used to discharge flow from the scroll case fill inlet line to the AWS system.
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Figure 5 shows a cross-section view of a unit and a simplified representation of the connection 
between the scroll case header and the AWS.

Figure 5. Schematic of Scroll Case Fill Line and AWS Connection
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Figure 6 shows the AWS 12-inch diameter drain pipe, 6-inch diameter fill line pipe, and 24-inch 
diameter scroll case equalizer header pipe.

Figure 6. AWS Drain and Equalizer Header Pipe Connection

The diffuser chamber drain pipe system is very similar to the AWS drain system with the 
exception of the fill pipe connection and drain diameters. The diffuser chamber drain is 
connected to the equalizer pipe by a 4-inch diameter connection rather than a 6-inch diameter 
connection; and, the diffuser chamber drain line from the diffuser chamber is 8 inches in 
diameter instead of 12 inches in diameter and includes slightly different minor losses and pipe 
lengths.
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Figure 7 shows the diffuser chamber drain system piping.

Figure 7. Diffuser Drain and Equalizer Header Pipe Connection

3.7.2.2 Assumptions

To simplify the hydraulic review and calculations, several assumptions were made as 
documented below.

1. Each drain connection was considered as an isolated pipeline to facilitate the 
calculations for the preliminary hydraulic review.

a. Flow distribution and friction loss along the 24-inch diameter equalizer header 
pipe and variations in the head along the main AWS were not taken into account.
This simplification results in a somewhat conservative (high) estimate of 
discharge in each drain. In reality, the equalizer header pipe would act as a 
manifold system supplying flow to the various drains. Likewise, the AWS 
pressure grade line varies slightly along the powerhouse; however, the differential 
was considered insignificant at this level of detail.
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b. Flow in the scroll case fill line and equalizer header pipe will increase as multiple 
drains are operated at once. Since the pipe is 24 inches with relatively low 
velocities even with multiple drains operating, analyzing each drain line 
separately was still considered to be appropriate.

2. At the inlet to the scroll case fill line, the full normal forebay of 160 feet was used 
(i.e., assumed no energy loss between the reservoir and fill line entrance to scroll 
case).

3. An average tailwater elevation of 80 feet, msl was used; and, at the AWS input 
location, a pressure gradeline of 85 feet was assumed.

4. No modifications were made to the existing pipe sizes or layouts to optimize the 
system. As a result, this system was only applied to Units 1-14 since the drain system 
was never completed in Units 15-22.

5. This preliminary analysis did not consider transient or other hydraulic phenomena 
that could occur.

6. Absolute roughness of pipes ('k' value) estimates assumed mid-range of new steel 
pipe and steel water mains with general tuberculations (Miller, 1990).

3.7.2.3 Hydraulic Analysis

The discharge estimate was calculated using two simple Mathcad programs developed for the 
AWS drain line and the diffuser drain line (Appendix B). As noted previously, losses in the 
equalizer header pipe and connections were neglected which will make some difference in the 
flow distribution; however, this simplified method of evaluating one line at a time was 
considered to be acceptable for this level of detail. The system between the scroll case fill line 
inlet location and the AWS was divided into three sections including the following:  

1. 25-foot long, 24-inch diameter scroll case fill pipe.

2. 15-foot long, 6-inch diameter fill pipe for AWS line and 4-inch diameter fill pipe for 
diffuser line.

3. 40-foot long, 12-inch diameter drain pipe for AWS line and 60-foot long, 8-inch 
diameter drain pipe for diffuser line.

The minor losses between the scroll case inlet location and AWS included valves, 90-degree 
bends, expansions, contractions, inlet, exit, and friction losses. The minor losses, friction values, 
and pipe lengths used in this analysis are only approximations. If this alternative is pursued in 
detail, the losses would be refined in more detail. Multiple references including 'Internal Flow 
Systems' (Miller, 1990) and EM 1110-2-1602 'Hydraulic Design of Reservoir Outlet Works' 
were used to estimate minor losses.

Based on the initial calculations, the discharge estimates for a typical AWS and diffuser drain are 
5.3 cfs and 2.0 cfs, respectively. If these estimates are multiplied by the number of drain lines 
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available in Units 1-14 (7 AWS drain lines and 14 diffuser drain lines), the total estimated 
discharge for this alternative is on the order of 65 cfs. With the 5.3 cfs estimate for the 6-inch fill 
pipe associated with the AWS drain system, the velocities in the 6-inch diameter pipe would 
exceed 27 fps. This velocity exceeds the pipe velocity design criterion and could result in 
damage to components of the existing system such as gate valve seats. Appendix B contains the 
Mathcad files and provides the calculations used to develop the discharge and velocity estimates.

Sensitivity analyses were conducted by varying the valve loss coefficients, AWS pressure 
elevation, and pipe friction factor. For all of the sensitivity analyses conducted (using reasonable 
losses), the discharge varied at the most by 0.5 cfs per drain. As an overall check on the 
discharge estimates, a simplified computation was made assuming the scroll case was connected 
directly to the AWS via a 15-foot long, 6-inch diameter pipe (i.e., simulating the existing 6-inch 
diameter connection between the 24-inch diameter equalizer header and 12-inch diameter drain 
line). For this condition, the computed discharge per drain was about 8.6 cfs. In other words, 
with the losses in all valves, the 24-inch diameter fill pipe, the 12-inch diameter drain pipe, and 
associated connections neglected, the maximum possible discharge per drain is 8.6 cfs. Based on 
this very simplistic check, the computed 5.3 cfs per drain estimate is considered reasonable.

As a potential improvement to the existing system, an analysis was completed to determine the 
increased capacity of the system if the 6-inch and 4-inch drain pipe constrictions are replaced 
with larger diameter pipes. With the 6-inch pipe constriction replaced with a 12-inch pipe, the 
capacity for a typical AWS drain would be 18 cfs. With the 4-inch pipe constriction replaced 
with an 8-inch pipe, the capacity for a typical AWS drain would be 7 cfs. If these estimates are 
multiplied by the number of drain lines available in Units 1-14, the total estimated discharge for 
this alternative is on the order of 224 cfs. Although the smallest diameter pipes would be 
replaced with these modifications, the velocities would still exceed 20 fps in both systems.

There are several items that would need to be investigated in detail should this alternative be 
pursued.

� A network model connecting the multiple drains and equalizer header pipe would need to 
be developed. There would likely be additional head losses due to friction and the multiple 
connections from the equalizer header pipe as flow is distributed along the manifold-type 
system. In addition, there would be minor differences in the AWS hydraulic grade line 
along the powerhouse that would need to be taken into account.

� If this option was pursued, additional modifications to the piping system as described 
above could be considered that would reduce losses and subsequently increase the flow.

� Potential issues associated with the high velocities in the 4-inch and 6-inch diameter fill 
pipes should be investigated and addressed.

3.7.3 Summary Discussion

The potential EAWS supplemental discharge that could be obtained utilizing the existing 
piping/drain arrangement is approximately 65 cfs based on the initial review. As noted, several 
assumptions were made in this estimate and a more detailed analysis is recommended if this 
alternative is pursued as a potential water supply source for the EAWS.
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4.0 EVALUATION OF ALTERNATIVES TAKEN TO 60% 
DESIGN LEVEL

4.1 Introduction 
Per guidance from the USACE, at the 60% design level, all four alternatives evaluated during the 
initial phase of the study were to be ranked and compared with each other. The top two 
alternatives that appear to have the most merit would then be taken to the 90% design level. The 
evaluation of alternatives not selected would cease. Evaluation factors consisted of the following
and are detailed in Section 4.2:

� Constructability

� Ease of Operations
� Maintenance Requirements

� Biological Impacts

� Impact to Existing Facility

� Expected Reliability

� Construction Cost (included in evaluation but not scored)

� Operational Cost (included in evaluation but not scored)

� Maintenance Cost (included in evaluation but not scored)

With the exception of construction, operational, maintenance cost, all evaluation factors were 
given a ranking score between 1 and 4, with 1 being a nonfavorable score and 4 being a highly 
favorable score. The composite scores displayed in Table 11 represent the average score of 
HDR’s PDT. A total of ten team members participated in the evaluation and scoring process. 
Table 11 also displays the results of the ranking and scoring evaluation, and cost information. 
Sections 4.3 thru 4.6 provide a summary discussion of each alternative.
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4.2 Matrix Evaluation Factors
This section describes the evaluation factors that were listed in Section 4.1 of this report.

Constructability: evaluation factors considered the overall difficulty or ease of constructing the 
alternative. If components need to be fabricated in smaller manageable parts and then assembled 
in place to make a larger component, this received a relatively low score (1-2). Whereas, if the 
major components of the alternative could be installed or assembled in one or two pieces, it
received a higher ranking score (3-4). 

Ease of Operations: evaluation factors were based on the overall ease to operate the backup 
system. For example, if the alternative had multiple complicated steps, required numerous 
USACE staff to implement the emergency backup system, and needed to be monitored on a 
continual basis, it received a low ranking score when compared to an alternative that could be 
activated in one step by very few USACE staff and would require little or no monitoring and 
adjustments.

Maintenance Requirements: evaluation factors considered the overall maintenance of the 
alternative. For example, if a hydraulic controller system was to be continually submerged or 
needed to be inspected weekly, it received a low ranking score. But, an alternative that had 
yearly maintenance or components that were simple to maintain, received a high ranking score.

Biological Impacts: evaluation factors were based on the ability of the alternative to keep the 
EFL system within compliance and meet fish passage criteria while, at the same time,
minimizing negative effects on fish in the Columbia River. Some of the factors that were 
considered pertained to locations of juvenile salmonids, lamprey, and white sturgeon in the 
reservoir and water column, the ability of entrained fish to survive in the diversion system, and 
the overall induced stress to fish. Effects of construction and operation on adult salmonids, 
lamprey, and white sturgeon were also considered.

Impact to Existing Facilities: evaluation factors that were considered but not necessarily 
inclusive included requirements for additional manpower needed to maintain and start the 
system, accessibility to the different components (valves and piping), impact to normal 
operations, physical impacts to the area, cost of utilities, etc.

Expected Reliability:  This factor takes into account how dependable the alternative will perform 
and obtaining overall performance objectives. The overall complexity of the alternative is 
included in the reliability.

Construction Cost was considered in the overall evaluation of each alternative, but did not 
receive a ranking score. Each alternative has a write-up that describes the methodology and 
assumptions used.

Operational Cost was considered in the overall evaluation of each alternative, but did not receive
a ranking score. Each alternative has a write-up that describes the methodology and assumptions 
used.
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Maintenance Cost was considered in the overall evaluation of each alternative, but did not 
receive a ranking score. Each alternative has a write-up that describes the methodology and 
assumptions used.

4.3 Evaluation of Alternative #1—Siphon for Additional Water to the
Fishlock

Alternative #1 has an overall score of 15.5, which would rank this alternative in second place.
Constructability and Ease of operation were scored as “fair to good.” This alternative would be 
somewhat difficult to construct because of the existing infrastructure (as would most of the 
alternatives). Impacts to the existing structure would be low which resulted in an “excellent” 
score of 4 points. 

This alternative was scored as fair for biological impacts. Entrainment of juvenile salmonids and 
lamprey into the siphon pipes is possible, especially for juvenile salmonids approaching the dam 
near the south shore of the Columbia River.

The overall construction cost of this alternative would be approximately $4,771,000.

Construction could be classified as “fair to good” due to confined space issues and potentially 
could take several construction seasons to complete because of in-water work period constraints. 

4.4 Evaluation of Alternative #2 – Low Level Intake
Alternative #2 has an overall score of 17, which would place this alternative as the highest 
ranked alternative. Constructability and Ease of Operation were scored as “good to excellent.”
This alternative would be relatively easy to construct because of the layout of the proposed 
alternative features. Impacts to the existing structure would be “fair to good” which resulted in a 
score of 2.5 points.

This alternative was rated between “fair and good” for biological impacts. Entrainment of 
juvenile white sturgeon and lamprey into the pipes is possible; however, entrainment levels 
would likely be low.

The overall construction cost of this alternative would be approximately $4,152,000.

Construction could be classified as “good” and potentially could take several construction 
seasons to complete because of in-water work period constraints.

4.5 Evaluation of Alternative #10 – Single Pump/Pump house on East 
Side of Cul-de-sac

Alternative #10 has an overall score of 10.5, which would rank this alternative in fourth place.
Constructability was scored at 3; a “good” rating and Ease of operation were scored as 2.5, “fair 
to good.” This alternative would be relatively easy to construct because of the layout of the 
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proposed alternative features. Impacts to the existing structure would be classified as “fair” 
which resulted in a score of 2 points.

Maintenance requirements for this alternative would be high which is reflected in a rating “poor” 
and a score of 1.0 points.

The overall construction cost of this alternative would be approximately $22,208,000.

Construction could be classified as “good” and potentially could take several construction
seasons to complete because of in-water work period constraints.

This alternative was scored as “poor” for biological considerations. Construction, placement, and 
operation in the cul-de-sac may disrupt adult white sturgeon, which congregate in the area during 
winter months. The supporting structures may also attract non-native predatory fish in the 
tailrace. Operations could entrain juvenile salmonids that have already migrated from the forebay 
to the tailrace.

4.6 Evaluation of Alternative #11 –Intake Tower with Siphon
Alternative #11 has an overall score of 15, which would rank this alternative in third place.
Constructability has a score of 2.5 points (“fair to good”) and Ease of operation was scored at 
3.0, a rating of “good.”

This alternative was scored as “fair” for biological impacts. Potential effects are similar to those 
for Alternatives #1 and #2 (entrainment of juvenile fish), although few juvenile salmonids would 
likely be entrained. In addition, the structure may attract non-native predatory fish in the forebay.

The overall construction cost of this alternative would be approximately $3,826,000.

Construction could be classified as “fair to good” due to confined space issues and potentially 
could take several construction seasons to complete because of in-water work period constraints.

4.7 Discussion of Selected Alternatives
Based on the evaluation factors developed for the alternatives under consideration, final matrix 
scores (Table 11), cost considerations, HDR PDT team meetings, meetings with USACE PDT 
team, Alternatives #2 and #11 have been selected as the alternatives that will be carried forward 
to the 90% design level as well as the improvements to fishlock, valve room, and approach 
channel. Minutes from these meetings are provided in Appendix H.

The following alternatives will be evaluated in more detail:

� Alternative #2 – Low Level Intake

� Alternative #11 – Intake Tower with Siphon to Fishlock

� Improvements to Fishlock, Valve Room, and Approach Channel
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5.0 SELECTED ALTERNATIVES TAKEN TO 90% 
DESIGN LEVEL

5.1 Alternative #2 – Low Level Intake
This alternative proposes the use of two, 72-inch steel pipes that will convey water from the 
forebay to the existing fishlock. The fishlock will then discharge into the approach channel 
which in turn will flow through an 8-foot by 8-foot culvert and finally discharge into the junction 
pool. Flow through the culvert (8 feet x 8 feet) goes to the AWC and through diffusers before 
entering the junction pool, ladder, and east entrance. The pipes will be sized for approximately 
1,000 cfs. Improvements to the existing piping systems in the valve room will provide an 
additional flow of about 400 cfs, for a combined flow of 1,400 cfs.

Sheets 21-35 have been prepared for the 90% EDR submittal and reflect review comments and 
meeting discussions since the 60% EDR submittal. Sheet 21 and Sheet 23 through Sheet 25
display the plan layout of the alternative and its major features.

Changes to the 60 % design are as follows:

� At the intake for each pipe, a double bulkhead has been added, one of the bulkheads will 
serve as an emergency closure structure,

� Replace two downstream emergency closure gate valves with an emergency bulkhead,

� Re-design of trashrack enclosure structure,

� Five trashracks 11 feet -6 inches by 16 feet -0 inches are be proposed, the former design 
had six trashracks,

� Mechanical trash rakes will be used for debris removal, formerly an airburst system was 
proposed,

� Concrete thrust block and pipe support added,

� Minor adjustments to overall alignment of the pipes, and

� Addition of flow measurement equipment.

The preliminary design of each pipe has a discharge capacity of about 760 cfs, for total 
combined capacity of about 1,520 cfs. A downstream flow control valve on each pipe would be 
used to limit the velocities in the pipes and discharge into the fishlock. Further engineering will 
be required in the next phase of the study if this alternative is selected.

The invert elevation of the intake trashrack is 104.0 feet, msl, the invert elevation for each pipe is 
at 111.5 feet, msl, and the invert of the discharge outlet pipes at the fishlock are at elevation 
111.5 feet, msl.

Trashracks with ¾-inch spacing will be provided at the upstream intake. Bulkheads will be 
attached to the upstream face of the dam at the entrance to each pipe to keep the system in a 
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“dewatered” mode when not in operation. A crane will be needed to lower and raise the 
bulkheads. It is assumed that the trashrack enclosure will be attached by divers.

5.1.1 Biological Considerations

Alternative #2 received the highest rating (between “fair and good”) for biological impacts. None 
of the changes to the design summarized above will result in substantial changes to these 
potential impacts. A low-level intake has the potential to entrain juvenile white sturgeon and 
larval lamprey; however, if substrate is primarily bedrock, as expected, abundance of lamprey 
should be low. Furthermore, the intake will be located about 10 feet off the bottom, but still 
50 feet below the lake level, further reducing the likelihood of entraining juvenile white sturgeon 
and larval lamprey.

The intake also has the possibility of entraining juvenile salmonids, especially as it has been 
located off the bottom. Juvenile salmonids may be located throughout the water column, 
however, the overwhelming majority are usually found in the upper portions of the water column 
(Faber et al. 2005). Therefore, levels of entrainment of juvenile salmonids will likely be very 
low. 

5.1.2 Hydraulic Design

Due to the minor changes made from the 60%, the hydraulics of the system were not re-
evaluated. Minor changes in the alignment would have negligible impact on the hydraulics based 
on sensitivity analyses conducted during the 60% design. In future phases of the project, the pipe 
size should be confirmed after the final valve selection is made and loss coefficients from the 
manufacturer are obtained.

5.1.3 Mechanical Design

Due to the addition of isolation bulkheads on the upstream side of the dam, the isolation gate 
valves were removed from this alternative. This alternative is currently showing the use of jet 
flow valves for controlling the flow of the system. This is one of several available valve types 
that can be used for this application. Final valve selection will be determined during final design.

The trashrack cleaning system has been changed from an airburst system to a mechanical trash 
rake system. The mechanical trash rake system will be supported off of the dam and operated on
a rail that will allow the rake system to move along the trashracks. The debris removed by the 
mechanical rake system will not be physically removed from the water. It is assumed that 
sufficient cross velocity is available to sweep debris away from the trashrack after it has been 
dislodged by the mechanical rake. This will be verified later via velocity measurement at the 
location and depth of the intake.

Another addition to this alternative is the installation of strap-on ultrasonic flow meters in the 
valve room pipes. Accurate flow measurement is needed to facilitate system startup and ensure 
the system is providing adequate flow.
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.1.4 Structural Design  

Two, 72-inch diameter steel pipes will be placed through monolith number 5 of the non-overflow 
section of the dam. It is assumed that for the method of coring or mining through the concrete 
dam, the contractor will select one of these options. For both methods, the steel pipes will be 
fully grouted in place. The size of the tunnel boring machine is 84 inches in diameter which will 
leave 6 inches of grout around the pipe. The invert elevations of the pipes are 111.5 feet, msl and 
they will run horizontal to the fishlock. The pipes will be supported on two concrete pipe saddles 
(Sheet 24). A thrust will be needed at the change in direction at the jet flow valves. 

There is one trashrack steel enclosure slightly over 66 feet long attached to the upstream face of 
the dam using 1-inch diameter stainless steel undercut anchors. This enclosure will hold five 
trashrack panels. The trashrack panels are sized using 1-inch vertical bars and ¾-inch spacing 
between the bars. All panels are 11 feet 6 inches wide by 16 feet tall. The vertical bars are 
welded to three horizontal members that are welded to vertical 6 by 6 angles. All members are 
welded. The trashrack panels are bolted to the steel enclosure and can be removed if needed. The 
1-inch vertical bars were designed for a 5-foot head differential per EM 1110-2-3104. A 
vibrational analysis of the vertical members was not completed for this level of design.

There are two bulkheads for each pipe inlet. One will be used as an emergency bulkhead and the 
other is used when the AWS is not in use. The dual bulkheads for each pipe outlet slide down 
into the enclosures on guide rails. When the AWS system is called into operation, one bulkhead 
is lowered while the emergency bulkhead is locked into place out of the way. The invert 
elevation of the trashracks is 102.5 feet, msl. 

.1. Electrical Evaluation 

A new 480-volt motor control center (FCQ9) is proposed to be installed outdoors near the 
fishlock approach channel. The new unit substation described in the 60% level design to feed 
power to the FCQ9 has been removed. Instead, power for the FCQ9 will be provided from 
existing unit substation FSQ6, which is located in the powerhouse near the main turbine 
unit #22. A new 150-Amp, 3-pole circuit breaker is proposed to be installed in FSQ6 to supply 
480-volt power to the new FCQ9. The motor control center will include an enclosure suitable for 
outdoor locations.

Motor control center FCQ9 will be used to provide power to the bulkhead crane, hydraulic power 
units and debris cleaning system as shown in the electrical one-line diagram on Sheet 34. FCQ9 
will also include a transformer and panelboard to supply power for convenience receptacles, 
lighting, and heating loads. 

A control panel with a programmable logic controller is proposed to provide automatic controls 
and monitoring capabilities of the new equipment as required. The programmable logic 
controller will be connected to the existing fiber optic network to allow remote monitoring of the 
equipment. 

There is existing electrical equipment and electrical conduits near the fishlock (see Figure 8) that 
will need to be relocated. This equipment is in the proposed path of the new low level intake 
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pipes. This equipment includes a control panel associated with security and a disconnect switch 
for the vehicle gate operator.

Figure 8: Electrical Equipment near Fishlock

5.1.6 Cost Evaluation

A conceptual level Total Project Cost estimate has been developed for this alternative. Costs 
presented were effective price levels as of March 2012. Cost data is based on estimates from 
vendors, fabricators, contractors, and other projects in the Pacific Northwest. The estimates 
contain contractor markups and contingencies. Contingency amounts were established based on 
an Abbreviated Risk Analysis (see guidance at 
www.nww.usace.army/mil/html/OFFICES/ED/C/default.asp). Cost estimates were developed 
using Micro Computer Aided Cost Estimating System (MCACES) MII. The cost estimates 
conforms to USACE publications ER 1110-2-1150, Engineering and Design for Civil Works 
Projects; ER 1110-2-1302, Civil Works Cost Engineering; and ETL1110-2-573 Engineering and 
Design: Construction Cost Estimating Guide for Civil Works. The MII cost sheets and the 
abbreviated risk analysis sheets are contained in Appendix G. The cost estimate for 
Alternative #2 also includes the cost for the modifications to the valve room, fishlock, and 
approach channel. The estimate assumes:

� Procurement will be with a standard Design Bid Build contract, and that the contract will 
be awarded 1 July 2014 with construction completed in 365 days.

� Alternative #2 will require mining or drilling for two, 72-inch steel pipes through the east 
non-overflow structure and fishlock, and fabrication of upstream bulkheads and trashrack 
structures.

� 84 inch diameter bored tunnels are assumed for the pipes through the non-overflow 
structure.  Mined 84 inch holes through reinforced concrete are assumed for the pipes into 
the fishlock.
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� A cofferdam or the bulkhead structure will be constructed during the in-water work period 
and will require divers to perform the in-water work.

� The bulkhead structure will be in place before mining begins.

� The mining will be performed from the downstream elevation 111.5-foot bench.

� A crane will be able to operate from the roadway on top of the dam.

The estimated construction cost for Alternative #2 including contingency is approximately 
$10,304,000 which includes approximately $3,626,000 for modifications to the valve room and 
fishlock approach channel. The Total Project Cost (fully funded) was computed to be 
approximately $16,588,000. O&M costs for this alternative are not included in the Total Project 
Cost. The life cycle cost for O&M was computed to be approximately $2,937,000 over the 50-
year project life. The cost estimate has attempted to capture the additional cost associated with 
in-water work. The cost per unit and source of the estimate are shown on the backup data 
provided in Appendix G. Cost increases over the 60% estimate are the result of design changes 
to the intake trashrack/bulkhead structure, valves, and a more refined evaluation of required 
construction.

5.1.7 Constructability

The low level intake alternative will require boring or mining openings for two, 72-inch diameter 
steel pipes through the east non-overflow structure. The borings will be made at an invert 
elevation of approximately 111.5 feet, msl from the downstream roadway and parking area 
which is at elevation 111.5 feet, msl (Sheet 24). The excavation will require installation of the 
bulkhead structures or a cofferdam bolted on the upstream face of the dam. It is assumed that 
most work can be performed from the downstream elevation 111.5 feet, msl roadway or from the 
roadway on the top of the dam. Installation of the cofferdam and trashracks will require divers 
working from a dive barge. The valves and pipes are commercially available but typically 
require lead time for fabrication. Northwest contractors have been identified that have indicated 
they can perform the pipe boring and grouting operations. It is assumed that this alternative can 
be constructed in a single year, but only if the contractor has several months lead time prior to 
the in-water work period (1 December through 28 February) to fabricate the trashrack/bulkhead 
structure.

5.2 Alternative #11 – Intake Tower with Siphon to Fishlock
This alternative requires two, 72-inch siphon pipes that will convey water from an upstream 
intake tower with low level inlet openings. Water will be routed to the existing fishlock. The 
fishlock will then discharge into the fishway approach channel (no longer in use) which in turn 
will flow through an 8-foot by 8-foot culvert and finally discharge into the junction pool. Flow 
through the culvert (8 feet x 8 feet) goes to the AWC and through diffusers before entering the 
junction pool, ladder, and east entrance. Sheet 22 and Sheet 26 display the general plan layout 
and flow path for this alternative.

The siphon pipes will be sized for approximately 1,000 cfs. Proposed improvements to the 
existing piping systems in the “valve room” will provide about 400 cfs, for a combined flow of 
1,400 cfs. Sheet 27 through Sheet 29 show the pipe layout sectional view for this alternative. The 
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piping geometry from elevation 120.0 feet, msl in the fishlock through the dam monolith is the 
exact same configuration as Alternative #1.

Changes to the 60 % design are as follows:

� The intake tower structure has had a significant re-design; it is now more of a trapezoidal
shape,

� The intake structure will be pre-cast concrete sections that will be lowered into place and 
post-tensioned to the rock,

� A concrete maintenance platform and wall has been added for the upstream gate valves 
that are located in the intake tower,

� Better access and a floor for maintenance of the jet flow valves in the fishlock have been 
added,

� The elevation of the jet flow valves has changed to elevation 140.0 feet,

� Most, if not all, of the existing buildings and mechanical equipment located on the top 
deck of the fishlock will be demolished,

� Mechanical trash rakes will be used to control and remove debris on the trashracks,

� The 90% design has five trashracks; the 60% design had six trashracks,

� The capacity of the siphon fill pumps has been slightly adjusted, and

� Addition of flow measurement.

The siphons will be primed by pumps prior to the beginning of operation. An upstream gate 
valve at elevation 150.0 feet, msl will be provided for priming purposes. Downstream jet flow 
valves in the fishlock at elevation 140.0 feet, msl will be used for flow control. The design will 
include small pumps used to fill the pipes that will prime the siphons. The operation of the 
upstream and downstream valves needs to open and close simultaneously to ensure initiation of 
the siphon action. 

The invert elevation of the trashrack at the intake tower is at 100.0 feet, msl, the intake invert for 
the siphon is at elevation 134.0 feet msl, the crest invert elevation for the siphon pipes is at 161.0 
feet, msl and the invert elevation of the discharge outlet pipes is at 120.0 feet, msl, which is 
located in the fishlock. This proposed alternative is designed to function over the range of the 
normal operating pool limits of 160.0 to 155.0 feet, msl.

The proposed design calls for five flat rectangular trashrack openings at the base of the intake 
tower. A mechanical rake cleaning system will be used to remove debris from the trashrack 
faces.

5.2.1 Biological Considerations

Alternative #11 was scored as “fair” for biological impacts, which places it slightly behind 
Alternative #2, the Low Level Intake. Because of the depth of the intake slots and therefore 
trashracks, potential effects such as entrainment of juvenile salmonids, juvenile white sturgeon, 
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and larval lamprey are similar to those of Alternative 2; however, the intake tower has the 
additional potential effect of providing additional structure for predatory fish.

Reconfiguring the intake tower so that it is more trapezoidal in shape than the original design 
may decrease the effects on juvenile and larval fish. All trashracks will be oriented parallel to the 
flow, and therefore have sweeping velocities to better remove trash and lessen entrainment of 
fish.

5.2.2 Geotechnical Evaluation

The intake for this alternative will be founded on bedrock at about elevation 100 feet, msl. The 
rock in this area is hard sound Basalt with relatively high unconfined compressive strengths. The 
Dalles Foundation Report for the East Non-Overflow Structure shows the area to be within the 
more massive P unit (Appendix C). Based on information from The Dalles Spillwall
construction, the rock is assumed to be suitable for support of the intake tower and for 
installation of rock anchors. The toe of the embankment dam is located 35 to 40 feet west of the 
intake location and will not be impacted by the structure. The above assumptions are based on 
available information. If this alternative is selected for construction it is recommended that the 
foundation area be investigated to confirm the elevation of the rock and to insure that there has 
been no significant amounts of sediments deposited post construction.

5.2.3 Hydraulic Design

Due to the minor changes made from the 60%, the hydraulics of the system were not re-
evaluated. Minor changes in the alignment would have negligible impact on the hydraulics based 
on sensitivity analyses conducted during the 60% design. In future phases of the project, the pipe 
size should be confirmed after the final valve selection is made and loss coefficients from the 
manufacturer are obtained.

5.2.4 Mechanical Design

Two vertical turbine pumps will be provided to fill the siphon lines and will draw water from 
within the intake tower as shown on Sheet 29. The capacity of the pumps has been slightly 
adjusted based on the layout of the pumps and piping. The pumps will have a capacity of 
600 gpm at a TDH of approximately 25 feet. This pump requires a 7.5-hp motor instead of a 10-
hp motor as previous assumed.

Similar to Alternative #2, the trashrack cleaning system has been changed from an airburst 
system to a mechanical trash rake system. The mechanical trash rake system will be supported on
the bottom by the concrete foundation pad and on the sides by precast concrete columns. It will 
operate on a rail that will allow the rake system to move along the trashracks. The debris 
removed by the mechanical rake system will not be physically removed from the water. It is 
assumed that sufficient cross velocity is available to sweep debris away from the trashrack after 
it has been dislodged by the mechanical rake. This assumption will be confirmed later during 
final design.

Like the previous alternative, strap-on ultrasonic flow meters will be installed to provide 
feedback on the flow rate during startup and operation. 
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5.2.5 Structural Design

A preliminary structural design was completed for Alternative #11. A trapezoidal shaped (in 
plan) precast concrete intake tower is used for siphoning water from the bottom of the trashrack
opening at elevation 100.0 feet, msl. Two, 72-inch diameter steel siphon pipes will also be 
placed through a bored/mined section of Monolith number 7 of the non-overflow section of the 
dam. The method for coring through the dam will be contractor designed. For either construction 
method, the steel pipes will be fully grouted in place. Grouting the pipes will act as a thrust 
restraint for the change in direction of the pipes. Both siphon pipes will exit the intake tower at 
an invert elevation of 161.0 feet, msl at approximately Station 43+50. The pipes will enter the 
fishlock at approximately 110 degrees to the axis of the dam (and the parallel centerline of the 
fishlock). The average length of the pipes from elevation 134.0 feet, msl to the upstream face of
the dam monolith is 165 feet. The pipes are supported at the intake tower wall at the East 
Fishway Exit Channel pier (Sta. 44+18.63). They enter just east of the Monolith Number 7 joint.
Sheet 26 shows the piping layout in plan view and Sheet 27 shows sections. Sheet 28 shows the 
pipe support at the Fishway Channel Pier and Sheet 29 shows the plan and elevation of the intake 
tower and dimensions. There are five trashrack panels along one edge of the tower which are 
supported on the bottom by the concrete foundation pad and on the sides by precast concrete 
columns. The trashrack panels are sized using 1-inch vertical bars and ¾-inch spacing between 
the bars. All panels are 11 feet 6 inches wide by 16 feet tall. The vertical bars are welded to three 
horizontal members that are welded to vertical 6 by 6 angles. The angles are connected to 
embedded steel plates in the columns and can be removed. All trashrack members are welded. 
The 1-inch vertical bars were designed for the case when the trashrack is 50% covered by debris. 
A vibrational analysis of the vertical members was not completed for this level of preliminary 
design. 

The concrete intake tower is 85 feet tall. The walls of the concrete intake tower are 2 feet by 
6 inches thick. The panels have shear keys with male and female profiles for interlocking. It is 
assumed that the tower will not be dewatered so the walls were not designed for a differential 
pressure. See Sheet 29 for additional dimensions and elevations. The precast panels above the 
trashracks are 6 feet tall by a length sized for shipping. Lengths of panels will be chosen for the 
preferred method of shipping during final design. The 3-foot-thick foundation slab is cast-in-
place concrete placed by tremie on bedrock. The panels are post-tensioned together using 1-inch, 
150 ksi all-thread stainless steel rod with couplings at each 6-foot panel height. There are 
approximately 8 post-tensioned rods that will be embedded into the bedrock approximately 3 feet 
through the concrete foundation slab. Once all the sections are place, the all-thread rod is grouted 
for corrosion resistance. The top slab of the tower will also use precast elements to eliminate the 
cost of shoring a cast-in-place floor slab and the environmental issue of pouring concrete over 
the water. Six precast, post-tensioned beams will span from notches in the upstream face of the 
existing dam to fabricated notches in the last precast wall panel. The beams will be 
approximately 13 feet on center. Spanning the beams and outside walls there will be 6-inch deep 
by 48-inch wide prestressed hollow core slabs with a 2-inch topping. The slabs are designed for a 
minimum of 300 psf live load. There will be a removable waterproof section of slab above the 
two gate valves for maintenance. A 3-foot by 4-foot Bilco style hatch will provide access to the 
concrete maintenance platform at elevation 145.0 feet, msl. Inside the tower, the maintenance 
platform will also serve to support the gate valves. This enclosed area will also be used for 
quarterly valve maintenance. It will be maintained as a dry platform having a separation wall up 
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to elevation 161.0 feet, msl. This platform will also be constructed of precast, prestressed hollow 
core slabs for the floor and wall. The walls will be attached to the upstream face of the dam using 
specially design stainless steel connections. The top deck of the tower will be at elevation 185.0 
feet, msl to match the existing top of dam. Part of the existing concrete railing on the dam will be 
removed and a similar rail used along the perimeter of the new concrete deck. 

.2.6 Electrical Evaluation 

A new 480-volt motor control center (FCQ9) is proposed to be installed outdoors near the 
fishlock approach channel. The new unit substation described in the 60% level design to feed 
power to FCQ9 has been removed. Instead, power for FCQ9 will be provided from existing unit 
substation FSQ6, which is located in the powerhouse near the main turbine unit #22. A new 
150A, 3-pole circuit breaker is proposed to be installed in FSQ6 to supply 480-volt power to the 
new FCQ9. The motor control center will include an enclosure suitable for outdoor locations.  

Motor control center FCQ9 will be used to provide power to the siphon priming pumps, 
hydraulic power units, and debris cleaning system as shown in the electrical one-line diagram on 
Sheet 35. FCQ9 will also include a transformer and panelboard to supply power for convenience 
receptacles, lighting, and heating loads. 

A control panel with a programmable logic controller is proposed to provide automatic controls 
and monitoring capabilities of the new equipment as required. The programmable logic 
controller will be connected to the existing fiber optic network to allow remote monitoring of the 
equipment. 

.2.7 Cost Evaluation 

A conceptual level Total Project Cost estimate has been developed for this alternative. Costs 
presented were effective price levels as of March 2012. Cost data is based on estimates from 
vendors, fabricators, contractors, and other projects in the Pacific Northwest. The estimates 
contain contractor markups and contingencies. Contingency amounts were established based on 
an Abbreviated Risk Analysis (see guidance at 
www.nww.usace.army/mil/html/OFFICES/ED/C/default.asp). Cost estimates were developed 
using Micro Computer Aided Cost Estimating System (MCACES) MII. The cost estimates 
conform to USACE publications ER 1110-2-1150, Engineering and Design for Civil Works 
Projects; ER 1110-2-1302, Civil Works Cost Engineering; and ETL1110-2-573 Engineering and 
Design: Construction Cost Estimating Guide for Civil Works. The MII cost sheets and 
abbreviated risk analysis sheets are contained in Appendix G. The cost estimate for Alternative 
#11 also includes the cost for the modifications to the valve room and approach channel. The 
estimate assumes: 

� Procurement will be with a standard Design Bid Build contract, and the contract will be 
awarded 1 July 2014 with construction completed in 365 days.  

� Alternative #11 will require mining or drilling for two, 84-inch diameter tunnels for the 
two, 72-inch steel pipes through the east non-overflow structure above normal high pool 
elevation and construction of a prefabricated intake structure that attaches to the face of 
the dam.  
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� Mining through the dam will be performed from a work platform suspended in the 
fishlock structure.

� Crane support for work in the fishlock will need to occur from the land side since there is 
not sufficient room for a large crane on top of the dam adjacent to the fishlock structure.

� Construction of the intake structure will occur during the in-water work period (1 
December through 28 February) and will require divers and a crane barge to lift the 
individual sections into place.

The estimated construction cost for Alternative #11 including contingency is approximately 
$13,930,000. This includes approximately $3,626,000 for modifications to the valve room and 
fishlock approach channel. The Total Project Cost (fully funded) was computed to be 
approximately $22,426,000. O&M costs for this alternative are not included in the Total Project 
Cost. The life cycle cost for O&M was computed to be approximately $2,144,000 over the 50-
year project life. The cost estimate has attempted to capture the additional cost associated with 
in-water work. The cost per unit and the source of the estimate are shown on the backup data 
provided in Appendix G. Cost increases over the 60% estimate are the result of design changes 
to the intake structure, valves, and a more refined evaluation of required construction.

5.2.8 Constructability

Alternative # 11 will require construction of an upstream prefabricated intake tower, boring or 
mining openings for two, 72-inch diameter steel pipes through the east non-overflow structure 
and fishlock structure, and supporting the two pipes on the upstream face of the dam. The 
borings will be made from the fishlock structure at an invert elevation of 161.0 feet, msl (Sheet 
27). Construction of the intake tower will require divers working from a dive barge and a crane 
barge. Delivery of the intake structure segments can be by truck or barge. The valves and pipes 
are commercially available but typically require lead time for fabrication. Northwest contractors 
have been identified that have indicated they can perform the pipe boring and grouting 
operations. It is assumed that this alternative can be constructed in a single year, but only if the 
contractor has several month lead time prior to the in-water work period (1 December through 
28 February) to fabricate the intake structure segments.

5.3 Improvements to Fishlock, Valve Room, and Approach Channel
Several improvements to the existing project infrastructure were identified as part of this 
evaluation. The listed improvements will provide about 400 cfs which is needed to help obtain 
the total discharge of 1,400 cfs. The selected alternative will provide an addition 1,000 cfs. These
improvements to the existing infrastructure are as follows:

� Improvements to the existing valve room,

� Improvements to the existing fishlock, and

� Improvements to the existing fishlock approach channel.

Changes to the 60 % design are as follows:

� Proposed valve room improvements (Sheet 31 and Sheet 32) include:
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o Installation of two, 48-inch sleeve valves, 

o Installation of four, 48-inch bonneted knife gate valves for isolation of piping 
components,

o One 48-inch x 36-inch transition pipe; one 48-inch x 42-inch transition pipe, and

o Removal of most of the existing pipes in the valve room,

� Proposed fishlock improvements are as follows:

o Removal of the existing brail system (Sheet 27),

o Removal of the existing downstream entrance gate (Sheet 27).

� Proposed fishlock approach channel improvements are as follows:

o New stoplogs will be added at the end of the approach channel (Sheet 30),

o The southeast wall of the approach channel to be raised to elevation, 111.0 feet, 
msl (Sheet 30), and

o Demolition of four existing diffuser gates and walls (Sheet 30).

All of the above changes to the 60% design are discussed in more detail in the next sections of 
the report.

5.3.1 Hydraulic Design

The valve room hydraulics were previously evaluated for both the existing condition as well as a 
condition where the three, 18-inch pipes were removed and replaced with one, 42-inch pipe.
With the elimination of the 18-inch pipes and manifold system, the head losses are reduced and 
the overall capacity of the system is increased. With these changes, the capacity of the valve 
room system would be higher; however, the velocities would also be high and the valves would 
be used to control the flow and reduce velocities.

The changes to the fishlock including removing the brail and entrance gate were already 
evaluated as a part of the 60% design.

The modifications to the approach channel by removing the four diffuser gates and walls were 
already evaluated and recommended as a part of the 60% design. Removing the gates and walls 
is required to discharge 1,400 cfs from the approach channel to the AWS.

5.3.2 Mechanical Design

After submitting the 60% report, it was determined that retaining the existing piping and valves 
in the valve room is not recommended as the velocity criteria through the valves would be 
exceeded to achieve the necessary flow. Therefore, all of the piping inside the valve room will be 
removed and replaced with larger piping that will provide the target flow rate. To obtain 200 cfs 
in each line, the pipes and valves will need to be upsized to 48-inch diameter pipes. The upsized 



Engineering Documentation Report – 90% Review Page 79
The Dalles East Fish Ladder Auxiliary Water Backup System April 9, 2012

pipes will only be provided inside the valve room, as it is neither cost effective nor practical to 
increase the diameter of the pipes embedded in concrete.

At this time, the design assumes sleeve valves will be used to control the flow in the pipes and 
maintain the 16 fps velocity criteria through the valves. Example drawings (Sheet 32) and 
cutsheets (Appendix F) are provided for more information on these valves. The sleeve valves 
will be equipped with back flushing capabilities that will remove any trapped debris on the 
perforated sleeve. The back flushing system will take high pressure water from upstream of the 
sleeve valve and connect it to the downstream side, sending water backwards through the sleeve 
valve. This water then goes to a drain for disposal using hydraulically-actuated isolation valves
located upstream and downstream of the sleeve valve.

The 36-inch pipe entering the valve room will be upsized to 48 inches and connected to a 48-
inch angle pattern sleeve valve. This line will then reduce and connect to the existing 42-inch 
pipe leaving the valve room that formally served as the fishlock drain. To connect this drain into 
the fishlock approach channel, a section of concrete must be removed to gain access to this pipe.
The pipe will then be plugged on the downstream end and allowed to flow into the fishlock 
approach channel (Sheet 31).

The 42-inch pipe entering the valve room will also be upsized to 48 inches and connected to a 
48-inch in-line sleeve valve. This line will then reduce and connect to the existing 42-inch pipe 
that formally served as the fishlock fill line.

Both sleeve valves will have 48-inch hydraulically-actuated bonneted knife gate valves on the 
upstream and downstream sides to provide isolation for valve maintenance and backflushing.

Like the other alternatives, ultrasonic flow meters will be installed to facilitate startup and 
operation of the system.

5.3.3 Structural Design

The fishlock approach channel will become the main waterway for a combined flow of 1,400 cfs
through the existing concrete conduit and into the junction pool. This will require structural 
demolition and improvements. Due to the existing hydraulic constraints and maintaining the 
water surface at elevation 109.0 feet, msl, the southeast training walls will be raised to level for 
approximately 256 feet. It is assumed that the existing concrete wall slopes at 10 percent with the 
roadway. The wall will be raised to maintain an elevation of 110.8 feet, msl for this length. The 
top cap will be left in place and a new 1-foot by 6-inch thick concrete wall will be doweled into 
the existing. There are also four gates that will be removed to allow the water to leave the 
fishlock approach channel unencumbered and enter the concrete conduit. Stoplogs will be 
required at the end of the channel and new stoplogs will be designed to fit into the existing 
stoplog guides.

Modifications to the holding pond will include demolition of the floor to get access to the 36-
inch pipe from the valve room. This pipe currently travels parallel to and below the fishlock 
channel. Once the 36-inch pipe is exposed, the pipe will be cut and a tee will be attached with a 
blind flange and an opening into the holding pond.
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. .4 Electrical Evaluation 

There are five existing motor operated valves located in the valve room, which are powered from 
the existing 480-volt motor control center FSQ7. These valves are to be removed and the 
associated electrical conduit is to be demolished. The new valves associated with these 
improvements will be hydraulically actuated. One hydraulic power unit will be used for the new 
valves installed on the 42-inch-diameter pipe, and another hydraulic power unit will be used for 
the new valves installed on the 36-inch-diameter pipe. The hydraulic power units will be 
powered from the existing 480-volt motor control center FSQ7 as shown on the electrical one-
line diagram on Sheet 33. 

A control panel with a programmable logic controller is proposed to provide automatic controls 
and monitoring capabilities of the new equipment as required. The programmable logic 
controller will be connected to the existing fiber optic network to allow remote monitoring of the 
equipment. 

. . Cost Evaluation 

A conceptual level Total Project Cost estimate has been developed for these improvements. The 
costs for valve room, fishlock, and approach channel improvements are included in the costs 
sheets for both Alternatives #2 and #11 and are found in Appendix G. The estimate assumes: 

� Procurement will be with a standard Design Bid Build contract, and that the contract will 
be awarded 1 July 2014 with construction completed in 365 days.  

� Significant modifications to piping and valves in the Valve Room and to the conduit to the 
fishlock.

� Demolition and removal of gates and portion of walls in the fishlock approach channel, 
and construction of an extension of the south wall of the fishlock approach channel to an 
elevation of 111.0 feet, msl.  

� This work can be performed outside of the in-water work period if it can be isolated from 
the fish ladder.

� Much of the work will be in confined areas.  

� Access will be from the downstream elevation 111.5 feet, msl which is the same elevation 
as the roadway and parking areas.

The estimated construction cost for the Fishlock, Valve Room, and Approach Channel 
Improvements is approximately $3,626,000. The cost estimate has attempted to capture the 
additional cost associated with working in confined areas with difficult access. The cost has 
significantly increased over the 60% estimate as the result of significant design changes to valve 
room, and fishlock approach channel, and a more refined evaluation of required construction 
costs.
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5.3.6 Constructability

The Fishlock, Valve Room, and Approach Channel Improvements require significant 
modifications to pipes and valves in the valve room, demolition of a wall in a conduit of the 
fishlock, demolition and removal of gates and portion of walls in the fishlock approach channel,
and construction of an extension of the south wall of the fishlock approach channel to an 
elevation of 111.0 feet, msl. Most work will be in confined areas with limited or no access for 
anything but hand-operated equipment. This type of work is often performed by local contractors 
during retrofitting of industrial facilities. It is assumed that these improvements will be 
constructed concurrently with the selected alternative.

5.4 Recommendations
Alternatives #2 and #11, as evaluated in this report during the 90% design phase, are both 
capable of providing a reliable emergency backup system for the EFL AWS Backup. Each 
alternative has been designed to provide 1,000 cfs. Improvements in the existing valve room will 
provide an additional 400 cfs. Additionally, modifications to the fishlock and approach channel 
are required. Modifications to the valve room, fishlock, and approach channel were considered to 
be an integral part of the evaluation. USACE and HDR staff considered these improvements a as 
“baseline condition.” Project photographs are provided in Appendix I.

Based on input from the design team and the evaluation matrix that was developed during 60% 
design phase, Alternative #2, Low Level Intake is being recommended as the final selected 
alternative. The construction cost estimate for Alternative #2, including contingency and 
modifications to the valve room, fishlock, and approach channel is approximately $10,304,000
(with contingency). The positive and negative factors that were considered in reaching this 
recommendation are discussed in the follow paragraphs. 

The positive factors in support of Alternative #2, Low Level Intake, are presented below:

� Relatively uncomplicated construction features, 

� Simple boring techniques, major platforms for construction are not required,

� The upstream bulkhead enclosure structure serves as a cofferdam during boring 
operations,

� Only two downstream control valves are required,

� Flexibility in overall operation,

� Flows in excess of 1,000 cfs could be obtained if required,

� Better flow control when compared to Alternative #11,

� Slightly less biological impacts than Alternative #11,

� Less overall maintenance required for project features,

� Overall, easy to implement the emergency backup system, and

� A limited amount of what would be considered “in-water work.”
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The negative factors in non-support of Alternative #2, Low Level Intake are presented below:

� During the boring phase of the project, risk of failure is relatively high, the upstream 
cofferdam is providing a single level of the protection,

� Boring into the fishlock and removal of existing reinforcement steel will require 
additional work, and

� A concrete reinforcing block on the exterior of the fishlock will most likely be needed 
(due to cutting of existing reinforcing steel).

The positive and negative factors for the evaluation of Alternative #11, Intake Tower with 
Siphon to Fishlock are discussed below. Alternative #11, including contingency and 
modifications to the valve room, fishlock, and approach channel, is estimated to cost 
approximately $13,930,000.

The positive factors in support of Alternative #11, Intake Tower with Siphon to Fishlock are 
presented below:

� Low risk during boring operations, boring will be above operational lake levels, and 

� Once operational, simple to operate.

The negative factors in non-support of Alternative #11, Intake Tower with Siphon to Fishlock 
are presented below:

� Siphons can be difficult to operate,

� Downstream and upstream flow control valves will need to have digital flow operation 
controls, this is a critical part of the operational startup procedure,  

� Relatively complicated construction features, 

� Simple boring techniques, but major downstream platforms for construction will be 
required to support boring equipment,

� Somewhat complicated to implement the emergency backup system, siphons will need to 
be primed,

� More overall maintenance required for project features, four valves and two priming 
pumps to maintain and operate,

� Slightly more biological impacts than Alternative #2,

� Limited flow control/flexible operation when compared to Alternative #2, and

� The intake tower will require a considerable amount of “in-water work.”

If the USACE Portland District decides to adopt and implement Alternative #2, Low Level 
Intake, it will require additional detailed technical analysis. This should include refined 
investigations for geotechnical, hydraulic, mechanical, structural, and electrical, as well as 
operational costs and biological considerations.



Engineering Documentation Report – 90% Review Page 83
The Dalles East Fish Ladder Auxiliary Water Backup System April 9, 2012

6.0 FINAL SELECTED ALTERNATIVE
6.1 Discussion of Final Selected Alternative
6.1.1 Biological Considerations

6.1.2 Geotechnical Evaluation

6.1.3 Hydraulic Design

6.1.4 Mechanical Design

6.1.5 Structural Design

6.1.6 Electrical Evaluation

6.1.7 Cost Evaluation

6.1.8 Constructability
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7.0 RECOMMENDATION
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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

Objective:

1. 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:

2. 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.  

3.   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.

4. 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.

5. 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 ft. 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).

c. 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 

season.
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:

� Villamonte Equation for Submergence:
o Q = (1 – (H2/H1)^1.5)^0.385*CwLH1^1.5
o H1 = 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 = 3.22 + 0.44 H/P 
o H = H1; P = weir height

� Entrance weir head (WSE – TW) at entrance weir(s) of 1.5 ft.
� 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 ft.
� 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.



3

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 higher 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. 

9. 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 Approximate Tailwater Range 
at Powerhouse by Flow **

TW at
Powerhouse 

by
Exceedance***

kcfs ft ft ft
100 year event 680 95.6 97.0
Maximum Tailwater 92.2
5% Exceedance June*** 86.6
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, stage/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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Appendix C 
Geotechnical





Figure G-1. Existing Ground Line Contours 
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Figure G-2. Site Grading 



 Figure G-3. Foundation Sections 
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Appendix D 
Structural





90% EDR 

Alternatives #2 and #11 

Low Level Intake & Siphon from Tower 

 

1. Quantities 
2. Calculations 
3. Miscellaneous Information for Costs 



Concrete pipe supports (2) 192.10 sf

7.11                 cy

Concrete at pipe exit at base of dam 598 sf

22.15               cy

Concrete thrust block at Jet Flow Valves 922 sf

Note: #7 @12 for all concrete 34.15               cy

63.41               lbs

Trashrack Enclosure
HSS 14x4x1/2 vertical members 71.59 lf

55.53 plf
3,975               lbs

HSS 7x4x1/2 vertical members (corners) 28.64 lf

31.71 plf
908                  lbs

HSS 8x4x1/2 horizontal frame members 59.14 lf

35.11 plf
2,076               lbs

L 6x6x 1 Inside horizontal 50 lf

37.40 plf
1,870               lbs

0.75 Plate
Top 174.00 sf
Bottom 174.00 sf
Mounting Flange 74.50 sf
Sides 94.30 sf 516.8 sf

15,827             lbs
Trashrack Panels (5) 5

43,789                          lbs each 218,945           lbs
Bulkheads (2)

MC 9x25.4 41.4 lf
248.00 plf

10,267             lbs
0.75 " Plate (front and back, top and bottom)

357 sf 10,933             lbs

1.0 " Plate (rails)
302 lf

0.33 sf 49,070             lbs

302,939           lbs

Undercut Anchors
1" Diameter x 1'-6"  - Williams Stainless Steel S-9 Undercut Anchor - ASTM A193 316 B8M Class II

Bulkhead Rails = 162.00 pcs
Trashrack Enclosure  = 84.00 pcs

246                  pcs

Alternative #2 - Low Level Intake: Concrete Quantities for Intake Structure - 90%

Total Steel Weight  = 

Total Concrete = 

Alternative #2 - Low Level Intake:Trash Rack Enclosures, Trashrack Panels, and Bulkheads - 90%

Total Quantity of Anchors  = 



Precast Concrete Section - Postentioned

Front face width: 68.00 ft
back face width: 73.92 ft
out-to-out depth (face of dam to front): 29.50 ft
Height of trapezoidal enclosure: 85.00 ft
Area of one trash rack (11'-6" x 16'-0"): 184.00 ft^2
Number of trash racks: 5.00
Thickness of walls: 2.50 ft
XS Area of 'wall' around top slab: 4.22 ft^2 (measured in CAD)

Volume of concrete-ext walls: 24254 ft^3 = 898 yd^3

Volume of top and bottom slab: 9420 ft^3 = 349 yd^3

Volume of interior wall: 1823 ft^3 = 68 yd^3

Volume of 'wall' around top slab: 536 ft^3 = 20 yd^3

1334.5 yd^3

Trash Racks and Panels
HSS 14x4x1/2 vertical members 71.59 lf

55.53 plf
3,975       lbs

HSS 7x4x1/2 vertical members (corners) 28.64 lf
31.71 plf

908          lbs

L 6x6x 1 Inside horizontal 41.4 lf
37.40 plf

1,548       lbs
Pipe Support Brackets (2)

HSS 8x6x5/8 42 lf
50.60 plf

2,125       lbs

Trashrack Panels Weight 43789.00 lbs each
5 218,945  lbs

227,502  lbs

Alternative #11 - Siphon: Trash Rack Panels and Pipe Brackets - 90%

Alternative #11 - Siphon; Concrete Quantities for Intake Structure - 90%

Total Steel Weight  = 

Total Concrete Weight  = 





















Concrete Beam ENERCALC, INC. 1983-2011, Build:6.12.01.12, Ver:6.12.01.12
Licensee : hdr engineering incLic. # : KW-06000410

File: c:\Documents and Settings\jgaby\My Documents\ENERCALC Data Files\dalles new tower.ec6
Printed: 30 MAR 2012,  9:39AM

Description : Valve Maintenance Slab

Title : Dalles AWS Job #

Project Desc.: Alternative #11 - Valve Maintenance Slab
Engineer: Peter Gaby

Project Notes :

Material Properties Calculations per ACI 318-08, IBC 2009, CBC 2010, ASCE 7-05

4.0
7.50

145.0

Elastic Modulus 3,122.0 ksi

1

=60.0
29,000.0

60.0
29,000.0

4=
2

= 1.0
0.750

f'c ksi

fy - Main Rebar ksi

Density

1/2

=

fr =  f'c      * 474.34
pcf

E - Main Rebar ksi

psi

= 1.0� LtWt Factor
Fy - Stirrups ksi

==
=

E - Stirrups ksi

12 in

16
 in

� 0.850

==

=

Shear :

Stirrup Bar Size #
Number of Resisting Legs Per Stirrup

Phi Values Flexure :

�

#

�

Load Combination :2009 IBC & ASCE 7-05

12" w x 16" h
Span=29.0 ft

D(0.25) L(0.25)

Cross Section  ein orcing Details
Rectangular Section,  Width = 12.0 in,  Height = 16.0 in
Span #1 Reinforcing....
         3-#8 at 3.0 in from Bottom, from 0.0 to 29.0 ft in this span          3-#8 at 3.0 in from Top, from 0.0 to 29.0 ft in this span

Service loads entered. Load Factors will be applied for calculations.pplied Loads
ea  sel  weig t calculated and added to loads

Load or Span u er 1
Uniform Load :  D = 0.250,  L = 0.250 k/ft,  Tributary Width = 1.0 ft

Design OKDESIGN SUMMARY
Maximum Bending Stress Ratio   =     0.732 : 1

Load Combination +1.20D+1.60L

Span # where maximum occurs Span # 1
Location of maximum on span    14.500ft

Mn * Phi : Allowable 133.78 k-ft

 Typical SectionSection used for this span
Mu : Applied 97.977 k-ft

Maximum Deflection

0 <360
199

Ratio = 999 <180

Max Downward L+Lr+S Deflection     0.698 in 498Ratio =
Max Upward L+Lr+S Deflection     0.000 in Ratio =
Max Downward Total Deflection     1.741 in Ratio =
Max Upward Total Deflection     0.000 in

Bar Layout DescriptionCross Section
Moment of Inertia      ( in^4 )

Btm Tension Top Tension I gross Icr - Top TensionIcr - Btm Tension

Phi*Mn    ( k-ft )
Cross Section Strengt   Inertia

Section 1 3- #8 @ d=13",3- #8 @ d=3",      133.78      133.78  4,096.00  1,985.81  1,985.81

Load Combination Support 1 Support 2
Vertical eactions  n actored Support notation : Far left is #1

Overall MAXimum    10.053    10.053
D Only     6.428     6.428
L Only     3.625     3.625
D+L    10.053    10.053

S ear Stirrup e uire ents
Between 0.00 to 6.32 ft,  PhiVc/2 < Vu <= PhiVc,  Req'd Vs = Min 11.4.5.1,  use stirrups spaced at    6.000 in
Between 6.38 to 22.62 ft,  Vu < PhiVc/2,  Req'd Vs = Not Reqd,  use stirrups spaced at    0.000 in
Between 22.68 to 28.94 ft,  PhiVc/2 < Vu <= PhiVc,  Req'd Vs = Min 11.4.5.1,  use stirrups spaced at    6.000 in
Ma i u  orces  Stresses or Load Co inations

Span #
Bending Stress Results   ( k-ft )Location (ft)Load Combination

Mu : Max Stress RatioSegment Length Phi*Mnxin Span
MAXimum BENDING Envelope



Concrete Beam ENERCALC, INC. 1983-2011, Build:6.12.01.12, Ver:6.12.01.12
Licensee : hdr engineering incLic. # : KW-06000410

File: c:\Documents and Settings\jgaby\My Documents\ENERCALC Data Files\dalles new tower.ec6
Printed: 30 MAR 2012,  9:39AM

Description : Valve Maintenance Slab

Title : Dalles AWS Job #

Project Desc.: Alternative #11 - Valve Maintenance Slab
Engineer: Peter Gaby

Project Notes :

Span #
Bending Stress Results   ( k-ft )Location (ft)Load Combination

Mu : Max Stress RatioSegment Length Phi*Mnxin Span
     Span # 1   1 14.500       97.98      133.78      0.73
+1.40D
     Span # 1   1 14.500       65.25      133.78      0.49
+1.20D+1.60L
     Span # 1   1 14.500       97.98      133.78      0.73

Location in SpanLoad CombinationMax. "-" Defl Location in SpanLoad Combination Span Max. "+" Defl
Overall Ma i u  De lections  n actored Loads

D+L   1    1.7407    14.210    0.0000     0.000

Location in SpanMax. Downward Defl Location in SpanLoad Combination Span Max. Upward Defl
Ma i u  De lections or Load Co inations   n actored Loads

D Only   1    1.0429    14.210    0.0000     0.000
D+L   1    1.7407    14.210    0.0000     0.000
D Only   1    1.0429    14.210    0.0000     0.000
L Only   1    0.4086    14.210    0.0000     0.000
D+L   1    1.7407    14.210    0.0000     0.000



Steel Beam ENERCALC, INC. 1983-2011, Build:6.12.01.12, Ver:6.12.01.12
Licensee : hdr engineering incLic. # : KW-06000410

File: c:\Documents and Settings\jgaby\My Documents\ENERCALC Data Files\dalle alt 11.ec6
Printed: 30 MAR 2012,  9:00AM

Description : Boring Machine Temporary Structure

Title : Job #

Project Desc.:
Engineer:

Project Notes :

Calculations per ISC 60 0 , I C 200 , C C 2010, SCE 7 0Material Properties
Analysis Method :

ksi
Bending Axis : Major Axis Bending
Load Combination :2009 IBC & ASCE 7-05

Completely Unbraced
Load Resistance Factor Design Fy : Steel Yield : 50.0 ksi

Beam Bracing : E: Modulus : 29,000.0

W12X40
Span = 28.0 ft

W12X40

D(10) L(2)

Service loads entered. Load Factors will be applied for calculations.pplied Loads
Beam self weight calculated and added to loads
Load(s) for Span Number 1

Point Load :  D = 10.0,  L = 2.0 k @ 14.0 ft, (Tunnel Boring Machine)
Design OKDESIGN SUMMARY

Maximum Bending Stress Ratio   =     0.912 : 1

Load Combination +1.20D+1.60L

Span # where maximum occurs Span # 1
Location of maximum on span    14.000ft

8.269 k
Mn * Phi : Allowable    121.772 k-ft Vn * Phi : Allowable

W12X40Section used for this span

Span # where maximum occurs
Location of maximum on span

Span # 1

Load Combination +1.20D+1.60L
105.32 k

Section used for this span W12X40
Mu : Applied

Maximum Shear Stress Ratio =     0.079 : 1

    0.000 ft

   111.084 k-ft Vu : Applied

0 <360
295

Ratio = 0 <180

Maximum Deflection
Max Downward L+Lr+S Deflection     0.179 in 1878Ratio =
Max Upward L+Lr+S Deflection     0.000 in Ratio =
Max Downward Total Deflection     1.135 in Ratio =
Max Upward Total Deflection     0.000 in

Ma i u  orces  Stresses or Load Co inations

Span #
Summary of Moment Values Summary of Shear ValuesLoad Combination Max Stress Ratios

M V max Mu -max Mu + Rm VnxMu Max Phi*Mnx Cb VuMaxMnx Phi*VnxSegment Length
+1.40D
     Dsgn. L =   28.00 ft   1     0.851     0.074    103.46    103.46    135.10    121.59 1.31 1.00      7.78    105.32    105.32
+1.20D+1.60L
     Dsgn. L =   28.00 ft   1     0.912     0.079    111.08    111.08    135.30    121.77 1.31 1.00      8.27    105.32    105.32

Location in SpanLoad CombinationMax. "-" Defl Location in SpanLoad Combination Span Max. "+" Defl
Overall Ma i u  De lections  n actored Loads

  1    0.0000     0.000    0.0000     0.000

Location in SpanMax. Downward Defl Location in SpanLoad Combination Span Max. Upward Defl
Ma i u  De lections or Load Co inations   n actored Loads

D Only   1    0.9566    14.140    0.0000     0.000
L Only   1    0.1789    14.000    0.0000     0.000
D+L   1    1.1355    14.140    0.0000     0.000

Load Combination Support 1 Support 2
Vertical eactions  n actored Support notation : Far left is #1 Values in KIPS

Overall MAXimum     6.558     6.558
D Only     5.558     5.558
L Only     1.000     1.000
D+L     6.558     6.558
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Description : Boring Machine Temporary Structure

Title : Job #

Project Desc.:
Engineer:

Project Notes :

Steel Section Properties  12 40

R xx =

   1.940

in

Depth =   11.900 in

R yy =

     5.130

in Sw =   23.500 in^4
K1 =    0.875 in Zy =   16.800 in^3
Kdesign =    1.020 in

J =    0.906 in^4

Flange Width =    8.010 in
Flange Thick

=
   0.515 in Zx =   57.000 in^3

Area
=

  11.700 in^2
Weight =   39.827 plf

I xx =     307.00 in^4
S xx

=
     51.50 in^3 Cw = 1,440.00 in^6Web Thick =    0.295 in

I yy =     44.100 in^4
S yy =   11.000 in^3 Wno =   22.800 in^2

Qf =   11.300 in^3
rts =    2.210 in Qw =   27.800 in^3
Ycg =    5.950 in

rT =      2.140 in
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Description : Valve Maintenance Wall

Title : Dalles AWS Job #

Project Desc.: Alternative #11 - Valve Maintenance Wall
Engineer: Peter Gaby

Project Notes :

Material Properties Calculations per ACI 318-08, IBC 2009, CBC 2010, ASCE 7-05

4.0
7.50

145.0

Elastic Modulus 3,122.0 ksi

1

=60.0
29,000.0

60.0
29,000.0

4=
2

= 1.0
0.750

f'c ksi

fy - Main Rebar ksi

Density

1/2

=

fr =  f'c      * 474.34
pcf

E - Main Rebar ksi

psi

= 1.0� LtWt Factor
Fy - Stirrups ksi

==
=

E - Stirrups ksi

36 in

14
 in

� 0.850

==

=

Shear :

Stirrup Bar Size #
Number of Resisting Legs Per Stirrup

Phi Values Flexure :

�

#

�

Load Combination :2009 IBC & ASCE 7-05

36" w x 14" h
Span=29.0 ft

 L(0.824)

Cross Section  ein orcing Details
Rectangular Section,  Width = 36.0 in,  Height = 14.0 in
Span #1 Reinforcing....
         6-#8 at 3.0 in from Bottom, from 0.0 to 29.0 ft in this span          6-#8 at 3.0 in from Top, from 0.0 to 29.0 ft in this span

Service loads entered. Load Factors will be applied for calculations.pplied Loads
Load or Span u er 1

Uniform Load :  L = 0.8240 k/ft,  Tributary Width = 1.0 ft
Design OKDESIGN SUMMARY

Maximum Bending Stress Ratio   =     0.592 : 1

Load Combination +1.20D+1.60L

Span # where maximum occurs Span # 1
Location of maximum on span    14.500ft

Mn * Phi : Allowable 233.98 k-ft

 Typical SectionSection used for this span
Mu : Applied 138.60 k-ft

Maximum Deflection

0 <360
315

Ratio = 999 <180

Max Downward L+Lr+S Deflection     0.000 in 0Ratio = <360
Max Upward L+Lr+S Deflection     0.000 in Ratio =
Max Downward Total Deflection     1.103 in Ratio =
Max Upward Total Deflection     0.000 in

Bar Layout DescriptionCross Section
Moment of Inertia      ( in^4 )

Btm Tension Top Tension I gross Icr - Top TensionIcr - Btm Tension

Phi*Mn    ( k-ft )
Cross Section Strengt   Inertia

Section 1 6- #8 @ d=11",6- #8 @ d=3",      233.98      233.98  8,232.00  2,963.12  2,963.12

Load Combination Support 1 Support 2
Vertical eactions  n actored Support notation : Far left is #1

Overall MAXimum    11.948    11.948
L Only    11.948    11.948
D+L    11.948    11.948

S ear Stirrup e uire ents
Entire Beam Span Length : Vu < PhiVc/2,  Req'd Vs = Not Reqd,  use stirrups spaced at    0.000 in
Ma i u  orces  Stresses or Load Co inations

Span #
Bending Stress Results   ( k-ft )Location (ft)Load Combination

Mu : Max Stress RatioSegment Length Phi*Mnxin Span
MAXimum BENDING Envelope
     Span # 1   1 14.500      138.60      233.98      0.59
+1.20D+1.60L
     Span # 1   1 14.500      138.60      233.98      0.59
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Description : Valve Maintenance Wall

Title : Dalles AWS Job #

Project Desc.: Alternative #11 - Valve Maintenance Wall
Engineer: Peter Gaby

Project Notes :

Location in SpanLoad CombinationMax. "-" Defl Location in SpanLoad Combination Span Max. "+" Defl
Overall Ma i u  De lections  n actored Loads

D+L   1    1.1034    14.790    0.0000     0.000

Location in SpanMax. Downward Defl Location in SpanLoad Combination Span Max. Upward Defl
Ma i u  De lections or Load Co inations   n actored Loads

D+L   1    1.1034    14.790    0.0000     0.000
L Only   1    1.1034    14.790    0.0000     0.000
D+L   1    1.1034    14.790    0.0000     0.000



60% EDR 

Low Level Intake & Trashracks  

 

1. Quantities 
2. Calculations 
3. Miscellaneous Information for Costs 









Linear feet of HSS 8x4x1/2
Corners 8 37.5 300
Perimeter 4 33 132

2 3 6
Perimeter braces 14 37.5 525
Top support 11 23.5 258.5
TOTAL 1221.5 LF

42.10 plf
51,425             lbs

3/4" plate
Top 690 690
Corners 8 45 360

1050 SF
TOTAL 42,875             lbs

Concrete base
3 1156 128 CY

Trashrack Panels Weight 23879.00 lbs each
6 143,274          lbs

237574.15 lbs

Linear feet of HSS 8x4x1/2
561.4 LF

42.10 plf
23,635             lbs

3/4" plate 40.59 cf
490 pcf

19,889             lbs

Trashrack Panels Weight 23879.00 lbs each
6 143,274          lbs

Cofferdam
Linear feet of HSS 3x2 X3/8 ribs

Ribs 7 16.71 116.97 LF
14.65 lf

1,799               lbs

Half of a 11' diameter x 1/2" pipe
10.0 LF

1.44 plf
7,404               lbs

3/4" plate
Back of cofferdam 10.77 1.67 18.0 SF
halfpipe covers 99.40 99.4
TOTAL 117.4

5,033               LBS
Bulkheads
Bulkheads and Sliding Tracks for two (2) (see handcalcs)

7,477               lbs

208,511          lbs

Trash Rack  for Alternative #1

Trash Rack, Bulkhead, and Cofferdam for Low Level Inlet

Total Weight  = 

Total Weight  = 









Single Pump – Pump House 

 

 

1. Quantities 
2. Calculations 
3. Miscellaneous Information for Costs 



































Single Pump – Pump House 

 

 

1. ODOT Bridge Information 
2. AWWA Pipe Weights 











SUPPORTS FOR PIPE 85

Table 7-2 Values of Moment of Inertia and Section Modulus of Steel Pipe (continued)

*Sizes under 45 in. are outside diameter sizes; those 45 in. and over are inside diameter sizes.
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Seneca, SC, USA

Replaces 8998DB0201R5/02 dated 05/2002

Application of NEMA 3R Low Voltage Motor Control Centers 
with AC Drives and Soft Starts
Class 8998
Retain for future use.
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INTRODUCTION Square D® Motor Control Centers (MCCs), designed and manufactured by 
Schneider Electric, provide a convenient, versatile package that can be used 
in various environments. MCCs are frequently used in NEMA 3R applications 
to provide a free-standing, rainproof enclosure for municipal pumping and 
industrial processes. NEMA 3R MCCs may contain AC drives and soft starts, 
which require additional provisions to ensure they operate reliably in an 
outdoor environment. Until now, outdoor MCC packages containing drives 
and soft starts were designed as specially-engineered solutions that included 
air conditioners or other cooling systems.

Schneider Electric now provides a pre-engineered, force-ventilated NEMA 3R 
MCC with AC drives and soft starts. A specified range of these drives and soft 
starts can be shipped from the factory for outdoor applications (see “Ratings” 
on page 3). Due to its force-ventilated design and humidity control, the NEMA 
3R MCC package can continuously operate within the range of ambient 
conditions specified in this bulletin.

PRODUCT DESCRIPTION NEMA 3R MCCs are non-walk-in enclosures with a design based on the 
standard NEMA 1 MCC. Additional housing and gasketing provide protection 
from rain, sleet, and ice. The NEMA 3R MCC for AC drives and soft starts 
features louvered and filtered openings on the front doors, along with humidity 
controls inside the enclosure (see Figure 1). The MCC enclosure is further 
modified to include fan-forced ventilation while continuing to meet NEMA 3R 
enclosure requirements and the UL 845 MCC standard.

Figure 1: Square D® Ventilated NEMA 3R Low Voltage Motor Control Center

Front View of NEMA 3R MCC

Transformer power 
supply for fans and 
space heaters

Internal humidity controls

Side View of NEMA 3R MCC

Space heaters

Fans

Filtered
ventilation

Outer NEMA 3R doors
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ENVIRONMENTAL CONTROL The ventilated NEMA 3R MCC manages the internal MCC environment to 
maintain the required temperature and humidity levels for the drive and soft 
start controls in outside environments from -10 to 40 °C (14 to 104 °F). The 
following features are included:

Dual Door Fans Dual door fans force fresh air into the enclosure and move air out of the 
enclosure. The centrifugal impeller fans use highly reliable ball bearing 
rotors. A factory-preset thermostat controls the fans, based on the MCC’s 
internal temperature. Door interlock switches turn the fans off when the 
outer NEMA 3R door is opened.

Positive Pressure Ventilation The intake fans, mounted at the lower vents, blow air into the cabinet. This 
air increases the cabinet’s internal air pressure relative to the air pressure 
outside the cabinet. The “positive” air pressure created inside the cabinet 
helps force out dirt and contaminants. This positive pressure ventilation 
method is common practice for industrial atmospheres. It provides a cleaner 
environment for drive and soft start electronics than one that would be 
created by exhaust fans mounted at the upper vents.

Space Heaters Space heaters add heat to prevent condensation during cooler periods, 
overnight, and in winter weather.

NOTE: Space heaters do not allow application of the MCC in temperatures 
below -10 °C (14 °F).

Humidity Controls It is crucial to maintain a level of dryness in or around the electronic controls 
for drives and soft starts. Condensation must be avoided. The space 
heaters will supply the MCC with heat when necessary to reduce 
condensation. A factory-preset thermostat and humidistat monitor humidity 
levels and turn on the space heaters to dry the internal MCC ambient air.

Self-Contained Power Supply The fused control transformer(s) supplied in each MCC line-up provide 
power for space heaters and fans. There is no need for external power once 
the main 3-phase power is connected. The power supply is pre-wired at the 
factory to fans, space heaters, and environmental controls through 
protected wiring provisions. Each transformer is able to supply power to 
three sections and should be mounted at the bottom of the MCC section.

Filtered Louvers Each NEMA 3R MCC door contains top and bottom louvers for ventilation. 
Behind each louver is a coarse rubber filter that helps protect against debris 
entering the MCC.

NOTE: All drives and soft starts include internal thermal protection switches 
to shut down the drive or soft start unit before damage occurs.
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Electrical equipment should be installed, operated, serviced, and maintained only by 
qualified personnel. No responsibility is assumed by Schneider Electric for any 
consequences arising out of the use of this material.

© 2002—2006 Schneider Electric All Rights Reserved

Schneider Electric USA
1990 Sandifer Blvd.
Seneca, SC 29678 USA
1-888-SquareD (1-888-778-2733)
www.us.SquareD.com

RATINGS • -10 to 40 °C (14 to 104 °F)

NOTE: In hotter climates, Schneider Electric suggests installing a shed 
for shading the MCC as a best practice, since high temperatures are not 
always consistent.

• Up to 2000 A horizontal bus

• Up to 600 A vertical bus

• Outdoor, rainproof, sleet-resistant enclosure (NEMA 3R)

• UL 845 Listed

• 0–600 Vac, 3-phase, 3-wire or 4-wire

• Non-walk-in

• The following table shows the drive and soft start units available for 
mounting in a NEMA 3R MCC.

Table 1: Drive and Soft Start Units Available for NEMA 3R MCC

Device Horsepower

Altistart® soft starters

1–200 hp, 208 V

1–200 hp, 240 V

1–500 hp, 480 V

1–600 hp, 600 V

Altivar® AC drives1 (constant torque)2

1 A maximum of four Altivar drives are allowed in a single section. Mount drive units starting at 
the top of the section.

2 Use constant torque ratings for variable torque applications. For information on drive space 
requirements, refer to Square D document no. 8998CT9701__.

1–40 hp, 480 V

1–15 hp, 208/230 V
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Pump Station

Hydraulic Calculations 





Calculations�by:� K.�Nelson 1/19/2012 Checked�by:� A.�Petrasek 1/24/2012

Fishlock�WS�Elev 109 Item Fittings No.� K�factor K
1 Entrance 1 0.50 0.5
2 Gate�Valves 0 0.10 0

C���Low 110 3 Ball�Valves 0 0.04 0
C���High 145 4 Butterfly�Valves 1 0.35 0.35
Pipe�Diameter 132.0�in 5 Plug�Valves 0 0.23 0
Pipe�Length 170.0�ft 6 Basket�Strainer 0 1.30 0

7 90o Elbow 0 0.39 0
8 45o Elbow 0 0.21 0

Total�system�flow 1,000�cfs 9 Flow�thru�Tee 0 0.26 0
Total�system�flow 448,000�gpm 10 Branch�Tee 0 0.78 0
Velocity 10.50 11 Increaser/Reducer 0 0.04 0

12 Exit 1 1.00 1
1.85

Sum�of�fitting�losses�(K) 1.9
Minor�losses�(ft) 0.26�ft�water
High�C�Friction�(ft)� 0.40�ft�water

Downstream�WS�Elev�=� 109.7
Downstream�WS�Elev�Rounded�=� 110.0
Crest�Height�above�DS�WS�=� 5
Crest�Elev�=� 115.0
Junction�Box�Diameter 30
Percentage�of�Box�=�Weir 0.33
Weir�Length�=� 31.10
Weir�Height�=� 4.53
Upstream�WS�Elev�=� 119.5

Junction�Box�Elevations

Sum (�nK)

The�Dalles�Dam�AWS�Pump�Station�Hydraulic�Calculations���Gravity�Flow�Section

Elevations Minor�Losses�(Hm)�Pipe�1

Pipe�Information

Friction�Losses

Flow



Calculations�by:� K.�Nelson 1/19/2012 Checked�by:� A.�Petrasek 1/24/2012

Intake�WS�Elev���low 72.5 Item Fittings No.� K�factor K
Intake�WS�Elev���high 90 1 Entrance 1 0.50 0.5
JB�WS�Elev 120.0 2 Gate�Valves 0 0.10 0
CL�of�Pipe�Elev 100 3 Ball�Valves 0 0.04 0

4 Butterfly�Valves 0 0.35 0
5 Plug�Valves 0 0.23 0
6 Basket�Strainer 0 1.30 0

C���Low 110 7 90o Elbow 1 0.39 0.39
C���High 145 8 45o Elbow 1 0.21 0.21
Pipe�Diameter 132.0�in 9 Flow�thru�Tee 0 0.26 0
Pipe�Length 200.0�ft 10 Branch�Tee 0 0.78 0

11 Increaser/Reducer 0 0.04 0
12 Exit 1 1.00 1

Trash�rack�loss 1.0�in 2.1
Sum�of�fitting�losses�(K) 2.1

High�System�Curve HP�@�1000�cfs,�85%�eff�=� 6,874�hp

Friction�(ft) Minor�(ft) Total�(ft)
0 0 47.5 0.00 0.00 0 0.00 47.50

200 89600 47.5 2.10 0.02 0.23 0.25 47.75
400 179200 47.5 4.20 0.09 0.66 0.75 48.25
600 268800 47.5 6.30 0.18 1.38 1.56 49.06
800 358400 47.5 8.40 0.31 2.39 2.70 50.20

1000 448000 47.5 10.50 0.47 3.68 4.15 51.65
1200 537600 47.5 12.60 0.66 5.26 5.92 53.42
1400 627200 47.5 14.71 0.87 7.13 8.01 55.51

Flow�(cfs) Flow�(gpm)
Static�Head�

(ft)
Velocity�
(ft/sec)

Dynamic�Losses Total�Discharge�
Head�(ft)

Sum (�nK)

The�Dalles�Dam�AWS�Pump�Station�Hydraulic�Calculations���Pressure�Section

Elevations Minor�Losses�(Hm)�Pipe�1

Pipe�Information

Minor�Losses

1400 627200 47.5 14.71 0.87 7.13 8.01 55.51

Low�System�Curve HP�@�1000�cfs,�85%�eff�=� 4,520�hp

Friction�(ft) Minor�(ft) Total�(ft)
0 0 30.0 0.00 0.00 0 0.00 30.00

200 89600 30.0 2.10 0.01 0.23 0.24 30.24
400 179200 30.0 4.20 0.05 0.66 0.71 30.71
600 268800 30.0 6.30 0.11 1.38 1.49 31.49
800 358400 30.0 8.40 0.19 2.39 2.57 32.57

1000 448000 30.0 10.50 0.28 3.68 3.96 33.96
1200 537600 30.0 12.60 0.39 5.26 5.66 35.66
1400 627200 30.0 14.71 0.52 7.13 7.66 37.66

Total�Discharge�
Head�(ft)Flow�(cfs) Flow�(gpm)

Static�Head�
(ft)

Velocity�
(ft/sec)

Dynamic�Losses
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The�Dalles�Dam�EFL�AWS���Pump�Station�Intake�Calculations
Based�on�HI�9.8�1998
Intake�Design�Parameter Equation/Basis Result
Flow�(Q) 1,000�cfs
Inlet�Velocity�(V) 5.5�ft/s
Suction�Inlet�(D) D�=�SQRT((4*Q)/(PI*V)) 15.0�ft
Bell�Floor�Clearance�(C)� C�=�0.5*D 7.5�ft
Froude�#�(Fd) Fd�=�(V)/((32.2*D)^0.5) 0.250
Req'd�Submergence�(S) S�=�D*(1+2.3*Fd) 23.7�ft
Water�Depth�(H) H�=�C�+�S 31.2�ft
Pump�Bay�Width�(W) W�=�2*D 30.0�ft
Approach�Velocity Vapp�=�Q/(W*H) 1.1�ft/s
Pump�Bay�Length�(X) X�=�3*D 45.0�ft
Back�Wall�Dimension�(B) B�=�0.75*D 11.25�ft
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6 

Resilient Seated Solid Wedge Gate Valve 
 with Bevel  Gear Operator  -  Series 6800 

 

AWWA  C509 & C515  �  NRS Type  �  FL x FL   � Sizes 54”- 72” 

Size Model L H W Approx.
Weight 

54” 6854 42” 124” 83” 24,300# 

60” 6860 44” 132” 89” 30,900# 

72” 6872 48” 198” 104” 59,500# 

Dimensions: 

   Features: 
 

� Design and Materials in Accordance With  
  AWWA C509, C515 & C550. 
� Flanges Conform to ANSI B16.1, Class 125. 
� Ductile Iron, Body, Bonnet, Wedge, and Gland.  
� Coated in accordance with  AWWA C550. 
� Stainless Steel Stem, Bronze Available. 
� Ductile Iron Wedge with Mechanically Retained EPDM Seat. 
� EPDM Gaskets and O-Rings. 
� Available with Bypass. 
� Handwheel Operator, 2” AWWA Ductile Iron Nut Operator,  
     or Automatic Actuators Available. 

No. Part Name Materials 

1 Body Ductile Iron 
ASTM A536 65-45-12 

2 Wedge Ductile Iron 
With EPDM seat 

3 Wedge Nut Bronze  

5 Gasket EPDM 

6 Bolts ASTM 307B  
Zinc Plated 

7 Nuts ASTM 307B  
Zinc Plated 

8 Washer ASTM 307B  
Zinc Plated 

9 Body Adaptor Ductile Iron 
ASTM A536 65-45-12 

10 Stem Stainless Steel, 
Bronze Available 

11 Bonnet Ductile Iron 
ASTM A536 65-45-12 

12 O-Ring EPDM 

13 Bearing Housing Ductile Iron 
ASTM A536 65-45-12 

14 Bearing Stainless Steel 
 AISI 304 

15 Stud ASTM 307B  
Zinc Plated 

16 Nuts ASTM 307B  
Zinc Plated 

17 Washer ASTM 307B  
Zinc Plated 

18 Stem Bushing Brass ASTM B16 

19 O-Ring EPDM 

20 O-Ring EPDM 

21 Gear Adaptor Ductile Iron 
ASTM A536 65-45-12 

22 Pug Brass ASTM B16 

23 Bushing Brass ASTM B16 

24 O-Ring EPDM 

25 O-Ring EPDM 

4 Track Stainless Steel 
ANSI 316 

Spur gear configuration, available.  
Gears can be rotated in90° increments.  

1 

2 

4 

5 

6 7 8 

9 

10 

11 

12 

13 

14 

15 16 17 

18 19 20 

21 

22 

25 24 23 

 W 

 L 

H 

3 

Larger Sizes  Available Upon Request Thru 96” 



Rodney Hunt
ZURN

Jet Flow Gates



®

The Jet Flow gate is a fabricated valve that 
has the appearance of a bonneted gate valve. 
It is used in special applications for the mod-
ulation, occasionally at extreme low degrees of
opening, of high flows and high pressures.

The Jet Flow gets its name in that immediately
upstream of the gate leaf the waterway slopes
conically inward. This conical section concen-
trates the flow into a jet. Hence the name Jet Flow.

The Jet Flow gate is used for flow modulation
and energy dissipation. Normally, the Jet Flow
gate discharges either freely or into an enlarged
non-pressurized conduit. When discharging into a
conduit it is necessary to vent air into the area
immediately downstream of the gate leaf to
stabilize the jet.

The Jet Flow gate was developed in the mid-
1940's by the United States Bureau of Recla-
mation as a solution to the problem of cavitation
damage in bonneted slide gates at low degrees of
opening.

Jet Flow gates are used in similar applications to
Howell-Bunger valves. The difference in the two
types is the discharge pattern. The discharge from
a Howell-Bunger valve is an energy dissipating
spray whereas the Jet Flow gate is a high velocity
jet.

The Jet Flow gate has a maximum head of
approximately 500 feet, while the Howell-Bunger
valve has a maximum head of about 1000 feet.
There are a number of 95", 90" and 84", as well as
smaller sizes, at various dams throughout the
world. The simplicity and excellent flow regulation
characteristics of Jet Flow gates have resulted in 
the development of standard designs in 10", 12"
and 14" sizes by the Bureau of Reclamation.

Jet Flow gates operate smoothly without
vibration or serious cavitation damage at any
opening. However, under free discharge
conditions there is considerable air demand at
partial openings on the discharge side.

Rodney Hunt Jet Flow Gates:



®

Jet Flow Gates:



Keeping 
the

water
flowing!

Atlas Polar Hydrorake     Atlas Polar Hydrobrush      Atlas Polar Log Lifter



Savetime, 
labour and

increase flow!
The Atlas Polar trash raking system cleans any gauge screen or bar

rack. Installation upstream provides space for trash removal and

deck access for personnel. The fully automatic system replaces 

handraking, which is still the most common method of rack 

maintenance. The Hydrorake imitates this action automatically 

24 hours a day even in the coldest weather.

The Atlas Polar ST8000
Hydrorake System

The PLC control system 
permits tailoring the operational
sequencing to any flow or debris

conditions at each intake.

Atlas Polar Hydrorake  



Putall thelogs
in their place... 

every time!

Pressure and performance
The lifting force of the unit is

20,000 lbs and the compacting
force (jacking down) is 40,000 lbs.
The unit will remove logs from any

sluice and stack them on the deck.

The Atlas Polar LP2040
Stop Log Lifting Unit
Capable of engaging a log while a
full head of water is passing over it.
All operation is from a central 
console area with both gains 
visible to the operator. 

The Atlas Polar Stop Log Lifter is now established as an effective and efficient way to secure and

remove logs, stack logs and retrieve and replace logs in the sluiceway. It replaces hand cranked

winches that have their lifting hooks manually engaged. 

Atlas Polar Log Lifter



Provide
cleanand
friendly

waterways!

The Atlas Polar 
ST8100 Hydrobrush
System
The specially designed
Hydrobrush automatically
cleans stainless steel
screens travelling 
horizontally. The Atlas Polar
Hydrobrush is ideal for 
water pump, fish monitor-
ing, or transfer facilities.
Any screen angle from 
vertical to 30 degrees can
be brushed automatically.

Our latest innovation and an example of our

commitment to respond to customer needs,

the Atlas Polar Hydrobrush is ideal for fish

monitoring or transfer facilities where keeping

a constant flow through screens is essential. 

Atlas Polar Hydrobrush  



The Atlas Polar ST8000
Hydrorake System
Multiple units can be used on the
same rail system for intakes with
large masses of debris 
such as the USBR fish screen 
protection barrier in central
Washington state.

How the Atlas Polar 
ST8000 Hydrorake 
System works
1. A telescopic boom with 
rake head extends into the 
water by means of a hydraulic/
mechanical boom system.
2. A hydraulic cylinder tilts the
boom to hold the rake against 
the racks at a constant pressure
while a second cylinder lifts 
the boom.
3. When the rake reaches the 
top of the racks it automatically
dumps the debris into a spillway
that runs the length of the intake.  
4. The optional transporter/
spillway system then moves the
debris to a collection area on
either side of the intake.

3

42

1



The Atlas Polar DT8300 
Hydrorake System

The DT8300 twin-boom trash 
raking system is capable of 

lifting 4,000 lbs of debris 
and can reach to a 

depth of over 70 feet.

A fast payback on your investment 

is ensured as facilities protected by

the Hydrorake show increased flow 

efficiency, and reduced operation and

maintenance costs. Also, crew moral

and safety increase dramatically with

this automatic system.

Twicethe
workload? 

...Think twin
boom!

Atlas Polar Hydrorake  



Hand Held 
Remote Control
All Hydrorake systems
come standard with a
hand-held pendant 
station for manual 
operation.

The Atlas Polar DT8300 
Hydrorake System
As with the ST8000 model the DT8300 
system cleans any gauge screen or bar
rack.  Installation upstream provides 
space for trash removal and deck 
access for personnel.  The installation
above and lower left utilized a conveyor
system for debris removal.



Atlas Polar Company Limited 60 Northline Road  Toronto  ON M4B 3E5
Toll Free: 1 888 799-4422 Local: (416) 751-7740 Fax: (416) 751-2094 E-mail: mfg@atlaspolar.com   Web: www.atlaspolar.com

Hydrorake 

Stop Log Lifter 

Hydrobrush 

Model ST8000  Model DT8300
Lift capacity 1,250 lbs. debris                            4,000 lbs. debris
Raking depth 34 ft. below deck elevation                  70 ft. below deck elevation
Rake boom design Single and telescopic staging available Double and telescopic staging available
PLC control Auto control panel available Auto control panel available 

with alternate hand-held controller. with alternate hand-held controller.
Control installation available in Control installation available in 
motor control center or in outdoor motor control center or in outdoor 
weather proof enclosure. weather proof enclosure.

Power supply 240/480/575V, 3 phase, 60 HZ 240/480/575V, 3 phase, 60 HZ
Parts Standard production items, Standard production items, 

hi-interchangeability of parts hi-interchangeability of parts
Hydraulic system 2,250 PSI   2,500 PSI
Inward rake pressure Rake exerts an adjustable 200–300 lbs. Rake exerts an adjustable 300–500 lbs.

pressure on trashracks during upward pressure on trashracks during upward
raking motion raking motion

Rakehead width 4 feet/custom              6 feet

Model ST8100 
Stainless steel wire orientation Vertical
Brush/length Double bristle/5 feet/custom
Brushing depth 40 feet
Screen angle 0° - 30° from vertical
Boom design Single/double
PLC control Auto control panel available with alternate hand-held controller.

Control installation available in motor control centre or in outdoor 
weather proof enclosure.

Power supply 240/480/575V, 3 phase, 60 HZ
Side-travel speed 0 - 1.25 ft/sec.
Parts Standard production items, hi-interchangeability of parts 
Hydraulic system Maximum 2,250 PSI   
Inward brush pressure Variable

Model LP2040 
Log size 12 or 14 inches wide, up to 29 ft. long
Rail centers To suit
Sluice depth 30 feet
Boom system Double telescopic
Power supply 240/480/575V, 3 phase, 60 HZ
Control station Center console
Boom speed 25 ft./min. average
Side-travel speed Variable to 50 ft./min.
Breakaway force 10,000 lbs. per boom
Compaction force 20,000 lbs. per boom
Iron style Hook or spud
Log contact indication Compactor plate mounted
Hydraulic system 3,000 PSI

Specifications subject to change

Atlas Polar’s Hydrorake Division has more than three decades of experience in the field. During
that time we have built a reputation as the principal supplier of totally automated trashraking
systems to the Hydropower and Water Management industries across North America. 
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The Dalles East Fish Latter - Alternative Water System
Cost Summary Sheet

Alternative Alt�1�Siphon Alt�2�Lowlevel�Intake Alt�10�Single�Pump Alt�11��Siphon�with�Intake Fishlock�Improvements

Cost $4,771,220 $4,151,543 $22,208,230 $3,826,139 $817,256

�unit�prices.��Costs�for�operation�and�maintenance�have�been�included.
Estimate�is�for�cost�of�contstruction,�including�contingency�to�account�for�uncertainty�in�the�development�of�the�design�and�the





Alternative�1���Siphon�for�Additional�Water�to�the�Fishlock�(2012�cost)

The�following�is�an�estimate�of�contstruction�cost,�including�contingency�to�account�for�uncertainty�in�the�development�of�the�design�and�the
�unit�prices.��Costs�for�operation�and�maintenance�have�been�included.

Item Description Unit Unit�Price Qty Contingency Total
Intake

Foundation�and�Intake�Preparation
1 �������Rock�Fill� CY $35 500 $17,500.00
2 �������Barge DAY $8,100 7 $56,700.00
3 �������Concrete�Tremie CY $185 43 $7,955.00
4 �������Diver�Support DAY $7,020 3 $21,060.00
5 Trash�Rack�Steel�(installation�in�item�2�&�4) LBS $4.00 237,574 $950,296.00
6 Trash�Removal�System�(Bubbler�System) LS $300,000 1 $300,000.00

Subtotal $1,353,511.00

Piping�System
Concrete�Mining

7 ���������Monolith CY $800 83.0 $66,400.00
8 ���������Fishlock CY $800 12.0 $9,600.00
9 Pipe�Fabrication���(2�@�6�ft�diam) LF $315.15 445 $140,241.75

Pipe�Installation $0.00
10 ���������In�water LF $378 182 $68,644.80
11 ���������Through�Monolith�(with�grouting) LF $947 42.6 $40,320.90
12 ���������Land�Side�includes�inside�Fishlock LF $80 131 $10,496.00
13 ���������Through�Fishlock�(with�grouting) LF $947 11.0 $10,411.50
14 Water�Side�Valve�and�Control���installed Each $252,560 2 $505,120.00
15 Land�Side�Valve�and�Control���Installed Each $401,200 2 $802,400.00

Subtotal $1,653,634.95

Filling�System
16 Pump LS $5,000 1 $5,000.00
17 Piping�and�valves LS $5,000 1 $5,000.00
18 Electrical�and�Controls�(pump�and�valves) LS $146,000 1 $146,000.00

Subtotal $156,000.00

Subtotal�(Capital�Cost) $3,163,145.95

19 Mobilization�/�Demobilization LS 10%�Construction�Cost $316,314.60
20 Contingency�(on�capital�Cost�+�m&dm) 28.90% $1,005,564.10

Total�(Capital�Cost) $4,485,024.64

Operations�and�Maintenance���Design���Construction�Management�
21 Operation�(one�year�total) LS 40,500$��������������� 1 0 $48,195.00 `
22 Maintenance�(per�year) LS 4,000$����������������� 50 0 $238,000.00
23 Engineering�and�Design LS to�be�included�at�the�90%�level
24 Construction�Management�and�Engr.�During�Construction LS to�be�included�at�the�90%�level

Subtotal $286,195.00

$4,771,219.64Total�Cost�



Meeting Date: 10-Jan-12

PDT Members (Typical Recommended)

Project Management: mason
Study Manager: NAME

Contracting: NAME
Real Estate: NAME
Relocations: NAME

Engineering & Design: Gaby
Cost Engineering: hannan

Construction: NAME
Operations: NAME

The Dalles EFL AWS Alt 1 Siphon

Abbreviated Risk Analysis

EDR - Pre Feasibility
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Alternative�2���Low�Level�Intake(2012�cost)

The�following�is�an�estimate�of�contstruction�cost,�including�contingency�to�account�for�uncertainty�in�the�development�of�the�design�and�the
�unit�prices.��Costs�for�operation�and�maintenance�have�been�included.

Item Description Unit Unit�Price Qty Contingency Total
Intake

1 Monolith�U/S�Face�Preparation LS $3,556 1 � 3,556$�����������������������
2 Cofferdam�(Steel�and�installation) LS $61,954.00 1 � 61,954$���������������������
3 Trash�Rack�(Steel�and�Installation) LS $554,802 1 � 554,802$������������������
4 Trash�Removal�System�(Bubbler�System) LS $300,000 1 � 300,000$������������������
� Subtotal 920,312$������������������
�
� Piping�System
5 Concrete�Mining
6 ���������Monolith CY $800 114 � 91,200$���������������������
7 ���������Fishlock CY $800 8.6 � 6,880$�����������������������
8 Pipe�Fabrication���(2�@�6�ft�diam) LF $315.15 450 � 141,818$������������������
9 Pipe�Installation � �

10 ���������Through�Monolith�(with�grouting) LF $946.50 108 � 102,222$������������������
11 ���������Land�Side�includes�saddles�and�thrust�blocks LF $380 326 � 123,880$������������������
12 ���������Through�Fishlock�(with�grouting) LF $946.50 8 � 7,572$�����������������������
13 ���������Inside�Fishlock LF $80.00 8 �� 640$��������������������������
14 Isolation�Valve�(located�at�D/S�face�of�dam) Each $252,560 2 � 505,120$������������������
15 Land�Side�Valve�and�Control Each $401,200 2 � 802,400$������������������
16 Power�Supply� LS $15,000 1 � 15,000$���������������������
� Subtotal 1,796,732$���������������
�
� Subtotal�(Capital�Cost) 2,717,044$���������������
�

17 Mobilization�/�Demobilization LS at�10%�of�Construction�cost � 271,704$������������������
18 Contingency�(on�capital�Cost�+�m&dm) 29.33% $876,599.74

� Total�(Capital�Cost) 3,865,348$���������������
�
� rations�and�Maintenance���Design���Construction�Management�

19 Operation�(one�year�total) LS 40,500$�������������� 1 19% 48,195$���������������������
20 Maintenance�(per�year) LS 4,000$����������������� 50 19% 238,000$������������������
21 Engineering�and�Design LS to�be�included�at�90%�level
22 Construction�Management�and�EDC LS to�be�included�at�90%�level

Subtotal 286,195$������������������

Total�(Lifespan) 4,151,543$���������������



Meeting Date: 10-Jan-12

PDT Members (Typical Recommended)

Project Management: mason
Study Manager: NAME

Contracting: NAME
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Engineering & Design: NAME
Cost Engineering: hannan

Construction: NAME
Operations: NAME

The Dalles EFL AWS - Alt 2 low level intake

Abbreviated Risk Analysis
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Alternative�10����Pump�(2012�Cost)

The�following�is�an�estimate�of�contstruction�cost,�including�contingency�to�account�for�uncertainty�in�the�development�of�the�design�and�the
�unit�prices.��

Item Description Unit Unit�Price Qty Contingency Total
Intake

1 Piles�for�Pump�House FT $600 280 � 168,000$�������������������
2 Piles�for�Bridge FT $210 200 � 42,000$����������������������
3 Type�"F"�Bridge�Rail FT $93 300 � 27,900$����������������������
4 26"�Precast�Prestressed�Slabs FT $200 450 � 90,000$����������������������
5 Bridge�Abutment�and�Pier�Concrete CY $300 91 � 27,318$����������������������

Pumphouse � �$����������������������������
6 ��������Concrete�(Wet�well�&�floor�slab) CY $300 1,643 � 492,900$�������������������
7 ��������Concrete�Masonry�Units CY $447 311 � 139,017$�������������������
8 ��������Trash�Rack�Steel LBS $3.67 155,500 � 570,685$�������������������
9 ��������Trash�Rack�Rake�System� LS $300,000 1 � 300,000$�������������������

10 ��������Misc.�Building�Costs LS $500,000 1 � 500,000$�������������������
Junction�Structure � �$����������������������������

11 ��������Steel LBS $3.67 123,326 � 452,606$�������������������
12 ��������Concrete�(Foundation�Pad) CY $300 178 � 53,400$����������������������
13 Pumps�/�Motors/and�installation LS $5,100,000 1 � 5,100,000$����������������
14 Pumphouse�Piping LS $118,912 1 � 118,912$�������������������
15 Isolation�Valves EA $600,000 2 � 1,200,000$����������������
16 Station�Primary�Power�Feed LS $1,101,000 1 � 1,101,000$����������������
17 Station�Electrical�Power LS $394,000 1 � 394,000$�������������������

Subtotal 10,777,738$�������������

Piping�System
18 Concrete�Mining�(Fish�Ladder) CY $800 6 � 4,720$������������������������
19 Pipe�Fabrication�and�Installation LF $4,488 297 � 1,332,936$����������������
� � Subtotal 1,337,656$����������������
� �

Subtotal�(Capital�Cost) 12,115,394$�������������

20 Mobilization�/�Demobilization LS at�10%�of�Construction�cost � 1,211,539$����������������
21 Contingency�(on�capital�Cost�+�m&dm) 54.69% $7,288,500.13

Total�(Capital�Cost) 20,615,434$�������������

Operations�and�Maintenance���Design���Construction�Management�
22 Operation Mo $12,733 12 � 152,796$�������������������
23 Maintenance YR $28,800 50 � 1,440,000$����������������
24 Engineering�and�Design LS to�be�included�at�90%�level
25 Construction�Management�and�EDC LS to�be�included�at�90%�level

Subtotal 1592796

Total�(Lifespan) 22,208,230$�������������
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Study Manager: NAME
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The Dalles East Fish Ladder Aux Water Supply  Alt 10 Pump

Abbreviated Risk Analysis
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Alternative�11���Siphon�with�Intake�Structure�(2012�cost)

The�following�is�an�estimate�of�contstruction�cost,�including�contingency�to�account�for�uncertainty�in�the�development�of�the�design�and�the
�unit�prices.��Costs�for�operation�and�maintenance�have�been�included.

Item Description Unit Unit�Price Qty Contingency Total
Intake

1 Foundation�Preparation�(Excavation) LS $42,765 1 � 42,765$���������������������
2 Intake�Structure�Construction LS $1,037,227 1 � 1,037,227$���������������
3 Intake�Structure�Trash�Rack�(Steel) LBS $4.00 25,000 � 100,000$������������������
4 Trash�Removal�System�(Bubbler�System) LS $300,000 1 � 300,000$������������������
� Subtotal 1,479,992$���������������
�
� Piping�System
4 Concrete�Mining CY $800 97 � 77,600$���������������������
5 Pipe�Fabrication���(2�@�6.5�ft�diam) LF $341.50 492 � 167,847$������������������
6 Pipe�Installation � �
7 ���������In�water LS $10,020 1 � 10,020$���������������������
8 ���������Through�Monolith�(with�grouting) LF $947 42.6 � 40,321$���������������������
9 ���������Land�Side�includes�inside�Fishlock LF $80 63 � 5,040$�����������������������

10 ���������Through�Fishlock�(with�grouting) LF $947 11 � 10,412$���������������������
11 Water�Side�Valve�and�Control EA $255,020 2 � 510,040$������������������
12 Land�Side�Valve�and�Control EA $401,200 2 � 802,400$������������������
� Subtotal 1,623,680$���������������
�
� Filling�System

13 Pump LS $5,000 1 � 5,000$�����������������������
14 Piping�and�valves LS $5,000 1 � 5,000$�����������������������
15 Electrical�and�Controls LS $146,000 1 � 146,000$������������������
� Subtotal 156,000$������������������
�
� Subtotal�(Capital�Cost) 3,259,672$���������������
�

16 Mobilization�/�Demobilization LS at�10%�of�Construction�cost � 325,967$������������������
20 Contingency�(on�capital�Cost�+�m&dm) 33.95% $1,217,324.38
�
� Total�(Capital�Cost) 3,585,639$���������������
�
� ations�and�Maintenance���Design���Construction�Management�

17 Operation�(one�year�total) LS 40,500$�������������� 1 � 40,500$���������������������
18 Maintenance�(per�year) LS 4,000$����������������� 50 � 200,000$������������������
19 Engineering�and�Design LS to�be�included�at�90%�level
20 Construction�Management�and�EDC LS to�be�included�at�90%�level

Subtotal 240,500$������������������

Total�(Lifespan) 3,826,139$���������������
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Project Management: Ron Mason
Study Manager: NAME

Contracting: NAME
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Engineering & Design: Pete Gaby
Cost Engineering: R Hannan

Construction: NAME
Operations: NAME

The Dalles EFL AWS Alt. 11 Siphon  w intake tower

Abbreviated Risk Analysis

EDR - Pre Feasibility
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Fish�Lock�Improvements�(2012�Cost)

The�following�is�an�estimate�of�contstruction�cost,�including�contingency�to�account�for�uncertainty�in�the�development�of�the�design�and�the
�unit�prices.��Costs�for�operation�and�maintenance�have�been�included.

Item Description Unit Unit�Price Qty Contingency Total
Improvement

1 Fishlock CY No�Work�Planned
2 Valve�Room���Replace�two�valves each 350000 2 700,000$��������������������

�������������������������Labor LS 10000 2 20,000$����������������������
3 Approach�Channel
4 ����������Removal�of�Concrete,�Gates�and�Frames CY 800 28.7 22,960$����������������������

Subtotal�(Capital�Cost) 742,960$��������������������

5 Mobilization�/�Demobilization at�10%�of�construction�cost 74,296$����������������������
20 Contingency�(on�capital�Cost�+�m&dm) 31.50% $257,435.64
�
� Total�(Capital�Cost) 1,074,692$����������������

Operations�and�Maintenance���Design���Construction�Management�
6 Operation Mo 12733 12
7 Maintenance� Yr 28800 50
8 Engineering�and�Design LS to�be�included�at�90%�level
9 Construction�Management�and�EDC LS to�be�included�at�90%�level

Total�(Capital�Cost) 817,256$��������������������





0  Cost Esti ates 





Alt. #2 Alt. #11

Initial Construction Costs $7,650,836 $10,084,991

Replacement Costs $0 $0

Maintenance Costs

1. First Year Cost $104,580 $109,560

2. Annual Maintenance Costs $71,380 $43,160

P/A Discount Factor (50-yrs)                       31.424                        31.424 

Present-Worth Annual Maintenance Costs $2,243,017 $1,356,243

3. Cost every 10th Year $177,462 $207,337

P/F Discount Factor (at 10+20+30+40+50-yrs)                         2.870                          2.870 

Present-Worth Cost every 10th Year $509,282 $595,018

4. Cost @ 5th Year $88,810 $92,130

P/F Discount Factor (at 5-yrs)                         0.906                          0.906 

Present-Worth Annual Maintenance Costs $80,438 $83,445

Total Maintenance Costs $2,937,317 $2,144,265

Annual Energy Costs $0 $0

Total Life-Cycle Costs $10,588,153 $12,229,256

Cost Component
Alternatives

LIFE CYCLE COST ANALYSIS

Overall�Life�Cycle�Costs
The�total�life�cycle�costs�were�determined�for�each�system�alternative.��As�described�above,�all�future�and�annual�costs�over�
the�50�year�analysis�period�were�converted�to�a�present�day�cost�to�allow�comparison.��The�interest�rate�used�was�2.0%�as�
recommended�in�the�current�Office�of�Management�and�Budget�(OMB)�Circular�A�94�Appendix�C�(December�2010).��This�
represents�a�real�discount�rate�from�which�the�inflation�premium�has�been�removed.��Real�discount�rates�are�used�for�
discounting�constant�dollar�flows�as�is�required�for�cost�effectiveness�analyses.��Appendix�B�includes�the�interest�factor�
spreadsheet�for�these�life�cycle�cost�factors�calculated�using�the�2.0%�rate.

The Dalles EFL AWS
3/29/2012



The�Dales�EFW��AWS�Backup�System�O&M�hours

First�year�cost annual�cost
cost�every�10th�

years
cost�for�1�year�of�

operation�@�Year�5

Alternative�2 $63,080 $69,720 $58,100 $47,310
Material�Cost�5% $102,762

Alternative�11 $68,060 $41,500 $58,100 $50,630
Material�Cost�5% $132,637

Valve�Room $41,500 $1,660 $16,600 $41,500

Alt�2�+�Valve�Room $104,580 $71,380 $177,462 $88,810

Alt�11�+�Valve�Room $109,560 $43,160 $207,337 $92,130

First�year�cost���hours�during�construction�
Annual�cost��hours�per�year�for�normal�O&M
cost�every�tenth�year���for�periodic�reconditioning�of�operating�equipment
Material�cost�5%��of�Rake,�Crane,�pumps,�72"�valves�and�Valve�room�valves
Cost�to�operate�for�one�year���Assume�this�occurs�at�year�5�after�construction
O&M�Labor�Rate�=�$83.00/hr�burdened



U.S. Cost Incorporated

Compound Interest Factors2.00% 2.00%
N    SINGLE PAYMENT              UNIFORM PAYMENT SERIES
u Compound Present Sinking Capital Compound Present
m Amount Worth Fund Recovery Amount Worth
b Factor Factor Factor Factor Factor Factor
e Find R Find P Find A Find A Find F Find P
r Given P Given F Given G Given P Given A Given A
(N) F/P P/F A/F A/P F/A P/A

1 1.020 0.980 1.000 1.020 1.000 0.980
2 1.040 0.961 0.495 0.515 2.020 1.942
3 1.061 0.942 0.327 0.347 3.060 2.884
4 1.082 0.924 0.243 0.263 4.122 3.808
5 1.104 0.906 0.192 0.212 5.204 4.713

6 1.126 0.888 0.159 0.179 6.308 5.601
7 1.149 0.871 0.135 0.155 7.434 6.472
8 1.172 0.853 0.117 0.137 8.583 7.325
9 1.195 0.837 0.103 0.123 9.755 8.162
10 1.219 0.820 0.091 0.111 10.950 8.983

11 1.243 0.804 0.082 0.102 12.169 9.787
12 1.268 0.788 0.075 0.095 13.412 10.575
13 1.294 0.773 0.068 0.088 14.680 11.348
14 1.319 0.758 0.063 0.083 15.974 12.106
15 1.346 0.743 0.058 0.078 17.293 12.849

16 1.373 0.728 0.054 0.074 18.639 13.578
17 1.400 0.714 0.050 0.070 20.012 14.292
18 1.428 0.700 0.047 0.067 21.412 14.992
19 1.457 0.686 0.044 0.064 22.841 15.678
20 1.486 0.673 0.041 0.061 24.297 16.351

21 1.516 0.660 0.039 0.059 25.783 17.011
22 1.546 0.647 0.037 0.057 27.299 17.658
23 1.577 0.634 0.035 0.055 28.845 18.292
24 1.608 0.622 0.033 0.053 30.422 18.914
25 1.641 0.610 0.031 0.051 32.030 19.523

26 1.673 0.598 0.030 0.050 33.671 20.121
27 1.707 0.586 0.028 0.048 35.344 20.707
28 1.741 0.574 0.027 0.047 37.051 21.281
29 1.776 0.563 0.026 0.046 38.792 21.844
30 1.811 0.552 0.025 0.045 40.568 22.396

31 1.848 0.541 0.024 0.044 42.379 22.938
32 1.885 0.531 0.023 0.043 44.227 23.468
33 1.922 0.520 0.022 0.042 46.112 23.989
34 1.961 0.510 0.021 0.041 48.034 24.499
35 2.000 0.500 0.020 0.040 49.994 24.999

40 2.208 0.453 0.017 0.037 60.402 27.355
45 2.438 0.410 0.014 0.034 71.893 29.490
50 2.692 0.372 0.012 0.032 84.579 31.424
55 2.972 0.337 0.010 0.030 98.587 33.175
60 3.281 0.305 0.009 0.029 114.052 34.761

65 3.623 0.276 0.008 0.028 131.126 36.197
70 4.000 0.250 0.007 0.027 149.978 37.499
75 4.416 0.226 0.006 0.026 170.792 38.677
80 4.875 0.205 0.005 0.025 193.772 39.745
85 5.383 0.186 0.005 0.025 219.144 40.711

90 5.943 0.168 0.004 0.024 247.157 41.587
95 6.562 0.152 0.004 0.024 278.085 42.380

100 7.245 0.138 0.003 0.023 312.232 43.098
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U.S. Cost Incorporated

Compound Interest Factors
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Meeting Date: 10-Jan-12

PDT Members (Typical Recommended)

Project Management: mason
Study Manager: NAME

Contracting: NAME
Real Estate: NAME
Relocations: NAME

Engineering & Design: NAME
Cost Engineering: hannan

Construction: NAME
Operations: NAME

The Dalles EFL AWS - Alt 2 low level intake

Abbreviated Risk Analysis

EDR - Pre Feasibility
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Meeting Date: 10-Jan-12

PDT Members (Typical Recommended)

Project Management: Ron Mason
Study Manager: NAME

Contracting: NAME
Real Estate: NAME
Relocations: NAME

Engineering & Design: Pete Gaby
Cost Engineering: R Hannan

Construction: NAME
Operations: NAME

The Dalles EFL AWS Alt. 11 Siphon  w intake tower

Abbreviated Risk Analysis

EDR - Pre Feasibility
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Takeoff Tab
Dalles E Fish Ladder 90% Progress Dwg - 032212

Bid No. 17

Quantity1 Quantity2 Quantity3HeightName AreaNo. UOM1 UOM2 UOM3
000 The Dalles EFL AWS

2.00 0 0Alternate #11   16 LF of 72" Dia Pipe & 90 
Deg Bend & Gate Valve @ 
Fish Lock

24 6' 0" EA

2,064.54 200.20 0Alternate #11   18" Th CIP  Cover Slab25 0" SF LF
2.00 0 0Alternate #11   35 LF of 72" Dia Pipe & 90 

Deg Bend @ Fish Lock
26 6' 0" EA

4.51 0 0Valve Room - 
Common to Alt 2 & Alt

   48" Bend Pipe27 4' 0" LF

2.00 0 0Multi-Area Total   5 Panel Trash  Rack28 6' 0" EA
1.00 0 0Alternate #2 EA
1.00 0 0Alternate #11 EA

39.77 0 0Multi-Area Total   72" Bend29 6' 0" LF
25.57 0 0Alternate #2 LF
14.20 0 0Alternate #11 LF

4.00 0 0Multi-Area Total   72" Jer Flow Valve & Hyd 
Power Units

30 6' 0" EA

2.00 0 0Alternate #2 EA
2.00 0 0Alternate #11 EA

682.72 0 0Multi-Area Total   72" Pipe31 6' 0" LF
423.42 0 0Alternate #2 LF
259.30 0 0Alternate #11 LF
106.00 0 0Alternate #2   84" Dia Mined Tunnel Thru 

Dam & Grout
32 3' 0" LF

8.07 0 0Alternate #2   84" Dia Mined Tunnel Thru 
Fishlock & Grout

33 3' 0" LF

447.61 76.87 0Alternate #11 @ 
Fishlock

   Concrete Maintenance 
Platform.

34 0" SF LF

2.00 0 0Alternate #2   Concrete Pipe Support35 6' 0" EA
216.17 0 0Alternate #11 @ 

Fishlock
   Cut Brail for removal36 0" LF

48.85 0 0Multi-Area Total   DDT 72" Pipe at Bends37 4' 0" LF
37.20 0 0Alternate #2 LF
11.65 0 0Alternate #11 LF
29.18 0 0Alternate #2   DDT Concrete Volume 72" 

Pipe Thru Thrust Block
38 6' 0" LF

1.00 0 0Fishlock - Common to 
Alt 2 & Alt 11

   Demo CIP Control Bldg39 6' 0" EA

1.00 0 0Fishlock - Common to 
Alt 2 & Alt 11

   Demo Fishlock Brail40 6' 0" EA

2.00 0 0Fishlock - Common to 
Alt 2 & Alt 11

   Demo Fishlock Gates41 6' 0" EA

2.00 0 0Alternate #2   Double Bulkhead42 6' 0" EA
2,382.33 0 0Alternate #11   Inlet Tower CIP Tremie 

Concrete Base Slab
45 0" SF
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Takeoff Tab
Dalles E Fish Ladder 90% Progress Dwg - 032212

Bid No. 17

Quantity1 Quantity2 Quantity3HeightName AreaNo. UOM1 UOM2 UOM3
1.00 0 0F'lock Approach 

Channel - Common to 
Alt 2 & Alt 1

   Install plug in existing 36" 
pipe

46 6' 0" EA

1.00 0 0Alternate #2   Jib Crane47 6' 0" EA
41.42 0 0Alternate #11   Ladder w/ Cage48 1' 3" LF
95.13 0 0Multi-Area Total   Length Pipe required for 

Fabricated Bend
49 1' 6" LF

48.13 0 0Alternate #2 LF
7.86 0 0Valve Room - 

Common to Alt 2 & Alt
LF

39.14 0 0Alternate #11 LF
1.00 0 0F'lock Approach 

Channel - Common to 
Alt 2 & Alt 1

   New Stop log - 20' x 50' 
high

50 6' 0" EA

1.00 0 0Alternate #11   Precast Cover Slab - 16' x 
8' & DDT CIP Slab

51 1' 0" EA

4.00 0 0F'lock Approach 
Channel - Common to 

Alt 2 & Alt 1

   Remove 48" x 48" Gates52 6' 0" EA

4.00 0 0F'lock Approach 
Channel - Common to 

Alt 2 & Alt 1

   Remove CIP concrete Wall 
- 7' x 8' x 12" th.

53 6' 0" EA

4.00 0 0F'lock Approach 
Channel - Common to 

Alt 2 & Alt 1

   Remove CIP concrete Wall 
- 71' x 8' x 15" th.

54 6' 0" EA

1.00 0 0F'lock Approach 
Channel - Common to 

Alt 2 & Alt 1

   Remove concrete slab to 
access 36" pipe - 7' x 7' x 9' 
deep

55 6' 0" EA

72.58 0 0Valve Room - 
Common to Alt 2 & Alt

   Remove Ex 18" Pipe56 1' 6" LF

12.42 0 0Valve Room - 
Common to Alt 2 & Alt

   Remove Ex 30" Pipe58 2' 6" LF

27.00 0 0Valve Room - 
Common to Alt 2 & Alt

   Remove Ex 36" Pipe59 3' 0" LF

52.00 0 0Valve Room - 
Common to Alt 2 & Alt

   Remove Ex 42" Pipe60 3' 6" LF

2.00 0 0Alternate #11   Steel Pipe Support61 6' 0" EA
2.00 0 0Alternate #2   Temporary Construction 

Bulkhead
62 6' 0" EA

225.05 61.80 0Alternate #2   Thrust Block Area63 0" SF LF
(unassigned)

9.00 0 0Multi-Area Total   Untitled1 6' 0" EA
4.00 0 0(unassigned) EA
5.00 0 0Valve Room - 

Common to Alt 2 & Alt
EA

2.00 0 0(unassigned)   Untitled2 6' 0" EA
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20  eview Meeting Minutes
Subject: Minutes for the 20 % Review Meeting 

Client:   U.S. Army Corps of Engineers

Project:  The Dalles East Fish Ladder Auxiliary Water 
System Backup, 20% Review Meeting 

Project No: 000000000171578 

Meeting Date:  November 17, 2011 Meeting Location: HDR, Mountain Rooms 

Notes by:  Jennifer Switzer/Ron Mason 

ttendees
Ron Mason, HDR Nina Sass, HDR Karen Kuhn, USACE 
Jennifer Switzer, HDR David Ward, HDR Sean Tackley, USACE 
Rich Hannan, HDR Al Petrasek, HDR (via phone) Bob Cordie, USACE 
Kristi Nelson, HDR Lisa Larson, NHC Rick Reiner, USACE 
Pete Gaby, HDR Randy Lee, USACE  

opics Discussed

� Opening Statement/Introductions by USACE/ HDR team Members Randy Lee/Ron Mason/All 

� Purpose of the Meeting/Overall Objectives Randy/Ron 

� Discussion of Review Comments (ITR/DrChecks)  Ron 

� Technical Discussions of Project Alternatives HDR 

� Hydraulic Improvements Analysis by NHC Lisa Larson, NHC 

� Next Phase of the Project/Further Actions Ron Mason 

� Action Items from Meeting All 

ction otes
OPENING STATEMENT/INTRODUCTIONS

Randy Lee began the meeting with its purpose as a 20% review meeting.  He confirmed the flow requirement 
of 1,400 cfs for the east fish ladder (EFL) auxiliary water supply (AWS) backup system.  HDR has submitted a 
draft design criteria memorandum, 20% engineering design report (EDR) outline, and a technical 
memorandum, hydraulic analysis of the header pipe system.  All documents are available for review in 
DrChecks and comments would be appreciated in the next 1-2 days. If unable to access DrChecks, please 
contact Randy Lee or Karen Kuhn. If unable to submit comments in DrChecks, please email Randy Lee and 
Karen Kuhn with comments for uploading to DrChecks. 

Ron Mason shared that Don Best (electrical engineer) and Pete Gaby (Structural Engineer) were unavailable 
to attend the meeting, but could be reached by phone if any questions came up during the meeting.  He then 
asked all meeting attendees to introduce themselves and their employer.   

PURPOSE OF THE MEETING/OVERALL OBJECTIVES

Ron Mason provided a review of the agenda (see attached) explaining the goal of the meeting is to review the 
three submitted documents and review the four alternatives being evaluated. 
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For the 20% report outline, input is being requested. HDR has prepared this as a guide to the end.  It can be 
changed, but hopefully not much.  Comments are needed now before HDR proceeds significantly down the 
path of report preparation. 

Ron displayed the 20% outline and went through each section.  Sections 1 and 2 will be complete at the 60% 
report submittal.  Section 3 provides discussion of the four alternatives being taken to the 60% report.  Each 
alternative will have the same sub categorical discussions including: hydraulic, biological, cost, electrical, 
structural, etc., where appropriate.   

Randy Lee questioned the use of the word “Evaluation” in the sub headings.  Ron Mason clarified the use as 
meaning impacts/benefits due to new feature being proposed. He stated the word can be changed if the U.S. 
Army Corps of Engineers (USACE) makes the request (“Evaluation” to “Design”), but should do so in 
DrChecks.   

Sean Tackley asked Rob Reiner and Bob Cordie if they would like an explicit discussion on operations and 
maintenance (O&M).  Ron Mason stated asset management is included as part of the project and captured in 
the cost. He also reiterated including this request formally in DrChecks. 

Bob Cordie asked if a cost cap was ever established that would enable alternatives to be cut before they are 
fully developed.  Due to funding being known annually with fiscal budgets being developed, that this was 
frustrating, but not possible. Bob said so many studies have been done, alternative chosen, then get to the 
end and oops too expensive. 

Ron said the alternatives developed to 60% are evaluated including a cost component and all are relative.  
The cost component evaluation factor discussed during the brainstorming meeting held in December 2010 
was on a high, medium, and low with different factors being weighted differently. 

Two alternatives will be taken to the 90% report.  

Randy questioned the name “River Wet Tap” and wanted to know if changing the name would be possible.  
Ron said this is definitely possible, and asked the USACE to make the recommended name change 
(DrChecks). 

If there are certain items the USACE does not want included in the report, Ron Mason requested a letter to 
document removal of any items (i.e., equalizing headers).  He also said that for 60% report submittal, the , 
sections 1-4, will be 95% complete.  The schedule is tight and since the bulk of the work will be completed for 
the 60% submittal, one-half to two-thirds of the budget will be expended during development of the 60% 
report submittal. 

Since all alternatives will be taken to the 60%, HDR/USACE will be able to do an equal comparison of the 
alternatives.  

Lastly, appendices will be provided with technical computations. 

Ron and Randy agreed that after the 60% report submittal, choosing the two selected alternatives that will 
move on to the 90% report will come from evaluation.  It was recommended that a project development team 
(PDT, HDR/USACE) meeting be held to prepare a matrix for evaluation and scoring of the alternatives.  Ron 
reiterated that HDR has no plans to independently select the two final alternatives without the USACE’s 
involvement.

TECHNICAL DISCUSSIONS OF PROJECT ALTERNATIVES

Ron showed the plan view of the project including fish lock, ladders, junction pool etc.  (see simple sketches 
attached to this memo) 
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The four alternatives selected by the USACE through its own internal process include: a siphon directly into 
the fishlock (Alt #1), a river wet tap tunnel bored through the rock (Alt. #2), a single pump/pumphouse on east 
side of cul-de-sac (Alt. #10), and an upstream intake tower with siphon (Alt. #11). 

Discussion of alternative #10. Single pump/pumphouse on east side of cul-de-sac.

Kristi Nelson gave an overview of the pump station locations.  Two proposed pump station location options 
discussed: 

� Site A, further north in the cul-de-sac - with discharge pipe(s) through or over the fish ladder to the 
AWS Culvert.  

� Site B located further south toward end of fish ladder – with discharge pipes around the end of the 
fish ladder to the AWS Culvert. 

� Both sites are workable based on the preliminary elevation determined for the pump suction.  

Kristi asked for clarification on the conduit versus culvert.  Reiner explained the open stretch of channel is the 
“culvert.” 

Rick Reiner asked if it’s cheaper to use pipe above ground, can you have above ground for both? Most likely 
the pipe would be installed above ground. 

Location and the issue of maintenance access to pump station (200 tons of equipment assuming full 1,400 
cfs) was discussed.  The existing access road goes 2/3 out towards the end of the fish ladder, but can likely 
be improved to provide access to the end of the ladder.   

Biology perspective – site A preferred – farther away from any kind of attraction flows.   

Cordie mentioned John Day pump intake was located a couple feet from fish access.  Tackley mentioned 
possible sturgeon impacts may determine best site location. David Ward mentioned boat access was tricky 
for ODFW in the cul-de-sac. Kristi Nelson said both sites will be pursued until it the best alternative can be 
figure out. 

An isometric 3-dimensional view of the fishlock was shown to provide an overview of the project. 

Understanding of operating water surface levels in the AWS system is important for pump design.  The 
following is required: 

� Min and Max. tailwater elevations; and design WSE elevations in the AWS system at the location of 
the discharge pipe from the pump station where it connects to the AWS system 

� Motor & electrical installation elevations to avoid damage during flooding 

Full operating range of tailwater conditions (min & max) and AWS culvert WSE need to be finalized. This 
information is needed to allow for proper pump operations.  

Design Life of chosen alternative = 50 years 

Randy Lee mentioned the USACE is not doing any hydraulic modeling of the AWS (culvert) as it was 
removed from the scope.  Lisa Larson could use rough estimate of WSE from existing operations since this is 
conceptual design.  An estimated AWS pressure grade line of 5 feet above the tailwater elevation was 
considered to be adequate for this level of design. 

Electrical components:  PMF flood tailwater condition of 133 feet seems excessively conservatively high? 
What is the 500–year level? USACE has data and will provide guidance at to the design elevation that 
USACE wants electrical equipment place.   

Kristi Nelson mentioned concern with flow conditions in the AWS culvert at the location of the pumping plant 
discharge pipe.  Randy Lee/Ron Mason concurred, this is preliminary design, more detailed hydraulic 
evaluation would be needed if this alternative is selected.  A DDR in future (not under current task order) will 
be required for the selected alternative. 
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Lastly, discussion regarding discharge pipes coming in to the side of the AWS Culvert to reduce turbulent flow 
conditions.  The next phase of the study will need to address turbulent conditions in the AWS culvert. 

Alternative #1. Siphon Pipe to supply water in to fishlock.

The siphon will be angled down or at an angle with supports. How much water? Negative pressure issues? 

Alternative #2. River Wet Tap Tunnel Bored through the Rock

Need bathymetry. Intake (100’s of feet out from dam) 

Alternative #11. Upstream Intake Tower with Siphon to Fishlock

Intake tower with siphon pipe to fishlock, the alternative will have a base footing or slab to support an intake 
tower with opening(s) at base of tower that would draw water from a deep location in the reservoir.  This 
would help to eliminate fish entrainment (lower than Alt #1). The intake tower could not be dewatered.  

Hydraulic
Lisa Larson provided a discussion covering header pipe hydraulic memorandum submittal.  Key points were 
as follows: 

� Constriction down to 6-inch AWS drain 
� Constriction down to 4-inch diffuser drain 
� Equalizer header pipe system designed to fill AWS channel 
� Utilize all pipes (1-14); estimated total flow would be about 65 cfs, primary limiting factor is the 6-inch 

pipe constriction 
� A network model was not developed (beyond scope of effort). Would see more losses with network 

model which would result in a smaller discharge. 
� High velocities to consider – 20 fps – may be too high for long-term operation; may cause damage to 

valve seats 
� AWWA guidelines recommend maximum velocity of 16 fps 
� If these improvements are selected, energy dissipation to reduce high velocities needs to be 

considered 
� 7 conduit drains in AWS channel 
� 15 diffuser pipes in the AWS system 
� Total number of pipes = 22, (12-inch pipes) 
� A go/no go decision on the header pipe system improvements needs to be made by USACE as soon 

as possible 
� NHC conducted a limited hydraulic analysis.  This level of detail was appropriate for the USACE – just 

for use as a barometer. 

Valve room Hydraulic Analysis: 42-inch pipe – looks promising (approx. 400 cfs).  USACE did some 
estimates recently and got several hundred cfs. Verifies this as a wise investment on the part of the 
government. 

Reiner mentioned there is a planned winter outage Dec 1/Jan/Feb.   
16 fps – applies on this pipe. 16 fps – 42-inch pipe = 154 cfs. Jan/Feb the access plate will be removed on the 
42-inch pipe to inspect the valve and clean out any debris. Additionally, the three, 18-inch pipes that connect 
to the 36-inch pipe will also be cleaned and inspected.  

Randy Lee confirmed 42-inch Weldolette pressure tap gage gave a reading of 40 psi. 

Randy Lee will send Ron Mason a memorandum with field testing results and pressure gage measurements. 
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Siphon Discussion – one issue – negative pressures.  Need input on limit negative pressures in the design 
(-5 to -10 feet of head) > negative head.  Possible solutions: incorporate a d/s  control valve, increase pipe 
diameter size, increase number of pipes, trial and error process.  

Intake/inlet of the siphon will be submerged. Currently, submergence is one pipe diameter. Siphon could 
produce 800+ cfs using two, 6-foot pipes. Then how to distribute flows back into system.  Diameter of fishlock 
is roughly 28 feet.  Siphon will have two valves to open and fill.   

Lacking in design criteria for siphon design. 

The amount of time to fill siphon pipes will need to be determined; – how long is acceptable?; this will set the 
requirements for the filling pumps.   

It was mentioned that previously NOAA Fisheries assumes start-up time of days to less than a week is 
acceptable. 

Ron Mason asked the USACE representatives to review the design criteria memorandum and provide 
comments regarding any glaring issues, fish screen criteria is important.   

Tackley will ask NOAA Fisheries to draft a memo stating no fish screens are required.  He also recommended 
changing 1-inch to ¾-inch turbine grate spacing to exclude lamprey from getting into system. 

Two existing fish turbine trashracks have 1-inch spacing.  Preference for the pump station intake = ¾-inch.  

Discussion of the Intake tower with deep inlets. - issues with inlet openings (location and size), trashrack 
requirements, potential for debris issues. Discussed possibility of raising the openings.   

Gravity means – reliable versus mechanical means (pumps can break). 

Discussion regarding considering 2 pumps instead of 1 pump.  Pumps will require monthly maintenance.  For 
pumps, Hydraulic Institute standards exist, but may still need to be modeled. 

USACE needs to decide as soon as possible whether it wants multiple pumps or one pump.  Cordie/Reiner 
mentioned two examples of pump failures (at Foster Dam, 4 pumps are failing after 8,000 hours and at John 
Day they are constantly struggling to keep the pumps operational). 

Reiner asked if he could introduce another possible alternative idea someone gave him.  Take one of the fish 
turbines (each 15 MW) and remove the turbine.  Use the wicket gates to control flow.  Randy Lee to check 
with USACE’s HDC regarding this as a possibility. 

USACE Action Items:

Action Item Responsible
Person

Provide any comments in DrChecks for the design criteria memorandum, 20% report 
outline, and hydraulic memorandum submittals USACE 

Tailwater elevation and elevation of where we’re pumping to  Bob Cordie 
Motor mount and electrical elevations  Bob Cordie 
Operation range for pumps (min 72.5 max 86?) USACE 
Elevation by which mechanical equipment is placed USACE 
Tailwater duration curves? USACE 
Design to regulated condition – does the USACE want to use as design criteria? USACE 
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Action Item Responsible
Person

Bathymetry USACE 
Memorandum with field testing results and pressure gage measurements  Randy Lee 
Check with HDC regarding new alternative – removing one fish turbine. Randy Lee 
Field measurements for fishlock Randy Lee 
New name for River Wet Tap alternative Randy Lee 
Decision regarding one versus multiple pump USACE 
Go/no go decision on the header pipe system improvements USACE 
USACE/HDR 60% Meeting USACE 
Alternative #10 - Site A/Site B requirements/limitations USACE 
Request NOAA Fisheries to draft a memo stating no fish screens required Sean Tackley 
Request notes from USFWS  Sean Tackley 

HDR Action Items: 

Action Item Responsible
Person

Email scanned 1953 The Dalles EFL Hydraulic report to Randy Lee, Karen Kuhn, Lisa 
Larson 

Done, 
11/28/2011 

Email conceptual drawing to Sean Tackley so he and Dave Ward can research Done, 
12/5/2011 



Attachments

20% Review Meeting Sign-In 

Plan View and Alternative Sketches 
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60  ED  eview and 
lternatives an ing Matri  

Meeting Minutes
Subject: Minutes for the 60% EDR Review and Alternatives Ranking Matrix Meeting 

Client:   U.S. Army Corps of Engineers

Project:  The Dalles East Fish Ladder Auxiliary Water 
System Backup, 60% Review Meeting 

Project No: 000000000171578 

Meeting Date:  February 7, 2012 Meeting Location: HDR, Mountain Rooms 

Notes by:  Jennifer Switzer/Ron Mason 

ttendees

Ron Mason, HDR Nina Sass, HDR Karen Kuhn, USACE 
Jennifer Switzer, HDR David Ward, HDR Sean Tackley, USACE 
Rich Hannan, HDR Lisa Larson, NHC (via phone) Bob Cordie, USACE 
Kristi Nelson, HDR Randy Lee, USACE Rick Reiner, USACE 
Pete Gaby, HDR Jeff Ament, USACE Rick Russell, USACE 

opics Discussed

� Introductions by Team Members and sign-in Randy Lee/Ron Mason/All 
� Purpose of the Meeting and Overall Objectives Randy Lee / Ron Mason 

� Review of the Alternatives HDR Technical Team Members /  
R. Lee/R. Mason 

� Discussion and completion of matrix Ron Mason 
� Review Comments on 60% EDR Ron Mason / Randy Lee 
� Project Schedule Ron Mason / Randy Lee 
� Action Items from Meeting All 

OPENING STATEMENT/INTRODUCTIONS 

Ron Mason welcomed everyone to the 60% Report Review and Alternative Ranking Matrix Meeting. He 
began by going over the meeting’s agenda which includes: 

� Goal of meeting to finalize alternative ranking matrix (USACE not yet met to discuss and rank 
alternatives) 

Randy Lee said he thought the project was on track to get report done on-time.  

Introductions around the table were done next. 
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Overview of today’s meeting: 

� HDR ranked the alternatives and included its alternatives ranking matrix in the 60% review report. 
Want joint team process to share ideas and come up with a collaborative alternatives ranking matrix. 

� Expected Reliability was added to alternatives ranking matrix in final moments of 60% report 
preparation, but each alternative was given a ranking of “1” as a placeholder only. Not a true ranking 
completed for Expected Reliability. 

� Review alternatives. Everyone should have access to the 60% Design report in DrChecks (report 
submitted 25 January 2012) 

� All comments need to be put into DrChecks. R. Lee said this was an easy task for USACE reviewers, 
but S. Tackley said he would take other agency comments and upload them to DrChecks. R. Lee 
stated 15 February 2012 is the deadline for review comments (perhaps a day or two after that, but no 
later than the 17th). He said if anyone does not have access to DrChecks to let him know and he will 
request access. J. Switzer, HDR, will download DrChecks comments. 

R. Mason: The onus will fall on the USACE to determine which two alternatives to take to the 90%design 
level; however, he expects the group to reconvene at the 90% level to discuss selection of the final proposed 
alternative. 

Question: What agency comments have been solicited? S. Tackley – report has been sent out to other 
agencies. R. Lee stated this is a USACE project and although the USACE does not want to work in a vacuum, 
ultimately, the recommendation for a solution is a USACE decision. S. Tackley stated he is communicating 
with other agencies and comments he’s received as of Friday seem to be going in the same direction as the 
USACE. 

R. Mason projected an alternatives overview map and gave a review of each alternative stating that the valve 
room improvements are expected to provide 400 cfs while the four alternatives have been designed to meet 
1,000 cfs for a total of 1,400 cfs (design discharge). Without the valve room improvements, every alternative 
would need to be upsized to meet the design discharge of 1,400 cfs. 

USACE Fishlock Flow Test 

R. Reiner/B. Cordie shared a test they recently ran at The Dalles Dam which could provide additional flow for 
minimal cost: 

� Attempted to open the two pipes (42-inch and 36-inch) in the valve room. 
� 36-inch pipe clogged 
� Able to open 42-inch pipe 
� Test sent water through the fishlock, approach channel and two open gates into the conduit between 

the fishlock approach channel and the AWS where it would flow through diffusers into the junction 
pool, the entrance and ladder pools 

� Straight through valve room, some obstructions up to the fish cassion (fishlock), the two existing 
gates serve as large flow obstruction. Took readings and determined 8-foot head loss from fishlock to 
head at fish entrance 

� Gate at downstream side of fishlock – unusual (bulky, difficult to access). Water flow comes up in 
front of and over gate. Gates rise up to seal 

� Butterfly valve (not complete seal – old and rubber seal gone). 
� Fishlock or Caisson = water holding mechanism 
� Original operation - Silo flooded with water, brail transports fish up to higher elevation where they can 

exit to the forebay 
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� Some equipment needs to be removed (wire rope, gear boxes, etc.) to work as emergency water 
� Previous run, the water came out into the cul-de-sac. 42-inch valve test showed about 200 cfs @ 85.5 

elevation (91.5 – stop log elevation) 
� #2 and #4 gates in fishlock approach channel were open for test 
� Cassion, approach channel, #2 and #4 diffuser valves – water was screaming by, through water 

conduit through opening of culvert, filled culvert area (junction pool) 
� Experienced 6-8” of silt in the water conduit at upper end and 2” diameter rock sediment at far end of 

water conduit when gates and conduit were being inspected prior to test 
� 1st test, butterfly valve closed (w/leakage) then ran a test flow for one day  ~ 300 cfs  
� Only opened 2 diffuser gates, #2 and #4 (the rest of the diffusers were unable to get open).  
� Adjusted entrance weir to get a biologically acceptable differential and reasonable entrance depth 

(Elevation tailwater-Elevation entrance weir). 
� Operated E3 – no calculated flow just head and depth  
� West and South entrance closed, but diffusers to these not closed, and some water movement 

observed flowing towards East entrance through Transportation and Collection channel 
� Turbidity which came from the 8’ x 8’ culvert was gone after testing had run awhile  

Question: Were you able to open/close the south and west fish entrances? 

B. Cordie: Yes. Unable to close 5 of the 8 diffuser valves. Probably just a maintenance issue which 
should be able to be fixed and not too costly. 

� Flow test readings (stage) taken at the following: 
1. E3 weir 
2. 20 feet upstream of E3 weir 
3. Tailrace elevation 30 ft. south of east entrance 
4. Next to cul-de-sac channel (near staff gage) 
5. At fishlock cassion (read water column height) 
6. Outflow of water conduit 
7. South entrance 
8. West entrance 
9. Weir (dial gage) J6 

� Visual appearance – very tame, hear little gurgling and see some wire movement 

Question: How much flow can you put through water conduits?  

L. Larson: Information provided in a table in the 60% report, but it is above 1,400 cfs with diffuser grating 
leading to the 8’ x8’ culvert removed  

Need to upsize valves in the valve room or will be violating 16 fps maximum velocity. 

1,400 cfs will pass through the approach channel will it go through approach channel culvert? Yes, but 
recommend structural modifications to different gates (4 gates and removal of concrete). 

Everything R. Reiner presented has been documented in a report which was emailed to Ron Mason February 
6. Mason will disseminate to HDR project team. 

Question: In the 60% report, the 400 cfs (valve room improvements) – most effective and most cost effective 
methods of increasing flow to supplement other alternatives. Were new valves included in cost estimate?  R. 
Hannan asked if the valves would need upsizing. Answer was yes. May need to revisit cost estimate to 
include valve replacement in valve room. (Note:  Cost estimate included upsizing of valves) 
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� The existing 36-inch pipe is manifold to three 18-inch pipes; the 36 inch pipe does not have a valve. 
� The 36-inch pipe was not used during flow test due to blockage. 
� L. Larson: confirmed would increase flow by 30%, but start to get high velocities (upward of 40 fps) 
� R. Lee/L. Larson 400 cfs – limiting velocities to 25 fps (RL stated this is high) 
� K. Nelson: 400 cfs and 16 fps limits would need two, 48-inch valves – which could fit into the valve 

room. 

REVIEW OF THE ALTERNATIVES 

Alternative #1 – Siphon for Additional Water to the Fishlock 

This alternative proposes the use of two 72-inch steel siphon pipes that will convey water from the forebay 
(~EL 134 ft.) to the existing fishlock. The fishlock will then discharge into the fishway approach channel which 
in turn will flow through an 8-foot by 8-foot culvert and finally discharge into the AWS and through diffusers to 
the junction pool, entrance and ladder pools. 

� No tower – instead run along embankment face through two, 72-inch pipes from EL 134 ft. at 
entrance to EL 161 ft. as it runs through dam 

� Potentially better for lamprey 
� Two, 72-inch pipes discharge into fishlock, through approach channel, into culvert, and eventually 

bubbling up into junction pool, entrance and ladder pools. 

Alternative #11 – Intake Tower with Siphon to Fishlock 

This alternative requires two, 72-inch siphon pipes that will convey water from an upstream intake tower with 
low level inlet openings (~EL 100 ft.) to the existing fishlock. The fishlock will then discharge into the fishway 
approach channel (no longer in use) which in turn will flow through an 8-foot by 8-foot culvert and finally 
discharge into the junction pool, entrance and ladder pools. 

� Intake tower allows you to draw water from deeper elevation ~ EL100 ft.  
� Two, 72-inch pipes – follow exact alignment along the upstream face of dam with pipes at an invert 

elevation of 161 ft. just above normal forebay elevation of 160.0 ft. 
� Deeper intake – minimizing impacts to juvenile salmonid species, but concern for shadow or noise 

and/or vibration from pipes affecting adult exit as they pass under pipes.  There is not a lot of 
information regarding location or path adults take after exiting fish ladder but is assumed to exit and 
turn right heading upstream. 

�

Alternative #10 – Single Pump/Pump house on East Side of Cul-de-sac Area 

This alternative proposes the use of a single pump and pump house. The pump house will be located in the 
east side of the “Cul-de-sac” with access to the pump house from the north. A vertical axial flow pump was 
assumed. 

� Pumphouse along bankline and hooks up to approach channel 

Alternative #2 – Low Level Intake 

This alternative proposes the use of two, 72-inch pipes that will convey water from the forebay to the existing 
fishlock. The fishlock will then discharge into the approach channel which in turn will flow through an 8-foot by 
8-foot culvert and finally discharge into the junction pool entrance and ladder pools. 
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� Pipes through monolith ~ EL 111.5 ft. through gate into fishlock. 
� No long pipes in water to vibrate or provide predator habitat like Alt. #1 or #11 
� Not pressurized with bulkheads in place 
� Elevation 109 ft gave us 1 foot of freeboard at end of approach channel 
� Normal pool elevation of The Dalles forebay is between 155 and 160 ft 
� Potential dam safety concern as pipes require more coring through monolith needed at EL 111.5 ft 

Review of Drawings from 60% EDR: 

� Alternative #2 – the pipe intake invert is elevation 111.5 ft 
� Alt #10 –The pump outlet discharge pipe (11 ft dia) will discharge into the side of the approach 

channel. This is a change from the original concept design. Check valves for the 11-foot pipe are 
commercially available, but will require a special design. 7,000-hp pump is the current design. 
Junction tower provides constant head during startup and operation. Current design calls for one 
pump, with a design head of 52-foot. Butterfly valve and sluice gate provided for safety during 
maintenance. Assumes mechanical trash rake. Run time to keep it exercised includes maintenance 
weekly to exercise the pump to keep bearings lubed. Also need to operate pump once a month for 
30-45 minutes. Heat exchanger and other ancillary units may need some O&M. 

R. Lee – Due to reductions in money and manpower, the USACE, more and more, looks at design, 
structure, and O&M requirements when making decisions about the direction of a project.  

R. Hannan – Pat Hunter at John Day, said he loves his pumps, but they are turbine pumps and not 
the same as pump proposed at The Dalles Dam. Bob Cordie said John Day has both turbine (south) 
and electric (north) pumps, but the electric pumps are being replaced. 

Disadvantages to Pump (Alternative #10) – more costly, more O&M requirements, etc. 

R. Mason stated this is not HDR’s preferred alternative, but that it was part of the USACE’s scope of 
work for HDR to evaluate this alternative. Relative to fisheries, the pumphouse is better for juvenile 
salmonids.

� Alt #11. Intake tower, two, 72-inch siphon pipes, to fishlock. 
o P Gaby said a mechanical trashrake could be used on this alternative 

ALTERNATIVES RANKING MATRIX 

Once all the alternatives were reviewed, the Alternative Ranking Matrix from the 60% report was discussed 
and updated with USACE and HDR input. R. Mason explained the 60% report has a draft version of the 
alternatives ranking matrix as populated by HDR, but was intending to review at today’s meeting and update 
with input from the USACE.  

Expected Reliability  

Expected Reliability was requested by USACE as an evaluation criterion near the 60% submittal date and as 
such, a column was added, but only a placeholder of “1” was included across all alternatives. This will be 
discussed and true values input into the matrix. 

HDR alternatives matrix was based on each alternative evaluated on own merit as a stand alone, not 
evaluated against each other. 
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During initial review of the alternatives matrix, it was noted that alternative #10 is by far the most expensive 
alternative at roughly $22 million. The remaining three alternatives are in the $4 to $5 million cost range.  

Question: Why are #1 and #11 so close in cost (only $300,000 more for #11) since #11 has an intake tower? 

R. Hannan: The intake tower (Alt #11) does not have a coffer dam, it requires foundation work (tremie 
concrete), and estimated to use prefabricated units for the intake tower. The construction for Alt #1 is more 
costly to build. Alt #12 requires more in-water work (divers), fabricated pipe along embankment with 1V:2H 
rock slope. 

Electrical availability for alternatives was discussed. Alternatives #1, #11, and #2 would not require high 
voltage. Alternative #10 would require high voltage. 

J. Ament asked if the siphon valves would need to open at the same time (simultaneously)? L. Larson/R. 
Mason replied yes, will need to be digitally in sync. R. Reiner stated he has real experience with siphons and 
R. Mason stated the Bureau of Reclamation use siphons a lot for canals (different design parameters), but 
once turned on, they should work, if not, need to prime again and restart. 

Biological Impacts 

DW explained why the alternatives received the initial scoring for Biological Impacts. He said since all 
alternatives draw water from the Columbia River, he was unable to give any alternative a score of 3 or 4. The 
other following were part of the decision: 

� 80-85% of juvenile fish passage is at the spillway 
� 15-20% of juvenile fish passage is at the powerhouse either through the ice and trash sluiceway or 

the turbines (J. Ament said an attraction study showed fish went along the powerhouse to the 
spillway) 

� Alternative #1 may entrain juvenile salmonids and Alternative #2 may impact sturgeon and lamprey. 
� B. Cordie stated that the upper level of the water column would be more impactive for fish species. 
� S. Tackley agreed with DW – There is a certainty for where salmon will be located, but an uncertainty 

for where lamprey would be located 
� Shallower intakes = noise concern for adult fish exiting fishway. 
� Alt #2 and #11 – intakes at same locations (downstream of EFL exist) preferable for adult passage. 
� Alt #11 Lower biological impact? ST questioned the foundation size and potential eddy issues? 
� Foundation size is approximately 45 feet by 34 feet. Not big, and B. Cordie explained that there is 

riprap further down which should keep the flow out away from the face of the dam which may help. 
No flow along powerhouse. 

� Pikeminnow will sit in eddy out of high flows and pick off other fish, thus a potential biological impact 
for Alt. #11. Alternative #1 may entrain juvenile salmonids; whereas Alternative #11 may attract 
predators. Nature of the potential impact differs, but the scores should be the same for Alternative #1 
and Alternative #11. 

� R. Lee explained for Alternative #10 there would be no fish screening, just trash rack with ¾-inch 
spacing. 

Impact to Existing Facility 

Provided definitions from 60% EDR. Ranking scores were based on the following: 

� Alt #1 - Low electrical demands, separate systems that do not affect existing facility 
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� Alt #2 – drilling through monolith. Pipes on ground may be an impediment to existing parking. R. 
Reiner: The dam already has little storage and parking space and would hate to see any lost. 
Discussion regarding raising or lowering (underground) the pipes. Potential impacts to intake level. 
May require jet flow valve to provide energy dissipation-no wide open flow (glorified gate valve). 
Assumes free discharge into the atmosphere. For submerged discharge, an evaluation of the jet flow 
valve will be needed. R. Lee stated B. Cordie and R. Reiner need to confer at the Dam, but HDR 
needs to proceed as proposed. L. Larson added that anywhere we use energy dissipation valves will 
need to be looked at and evaluated. R. Lee asked if there would be any impact of water jet against 
wall or does the water fall to the bottom of the fishlock? B. Cordie asked if the approach channel 
would be capped. R. Mason stated no.  

Alt #2 (jet flow valves pressurized system, siphons not pressurized) Jet flow valves not used at 
extreme amount head (designed for 200’, the present design uses approximately 40’ of head). Did 
look at other types of valves, but found none. 

R Russell - valves instead of roller gates (bulk head, stop logs, etc.)? L. Larson – intake has a 
bulkhead. 

R. Hannan/P. Gaby – lower bulkhead (roller gate) to dewater and open valves for inspection. 

� Alt #10 – largest amount of O & M requirements. (OPM at The Dalles Dam does not want Alt #10) 

Expected Reliability 

� Alt #10 - Pump and ancillary components reliability will be reduced if maintenance is not performed 
� Alt #11 same as Alt #1 

Constructability, Ease of Operations, and Maintenance 

Alternative #2

� Constructability - Small coffer dam boring in one in-water season? R. Hannan – yes. 
� May be able to use pipes smaller than 72 inches. 
� Maintenance – Valves and operating of valves. 

Alternative #10

� Constructability – harder to construct due to in-water work. 
� Ease of Operations – trash rake, one person to open valve and push a button. Electricity – tapping off 

main units. Close to bankline and add new substation in cul-de-sac area. 

Alternative #11

� Constructability – Alt #1 is harder than #11 even though #11 is deeper due to the use of barges 
� Discussed the possibility of stacking the two, 72-inch pipes. May be possible, but would have an 

increased construction cost and possible shadowing impact for fish movement. 

The ranking scores for Biological Impacts for Alternatives #1 and #11 were deemed the same but for different 
issues:

� Alt #1 – direct entrainment issues 
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� Alt #11 – predation 

Fishlock improvements, valve room – not included in matrix same fee for each alternative (approx. $1+

million). It was requested to have the fishlock/valve room costs added to the alternatives ranking matrix.  

USACE Action Items: 

USACE Action Items 
Responsible

Person Date 

USACE comments due on the 60% EDR (in DrChecks) R. Lee (USACE 
reviewers) 15 Feb 2012 

Selection of two alternatives to take to 90% level R. Lee 21 Feb 2012 

HDR Action Items: 

HDR Action Items 
Responsible

Person Date 
90% EDR submittal HDR Project 

Team 
04 April 2012 

Provide access to The Dalles Fishlock Flow Test – January 2012 R. Mason Done 
Send updated Alternatives Ranking Matrix to Randy Lee/Sean Tackley J. Switzer Done 
90% EDR review meeting R. Mason TBD 



Attachments

60% Review Meeting Sign-In 

Alternatives Ranking Matrix 

60% EDR Sheets 
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Meeting Minutes 

Subject: Minutes for the Detailed Discussion of Alternatives #2 and #11 Meeting 

Client:   U.S. Army Corps of Engineers

Project:  The Dalles East Fish Ladder Auxiliary Water 
System Backup, 60% Review Meeting 

Project No: 000000000171578 

Meeting Date:  March 12, 2012 Meeting Location: HDR, Mountain Rooms 

Notes by:  Jennifer Switzer/Ron Mason 

ttendees

Ron Mason, HDR Kristi Nelson, HDR Lisa Larson, NHC  
Jennifer Switzer, HDR Pete Gaby, HDR Karen Kuhn, USACE 
Rich Hannan, HDR David Ward, HDR Rick Reiner, USACE 
Don Best, HDR   

opics Discussed

� Introductions by Team Members and sign-in Ron Mason/All 
� Meeting Objectives and Purpose Ron Mason 
� Alternative #2; Alternative #11; and Fishlock, Valve Room, 
and Approach Channel Discussion

HDR Technical Team Members /  
Ron Mason 

� Action Items from Meeting Ron Mason 

OPENING STATEMENT/INTRODUCTIONS 

Ron Mason welcomed everyone to the meeting and started with the purpose of the meeting which is to have 
the U.S. Army Corps of Engineers (USACE) bring in any specialized concerns before HDR’s final push on the 
90% submittal. Mr. Mason also noted that he had received last minute cancellations from Randy Lee due to 
illness and Sean Tackley due to scheduling conflict.   

Mr. Mason also mentioned a meeting held last week to discuss cost engineering and Rick Russell’s needs 
and to broach items still needed from the USACE (to be discussed later in the meeting). 

This Wednesday (March 14, 2012), Howard Campbell (US Cost MCASES II cost estimator) will be in town to 
conduct a site visit and meet with USACE staff (specifically Rick Russell, the USACE cost estimator); 
however, HDR has been informed Mr. Russell will not be at this site visit. Mr. Mason is hoping the USACE 
can find someone in the USACE’s cost estimating department who can attend this site visit to make the most 
out of Mr. Campbell’s visit. 

Next, Mr. Mason provided the anticipated approach for the project once the work under the current task order 
is completed: 

� First phase will include Design Document Report (DDR) including final design of chosen alternative. 
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� The DDR will lead into the plans and specifications phase. 
� USACE/HDR anticipate two task orders for the above work. May/June timeframe for scope of next 

phase. Schedule may be too quick/short, if detailed hydraulic engineering and physical model are 
necessary. 

Upcoming project schedule dates: 

14 March 2012: US Cost Site Visit 

16 March 2012: All of drawings for 90% EDR complete. Mr. Mason sent an email on 2/19/2012 to 
request all 90% drawing changes. 

19 March 2012: US Cost (Howard Campbell) needs all quantities and cost information 

27 March 2012: Final 90% EDR write-ups due 

28 March 2012: QC Review 

9 April 2012: Six hard copies of 90% EDR delivered to USACE  

Mr. Mason reminded the group that Pete Gaby is continuing to coordinate all drawing changes. He also 
recommended the project team continue to talk with their USACE counterparts as the project develops. 

For the next phase of the project, a DDR will be prepared and will include final detailed design. All 
configurations will be done for the chosen alternative and fishlock, valve room, and approach channel 
modifications. The current EDR does not include the detailed design that will be included in the new DDR. 

Karen Kuhn thinks instead of an alternatives ranking matrix (as prepared for the current alternatives) some 
kind of comparison table would need to be developed to help determine which alternative will be taken to the 
design phase. 

It was agreed that both alternatives (#2 and #11) are relatively risk free, but that the Low Level Intake (LLI, Alt 
#2) is probably a more flexible and comfortable option for the USACE. Dave Ward stated the LLI potentially 
would affect less juvenile salmon and with more bedrock it could mean less lamprey in this area. Both 
alternatives have intakes at relatively the same elevation (100 ft and 104 ft) 

ALTERNATIVE #2 and #11 DETAILED DISCUSSION 
(including fishlock, valve room, and approach channel modifications) 

Alternative #2 – Low Level Intake 

This alternative proposes the use of two, 72-inch pipes that will convey water from the forebay to the existing 
fishlock. The fishlock will then discharge into the approach channel which in turn will flow through an 8-foot by 
8-foot culvert and finally discharge into the junction pool entrance and ladder pools. 

One major change for this alternative is two emergency closure gate valves to be removed. There will be a 
new drawing showing two bulkheads (2 slots); one for emergency and one for normal use. This will result in a 
substantial cost savings for the project. The two bulkhead gates will be located at the intake. Envision one 
bulkhead for each pipe. Bulkheads will be located below the invert of the pipe and brought up to close and 
stop flow. 

For dam safety inspections, Rick Reiner asked if the bulkheads would be removable (i.e., pull out bulkheads). 
It was confirmed they would be removable. 
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R. Reiner discussed the possibility of stacking the pipes to save parking space as it is very limited at the dam. 

� L. Larson – Exit of the pipe can be higher, but does not want the inlets any higher. 
� P. Gaby – Second pipe starting at el. 134 ft could go to el. 168 ft.  
� P. Gaby – a positive factor to stacking pipes is that the support tower would not have to be as far out 

from the face of the dam. 
� L. Larson – not worried about bends with stacking, just pressure. Design Criteria is fairly lenient, but 

pressure criteria has a limit of 20 and it’s already close with the current configuration.  Probably not 
going to be able to stack the pipes for the siphon alternative. 

� R. Mason asked R. Reiner if his preference would be to have the pipes travel up over the door or dig 
a trench under the door.   

� K. Nelson said a trench will not work due to sediment issues and valve requirements. 
� R. Reiner – no choice for where pipes go given existing stairs going up and over rather than under. 

The logistics of pipe raising/lowering and computations due to bends. 

R. Mason proposed keeping exact alignment of pipes unless R. Lee gives change instructions by March 14, 
2012 (prior to site visit). Proposed up and over the valve room entrance door. Can make a change in DDR 
phase, but need to keep this task order moving along. 

R. Reiner also mentioned Bob Cordie is concerned about vibrations from the pipes and the possibility of 
adding some sort of rubber gasket between the supports and pipes. 

� K. Nelson to investigate saddle area separation (not along dam). 
� ~ 17 feet per second = velocity at this location (saddle) 
� Valve room, when valves are opening will experience the most vibration 
� This will be considered during the DDR phase of the project. 
� Heavy duty isolation at saddle can be added. Rigid at two ends. Will need expansion coupling joint. 

Bulkheads

� Three bulkheads: 
o One (1) - construction (temporary 
o One (1) – normal operations 
o One (1) – positive closure (emergency bulkhead) 

� Drawings need to be redone to show double. 
� Roller gate and inline valve 
� As close to exist of dam – to keep pressure down 
� Jet flow valve to dissipate energy 

Alternative #11 – Intake Tower with Siphon to Fishlock 

This alternative requires two, 72-inch siphon pipes that will convey water from an upstream intake tower with 
low level inlet openings (~EL 100 ft.) to the existing fishlock. The fishlock will then discharge into the fishway 
approach channel (no longer in use) which in turn will flow through an 8-foot by 8-foot culvert and finally 
discharge into the junction pool, entrance and ladder pools. 
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Intake Tower Access

Intake tower not designed to be dewatered. According to Mr. Reiner, access for gate valve maintenance 
(cleaning of rust/silt and possible greasing valve components) is required. K. Nelson to work with P. Gaby and 
L. Larson to determine elevation of valve to allow maintenance. Proposed options: 

� K. Nelson proposed revised design for dewatering the tower to a level to accommodate maintenance.  
� Fishlock access options for steps and platforms are uncertain due to limited space, but discussed 

ship ladders and landings for USACE staff to keep clean ladders. 
� At a minimum, ladders with landings are required (Reiner) 
� K.Nelson to research options to provide access to downstream and upstream valves in the intake 

tower. 
� Gate valve at elevation 150 ft, normal min. pool = el. 155 ft. Can we move the gate valve up to 

elevation 155 or a bit higher for maintenance? L. Larson said this was an options, but needed to 
avoid the area of the bend 

� What about past the 90 degree bend? Is moving the gate valve into the horizontal stretch of pipe an 
option? R. Mason stated the horizontal stretch of the 72-inch pipes was not an option. 

� Another option for maintenance is man baskets, but also uncertain due to space limitations. 
� R. Mason: Diffuser valves maintenance requirements = grease shaft, couplings.  Similar to tainter 

gates. 
� R. Reiner: Spillway gates/navlock gates switched to pucks (composite).  Trying to get away from 

grease. May be an issue here too. 
� R. Mason: Greasing of bearing surfaces. Options for Greaseless bearing or an automatic grease 

system. 
� R. Mason: Major maintenance/rehab will require a diver to disconnect valve. 
� K. Nelson: Accuate valve on regular basis is recommended 
� R. Mason: At Lost Creek Dam, they had to replace seat in the valve one time in 20 years. 
� P Gaby:  Could put flanges at top of curve for full rehabilitation (if necessary) 
� K. Nelson: Still need dry access for maintenance 
� R. Reiner: Divers are costly, penstock for station service. Dewater with bulkhead to gain access. 
� P. Gaby: Propose building inside (like a small coffer dam) 
� R. Reiner:  Could work. Ideally, landing right above normal pool (el. 165 ft). Turn on pump to dewater 

and use a clean ladder to go down. 
� P. Gaby:  Could pour floor and walls (cast in place) to make room around gate valves. Entrance from 

top via ladder. Dewater with sump pump (if necessary). A lot cheaper. Proposed options: 
o El. 161 ft landing with metal railing. Ladder to el. 145 ft 
o ~ 185 ft ship ladder to el. ~ 161 ft landing and straight extension ladder (clean) 
o ~ 161 ft – 145 ft design so minimal leakage 
o ~ 145 ft concrete floor 
o ~ 162 ft wall height 
o Keep area in the dry 
o Valve mounted to concrete floor 

� Mechanical rake system 
o Current size = 14 ft x 10 ft 6 in. 
o Propose minimize length  and raise trash rack height 

R. Mason asked USACE if the top can be the same shape as below the water. R. Reiner said it could. 

Proposed change: man basket for access to valve instead of ladder. 
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Downstream siphon valve – can it be raised? Yes, but the higher the more head loss. 

Ultrasonic flow meters will be installed to allow educated setting of valves to maintain 109 ft WSE. End of pipe 
= 120 ft (works for hydraulics). Pipe drop to 117 ft, valve could move up. 

No solid concrete floor, grating with beams 

Final determination: Valve at elevation130 ft, with ships ladder and platforms  

Mechanical Trash Rake/Airburst Cleaning System Discussion

K. Nelson discussed proposed mechanical trash rake system on curved tower structure and stated the one 
vendor she contacted does not make a trash rake that can move on a curved surface. As currently designed, 
a trash rake is not feasible. The trash rake would need to be lined up in one plane. Proposed solutions: 

� Reconfigure shape of Intake Tower and put mechanical trash rake system along front of a more 
rectangular-shaped tower structure with angled ends 

� Rectangular-shaped Intake Tower assumes sufficient sweeping velocities.   
� K. Kuhn asked what the necessary velocity is. CFD drawings will need to be reviewed. 
� Angled ends with rounded corners would be better for sweeping velocities and hydrodynamic forces. 
� R. Mason mentioned other vendors may have proposed solution to the problem. 
� R. Mason stated the discussion around trying to solve the debris problem is changing the entire 

design. Until we know an airburst system would not work, why change the design? 
� K. Nelson – reiterated the debris options are all dependent on sweeping velocities. 
� P. Gaby – on possible tower reconfiguration would be to have most (5) trash rakes located on front 

and one on the downstream side. 
� R. Hannan proposed one pipe instead of two? Configuration of pipes stays the same, curved nose 

stays the same, extend front with trash racks in front. 
� R. Mason asked R. Reiner which direction he is leaning (Mechanical trash rake or air burst)? 
� R. Reiner stated he is leaning toward the mechanical trash rake option. 
� Airburst system requirements:  2 hp, 2,600 gal air receiver. 
� R. Mason noted changes from the 60% EDR: 

o Mechanical trash rake 
o Intake tower design 

Fishlock and Approach Channel

� Existing entrance gate by the fishlock will need to be moved/removed. 
� WSE in fishlock and fishlock approach channel is all at el. 109 ft. 
� Control is going to be downstream at area where we have four diffuser valve gates to control WSE. 
� Looking at putting gate in 8 x 8 channel “water conduit” 
� Maximize opening to minimize headloss in the existing fishlock outlet. 
� Discussed removal techniques for concrete in the fishlock. 
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Valve Room Changes

� Valve room changes – refine improvements, so that if valve room modifications become stand alone 
option without Alternatives #2 or #11, they would be implemented.  

� R. Mason stated we are not to do detailed design in this phase. Detail engineering is to be done in 
DDR phase of the project. 

� Per R. Reiner, USACE may use valve room, fishlock, approach channel changes as stand alone 
option. 

� L. Larson discussed hydraulic calcs and how they developed. El. 109 ft to get 1,400 cfs. Discussed 
isolation in conduit. Install sill in bottom of conduit so you can install gate. 

� No isolation between junction pool and water backing up into fishlock.  Need to figure out a slide gate 
somewhere. 

� At downstream end of fishlock approach channel, add a small sluice gate to block it off or open to 
flush out. 

� Possibility of using stoplogs – existing stop logs (newer as of 2002) – move to end of approach 
channel 

� Need to use crane, boom over to pick up stoplogs (cannot drive over approach channel) 
� Keep existing stoplogs and either add new stoplogs or a wall with sluice gate. 
� Fishlock approach channel wall on the south side of the channel will be raised to 110 ft el. 
� Isolation gate (temporary bulkhead) – can be used to isolate the channel 
� R. Reiner: Annual dewater of fishway is roughly 2-month period from December 1 to end of January. 

Most current dewater occurred Dec 1, 2011 through January 2012. Lifted stoplogs to provide access. 
� K. Kuhn: How will the diffuser gates change? Will this change impact the downstream flow 

conditions? Suggested mentioning in the EDR that these topics will be reviewed further. 
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K. Nelson provided a drawing showing the proposed Valve Room pipe configurations. 

Demolish everything in the valve room, 42-inch pipe connect to 42-inch pipe. 36-inch pipe rerouted to 42-inch 
drain. Upsize to 48 inches with bonneted knife 48-inch valves (2 x isolation valves). Upstream and 
downstream energy dissipating valves (flow control valves). Without energy dissipating valves, flows could 
potentially be too high. The energy dissipating valves increase head loss and reduce/control flow to prevent 
excessive velocities. 

Valve options – jet flow valve (won’t work) and sleeve valves are being proposed. 

36-inch pipe to 48 inches to 42 inches. Isolation valves at upstream and downstream ends to open/close…not 
much energy loss with these types of valves. Energy dissipation valve to dissipate head. High velocities will 
tear up seats in valves. For pipes there is no maximum velocities limits in USACE design engineering 
manuals. The team-developed design criteria states max 16 fps. Propose sleeve energy dissipating valves. 
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R. Reiner stated a concern regarding rocks entering the pipe system possibly causing damage and how that 
could affect the proposed valve room alterations.  

Lastly, regarding the valve room changes, Mr. Reiner wanted to know the possibility of achieving discharges 
greater than the 400 cfs. Mr. Mason said the design criteria is 400 cfs (for the valve room) and suggested 
Reiner speak with USACE officials if he would like this velocity criteria to be increased which would increase 
the discharge.  Ms. Nelson will keep this in mind as the project progresses to see about increasing pipe size. 
The difficulty is when you increase the pipe size, the 16 fps increases to 25 fps or 40 fps. 

USACE Action Items: 

USACE Action Items 
Responsible

Person Date 
Engineering and Design Cost Rick Russell ASAP 
Supervision and administrative costs during construction Rick Russell ASAP 
Spreadsheet for total project costs Rick Russell ASAP 
Need to schedule a date for meeting with David Ward, Sean Tackley, Ron Mason, and 
Randy Lee to decide how to address NOAA comments 

Rick Russell ASAP 

Operation and maintenance costs Rick Reiner ASAP 
Comments finalized and up to date – most of comments are in realm of USACE 
responsibilities

USACE
(Lee/Kuhn) 3/16/2012

Decision to not remove or bore through expansion chamber wall in bottom of fishlock R. Lee/K. Kuhn  

HDR Action Items: 

HDR Action Items 
Responsible

Person Date 
90% EDR submittal (six copies) HDR Project 

Team 
09 April 2012 



Attachments

Alt #2 and #11 Review Meeting Sign-In 

Sheets and Drawings 
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Appendix I 
Project Photographs 





Ap
pe

nd
ix 

I –
 P

ro
jec

t P
ho

tog
ra

ph
s 

Pa
ge

 - 
1 

- 

P
ot

og
ra

p
 1.

 V
iew

 o
 E

ist
in

g 
Co

nc
re

te
 

is
lo

c
. 

P
ot

og
ra

p
 2.

 L
oo

in
g 

up
st

re
a

 at
 E

as
t 

is
 L

ad
de

r, 
ot

e 
is

lo
c

 to
 le

t s
id

e o
 

p
ot

o.
 

P
ot

og
ra

p
 .

 V
iew

 o
 E

as
t 

is
 L

ad
de

r. 



Ap
pe

nd
ix 

I –
 P

ro
jec

t P
ho

tog
ra

ph
s 

Pa
ge

 - 
2 

- 

P
ot

og
ra

p
 4.

 V
iew

 o
 

is
wa

 
pp

ro
ac

 C
an

ne
l. 

P
ot

og
ra

p
 .

 V
iew

 o
 In

te
rio

r o
 

is
lo

c
  

P
ot

og
ra

p
 6.

 V
iew

 o
 

op
 o

 D
a

, O
re

go
n 

in
 

ac
gr

ou
nd

. 

P
ot

og
ra

p
 7.

 
op

 o
 

is
lo

c
, e

ui
p

en
t a

nd
 s

all
 

ui
ld

in
g 

to
 

e d
e

ol
is

ed
. 



Ap
pe

nd
ix 

I –
 P

ro
jec

t P
ho

tog
ra

ph
s 

Pa
ge

 - 
3 

- 

P
ot

og
ra

p
 8.

 
ps

tre
a

 a
ce

 o
 co

nc
re

te
 

on
ol

it
s. 

P
ot

og
ra

p
 .

 
is

lo
c

 an
d 

pp
ro

ac
 C

an
ne

l. 

P
ot

og
ra

p
 10

. 
pp

ro
ac

 C
an

ne
l. 

P
ot

og
ra

p
 11

. V
iew

 o
 d

ow
ns

tre
a

 
on

ol
it

. 



Ap
pe

nd
ix 

I –
 P

ro
jec

t P
ho

tog
ra

ph
s 

Pa
ge

 - 
4 

- 

P
ot

og
ra

p
 12

. P
ot

en
tia

l a
lig

n
en

t o
 p

ip
es

 o
r L

ow
 L

ev
el 

In
ta

e. 

P
ot

og
ra

p
 1

. 
is

lo
c

 at
 g

ro
un

d 
lev

el.
 

P
ot

og
ra

p
 14

. 
pp

ro
ac

 C
an

ne
l o

n 
rig

t, 
is

lo
c

 in
 

ac
gr

ou
nd

, d
i

us
er

 va
lve

 
gr

ad
in

g 
in

 o
re

gr
ou

nd
. 



Ap
pe

nd
ix 

I –
 P

ro
jec

t P
ho

tog
ra

ph
s 

Pa
ge

 - 
5 

- 

P
ot

og
ra

p
 1

. 
pi

ca
l V

iew
 in

 V
alv

e 
oo

. 




