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EXECUTIVE SUMMARY 

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

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

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

The construction cost with contingency for this design is estimated to be approximately 
$12,783,000.  The total fully funded project cost is currently estimated to be 
approximately $16,829,000. 
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PERTINENT PROJECT DATA 

PERTINENT PROJECT DATA 
THE DALLES LOCK AND DAM - LAKE CELILO 

GENERAL 

Location Columbia River, Oregon and 
Washington, River Mile 192 

Drainage area Square miles 237,000 
RESERVOIR – LAKE CELILO (elevations referenced to 1929 datum 1947 adjustment) 
Normal minimum pool elevation Feet, msl 155 
Normal maximum pool elevation Feet, msl 160 
Maximum pool elevation (PMF regulated, 2009) Feet, msl 178.4 
Minimum tailwater elevation Feet, msl 76.4 
Maximum tailwater elevation (PMF regulated, 2009) Feet, msl 127.2 
Reservoir length (to John Day Dam) Miles 23.5 
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 
THE DALLES LOCK AND DAM - LAKE CELILO 

POWER PLANT 
Powerhouse type Conventional (indoor) 
Powerhouse width Feet 239 
Powerhouse length Feet 2,089 
Number of Main Generating Units  22 
Installed power capacity Kilowatts 1,806,800 
Peak generating efficiency flow - 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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PREVIOUS STUDIES 
 

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

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

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

1. New Penstock from non overflow monolith to AWS ($8.8M*) 
2. Modify fishlock at east end of AWS ($5.94M*). 
3. Modify I&T chute to feed into AWS (Not Feas.). 
4. Modify main unit draft tube (gate in AWS flr.) ($1.78M* Report Rec.). 
5. Modify station service draft tubes, same as No. 4, 1200 cfs only ($0.953M*). 
6. Build new fish attraction water pumphouse ($40M*). 

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

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

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

1. New penstock from the eastern non-overflow monolith to AWS ($9.8M*). 
2. Modify main unit 5 draft tube (gate in roof) ($2.92M*). 
3. Bonneted slide gates in main unit scroll case ($2.72M*). 
4. Pump station at the south end of East Fish Ladder ($27.5M*). 
5. Screened double chambered conduit hanging on non-overflow monoliths with 

pipe routed near dewatering facility ($16.4M*). 
6. Pump station from the east end cul-de-sac ($37.8M*). 
7. New penstock from non-over flow monolith using 6 conduits with modular 

inclined screens ($23.1M*). 
8. New fish turbines at main unit bay 22 ($19.0M*). 
9. Replacement of runner on main unit 22 ($5.2M*). 

*Cost in 1994 dollars 

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

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

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

• Cost estimate - $47.9 million (updated 2011). 
• Discharge 2500 ft3/sec. 

Alternative B – Tailrace Pump Station at East Fishway 

• Pumphouse located next to the East Fish Ladder, adjacent to the existing 
junction pool. 

• Cost estimate - $41.6 million (updated 2011). 

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

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

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

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

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

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

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

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

• 2 Main Units to supply water. 
• 2 seasons to construct. 
• Cost Estimate – $43.6M =>$27.2M direct + $8.2M KTR profit indirect & OH + 

$8.2M contingency on direct. 

 



 

 
 

vii 

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

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

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

• Conceptual level evaluation was conducted. Alternatives were ranked and scored 
based on criteria developed by the participants of the brainstorm meeting. 

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

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

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

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

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

• Preliminary engineering evaluation was conducted. Alternatives and 
improvements were ranked and scored based by USACE and fisheries agencies.  

• HDR recommended: Low Level intake with valve room, fish lock, approach 
channel. 

• Construction cost with contingency $10,800,000. Fully funded project cost 
without operations and maintenance $16,590,000.  
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ABBREVIATIONS AND ACRONYMS 
 
ACI American Concrete Institute 
ADCP acoustic doppler current profile  
AISC American Institute of Steel Construction 
ANSI American National Standards Institute 
ASCE American Society of Civil Engineers 
ASTM American Society for Testing and Materials 
AWC auxiliary water conduit 
AWS auxiliary water supply 
AWSC auxiliary water supply chamber 
AWWA American Water Works Association 
c cohesive (value) 
CDF controlled density fill  
cfs cubic feet per second 
CWA Clean Water Act 
D&G drainage and grouting  
DDR Design Documentation Report 
EA Environmental Assessment 
EAWS Emergency Auxiliary Water Supply 
EDR Engineering Documentation Report 
EFL east fish ladder 
EIS Environmental Impact Statement 
EM Engineering Manual 
ER Engineering Regulation 
ESA Endangered Species Act 
FAC fish lock approach channel 
FCC fish collection channel 
fps feet per second 
FFDRWG Fish Facility Design and Review Work Group 
FONSI Finding of No Significant Impact 
fps feet per second 
ft feet 
FTC fish transportation channel 
gpm gallons per minute 
HDR HDR Engineering, Inc. 
HDC Hydroelectric Design Center 
hp horsepower 
HSS hollow structural sections 
ICEA Insulated Cable Engineers Association 
IEEE Institute of Electrical and Electronic Engineers 
IES Illuminating Engineering Society 
ISA International Society of Automation 
IWWW in-water work window 
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JBS juvenile bypass system 
kips kilo pounds 
kV kilovolt 
kVA kilovolt-ampere 
kW kilowatt 
msl mean sea level 
NEC National Electrical Code 
NEMA National Electrical Manufacturers Association 
NEPA National Environmental Policy Act 
NETA InterNational Electrical Testing Association 
NFPA National Fire Protection Association 
NMFS National Marine Fisheries Service 
NOAA National Oceanic and Atmospheric Administration   
NTP Notice to Proceed  
NWP USACE, Portland District 
NWW USACE, Walla Walla District 
O&M Operations and Maintenance 
OSHA Occupational Safety and Health Administration 
pcf pounds per cubic foot 
PGA peak ground acceleration 
PH phase 
phi internal friction angles 
psf pounds per square foot 
psi pounds per square inch 
PUD People’s Utility District 
RCC Reservoir Control Center 
RMC Risk Management Center 
SSR Seismic Safety Review 
TSW top spillway weir 
UFC Unified Facilities Criteria 
USACE U.S. Army Corps of Engineers 
USBR U.S. Bureau of Reclamation 
USFWS U.S. Fish and Wildlife Service 
USGS U.S. Geological Survey 
V volt 
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CHAPTER 1 – PURPOSE AND INTRODUCTION 

1.1 PURPOSE  

The Dalles Dam is the second dam upstream from the mouth of the Columbia River.  
The vast majority of Columbia Basin salmon and steelhead, including seven 
Endangered Species Act (ESA) listed fish populations, must pass this dam in order to 
arrive at their spawning grounds.  Since 2009, over 1 million adult salmon (estimates 
range from 1.1 to 1.3 million) have passed through the fish ladders at The Dalles each 
year.  The adult fish passage facilities at The Dalles Dam consist of the north fish ladder 
and the east fish ladder (EFL).  See figures 1.1 and 1.2.  Approximately 80 percent of all 
adult salmon and steelhead pass the dam via the EFL.  A deep, submerged canyon, 
which is the original river’s thalweg, leads directly to the EFL entrance.  The bathymetry 
and the L-shaped configuration of the dam are believed to be the primary reasons for 
higher EFL usage.   
 
Another unique feature of The Dalles Dam is that there is no screened juvenile bypass 
system at the powerhouse.  The dam is configured and operated to pass downstream 
migrants over the spillway, and through the ice and trash sluiceway.  To accomplish 
this, 40 percent of the total river flow is spilled through spill bays 1-8, which results in 
passing about 80 percent of all downstream-migrating juvenile salmon and steelhead 
over the spillway.  At high spill levels of ≥ 100,000 cubic feet per second (cfs), it has 
been observed via radio telemetry that smaller salmon, such as sockeye and Chinook 
jacks, abandon the north fish ladder and switch to the EFL (Jepson et al. 2011; 
Unpublished Data, USACE Portland District, 2013).  This behavior does not appear to 
affect the overall passage time for these fish; however, with an EFL outage, it is 
probable that passage for smaller individuals and species, including ESA listed stocks, 
would be blocked at high spill levels.  

The auxiliary water supply (AWS) system provides added flow to fish ladder entrances, 
maintaining criteria for optimal adult fish attraction and entrance efficiency.  Given that 
the majority of adult fish pass The Dalles Dam via the EFL, it is important that the AWS 
be operable at all times.  There is currently no AWS backup system for The Dalles EFL, 
despite several AWS backup designs studied since 1990.  The existing system consists 
of two small turbine units that supply 5,000 cfs, both of which are more than 50 years 
old (without rehabilitation).  A 2008 risk failure analysis report for the fish turbines 
confirmed that the probability of fish turbine unit failure within 10 years is elevated 
(USACE 2008).  Individually, they are at high risk of failure (25 percent).  While the risk 
of both units failing simultaneously is substantially lower (1.4 percent), the 
consequences are severe.  This scenario may be catastrophic for some species, such 
as Snake River sockeye salmon stocks, resulting in ESA take and diminished Tribal 
harvest, hatchery returns, and sport fishery opportunities.  Therefore, providing an 
auxiliary water supply for the EFL is critical to the overall success of adult fish passage 
at The Dalles Dam. 
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To address the potential risks to adult fish passage, the 2008 Biological Opinion (BiOp) 
(NMFS 2008) states a requirement for the U.S. Army Corps of Engineers (USACE) to 
implement an auxiliary water supply system at The Dalles (Reasonable and Prudent 
Alternative [RPA] 28.2) as a backup to the fish turbines in case of simultaneous failure 
of both units.   

The Design Documentation Review (DDR) of the proposed East Fish Ladder Auxiliary 
Water Backup System has been further pursued, expanded, and developed from  
prior design efforts to provide a constructible, reliable AWS backup system for  
The Dalles EFL.  

1.2 REFERENCES 

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

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

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

d. Jepson, M. A., M. L. Keefer, C. C. Caudill, and B. J. Burke.  2011.  Behavior 
of radio-tagged adult spring-summer Chinook salmon at The Dalles Dam in 
relation to spill volume and the presence of the bay 8/9 spill wall and at John 
day Dam in relation to north shore ladder modifications, 2010.  Report of the 
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1.3 BACKGROUND 

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

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

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

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

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

1.4 CHANGES SINCE EDR 

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



The Dalles East Fish Ladder Auxiliary Water Backup System DDR 
 
 

 
1-4 

 

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

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

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

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

• Orifice Plates – The DDR replaces the sleeve valves proposed in the EDR with 
large-diameter orifice plates.  The orifice plates provide the same discharge and 
energy dissipation requirement while simplifying operation and reducing 
maintenance.  Modification also eliminates potential for debris plugging the 
smaller ports of a sleeve valve.   

• Direct Supply – The conveyance system described in the EDR was unable to 
provide the required design discharge for the given AWSC water surface 
elevations.  The DDR design splits the 10-foot-diameter pipe into two 7.5-foot-
diameter pipes. Note:  These are inner-diameter measurements. These pipes 
bridge themselves over the fish ladder junction pool and through the side of the 
AWSC.  Once inside, the pipes turn downward and anchor to the AWSC floor.  
The ends of the pipes are multi-ported outlets designed to increase energy 
dissipation, while also aimed to reduce potential damage to structures within the 
AWSC.  Directly supplying flow to the AWSC eliminated the need to modify the 
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fish lock or the approach channel, while increasing conveyance capacity to the 
design discharge levels.  

1.5 SCOPE 

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

1.6 AUTHORIZATION 

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

1.7 EXISTING FISHWAY FACILITIES 

1.7.1 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 of the EFL are provided by two fish turbine units (F1 
and F2) located on the west end of the powerhouse.  Water discharged (5,000 cfs) from 
the fish turbines enters the auxiliary water conduit (AWC) and is released into the 
system through diffusers. Water enters the EFL system at the east entrance junction 
pool and combines with flow from the lower ladder diffusers, the south and west 
entrances, and the transportation channel.  Flow can enter the collection channel, but 
these diffusers were closed because fish entrances along the collection channel are not 
currently operational.  Fish enter the south and west fish ladders and travel through the 
transportation and collection channels, respectively, to the EFL (see figures 1-1, 1-2, 
and 1-3). 
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Figure 1-1.  The Dalles Dam Fish Ladder System (USACE 2008) 

 

Figure 1-2.  The Dalles Dam East Fish Ladder (USACE 2008) 
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Figure 1-3.  The Dalles Dam West and South Fish Ladders (USACE 2008) 

1.7.2 Fish Turbine Units 

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

1.7.3 Auxiliary Water System  

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

1.8 AGENCY COORDINATION 

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

2.1 GENERAL 

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

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

Species of fish migrating past The Dalles Dam include Chinook (Oncorhynchus 
tshawytscha), Coho (O. kisutch), and sockeye (O. nerka) salmon, steelhead 
(O. mykiss), Pacific lamprey (Entosphenus tridentatus), white sturgeon (Acipenser 
transmontanus), and American shad (Alosa sapidissima).  Bull trout (Salvelinus 
confluentus) have also been observed occasionally in the fish ladders.  Upstream 
migrants are present at the dam year-round, whereas downstream migrating juvenile 
salmonids and shad are present primarily from April through November.  No information 
has been collected to verify this, but it is likely that downstream migrating ammocoetes 
and juvenile Pacific lamprey are present during the winter. 
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2.3 ADULT PASSAGE PERIOD 

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

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

 

Figure 2-1.  10-Year Average (2004-2013) of Adult Migrating Salmonids at The 
Dalles Dam (Data Access in Real Time [DART] 2014) 
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2.4 ADULT SALMONID PASSAGE CRITERIA 

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

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

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 

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

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

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

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

o Operate EFL junction pool weir JP6 at the following minimum depths in 
relation to east entrances tailwater surface elevation:  > 7 feet. 
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• Head on all entrances: 1 to 2 feet (1.5 feet optimum). 

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

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

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

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

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

2.4.2 Adult Salmonid Passage Facility Design Criteria 

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

AWS Diffusers 

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

• Debris removal:  The AWS design must include access for debris for each 
diffuser, unless the AWS intake is equipped with a juvenile fish screen, as 
described in Section 11 (NMFS 2011) or if required by Section 4.3.4  
(NMFS 2011). 
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• Edges:  All flat bar diffuser edges and surfaces exposed to fish shall be rounded 
or grounded smooth to the touch, with all edges aligning in a single smooth plane 
to reduce potential for contact injury. 

AWS Fine Trash Racks 

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

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

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

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

Transport Channels 

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

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

Ladder Pools 

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

• Pool dimensions:  In general, pool dimensions should be a minimum of 8 feet 
long, 6 feet wide, and 5 feet deep. 

• Pool volume:  The fishway pools shall have a minimum water volume of: 
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 where: 
 V = Pool volume = depth x width x length (feet3) 
 γ = Unit weight of water = 62.4 lbs/feet3 
 Qi = Total inflow to pool (cfs) 
 Ho = Energy head of pool to pool flow (feet)  

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

2.5 ADULT PACIFIC LAMPREY CRITERIA 

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

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

2.5.1 Anadromous Fish Passage Structure Materials 

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

2.6 DESIGN IMPLICATIONS FOR ADULT FISH PASSAGE 

It is imperative that the EFL have the appropriate attraction flow and entrance depth to 
effectively attract adult salmonids and lamprey.  The AWS design specifications will be 
appropriate to provide the necessary EFL entrance conditions to eliminate delay and 
encourage adult salmonids and lamprey to enter.  While the EFL AWS design is a fairly 
benign passage structure for adult fish, any construction project at a dam will have the 
potential to provide negative impacts on fish passage to some degree.   
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Adult salmonids migrating upriver and exiting the fishways of dams will occasionally 
pass back downstream via one of many potential routes, an event referred to as 
fallback.  When exiting fishways and confronting the impounded water of a dam forebay, 
migrants may be attracted to water passing through spillways, sluiceways, and turbine 
intakes or may orient with the upstream face of the dam and enter these areas of 
downstream flow.  Fallback rates at The Dalles Dam for adult salmonids have been 
higher than rates at other mainstem dams (Burke et al. 2005); however, fallback was 
lower for fish using the EFL (1.1 percent to 1.4 percent) than for those using the north 
fish ladder (1.8 percent to 5.0 percent).  Similarly, fallback of adult Pacific lamprey was 
lower for those using the EFL (2.6 percent) than the north fish ladder (11.8 percent) 
(Claybough et al. 2011). 

The design elevation and location of this AWS intake is sufficiently low in the water 
column with velocities low enough to minimize the potential for adult salmonid and 
lamprey attraction to the structure.  Adult salmonids are more likely to remain surface 
and shoreline oriented as they move away from the fishway exit.  Adult lamprey are at a 
slightly greater risk of interaction with the AWS intake because these fish tend to 
migrate deeper in the water column than salmonids.  While adult fish interactions with 
the AWS intake structure are likely to be minimal, the entrainment and fallback of adult 
fish is not possible with this design.  Fine trash rack spacing criteria will exclude adult 
salmonids and lamprey from physically entering the AWS intake.  During tests at 
Bonneville Dam, no adult lamprey were able to pass through grating with ¾-inch 
spacing (Moser et al. 2007).  Adult Pacific lamprey can achieve short-term burst speeds 
exceeding 12 fps (Moser et al. 2002); therefore, impingement on trash racks is not a 
concern. 

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

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

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

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

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

 

2.7.1 Juvenile Fish Passage Criteria 

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

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

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

2.7.1.1 Juvenile Salmon and Steelhead  

Horizontal Distribution in Forebay   

Cash et al. (2005) observed a distinct divergence of juvenile salmonids as they 
approached The Dalles Dam.  Juvenile salmonids approach at approximately mid-river 
and subsequently segregate – a portion of the fish move toward the powerhouse while 
the remaining fish move directly toward the spillway.  Data on first detections within 
328 feet (100 meters) of the dam indicate that acoustic-tagged yearling Chinook salmon 
and steelhead often approach from the east (upstream) end of the powerhouse, but 
move along the powerhouse toward the west (downstream) end before passing through 
turbines and the sluiceway (including F1 and F2).  Conversely, subyearling Chinook 
salmon horizontal passage distribution is typically more evenly distributed across the 
powerhouse (Johnson et al. 2007, 2011).  Overall, having the AWS intake located at the 
east end of the powerhouse will reduce the likelihood of juvenile salmonid entrainment 
into the system.  

Design Discharge   

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

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

2.7.1.2 Juvenile Pacific Lamprey 

Horizontal Distribution in Forebay   

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

Design Discharge   

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

Forebay Intake Depth   

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

2.8 DESIGN IMPLICATIONS FOR JUVENILE FISH PASSAGE 

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

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

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

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

2.8.1 Predation  

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

2.9 CONSIDERATIONS FOR WHITE STURGEON  

Position and depth of the intake should have a negligible effect on white sturgeon.  
Adult sturgeon will be precluded from entrainment by the trash racks.  Young sturgeon 
are usually found near the bottom in reservoirs, preferring deep (approximately  
30 to 125 feet), low velocity areas (Parsley et al. 1993; Parsley and Beckman 1994).  
During non-winter months, age-0 and juvenile white sturgeon tend to select areas of 
moderate to high depth (approximately 68 feet) with steep channel slopes (Hatten and 
Parsley 2009). 

2.10 SUMMARY OF DESIGN IMPLICATIONS FOR FISH PASSAGE 

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

2.11 IN-WATER WORK WINDOW 

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

3.1 GENERAL 

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

3.2 REFERENCES 

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

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

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

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

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

3.3 SEISMICITIY 

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

• Three Mile Rapids fault, located immediately downstream of the navigation lock. 

• Signal Butte fault, located south of the powerhouse. 

• Big Eddy fault, which passes beneath the closure dam. 

Additionally, there are several minor faults and shear zones throughout the foundation.  
Most are low-angle faults with displacements of a few inches and no fault breccia. 

http://earthquake.usgs.gov/hazards/designmaps/grdmotion.php
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Complex uplift, shearing, and faulting are described and discussed in the 2013 Seismic 
Safety Review, which is 95 percent complete.  Ground motions and other design 
considerations for the site are also presented 

3.4 GEOLOGIC CONDITIONS 

3.4.1 General Geology 

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

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

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

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

3.4.2 Bedrock at the Site 

The regulated river hides the scabland topography the dam was built on.  In March of 
1957, when spill gates were closed, Celilo Falls – 13 miles upstream – was submerged 
within hours.  Almost all of the exposed rock of what was previously called “the Dalles of 
the Columbia” remains submerged.  One of the now submerged but once prominent 
features of the Dalles was the “Long Narrows,” where a segment of riverbed was 
constricted to approximately 60 yards in width.  The 1882 photos below show the view 
to the southwest from the upstream mouth of the Long Narrows.  Both images look 
across the modern dam site, approximately three miles distant. 
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Figure 3-1.  1882 Photo of the Upstream Entrance to the Long Narrows  
NOTE:  The view is across the dam site.  Note the deceptively flat, barren basalt surface that is now 
submerged.  Also note the barely visible Mount Hood 35 miles away on the horizon.  

 

Figure 3-2.  1882 Photo Taken on the Bluff above the Upstream  
Entrance to the Long Narrows 
NOTE:  The view is across the dam site.  Note Mount Hood and buildings in The Dalles in the 
background. 
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The dam was built on rugged, eroded basalt of the Grande Ronde formation.  The 
lowland areas now submerged in the forebay were fluted, channeled, and potholed 
surfaces that formed long anastomosing tracts of scabland separated by islands of 
softly rounded hills of windblown sand.  The “anastomosing tracts” are contiguous areas 
of the rock surface within a network of incised erosion channels and potholes.  It 
appears that erosion in the river channel cut bedrock to the elevation of a resistant layer 
in the flow basalt, exposing its relatively flat top surface. 

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

3.5 SOIL CONDITIONS 

3.5.1 General 

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

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

3.5.2 Riverbed Soils 

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

3.5.3 Upland Areas 

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

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

3.5.4 Site Soils 

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

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

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

3.6 ENGINEERING PROPERTIES OF SOIL AND BEDROCK 

3.6.1 Overburden Soils (Fill) 

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

Table 3-1.  Overburden Soil Parameters 
Overburden Soil Parameters 

Property Value Units 
dry unit weight* γd 122 pounds per cubic foot pcf 
friction angle φ 33 degrees ° 
cohesion c 0 pounds per square foot psf 
Equivalent fluid pressure – 
Active Case 

 40 

pounds per square foot 
per foot psf/ft Equivalent fluid pressure – 

At Rest Case 
 60 

Equivalent fluid pressure – 
Passive Case 

 400 

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

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

Additional explorations are needed to confirm soil and bedrock conditions.  It appears 
that at least one test pit is needed to evaluate use of a hydraulic ram for rock breakup.  
Consideration should be given to evaluating other attachments for an excavator if they 
are used locally. 

3.7 EXCAVATION CONSIDERATIONS 

3.7.1 Overburden Soils 

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

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

3.7.2 Poorly Compacted Fill 

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

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

It is anticipated that bedrock materials will be removed from the site. 

Blasting would be effective for rock breakup, but will not likely be permitted.  Specialized 
equipment of some kind could potentially be effective for rock breakup and removal.  
For example, pre-drilling the rock to facilitate breakup could be effective in combination 
with excavation equipment, or expansive grout could be used to fracture large blocks of 
bedrock.  However, without exploration information, contractors may assume that a 
large track-mounted hydraulic excavator could be used.  Contractors with local 
experience may bid similarly, though they might expect that bucket teeth fixtures, 
hydraulic rams, or other attachments would be required to achieve required excavation 
rates.  Based on site geology, the bedrock surface could be resistant enough that use of 
conventional equipment would yield unsatisfactory excavation rates. 

3.8 SUBGRADE PREPARATION 

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

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

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

3.9 BEDDING AND BACKFILL 

3.9.1 Bedding Material 

Imported bedding materials consisting of well graded crushed rock will be needed.  A 
routinely available ¾-inch or ½-inch minus crushed rock product will be suitable.  To 
facilitate compaction of fill below the spring line of the pipe, it will be necessary to 
overbuild the bedding material and excavate its surface to place the pipe in a trough. 

3.9.2 Requirements for Bedding 

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

Great care will be needed to construct the trough round and at grade, and then place 
the pipe without disturbance.  If pipe segment ends need to be exposed or undermined 



The Dalles East Fish Ladder Auxiliary Water Backup System DDR 
 
 

 
3-8 

 

for weld connections, controlled density fill (CDF) should be used in lieu of bedding.  
Great care will be needed while placing fluid concrete to ensure it does not cause pipe 
movement, uplift, or floating. 

3.9.3 General Backfill 

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

3.9.4 Surface Pavement Section 

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

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

3.10 BURIED UTILITIES 

3.10.1 Storm Drains 

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

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

3.10.2 Electrical Power and Control & Indication 

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

3.10.3 Gravity Sewer Drains 

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

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

3.11 CONSTRUCTION REQUIREMENTS 

3.11.1 Fish Ladder Support Columns 

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

3.11.2 Concrete Monolith Monitoring 

Based on visual inspections of the drainage and grouting (D&G) gallery, the face of the 
monolith, and the pump room walls in the adjacent monolith, concrete of the non-
overflow section of the dam is in good condition. 

Prior to construction, concrete surfaces, joints, and cracks should be labeled and 
closely inspected using photography and/or video equipment.  Paint and/or other semi-
permanent markings should be used to facilitate post-construction and subsequent 
inspections. 

Baseline surveys – precise level and trilateration – should also be completed prior to 
construction to provide a baseline for future comparison.  Additional monumentation 
should be considered. 

During construction, the contractor should be required to monitor selected joints, cracks, 
or other features – especially the walls and ceiling of the D&G gallery.  Use of multiple 
video cameras operating continuously should be considered. 

3.11.3 Fill Placement 

All fill shall be placed in loose lifts not exceeding 9 inches in thickness.  The materials 
need to be moisture conditioned to within 3 percent of their optimum moisture content 
and compacted to 95 percent of their maximum density, per the Modified Proctor Test 
(ASTM D 1557).  Full-time construction monitoring and testing should be required 
during construction. 
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Fill placed horizontally within 50 percent of the height of retaining walls shall be 
compacted to 91-96 percent of its maximum dry density.  Great care should be taken to 
prevent wall displacement or distress due to compaction loads.  

3.11.4 Crane Restriction 

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

3.12 EXPLORATION REQUIREMENTS 

3.12.1 Drilling 

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

3.12.2 Test Pits 

Test pit explorations are needed to identify and evaluate site soils, determine cobble 
and boulder content, and to evaluate use of a large track-mounted excavator with a 
hydraulic ram for rock breakup and removal. 

 

 

 



The Dalles East Fish Ladder Auxiliary Water Backup System DDR 

 4-1 

CHAPTER 4 – HYDRAULIC DESIGN 

4.1 GENERAL 

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

4.2 REFERENCES 

a. Federal Emergency Management Agency (FEMA).  2010.  FEMA P-679, 
Technical Manual: Outlet Works Energy Dissipators. 

b. Justin, J. D. and Creager, W. P.  1950.  Hydroelectric Handbook. 

c. King, H. W. and Brater, E. F.  1963.  Handbook of Hydraulics, 5th Ed. 

d. Miller, D. S.  1990.  Internal Flow Systems, 2nd Ed. 

e. Prasuhn, A. L. 1992. Fundamentals of Hydraulic Engineering. 

f. Rahmeyer, W. 1988. Energy Dissipation and Limiting Discharge with Orifices. 
Journal of Transportation Engineering, American Society of Engineers 
(ASCE), Vol. 114, pp. 232-235. 

g. Swamee, P. K. and Jain, A. K.  1976.  Explicit equations for pipe-flow 
problems.  Journal of the Hydraulics Division, ASCE, Vol. 102, No. HY5, pp. 
657-664. 

h. U.S. Army Corps of Engineers (USACE).  Engineering Manual (EM) 
1110-2-1602, Hydraulic Design of Reservoir Outlet Works. 

i. USACE Coastal & Hydraulics Laboratory.  1987.  Hydraulic Design Criteria.  
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j. USACE.  2006.  Design Document Report #34, The Dalles Lock and Dam, 
Juvenile Behavioral Guidance System.  May. 

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

4.3 HYDRAULIC CRITERIA 

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

• West and south fish entrance weirs will be closed. 

• East fish entrance will operate with only two weirs; the third weir will be closed. 

Table 4-1.  Emergency AWS Discharge Requirements 
Emergency AWS Discharge Requirements 

Design Discharge 1,400 cfs 
Design Supply Head 89.5 feet 

4.3.1 Water Surface Elevations 

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

Table 4-2.  Design Elevations 
Design Elevations 

 Feet, msl 
Maximum Forebay 160.0   
Minimum Forebay 155.0   
Maximum Tailwater 86.0   
Minimum Tailwater 74.0   
Maximum AWSC 89.5   
Minimum AWSC 77.5   
Maximum Junction Pool WSE 91.3 

4.4 HYDRAULIC DESIGN 

4.4.1 Inlet Design 

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

Trash racks for the intake are sized with a 3 fps approach velocity and a flow of 1,400 
cfs.  Velocity criterion was determined during the EDR phase of design and based on 
guidance in EM 1110-2-1602.  A through-bar velocity of 5 fps is recommended by the 
Bureau of Reclamation’s Design of Small Dams (1987) publication.  An assumed 
porosity of 70 percent for the trash rack results in a required gross area of 375 square 
feet; however, in order to meet the approach velocity, a required gross area of the trash 
rack is required to be 466 square feet.  The trash rack covers an area over 1,100 
square feet, with a width of 22 feet and a height that extends the full depth of the water 
column to the intake, with an offset of 5 feet from the dam.  This allows for uniform 
localized flow at the intake under clean conditions; as debris loads the trash rack, 
additional flow capacity is available above the intake elevation.  Maximum debris 
loading design is 50 percent clogging of the open area, resulting in a maximum loading 
of 42.0 psf. 

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

 

Figure 4-1.  Rendering of Proposed Intake Structure Centered on Monolith 5 
Illustrating the Piers, Closure Gate, and Elliptical Bell-Mouthed Intake 
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4.4.2 Main Supply Conduit 

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

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

ℎ𝑓 = 𝑓 𝐿
𝐷
𝑉2

2𝑔
 (Equation 1) 

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

𝑓 = 0.25

𝑙𝑜𝑔� 𝑘𝑠3.7𝐷+
5.74
𝑅𝑒0.9�

2  (Equation 2) 

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

Minor losses were based on D.S. Miller’s Internal Flow Systems (1990) and consist of 
an entrance loss, a butterfly valve loss, bend losses, dividing Y losses, energy 
dissipation orifice losses, exit losses, and friction losses. 

The supply conduit selection was primarily governed by the maximum velocity  
guidance defined in the EDR of 18 fps and site constraints.  This drove the selection of 
a 10-foot-diameter steel conduit for the majority of the alignment and two 
7.5-foot-diameter conduits to meet the site constraints entering the AWS chamber.  This 
results in a design flow velocity of 17.9 fps and 15.9 fps and a max flow velocity of 
19.2 fps and 17.1 fps in the 10-foot conduit and 7.5-foot conduits, respectively.  
Minimum discharge occurs at a forebay elevation 155.0 and tailwater elevation 86.0, 
resulting in a discharge of 1390 cfs.  A maximum discharge of 1,511 cfs is expected, 
with a high forebay of 160.0 and low tailwater of 74.0.  

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

 

Figure 4-2.  Aerial Photo Overlay Showing Proposed Alignment of the Emergency 
AWS System 

Intake structure 

Conduit below grade 

Orifice plate 
locations 

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

4.4.3 Energy Dissipation 

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

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

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

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

𝜎 = 𝐻𝑑−𝐻𝑣
𝐻𝑢−𝐻𝑑

  (Equation 3) 

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

Orifice plates 1.1 and 1.2 are each 7.4 feet and 7.5 feet in diameter, respectively.  The 
resulting head loss through each is 11.5 feet and 12.7 feet for low operating forebay and 
13.6 feet and 15.0 feet for high operating forebay, respectively.  These two orifices 
result in the majority of the head loss in the system and were designed with a cavitation 
parameter that indicates critical cavitation but no incipient damaging cavitation.  Orifice 
plates 2.1 and 3.1 are intended to act identically, with equal flow distribution.  These are 
intended to dissipate 10.8 feet to 12.7 feet of head loss in parallel under low and high 
forebay conditions, respectively.  These two orifices were designed with a cavitation 
parameter indicating incipient cavitation occurrence but no critical or damaging 
cavitation due to the proximity to the fish ladder and potential vibration or sound 
transmission.  Table 4-3 summarizes orifice design details, including the level of 
cavitation potential.  

Table 4-3.   Orifice Summary Table 

Orifice Diameter 
(feet) 

Low Head 
Loss (feet) 

High Head 
Loss (feet) Cavitation Potential 

Orifice 1.1 7.4  12.7  15.0  Incipient Cavitation 
Orifice 1.2 7.5  11.5  13.6  Incipient Cavitation 
Orifice 2.1 5.5 10.8  12.7  Incipient Cavitation 
Orifice 3.1 5.5 10.8 12.7  Incipient Cavitation 

4.4.4 AWS Chamber Discharge 

The AWS chamber consists of a deep channel aligned with the lower section of the east 
fish ladder.  Within the AWS chamber are diffuser gates and lateral supports that are 
key to the operation and structural stability of the chamber.  The area selected within 
the AWS chamber for discharge was based on geometry constraints.  The bays 
between frames 15, 16, and 17 provide space for the two 7.5-foot conduits to turn 
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90 degrees downward without conflicting with the frame cross bracing in figure 4-3 
below.  The diffuser gate operators for these two bays will require modifications to 
maintain the ability to operate.   
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Figure 4-3.  Photo of Dewatered AWS Chamber during Site Visit (Dec. 10, 2013) 

Frame 16 

Frame 17 

Frame 15 

Approximate penetration 
elevation of the 7.5-ft 
conduits 
 

Bay location of 7.5-ft 
orifice manifolds  
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The discharge of each 7.5-foot-diameter conduit will terminate in a series of sharp-
crested orifices in the vertical section of the pipe as shown in figure 4-4 below.  The flow 
and associated force from the emergency AWS system is directed through the final 
orifice manifold to avoid directly impacting any of these features.  There are 12 of these 
orifices measuring 1.875 feet in diameter, with varying discharges dependent on orifice 
elevation, AWS chamber water surface submergence, and forebay water surface 
elevation.  The orifices act as an additional energy dissipation feature for the  
emergency AWS system, but primarily serve to distribute the flow in a diffused pattern 
within the AWS. 

 

Figure 4-4:  Rendering of Orifice Manifold Discharge into AWS Chamber 

4.4.5 Forebay Velocity Considerations 

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

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

5.1 GENERAL 

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

5.2 STRUCTURAL DESIGN FEATURES 

Guide Slots 

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

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

Closure Gate 

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

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

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

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

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

Trash Rack 

Stainless steel bar grating with ¾-inch clear opening between bars will be used.  The 
grating callout is W15 1-1/4x3/16.  The trash rack frame will be 12 feet by 23 feet in 
overall size, made from stainless steel 4-inch by 10-inch tubes.  A guide pin will be 
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required to align each rack vertically.  The ends of the grating bars will be beveled to 
assist the trash rake between the trash rack bars in case of misalignment.  The trash 
racks are sized at 12 feet tall for transport and unstacking.  Stainless steel was chosen 
as the material for reduced maintenance cost.  Guides for the trash rake will be added 
to the trash rack to maintain a tight tolerance.  Trash rack loads came from hydraulic 
pressure on the bar grating with 75 percent open space for normal conditions and 5 feet 
of head differential for unusual conditions, per EM 1110-2-3104. 

Thrust Blocks 

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

Dam Penetration 

The penetration hole through Monolith 5 is sized at 11 feet in diameter.  This will allow 
for installation of a 10-foot-diameter pipe and provide for a 6-inch grout space.   

Inlet Design 

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

Steel Pipe 

• Steel pipe in the dam is sized based on Steel Penstocks 2nd edition criteria, 
specifically following Amstutz Formulation and Jacobsen Formulation for sizing 
steel penstocks in concrete dams.  A minimum of 5/8-inch steel wall pipe based 
on Amstutz formulation will meet the required strength, but a ¾-inch steel pipe 
will be used to account for any corrosion loss over the years.  Holes will be drilled 
into the steel pipe for grouting.  The holes will provide grout access ports, air vent 
holes, and inspection holes.  The holes will be plugged by threaded inserts 
ground flush.  This is similar to how Hinze Dam in Australia was modified, based 
on conversations with Salvatore Todaro from the Risk Management Center 
(RMC).   

• Buried steel pipe is to be ½-inch wall pipe.  

• The steel pipe spanning over the fish ladder is sized based on Table 7-1 from 
American Water Works Association (AWWA)-M11, with a span of 45 feet and a 
minimum of 120 degree contact saddle supports at each end.  A ½-inch wall pipe 
provides the required structural loading capacity for the span.  Bird spikes are to 
be installed on top of the pipe to prevent bird droppings from damaging the paint 
system.  A large thrust block will be installed around the steel pipe before 
spanning the fish ladder.  The steel pipe will transfer the load from the 90-degree 
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bend in the AWS chamber to the thrust block, thus preventing lateral loads on the 
AWS wall.  

• There are several different steel materials that may be used for this application, 
based on Steel Penstocks 2nd edition Table 2.1.  ASTM A572 Grade 50 is 
recommended because it is readily available in plates and can be used to 
fabricate the pipes.  For the design calculation, a conservative yields stress of 
35 ksi was used.  Regardless of which steel material is used, it is recommended 
to have all welds inspected.  If welding occurs in the mined-out section of the 
monolith, then radio graph testing may not be possible.  In that case, the 
recommendation would be to inspect by using phased array or time of flight.   
All testing of welds in the steel pipe should include the following methods:  
100 percent visual, magnetic partial, and ultrasonic. 

• Large steel pipe dimensions are inside-diameter sizes.   

Interior Wall Penetrations  

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

Dewatering Structure 

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

1. Contractor designed and installed large cofferdam.  In this alternative, the 
contractor will design and install a large cofferdam that covers the entire work 
area on the face of the monolith.  The steel cofferdam allows for minimal dive 
time.  The cofferdam would be a steel structure with a maximum 17.5-foot radius 
centered over the pipe opening.  The cofferdam would provide the protection 
required to allow for penetration through the monolith and provide a dry 
installation of the gate and trash rack guides. 
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o Advantage:  The cofferdam would have minimal dive time compared to 
concrete piers.  If powerhouse units have to be diverted to allow for 
appropriate water velocities for diving, this would provide minimal impact.   

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

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

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

o Disadvantage:  The cofferdam would require two separate dives, one to 
install and one to remove. 

o Disadvantage:  There is a large lead time for design and fabrication of the 
cofferdam. 

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

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

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

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

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

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

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

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

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

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

Another technique for installing the cofferdam would be to follow the method used at 
San Vicente Dam in California.  See appendix C for a published article on the San 
Vicente cofferdam.  The cofferdam was designed to be transported on a truck, 
assembled in place, and lowered with a special jacking system.  The cofferdam was 
designed for up to 2 inches of variability for seal surface, which is approximately the 
same size as will be required for The Dalles.  The water leakage for the San Vicente 
cofferdam was below expected, at approximately 3-5 gallons per hour.  See figure 5-1 
for a photo of the San Vicente Dam cofferdam.    
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Figure 5-1.  San Vicente Cofferdam 

Monolith 5 Stability 

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

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

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

Table 5-1.  Internal Friction Angles and Cohesive  
Values for Four Cases 

Phi and C Values for Sliding 
Case Phi (deg) C (psi) 

Case 1 30 36 
Case 2 40 200 
Case 3 45 250 
Case 4 45 0 
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Table 5-2.  Factor of Safety for Sliding 
FOS for Sliding 

Case Existing 
Condition 

Normal Pool 
with 10-foot 

Pipe 

Construction 
with Cofferdam 
and 10-foot Pipe 

Seismic 
Coefficient 

Method 
Case 1 4.11 4.08 3.97 2.49 
Case 2 16.04 15.99 15.83 9.77 
Case 3 19.91 19.85 19.65 12.12 
Case 4 2.88 2.81 2.62 1.72 

5.3 GOVERNING DESIGN CODES 

• Emergency gate and bulkheads: 

o Engineer Manual (EM) 1110-2-2105, Design of Hydraulic Steel Structures. 

o EM 1110-2-2701, Vertical Lift Gates. 

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

• Concrete design: 

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

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

• American Welding Society (AWS) D1.1-2008, American Welding Society, 
Structural Welding Code – Steel. 

• American Welding Society (AWS) D1.5-2008, American Welding Society, Bridge 
Welding Code. 

• American Welding Society (AWS) D1.6-2007, American Welding Society, 
Structural Welding Code – Stainless Steel. 

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

• Stability Analysis of Concrete Structures, EM 1110-2-2100. 

• Gravity Dam Design, EM 1110-2-2200. 
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• Structural and Architectural Design of Pumping Stations, EM 1110-2-3104. 

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

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

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

5.4 MATERIAL PROPERTIES 

• Existing concrete 28-day compressive strength:  f’c = 3,000 psi.  

• New concrete 28-day compressive strength:  f’c = 4,000 psi. 

• Precast concrete 28-day compressive strength:  f’c = 6,000 psi. 

• Existing reinforcing steel:  Grade 40 fy = 40,000 psi.  

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

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

• New structural steel: 

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 Large Steel Pipe:  ASTM A572 Grade 50. 

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

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

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

o Nuts:  ASTM A563. 

o Washers:  ASTM F436. 

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. 

o Stainless Steel:  ASTM A 240 type 304 and 304L. 
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CHAPTER 6 – MECHANICAL DESIGN 

6.1 GENERAL 

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

6.2 MECHANICAL FEATURES 

6.2.1 Trash Rake 

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

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

The trash rack is approximately 22 feet wide and will extend from just below the pipeline 
entrance up to the water surface.  The rack width is required to maintain the required 
water velocity through the bars to reduce the risk of impinging debris and adult fish.  
The trash rake will be sized to match that width.  The height of the trash rake is 
approximately 7 feet.  This height is intended to provide a reasonable aspect ratio that is 
unlikely to bind in its guide slots.  It is also required to develop sufficient weight to push 
debris downward off the rack.  The initial concept for the rake geometry weighs in at 
approximately 7,000 pounds.  The rake geometry is essentially four wide flange beams 
spanning the width of the rack.  The beams are tied together at each end by a pair of 
vertically mounted channels.   

There a couple of different concepts that were investigated for the raking tines.  The 
original concept was to connect bar grating on the back side of the wide flange beams 
running the full height of the rake, arranged so that the bars of the rake would run 
between the bars on the trash rack.  The grating design consisted of ¼-inch bars 
2 inches deep, tied together by pins run through the bars at their centerlines.  With this 
configuration, any debris that was pinned to the face of the rack would be pushed 
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downward by the weight of the rake, and any debris that was pinned between the rack 
bars would be either sheared or pushed downward by the nested bars on the rake.  

There was one problem with this system.  With the trash rack bars spaced at ¾-inch 
intervals and the rake tines centered between those bars, there will only be ¼ inch of 
space between the rake tines and the rack bars.  As a result, the rake system will be 
very sensitive to binding if it is not lowered evenly.  A 1/16th-inch difference in the 
elevation between either end of the rake would cause the rake bars to bind against the 
rack bars. 

This condition could be mitigated by ensuring tight clearances between the gate and the 
guide; however, that would require less than ¼-inch of play between the rake and 
guides over the full travel of the rack.   

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

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

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

The gate will be fabricated from painted ASTM A572 Grade 50 carbon steel.  While this 
does pose a corrosion potential with the stainless steel trash rack, there are a couple of 
mitigating factors to be considered.  First, the rake is intended to be stored out of the 
water some distance above the water line; this should mitigate the development of 
corrosion.  It is also not clear if the rake will be needed, as the current in the area of the 
intake is not likely to deposit debris on the racks.  The rake is provided primarily 
because its need is unknown, and it is preferable to have one, just in case.  Based on 
this, it did not seem like the best use of funds to make the rake from stainless steel.  
The rake is also a relatively small structure that could easily be removed and 
rehabilitated if corrosion did develop to a point where the rake was not useable.    
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The rake will typically be dogged off above the water surface.  If it is determined that 
trash has built up on the racks, a mobile crane will be required to lift the rake off the 
dogs and lower it to clear debris.      

6.2.2 Operating Gate 

The dam safety criteria for the operating gate have one requirement in particular that 
pertains to mechanical design.  That requirement is that the gate be deployable under 
flow.  This suggests some kind of gate end roller to eliminate or mitigate the amount of 
sliding friction between the gate structure and the gate guides while the gate is moving 
through flowing water.  The anticipated operation is for the gate to be operated with the 
project’s mobile crane.  The gate will normally be in the closed position, sealing off the 
entrance to the pipeline.  A set of wire rope pendants will connect the gate to the lifting 
beam, dogged off near the intake deck elevation.  This beam will provide for a bridle 
connection to the mobile crane.  If the final gate geometry results in a picking weight 
that is too much for the project’s mobile crane, the beam dogging structure could be 
designed as a reaction point for a two-part rigging system that would reduce the picking 
forces required by half.   

6.2.3 Gate Wheels 

The operating gate is approximately 14.5 feet square in order to cover the 10-foot-
diameter pipe.  This area would have a 50-foot water head applied to it, resulting in a 
total normal force of approximately 650,000 pounds.  This is the load that would need to 
be carried by the end rollers.  It was initially assumed that the gate would have self-
lubricating, self-aligning, spherical track rollers similar to the closure gate wheel on the 
John Day top spillway weir (TSW).  However, this type of roller is essentially a sliding 
roller, where an internal ball slides on an external race separated by a self-lubricating 
liner.  This type of roller can lower the frictional sliding at the interface, but not remove it 
entirely.  Under the given load, the force required to move the gate with this type of 
wheel would be approximately 32,000 pounds.  This is more than the gate weight of 
approximately 20,000 pounds.  As a result, the gate would not be able to close under its 
own weight.  Rather, it would require some type of closing actuator.  This would add 
expense and complexity to the system.  

As a result of this analysis, three alternative end rolling systems were evaluated:   
(1) the spherical plain roller described above; (2) a roller chain system similar to that on 
powerhouse head gates; and (3) a spherical roller bearing based wheel similar to the 
spillway lift gates at McNary Dam.  

The roller chain is essentially a chain that encircles either end of the gate.  The idea is 
that the load is transferred from the gate structure through the rollers and into the 
guides.  As the gate is lowered under load, it rolls along these rollers.  As the gate 
lowers, the roller chain rolls around the end of the gate as new rollers at the bottom are 
brought in to take up bearing and rollers at the top are removed from bearing.   
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A spherical roller is similar to the spherical plane bearing except that the spherical 
element does not slide, but rather rolls on a series of rollers arranged in a circle around 
the spherical element.  It is essentially a roller chain that encircles each gate axle 
instead of the entire gate end. 

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

Spherical Plane Bearing Analysis   

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

Roller Chain System Analysis 

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

Spherical Roller Bearing Analysis (Selected Design) 

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

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

In order to provided a basis of comparison between this selected bearing system and 
the plain bearing system described above, the friction force required to move these 
bearings under load was computed.  This analysis was done using the same gate 
geometry as that assumed for the spherical plain bearing system, in order to better 
compare numbers.  The roller bearing analysis was done based on information 
published by Timken in their engineering catalog.  This analysis results in a total force of 
27 pounds per wheel, or 277 pounds for the whole gate.  This is assumed to be 
negligible. 

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

6.2.4 Pipeline Venting 

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

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

6.2.6 Downstream Isolation Valve 

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

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

A typical 120-inch butterfly valve operating against 50 feet of head will require 
approximately 1.2 million inch pounds of torque.  As such, the actuator will need to 
provide both the structure and the power to support that magnitude of operational 
loading.  Additionally, the valve opening and closing speed must be limited to not less 
than 90 seconds in order to mitigate the potential for water hammer in the pipeline. 

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

A hydraulically actuated valve would require a hydraulic cylinder to be mounted on the 
valve and be piped to a hydraulic power unit.  This unit could be either a portable, skid-
based system or a permanently mounted system that would be piped to the valve.  A 
portable system is recommended, as a permanent system would require additional 
infrastructure for an enclosure that could be heated to keep the oil warm.  However, a 
portable system would require that the HPU be moved into position and connected to 
the valve each time the operation was required.  A hydraulic system would also add 
potential for oil leakage, and additional sensing capabilities for position feedback.  
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A motorized actuator is preferred, as it can provide a more compact envelope and 
simpler operation and maintenance. 

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

6.2.7 Pipeline 

The pipeline itself will be a 120-inch-inside-diameter (¾-inch wall within the dam 
monolith and ½-inch wall downstream of the monolith) welded steel pipe.  Connections 
to valves and specialty fittings will be done using flanged joints.  The pipeline will be 
lined and coated with an epoxy coating system in accordance with AWWA C210 to 
mitigate corrosion.  To accommodate relative motion between the ground and structure 
resulting from seismic conditions, a restrained harness pipe connection, similar to 
Dresser style 63, will be located between the butterfly valve and the point where the 
pipe becomes buried. 

6.2.8 Expansion Joints 

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

6.2.9 Pipeline Access 

It will be required to inspect the pipeline periodically.  To that end, an access hatch will 
be provided.  This hatch will be located just downstream of the butterfly valve, where the 
slope flattens out from the initial dive underground.  It will be located upstream of the 
first pipe orifice plate, to eliminate the possibility of losing tools or other items down the 
slope of the pipe.  The specific site for this hatchway has yet to be determined; if it can 
be located out of the way of traffic, the hatchway could be protected by a simple locked 
deck hatch.  If it is required to locate the hatchway in the line of traffic, then it will require 
a traffic rated deck hatch.  

In order to eliminate the cavitation potential, the internal surface of the hatchway would 
need a liner to match the cylindrical surface of the pipe.  The liner would require minimal 
clearances between it and the pipeline, perhaps a ¼-inch gap or less between the liner 
and the pipe.  The two surfaces would also need to be flush.   

6.3 DESIGN CODE REFERENCES 

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

• American Society of Mechanical Engineers, 2004. ASME B31.1, Power Piping. 
 

• American Welding Society, 2008. AWS D1.1, Structural Welding Code – Steel. 
 

• American Welding Society, 2007. AWS D1.6, Structural Welding Code – 
Stainless Steel. 

 
• International Code Council, 2012. International Plumbing Code. 

6.3.2 Water Control Gates 

• Maximum effort on crank or hand wheel:  40 pounds. 

• Centerline height of crank or hand wheel:  36 inches. 

• Stem covers:  Clear butyrate plastic with Mylar open/close indicator.  Maximum 
allowable leakage rate:  0.1 gallons per minute (gpm) per foot of seat perimeter. 

6.3.3 Piping 

• AWWA C200, Standard for Steel Water Pipe:  6 inches (150 mm) and larger. 

• AWWA C206, Standard for Field Welding of Steel Water Pipe. 

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

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

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

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

6.3.4 Valves 

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

• AWWA C504, Rubber Seated Butterfly Valves. 

• AWWA C540, Standard for Power-Actuating Devices for Valves and Slide Gates. 

• AWWA C550, Standard for Protective Epoxy Interior Coatings for Valves and 
Hydrants. 
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CHAPTER 7 – ELECTRICAL DESIGN 

7.1 GENERAL 

The primary electrical work to be provided is listed below.   

• Valve actuator motor and control panel for 10-foot pipe: 

o Electrical power – load 480V/3PH/3HP/10A. 

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

o Manual mechanical position indication on valve actuator. 

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

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

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

• No remote or automatic control expected. 

7.2 ELECTRIC VALVE ACTUATORS 

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

7.2.1 Electrical Power 

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

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

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

7.2.2 Control 

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

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

7.3 PIPE FLOW AND PRESSURE INSTRUMENTATION AND ANNUNCIATION   

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

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

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

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

• Sheet E-101 shows the location of fish lock actuator indicator conduit 
(FCQ7-u1-AW3) that may be used for the pipe flow and pressure indication and 
alarm circuits. 

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

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

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

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

• Determine electrical equipment, devices, and conduits that need relocation. 
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• Develop plan for relocating electrical items located in the construction area. 

7.5 MAINTENANCE LIGHTING AND RECEPTACLES 

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

7.6 DESIGN REFERENCES 

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

National Codes 

• National Fire Protection Association (NFPA) 70 – National Electrical Code. 

• NFPA 79 – Electrical Standard for Industrial Control.  

• American National Standards Institute (ANSI) C2 2012 – National Electric Safety 
Code  

U.S. Army Corp of Engineers 

• Unified Facilities Criteria (UFC) 3-501-01 – Electrical Engineering.  

Valve Actuators, Electrical 

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

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

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

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

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

9.1 OPERATIONS 

The emergency AWS will operate when both of the two fish turbine units fail to supply 
flow.  Entrance weirs to the EFL will need to be closed at the south and west entrances, 
and operations modified at the east entrance, allowing for two entrance weirs with 
minimal head.  The emergency AWS is then operated by two primary means – the 
intake gate and the butterfly valve on the downstream side of the monolith penetration.  
When the system is turned on, the butterfly valve should be set to the open position 
prior to opening the intake gate.  The intake gate will be opened with the mobile crane, 
the 10-foot and 7.5-foot conduits will be flooded, and the system will be delivering flow 
to the AWS chamber.  During shutdown of the system, the butterfly valve will be closed, 
shutting off flow.  The intake gate will then be lowered into place with the mobile crane.  
The butterfly valve provides an unassisted means of flow closure and may be closed 
prior to positioning the mobile crane for intake gate operation.  Butterfly valve operation 
is coordinated to result in negligible transient effects during closure.  

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

9.2 MAINTENANCE REQUIREMENTS 

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

10.1 COST EVALUATION 

This chapter presents the construction cost estimate for The Dalles East Fish Ladder 
Auxiliary Water Backup System as described in this DDR.  See appendix G for the Total 
Project Cost Summary (TPCS) 

The estimated construction cost, including contingency and escalation, is $12,783,000.    

The total project cost, including planning, engineering and design, and construction 
management, is $16,829,000.  

10.2 REFERENCES 

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

b. Davis-Bacon Act Wage Decision: WA140075 01/24/2014 WA75 State: 
Washington, Construction Type: Heavy, County: Klickitat County in Washington. 

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

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

10.3 BASIS OF COST ESTIMATE 

The cost estimates are based on the analyses in this 100 percent DDR.  The estimates 
have been prepared in Micro Computer Cost Estimating System (MCACES) MII  
Version 4.2. 

10.4 CONSTRUCTION SCHEDULE 

It is anticipated that the construction schedule will be approximately 20 months from 
notice to proceed (NTP) to project closeout (see appendix G).  The schedule assumes 
completion of monolith boring prior to closure gate installation, due to minimal risk 
associated with partial or complete cofferdam failure (i.e., loss of life, monolith integrity, 
downstream structural damage and scour). 
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10.4.1 Construction Work Windows 

The construction schedule is primarily driven by the IWWW from December 1 to 
February 28.  During the first season IWWW, the contractor will install a cofferdam.   
The cofferdam will remain in place until the second season IWWW.  Additionally, 
installation of the 7.5-foot-diameter piping across the junction pool and the orifice 
manifolds in the AWS chamber must be conducted during the IWWW, when they can be 
dewatered.    

10.4.2 Overtime 

The estimates assumed a 40-hour work week. 

10.4.3 Acquisition Plan 

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

10.5 SUBCONTRACTING PLAN 

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

The following key specialty subcontractors are anticipated: 

• Concrete Mining Subcontractor.  

• Concrete Saw-cutting Subcontractor. 

• Industrial Coating Subcontractor. 

• Electrical Subcontractor. 

• Paving Subcontractor. 

10.6 PROJECT CONSTRUCTION 

10.6.1 Site Access 

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

10.6.2 Materials and Offsite Fabrication 

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

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

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

10.6.3 Borrow Area 

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

10.6.4 Unusual Conditions (Soil, Water, Weather) 

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

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

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

10.6.5 Construction Methodology 

10.6.5.1 Cofferdam Construction 

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

The cofferdam will require divers for installation.  Discussions with a local contractor 
have indicated that the contractor may choose to employ a technique of placing the 
majority of the anchors required to resist buoyancy forces above the water line in order 
to reduce the required dive time.  
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Once the cofferdam is constructed and dewatered, the contractor will commence with 
tunneling operations.  The cofferdam will stay in place during construction of the trash 
rack guides, installation of the trash rack and trash rake, and installation of the 
emergency closure gate.  

10.6.5.2 Concrete Tunneling 

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

10.6.5.3 Underwater Construction 

Underwater construction by divers is required for installation and removal of the 
cofferdam at the upstream face of Monolith 5.   

10.6.5.4 AWS Chamber Discharge Piping 

The AWS chamber is a permitted confined space with limited access.  Additional 
personnel and equipment to follow the required confined space regulations were 
included in the cost estimate. 

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

There are removable slabs approximately 60 feet upstream from the discharge pipes 
that would be utilized for lowering the 7.5-foot-diameter orifice discharge manifolds into 
the AWS chamber.  Immediately below the removable slabs is an up-well into the AWS 
chamber.  It is anticipated that a temporary platform would be installed over the up-well 
so that manifold sections could be dropped into the AWS chamber, and then be moved 
on casters on the floor of the AWS chamber.  The manifold sections will then be lifted 
into position with hoists for welded or bolted connections.  The 7.5-foot-diameter orifice 
manifolds will likely need to be fabricated into 8-foot to 10-foot sections to be practically 
handled within the AWS chamber.  The estimates assumed additional field welds to 
assemble the manifolds within the AWS chamber. 

10.6.5.5 Installation of the Buried Pipeline 

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

Several underground utilities will likely be affected by the excavation for the 10-foot-
diameter pipeline.  A rough order of magnitude cost for repair and rework of the affected 
utilities was included in the estimate.  Refinements to the estimate will be made once a 
utility survey accurately determines the location and status of the underground utilities. 

10.6.6 Equipment/Labor Availability and Distance Traveled 

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

10.6.7 Overhead, Profit, Bond, Contingency, and Escalation 

Table 10-1 summarizes the markups applied to the construction cost estimate. 

Table 10-1.  Markup Summary 
Markup Percentage 

Prime Contractor Job Site Overhead 15% 
Prime Contractor Home Office 15% 
Profit 10% 
Subcontractor Job Site Overhead 15% 
Subcontractor Overhead Home Office 15% 
Subcontractor Profit  10% 
Mobilization 4% of Direct Cost 
Bond 2% 
Escalation from CWCCIS an 3Q16 index 4.4% 

 
Contingency Based on Abbreviated Risk Analysis 27% 
  

10.7 COST BASIS 

Labor rates were based on General Decision Number: WA140075 01/24/2014 WA75 
State: Washington, Construction Type: Heavy, County: Klickitat County in Washington.   

Equipment rates used are from Engineer Pamphlet 1110-1-8, Volume EP11R08, 
Region 8, 2011. 
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Intake Design

The scope of this document is to develop dimensions for the trashrack and intake system. Due to the oversizing of the trashrack, the loss developed
at design dischrage will be assumed constant at all flows for the purposes of this submission. See Energy Dissipation and Hydraulic Transient
Analysis for supporting hydraulic calculations.
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Units definition

cfs ft3 s 1
 cubic feet per second

fps ft s 1
 feet per second

Hydraulic Properties

ρ 1000
kg

m3
 Fluid density

Assumed temperature deg. F

Tf 50 Tc Tf 32  5
9
 Tc 10 Temp. deg. C

ν
1.792 10 6



1.0 0.0337 Tc 0.000221 Tc
2







m2

s
 ν 1.319 10 6


m2

s
 Kinematic viscosity of water from temp. relationship
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Design Parameters

Q 1400cfs Design flow rate

V 3fps Velocity limitation for trashrack approach velocity - EM 1110-2-1602

Vthr 5fps Recommended thru velocity maximum for cleaning accessible trashracks from Bureau of Reclamation - Design of Small Dams

Areq
Q
V

 Areq 466.667 ft2 Area required to meet trashrack approach velocity limitation

ht Kt
vn

2

2 g
= Kt 1.45 0.45

an
ag


an
ag









2

= Equation 11, Design of Small Dams - BoR

an 0.75in Design bar spacing per EDR

ag
5
16

in an Assummed unit thickness for bar and space

an
ag

0.706 Resultant porosity

vn Vthr Thru velocity for head loss differential

Areq
Q
vn

ag
an
 Areq 396.667 ft2 Based on thru velocity limitations Areq 466ft2 Area required based on approach

velocity limitations - Controlling

Required trashrack height based on 15 foot width Required trashrack height based on 20 foot width

H
Areq
15ft

 H 31.067 ft H
Areq
20ft

 H 23.3 ft
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Trashracks for the intake are sized with a 3 fps approach velocity and a flow of 1400 cfs. Velocity criterion was determined during the EDR phase of
design and based off of EM 1110-2-1602. A through bar velocity of 5 fps is recommended by the Bureau of Reclamation Design of Small Dams publication.
An assumed porosity of 70 percent for the trashrack results in a required gross area of 350 square feet; however, in order to meet the approach velocity a
required gross area of trashrack is required to be 466 square feet.

Kt 1.45 0.45
an
ag


an
ag









2

 Kt 0.634 Resultant loss coefficient

ht Kt
vn

2

2 g
 ht 0.246 ft Resultant head differential

Areq 466 ft2

Rh 160ft Rl 155ft CL 116.5ft pt ht ρ g pt 0.107 psi

P1 Rh CL  g ρ P1 18.858 psi p1 Rh CL

P2 P1 pt P2 18.752 psi p2 p1 ht

β 100% Debris blockage factor (% open area)

V1 V 3
ft
s

 V2
Q

β Areq
an
ag


4.256
ft
s



Fr P1 P2  Areq 1 β
an
ag










 ρ Q V2 V1  Equation for force imparted by momentum and pressure differential

Fr 5.52 kip Resultant force from momentum and pressure differential

Fr
Areq

11.845 psf Resultant pressure resistance from momentum and pressure differential
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β 50% Debris blockage factor (% open area)

V1 V 3
ft
s

 V2
Q

β Areq
an
ag


8.512
ft
s



Fr P1 P2  Areq 1 β
an
ag










 ρ Q V2 V1  Equation for force imparted by momentum and pressure differential

Fr 19.611 kip Resultant force from momentum and pressure differential

Fr
Areq

42.083 psf Resultant pressure resistance from momentum and pressure differential
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Energy Dissipation

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

T Temperature K Minor loss coefficient _o Orifice 

D Diameter ρ Density _us Upstream 

A Area γ Unit weight _ds Downstream 

g Gravitational constant P Pressure _1._ Pipe # 

V Velocity eH Energy gradeline __.1 Loss ID on Pipe _

Q Flowrate H Hydraulic gradeline _b Bend 

L Length HV Velocity head _vc Vena contracta

f Friction factor Fr Froude number _c Centigrade 

Re Reynolds number θ Area ratio/bend angle _f Fahrenheit 

ν Kinematic viscosity C Contraction/Discharge coefficient
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Custom Units Definition

fps ft s 1
 feet per second cfs ft2 fps cubic feet per second

Fluid Properties

ρ 1000
kg

m3
 Density of water γ 62.41

lbf

ft3
 Unit weight of water

Assumed temperature deg. F

Tf 50 Tc Tf 32  5
9
 Tc 10 Temp. deg. C

ν
1.792 10 6



1.0 0.0337 Tc 0.000221 Tc
2







m2

s
 ν 1.32 10 6


m2

s
 Kinematic viscosity of water from temp. relationship

Vapor pressure input matrix (values [Tf, psia] from Prasuhn)

Temp deg F Pressure psia

Data

32

40

50

60

70

80

90

0.087

0.12

0.18

0.26

0.36

0.51

0.70





















 data csort Data 1( ) Tf data 0  Pv data 1 

S cspline Tf Pv( )

Vapor pressure as function of temp, psia

Pv x( ) interp S Tf Pv x( ) psi Pv Tf  0.18 psi

Vapor pressure as function of temp, psig

Pvg Tf  Pv Tf  1atm Pvg Tf  14.52 psi x 32 33 90
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40 60 80
0

0.2

0.4

0.6

0

0.5

1

1.5

2
Vapor Pressure, psi
Vapor Pressure, ft

Vapor Pressure vs Water Temperature

Temperature, F

V
ap

or
 P

re
ss

ur
e,

 p
si

a

V
ap

or
 p

re
ss

ur
e,

 ft
 o

f w
at

er
 (a

bs
ol

ut
e)

Geometric Functions Area function Reynolds number Average velocity

For circular conduit Ac d( )
π d2

4
 Rec Q d( )

Q d
Ac d( ) ν

 Vc Q d( )
Q

Ac d( )


Jain's explicit equation for friction factor Ref: Swamee and Jain, 1976, "Explicit equations for pipe-flow problems," Journal of Hydr. Div.
ASCE, Vol. 102, No. HY5, pp. 657-664

fc Q d ks  0.25

log
ks

3.7 d
5.74

Rec Q d( )0.9












2
 friction factor for circular conduit
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Design Parameters

Qt 1500cfs Design flow rate from intake (high forebay flowrate selected for initial loss calculations)

Qt2
Qt
2

 Assumed branching flow to pipe 2 at bifurcation

Qt3 Qt Qt2 Qt3 750 cfs Assumed branching flow to pipe 3 at bifurcation

Diameter Length

Pipe 1 D1 10ft L1 190ft Section from dam to bifurcation

Pipe 2 D2 7.5ft L2 110ft New section of pipe from bifurcation to AWS Chamber

Pipe 3 D3 7.5ft L3 110ft Section from bifurcation to contraction 

Sensitivities 
10% increase minor losses
10% decrease minor losses
10x increase in relative roughness
0.1x decrease in relative roughness

10 degree temperature increase/decrease makes negligible changes and is not varried in sensitivity matrix

αk 1.0 minor loss sensitivity coeff.

αf 1.0 friction loss sensitivity coeff.

Factors of 1.0 indicate assumed losses

Roughness - Assumed epoxy coating 

k αf 0.025 mm Through new pipe with friction loss sensitivity
coefficient (Miller Table 8.1 - New Smooth Pipe)

ksr 0.025mm Rough (Miller Table 8.1- no
lining)

kss 0mm Fully smooth
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Summary of Losses

Pipe 1
- Trash Rack Loss
- Entrance Loss
- Butterfly Valve Loss
- Bend Loss 1 (59 deg ~ 60 deg)
- Bend Loss 2 (59 deg ~ 60 deg)
- Orifice Loss 1.1
- Orifice Loss 1.2
- Bend Loss 3 (45 deg)
- Friction Loss

Pipe 2
- Wye Loss (10-ft to 7.5-ft)
- Bend Loss 2.1 (30 deg)
- Orifice Loss 2.1
- Bend Loss 2.2 (deg)
- Exit Loss
- Friction Loss

Pipe 3
- Wye Loss (10-ft to 7.5-ft)
- Bend Loss 3.1 (30 deg)
- Orifice Loss 3.1
- Bend Loss 3.2 (90 deg)
- Exit Loss
- Friction Loss

Operating Conditions 

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

Intake Elevation CL: 116.5 ft
FBh 160ft High forebay AWSCh 89.5ft High AWSC WSE

FBl 155ft Low forebay AWSCl 78.4ft Low AWSC WSE

Eletop1.1 109.5ft Top of pipe at orifice 1.1
FBd FBh

Eletop1.2 109.5ft Top of pipe at orifice 1.2

Eletop2.1 104.5ft Top of pipe at orifice 2.1 AWSCd AWSCl

Eletop3.1 104.5ft Top of pipe at orifice 3.1

FLCcl 98.5ft Fishladder crossing centerline elevation

Elebop2 FLCcl
D2
2

 Elebop2 94.75 ft Elevation of bottom of pipe into AWSC

Elebop3 FLCcl
D3
2

 Elebop3 94.75 ft Elevation of bottom of pipe into AWSC

Maximum ydraulic head through Pipe 1 and 2 HPH12 FBh AWSCl 81.6 ft

HPL12 FBl AWSCh 65.5 ft

Minimum hydraulic head through Pipe 1 and 3 HPH13 FBh AWSCl 81.6 ft

HPL13 FBl AWSCh 65.5 ft
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Pipe 1 Losses

Rec Qt D1  1.3 107
 Reynolds number

HV1
Vc Qt D1 2

2 g
 HV1 5.67 ft Velocity head thru Pipe 1

hv1 Q( )
Vc Q D1 2

2 g


Trash Rack Loss 
from Intake worksheet

Kt 0.634 ---> ht 0.246ft

Entrance Loss Ke 0.16 Assumed loss based on guidance from EM 1110-2-1602 (Section 3-7)

Butterfly Valve Loss

Kbfv αk 0.2 From Miller Fig. 14.19

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

Bend Loss 1 (59 deg ~ 60 deg)

r
d

1= Eleb1.1 116.5ft Elevation at centerline of bend

θb1.1 60 deg Angle of deflection of bend
k'b 0.15 From Miller Fig. 9.10

CRe 1.0 From Miller Fig. 9.3

Co 1.0 No outlet, Miller Fig. 9.4

Cf
fc Qt D1 ksr 
fc Qt D1 kss 

 Cf 1.12 From Miller Eq. 9.3

Kb1.1 αk k'b CRe Co Cf Kb1.1 0.17 From Miller Eq. 9.4
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Bend Loss 2 (59 deg ~ 60 deg)

Kb1.2 Kb1.1 Eleb1.2 104.5ft Elevation at centerline of bend

Kb1.2 0.17 Angle is reflected to achieve near zero slope within
pipe, loss is identical to previous

θb1.2 60deg Angle of deflection of bend

Corrected Bend Loss 1 & 2 Proximity

Ls 2.5ft
Ls
D1

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

Cb_b 0.95 From Miller Fig 10.3

Kb_b1 Cb_b Kb1.1 Kb1.2  Kb_b1 0.32

Bend 1 & 2 Cavitation Potential

for 1.1 hu FBd ht Ke Kbfv fc Qt D1 k  50ft
D1









hv1 Qt  Eleb1.1 HV1







γ hu 15.3 psi

σb
hu Pv Tf 

γ
Vc Qt D1 2

2 g


 σb 6.15 σbi 2.2 Incipient cavitation parameter from Miller Fig 6.10 with
r/d = 1

Cavitation parameter is greater than
incipient cavitation for r/d = 1

bendcav1.1 "Incipient cavitation initiated" σb σbiif

"Bend radius ok"

 bendcav1.1 "Bend radius ok"

for 1.2 hu FBd ht Ke Kbfv Kb1.1 fc Qt D1 k  50ft
D1









hv1 Qt  Eleb1.2 HV1







γ hu 20.09 psi

σb
hu Pv Tf 

γ
Vc Qt D1 2

2 g


 σb 8.1 σbi 2.2 Incipient cavitation parameter from Miller Fig 6.10 with
r/d = 1

Cavitation parameter is greater than
incipient cavitation for r/d = 1

bendcav1.2 "Incipient cavitation initiated" σb σbiif

"Bend radius ok"

 bendcav1.2 "Bend radius ok"
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Thrust at bends 1 and 2

for 1.1 P1 FBd ht Ke Kbfv fc Qt D1 k  50ft
D1









hv1 Qt  Eleb1.1 HV1







γ

θ θb1.1 Set bend to bend 1.2 angle
P1 15.3 psi Pressure at point 1

P1x P1 P1y 0psi X and Y components of pressure vectors at control volume surface point 1

A1 Ac D1  Area of control volume on which the pressure 1 acts on

A1 78.54 ft2

V1 Vc Qt D1  V1 19.1 fps

V1x V1 Velocity in X direction at point 1

V1x 19.1 fps

V1y 0fps Velocity in Y direction at point 1

P2 FBd ht Ke Kbfv Kb1.1 fc Qt D1 k  50ft
D1









hv1 Qt  Eleb1.1 HV1







γ P2 14.89 psi

P2x P2 cos θ( ) X and Y components of pressure vectors at control volume surface point 2

P2y P2 sin θ( )

A2 A1 Area of control volume on which the pressure 2 acts on

V2x V1 cos θ( ) Velocity in X direction at point 2 V2x 9.55 fps

V2y V1 sin θ( ) Velocity in Y direction at point 2 V2y 16.54 fps

Fb1.1x P1x A1 P2x A2 ρ Qt V2x V1x  P1x A1 P2x A2 88.83 kip ρ Qt V2x V1x  27.79 kip

Fb1.1x 116.63 kip Reactionary force in X direction

Fb1.1y P1y A1 P2y A2 ρ Qt V2y V1y  P1y A1 P2y A2 145.81 kip ρ Qt V2y V1y  48.14 kip
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Fb1.1y 193.95 kip Reactionary for in Y direction

FB1.1 Fb1.1x
2 Fb1.1y

2
 FB1.1 226.31 kip Resultant force

for 1.2 P1 FBd ht Ke Kbfv Kb1.1 fc Qt D1 k  50ft
D1









hv1 Qt  Eleb1.2 HV1







γ

P1 20.09 psi Pressure at point 1 θ θb1.2 Set bend to bend 1.2 angle

P1x P1 P1y 0psi X and Y components of pressure vectors at control volume surface point 1

A1 Ac D1  Area of control volume on which the pressure 1 acts on

A1 78.54 ft2

V1 Vc Qt D1  V1 19.1 fps

V1x V1 Velocity in X direction at point 1

V1x 19.1 fps

V1y 0fps Velocity in Y direction at point 1

P2 FBd ht Ke Kbfv Kb_b1 fc Qt D1 k  50ft
D1









hv1 Qt  Eleb1.2 HV1







γ P2 19.72 psi

P2x P2 cos θ( ) X and Y components of pressure vectors at control volume surface point 2

P2y P2 sin θ( )

A2 A1 Area of control volume on which the pressure 2 acts on

V2x V1 cos θ( ) Velocity in X direction at point 2 V2x 9.55 fps

V2y V1 sin θ( ) Velocity in Y direction at point 2 V2y 16.54 fps

Fb1.2x P1x A1 P2x A2 ρ Qt V2x V1x  P1x A1 P2x A2 115.69 kip ρ Qt V2x V1x  27.79 kip
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Fb1.2x 143.48 kip Reactionary force in X direction

Fb1.2y P1y A1 P2y A2 ρ Qt V2y V1y  P1y A1 P2y A2 193.12 kip ρ Qt V2y V1y  48.14 kip

Fb1.2y 241.26 kip Reactionary for in Y direction

FB1.2 Fb1.2x
2 Fb1.2y

2
 FB1.1 226.31 kip Resultant force

Orifice Loss 1.1

Do1.1 7.4ft Orifice Diameter

Lo1.1 100ft Length of 10-ft diameter pipe to first orifice

θ
Do1.1

D1









2

 θ 0.55 Area ratio of inline orifice and inside pipe diameter
(FEMA Eq. 17a)

Cc 3.1341 θ
5

 5.8809 θ
4

 3.8307 θ
3

 0.879 θ
2

 0.1851 θ 0.61 Cc 0.7 Vena Contracta Coefficient 
(FEMA Eq. 17)

Vvc Q( )
Q

Cc 0.25 π Do1.1
2


 Vvc Qt  49.66

ft
s

 Vena contracta velocity

Cv 0.98 Velocity coefficient for Reynolds number > 105

(FEMA)

CDo
Cc Cv

1 Cc
2 Ac Do1.1 2

Ac D1 2


 CDo 0.75 Orifice discharge coefficient for vena contracta calcs
(FEMA Eq. 20)

β
Do1.1

D1
 β 0.74 Diameter ratio of inline orifice and inside pipe diameter
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Ko1.1 αk 4890 e 10.18 β
 Ko1.1 2.62 Loss coefficient 

(FEMA Eq. 23)

ho1.1 Q( )
Q

Ac D1 








2 Ko1.1
2 g

 ho1.1 Qt  14.83 ft Head loss associated with design discharge

fo1.1 Q( ) fc Q D1 k 
Lo1.1

D1
 Friction loss to orifice from intake

ehuso1.1 Q( ) ht Ke Kbfv Kb_b1 fo1.1 Qt   hv1 Q( ) Head loss from entrance to upstream side of orifice

ehuso1.1 Qt  4.58 ft

eHuso1.1 Qt  FBd ehuso1.1 Qt  eHuso1.1 Qt  155.42 ft Energy gradeline at upstream side of orifice

Huso1.1 Qt  eHuso1.1 Qt  HV1 Huso1.1 Qt  149.75 ft Hydraulic gradeline at upstream side of orifice

Puso1.1 Qt  Huso1.1 Qt  Eletop1.1  γ Puso1.1 Qt  17.44 psi Pressure at upstream side of orifice at top of pipe

ehdso1.1 Qt  ehuso1.1 Qt  ho1.1 Qt  Head loss from entrance to downstream side of orifice

Q CDo Ao 2 g
P1
γ

Pvc
γ










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

Pvc Qt  Puso1.1 Qt  γ
Vc Qt Do1.1 2

CDo
2 2 g

 Pvc Qt  2.71 psi Pressure at vena contracta

Pvg Tf  14.52 psi Vapor pressure of water at assume temp

Hvc Qt  Huso1.1 Qt 
Vc Qt Do1.1 2

CDo
2 2 g

 Hvc Qt  115.75 ft Hydraulic gradeline at vena contracta
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eHdso1.1 Qt  FBd ehdso1.1 Qt  eHdso1.1 Qt  140.59 ft Energy gradeline downstream of orifice

Hdso1.1 Qt  eHdso1.1 Qt  HV1 Hdso1.1 Qt  134.92 ft Hydraulic gradeline downstream of orifice

Pdso1.1 Qt  Hdso1.1 Qt  Eletop1.1  γ Pdso1.1 Qt  11.02 psi Pressure at downstream side of orifice at top of pipe

Pvg Tf  14.52 psi Vapor pressure of water at assumed temp

σ
Pdso1.1 Qt  Pvg Tf 

Puso1.1 Qt  Pdso1.1 Qt 
 σ 3.97 Cavitation parameter (Rahmeyer Eq 10)

σo1.1 σ Setting cavitation parameter for later output

Tullis Cavitation Method Check

CD 0.019 0.083 β 0.203 β
2

 1.35 β
3

 CD 0.52 Discharge coefficient based on orifice/pipe diameter ratio
(FEMA Eq. 27)

CD
1

Ko1.1 1
 CD 0.53 Discharge coefficient based on orifice loss calculated

previously (FEMA Eq. 28)

Conservative CD chosen for further calculations

σim 0.62 4.4 CD 6.6CD2
 1.3CD3

 σim 4.95 Reference incipient cavitation from Tullis lab tests
(FEMA Eq. 30)

Dp D1 Prototype orifice sise

Dm 3in Lab model orifice size (Tullis)

Y 0.3 Ko1.1
0.25

 Conversion exponent
(FEMA Eq. 32)

SSE
Dp
Dm









Y

 Size scale effect from reference lab results
(FEMA Eq. 31)
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σi SSE σim σi 20.22 Incipient cavitation parmeter
(FEMA Eq. 29)

check_σi_1.1 "ok" σ σiif

"check next" otherwise

 check_σi_1.1 "check next"

σcm 0.78 0.77 CD 0.89 CD2
 4.16 CD3

 σcm 0.83 Reference critical cavitation from Tullis lab tests
(FEMA Eq. 34)

σcr SSE σcm σ 3.97 σcr 3.38 Critical cavitation parameter
(FEMA Eq. 33)

check_σcr_1.1 "ok" σ σcrif

"check next" otherwise

 check_σcr_1.1 "ok"

σidm 0.11 6.5 CD 7.9 CD2
 8.8 CD3

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

P1m 90psi Pvgm 12.2 psi Reference Tullis lab pressure and vapor pressure

Pvg Tf  14.52 psi Vapor pressure of river water at assumed temperature

PSE
Pdso1.1 Qt  Pvg Tf 

P1m Pvgm









0.16

 PSE 0.8 Pressure scale effect from reference lab test
(FEMA Eq. 37

σid σidm PSE σid 2.1 Incipient damage caviation parameter
(FEMA Eq. 35)

check_σid_1.1 "ok" σ σidif

"resize orifice" otherwise

 check_σid_1.1 "ok"

σch 0.15 1.2CD 0.31 CD2
 3.3 CD3

 σch 1.18 Choking cavitation parameter 
(FEMA Eq. 38)

check_σch_1.1 "ok" σ σchif

"resize orifice" otherwise

 check_σch_1.1 "ok"
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Miller Cavitation Check 
- Miller's cavitation check was included for additional verification of the Tullis method ensuring no incipient caviation but is not to be
considered primary design method of orifice due to it's inherent size limitation.

Do1.1
D1

0.74 Orifice/pipe diameter ratio (beta)

Vc Qt D1  5.82
m
s

 Approach velocity at orifice

C1 0.5 Miller Fig. 6.17

Huso1.1 Qt  45.64 m Approach pressure head at orifice

Hvg Tf 
Pvg Tf 

γ
Eletop1.1 Vapor pressure head at orifice (top of pipe, gage)

Hvg Tf  23.17 m

Input matrix for incipient cavitation (Miller Fig. 6.16)

Data

0.4

0.49

0.6

0.66

0.7

0.77

0.8

2.9

4

5.8

7

8

10

11.5





















 data csort Data 1( ) dD data 0  ui data 1 

S cspline dD ui( ) Uir x( ) interp S dD ui x( )
m
s



Input matrix for critical incipient cavitation (Miller Fig. 6.16)

Data

0.4

0.47

0.56

0.64

0.7

0.75

0.79

3

4

6

8

10

12

14





















 data csort Data 1( ) dDcr data 0  ucr data 1 

S cspline dDcr ucr  Ucr x( ) interp S dDcr ucr x  m
s
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Input matrix for incipient damaging cavitation (Miller Fig. 6.16)

Data

0.4

0.44

0.54

0.6

0.62

0.68

0.72

0.77

0.8

3.4

4

6

7.5

8

10

12

14

15.7

























 data csort Data 1( ) dDdr data 0  uidr data 1 

S cspline dDdr uidr  Uidr x( ) interp S dDdr uidr x  m
s



Uir
Do1.1

D1









9
m
s



Uc C1 Uir
Do1.1

D1










Huso1.1 Qt  Hvg Tf 

71.6m









0.5

 check_o11_u.c "incipient cavitation initiated" Uc Vc Qt D1 if

"no cavitation" otherwise



Uc 2.52
m
s

 check_o11_u.c "incipient cavitation initiated"

Ucr
Do1.1

D1









11.57
m
s



Ucr C1 Ucr
Do1.1

D1










Huso1.1 Qt  Hvg Tf 

71.6m









0.5

 check_o11_u.cr "critical cavitation initiated" Ucr Vc Qt D1 if

"non critical cavitation" otherwise



Ucr 3.24
m
s

 check_o11_u.cr "critical cavitation initiated"

Uidr
Do1.1

D1









12.82
m
s
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Uid Uidr
Do1.1

D1









Huso1.1 Qt  Hvg Tf 

71.6m









0.45

 check_o11_u.id "damaging incipient cavitation initiated" Uid Vc Qt D1 if

"non damaging" otherwise



Uid 7.61
m
s

 check_o11_u.id "non damaging"

x 0.4 0.42 0.8

0 2 4 6 8
0.4

0.5

0.6

0.7

0.8

function Ui
values ui
function Ucr
values ucr
function Uidr
values uidr
Orifice 1.1 Condition

Factored Miller Fig 6.16 for Prototype Conditions

Velocity (m/s)

O
rif

ic
e 

to
 P

ip
e 

D
ia

m
et

er
 R

at
io

Original Miller Fig 6.16
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Thrust at Orifice 1.1

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

P1 Puso1.1 Qt  P1 17.44 psi

P2 Pdso1.1 Qt  P2 11.02 psi

A1 Ac D1  A1 78.54 ft2

A2 Ac Do1.1  A2 43.01 ft2

V1
Qt
A1

 V1 19.1
ft
s



V2
Qt
A2

 V2 34.88
ft
s



Fo1.1 P1 A1 P2 A2 ρ Qt V2 V1  P1 A1 P2 A2 129.06 kip ρ Qt V2 V1  45.92 kip

Fo1.1 174.98 kip

Orifice Loss 1.2

Do1.2 7.5ft Orifice Diameter

Lo1.2 140ft

θ
Do1.2

D1









2

 θ 0.56 Area ratio of inline orifice and inside pipe diameter
(FEMA Eq. 17a)

Cc 3.1341 θ
5

 5.8809 θ
4

 3.8307 θ
3

 0.879 θ
2

 0.1851 θ 0.61 Cc 0.71 Vena Contracta Coefficient 
(FEMA Eq. 17)
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Vvc Q( )
Q

Cc 0.25 π Do1.2
2


 Vvc Qt  48.12

ft
s

 Vena contracta velocity

Cv 0.98 Velocity coefficient for Reynolds number > 105

(FEMA)

CDo
Cc Cv

1 Cc
2 Ac Do1.2 2

Ac D1 2


 CDo 0.75 Orifice discharge coefficient for vena contracta calcs
(FEMA Eq. 20)

β
Do1.2

D1
 β 0.75 Diameter ratio of inline orifice and inside pipe diameter

Ko1.2 αk 4890 e 10.18 β
 Ko1.2 2.36 Loss coefficient 

(FEMA Eq. 23)

ho1.2 Q( )
Q

Ac D1 








2 Ko1.2
2 g

 ho1.2 Qt  13.39 ft Head loss associated with design discharge

fo1.2 Q( ) fc Q D1 k 
Lo1.2

D1
 Friction loss to orifice from intake

ehuso1.2 Q( ) ht Ke Kbfv Kb_b1 Ko1.1 fo1.2 Q( )  hv1 Q( ) Head loss from entrance to upstream side of orifice

ehuso1.2 Qt  19.61 ft

eHuso1.2 Qt  FBd ehuso1.2 Qt  eHuso1.2 Qt  140.39 ft Energy gradeline at upstream side of orifice

Huso1.2 Qt  eHuso1.2 Qt  HV1 Huso1.2 Qt  134.72 ft Hydraulic gradeline at upstream side of orifice

Puso1.2 Qt  Huso1.2 Qt  Eletop1.2  γ Puso1.2 Qt  10.93 psi Pressure at upstream side of orifice at top of pipe

ehdso1.2 Qt  ehuso1.2 Qt  ho1.2 Qt  Head loss from entrance to downstream side of orifice
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Q CDo Ao 2 g
P1
γ

Pvc
γ










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

Pvc Qt  Puso1.2 Qt  γ
Vc Qt Do1.2 2

CDo
2 2 g

 Pvc Qt  2.75 psi Pressure at vena contracta

Pvg Tf  14.52 psi Vapor pressure of water at assume temp

Hvc Qt  Huso1.2 Qt 
Vc Qt Do1.2 2

CDo
2 2 g

 Hvc Qt  103.15 ft Hydraulic gradeline at vena contracta

eHdso1.2 Qt  FBd ehdso1.2 Qt  eHdso1.2 Qt  126.99 ft Energy gradeline downstream of orifice

Hdso1.2 Qt  eHdso1.2 Qt  HV1 Hdso1.2 Qt  121.32 ft Hydraulic gradeline downstream of orifice

Pdso1.2 Qt  Hdso1.2 Qt  Eletop1.2  γ Pdso1.2 Qt  5.12 psi Pressure at downstream side of orifice at top of pipe

Pvg Tf  14.52 psi Vapor pressure of water at assumed temp

σ
Pdso1.2 Qt  Pvg Tf 

Puso1.2 Qt  Pdso1.2 Qt 
 σ 3.38 Cavitation parameter (Rahmeyer Eq 10)

σo1.2 σ Setting cavitation parameter for later output

Tullis Cavitation Method Check

CD 0.019 0.083 β 0.203 β
2

 1.35 β
3

 CD 0.54 Discharge coefficient based on orifice/pipe diameter ratio
(FEMA Eq. 27)

CD
1

Ko1.2 1
 CD 0.55 Discharge coefficient based on orifice loss calculated

previously (FEMA Eq. 28)

Conservative CD chosen for further calculations
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σim 0.62 4.4 CD 6.6CD2
 1.3CD3

 σim 5.19 Reference incipient cavitation from Tullis lab tests
(FEMA Eq. 30)

Dp D1 Prototype pipe sise

Dm 3in Lab model pipe size

Y 0.3 Ko1.2
0.25

 Conversion exponent
(FEMA Eq. 32)

SSE
Dp
Dm









Y

 Size scale effect from reference lab results
(FEMA Eq. 31

σi SSE σim σi 20.48 Incipient cavitation parmeter
(FEMA Eq. 29)

check_σi_1.2 "ok" σ σiif

"check next" otherwise

 check_σi_1.2 "check next"

σcm 0.78 0.77 CD 0.89 CD2
 4.16 CD3

 σcm 0.79 Reference critical cavitation from Tullis lab tests
(FEMA Eq. 34)

σcr SSE σcm σcr 3.12 Critical cavitation parameter
(FEMA Eq. 33)

check_σcr_1.2 "ok" σ σcrif

"check next" otherwise

 check_σcr_1.2 "ok"

σidm 0.11 6.5 CD 7.9 CD2
 8.8 CD3

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

P1m 90psi Pvgm 12.2 psi Reference Tullis lab pressure and vapor pressure

Pvg Tf  14.52 psi Vapor pressure of river water at assumed temperature
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PSE
Pdso1.2 Qt  Pvg Tf 

P1m Pvgm









0.16

 PSE 0.77 Pressure scale effect from reference lab test
(FEMA Eq. 37

σid σidm PSE σid 2.1 Incipient damage caviation parameter
(FEMA Eq. 35)

check_σid_1.2 "ok" σ σidif

"resize orifice" otherwise

 check_σid_1.2 "ok"

σch 0.15 1.2CD 0.31 CD2
 3.3 CD3

 σch 1.25 Choking cavitation parameter 
(FEMA Eq. 38)

check_σch_1.2 "ok" σ σchif

"resize orifice" otherwise

 check_σch_1.2 "ok"

Miller Cavitation Check

Do1.2
D1

0.75 Orifice/pipe diameter ratio (beta)

Vc Qt D1  5.82
m
s

 Approach velocity at orifice

C1 0.5 Miller Fig. 6.17

Huso1.2 Qt  41.06 m Approach pressure head at orifice

Hvg Tf  23.17 m Vapor pressure head at orifice (top of pipe, gage)

Uc C1 Uir
Do1.2

D1










Huso1.2 Qt  Hvg Tf 

71.6m









0.5

 check_o12_u.c "incipient cavitation initiated" Uc Vc Qt D1 if

"no cavitation" otherwise



Uc 2.32
m
s

 check_o12_u.c "incipient cavitation initiated"
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Ucr C1 Ucr
Do1.2

D1










Huso1.2 Qt  Hvg Tf 

71.6m









0.5

 check_o12_u.cr "critical cavitation initiated" Ucr Vc Qt D1 if

"non critical cavitation" otherwise



Ucr 3
m
s

 check_o12_u.cr "critical cavitation initiated"

check_o12_u.id "damaging incipient cavitation initiated" Uid Vc Qt D1 if

"non damaging" otherwise


Uid Uidr

Do1.2
D1









Huso1.2 Qt  Hvg Tf 

71.6m









0.45



check_o12_u.id "non damaging"
Uid 7.07

m
s



0 2 4 6 8
0.4

0.5

0.6

0.7

0.8

function Ui
values ui
function Ucr
values ucr
function Uidr
values uidr
Orifice 1.2 Condition

Factored Miller Fig 6.16 for Prototype Conditions

Velocity (m/s)

O
rif

ic
e 

to
 P

ip
e 

D
ia

m
et

er
 R

at
io

Ko1.2 2.36
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Thrust at Orifice 1.2

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

P1 Puso1.2 Qt  P1 10.93 psi

P2 Pdso1.2 Qt  P2 5.12 psi

A1 Ac D1  A1 78.54 ft2

A2 Ac Do1.2  A2 44.18 ft2

V1
Qt
A1

 V1 19.1
ft
s



V2
Qt
A2

 V2 33.95
ft
s



Fo1.2 P1 A1 P2 A2 ρ Qt V2 V1  P1 A1 P2 A2 91.01 kip ρ Qt V2 V1  43.23 kip

Fo1.2 134.25 kip

Bend Loss 3 (45 deg)

r
d

1= Eleb1.3 101.5ft

θb1.3 45 degk'b 0.1 From Miller Fig. 9.10

CRe 1.0 From Miller Fig. 9.3

Co 1.0 No outlet, Miller Fig. 9.4

Cf
fc Qt D1 ksr 
fc Qt D1 kss 

 Cf 1.12 From Miller Eq. 9.3
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Kb1.3 αk k'b CRe Co Cf Kb1.3 0.11 From Miller Eq. 9.4

Bend Cavitation Potential

for 1.3 hu FBd Kt Ke Kbfv Kb_b1 Ko1.1 Ko1.2 fc Qt D1 k  220ft
D1









hv1 Qt  Eleb1.3 HV1







γ hu 6.97 psi

σb
hu Pv Tf 

γ
Vc Qt D1 2

2 g


 σb 2.76 σbi 1.2 Incipient cavitation parameter from Miller Fig 6.10 with
r/d = 1.5

Cavitation parameter is greater than
incipient cavitation for r/d = 1

bendcav1.3 "Incipient cavitation initiated" σb 0.8 σbiif

"Bend radius ok" otherwise

 bendcav1.3 "Bend radius ok"

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

Thrust for Bend 3

for 1.3 P1 FBd ht Ke Kbfv Kb_b1 Ko1.1 Ko1.2 fc Qt D1 k  220ft
D1









hv1 Qt  Eleb1.3 HV1







γ

θ θb1.3 Set bend to bend 1.3 angle
P1 8.42 psi Pressure at point 1

P1x P1 P1y 0psi X and Y components of pressure vectors at control volume surface point 1

A1 Ac D1  Area of control volume on which the pressure 1 acts on

A1 78.54 ft2

V1 Vc Qt D1  V1 19.1 fps

V1x V1 Velocity in X direction at point 1

V1x 19.1 fps

V1y 0fps Velocity in Y direction at point 1
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P2 FBd ht Ke Kbfv Kb_b1 Ko1.1 Ko1.2 fc Qt D1 k  220ft
D1









hv1 Qt  Eleb1.3 HV1







γ

P2 8.42 psi

P2x P2 cos θ( ) X and Y components of pressure vectors at control volume surface point 2

P2y P2 sin θ( )

A2 A1 Area of control volume on which the pressure 2 acts on

V2x V1 cos θ( ) Velocity in X direction at point 2 V2x 13.5 fps

V2y V1 sin θ( ) Velocity in Y direction at point 2 V2y 13.5 fps

Fb1.3x P1x A1 P2x A2 ρ Qt V2x V1x  P1x A1 P2x A2 27.89 kip ρ Qt V2x V1x  16.28 kip

Fb1.3x 44.17 kip Reactionary force in X direction

Fb1.3y P1y A1 P2y A2 ρ Qt V2y V1y  P1y A1 P2y A2 67.34 kip ρ Qt V2y V1y  39.31 kip

Fb1.3y 106.65 kip Reactionary for in Y direction

FB1.3 Fb1.3x
2 Fb1.3y

2
 FB1.3 115.43 kip Resultant force

Friction Loss

f1 Q( ) fc Q D1 k 
L1
D1


hf1 Q( ) fc Q D1 k 
L1
D1
 hv1 Q( ) hf1 Qt  0.94 ft friction loss head at design discharge
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Pipe 1 total losses

H1 Q( ) ht Ke Kbfv Kb_b1 Ko1.1 Ko1.2 Kb1.3 f1 Q( )  hv1 Q( )

H1 Qt  33.89 ft

ht 0.25 ft

Ke hv1 Qt  0.91 ft

Kbfv hv1 Qt  1.13 ft

Kb_b1 hv1 Qt  1.8 ft

Ko1.1 hv1 Qt  14.83 ft

Ko1.2 hv1 Qt  13.39 ft

Kb1.3 hv1 Qt  0.63 ft

f1 Qt  hv1 Qt  0.9391 ft

Pipe 2 Losses

Qt2 750 cfs Vc Qt2 D2  16.98
ft
s

Trial split (assume equal distribution)

L2 110 ft

HV2
Vc Qt2 D2 2

2 g
 HV2 4.48 ft Velocity head thru Pipe 2

hv2 Q( )
Vc Q D2 2

2 g
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Wye Loss

Q1
Q3

700
1400

= 700
1400

0.5 QR 0.5 Elewye Eleb1.3 θ 30deg

Tee loss assigned assuming 45 degree angled branching flow

A1
A3

0.5=
Ac D2 
Ac D1 

0.56 AR 0.563

K31 αk 0.15 From Miller Fig. 13.28

Thrust at Wye

P1 FBd H1 Qt  Elewye HV1  γ

P1 8.21 psi

P2 FBd H1 Qt  K31 fc Qt2 D2 k  20ft
D2









hv2 Qt2  Elewye HV2







γ

P2 8.39 psi

A1 Ac D1  A1 78.54 ft2

A2 Ac D2  A2 44.18 ft2

V1x
Qt
A1

 V1x 19.1
ft
s



V2x
Qt2
A2

cos θ( ) V2x 14.7
ft
s
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Fwye P1 A1 2 P2 A2 ρ Qt V2x V1x 

Fwye 1.06 kip

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

Bend Loss 2.1 (30 deg)

r
d

1= Eleb2.1 101.1ft Elevation of bend

Lb2.1 20ft Length of pipe 2 to
bendk'b 0.06 From Miller Fig. 9.10

CRe 1.0 From Miller Fig. 9.3 θb2.1 30deg Bend angle

Co 1.0 No outlet, Miller Fig. 9.4

Cf
fc Qt3 D2 ksr 
fc Qt3 D2 kss 

 Cf 1.11 From Miller Eq. 9.3

Kb2.1 αk k'b CRe Co Cf Kb2.1 0.07 From Miller Eq. 9.4

Corrected Bend Loss 1 & Wye Proximity

Ls 20ft
Ls
D2

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

Cb_b 0.775 From Miller Fig 10.3

Kb_b2.1 Cb_b Kb2.1  Kb_b2.1 0.05

Bend Cavitation Potential

for 2.1 hu FBd H1 Qt  K31 fc Qt2 D2 k 
Lb2.1

D2










hv2 Qt2  Eleb2.1 HV2








γ hu 8.56 psi
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σb
hu Pv Tf 

γ
Vc Qt2 D2 2

2 g


 σb 4.32 σbi 2.2 Incipient cavitation parameter from Miller Fig 6.10 with
r/d = 1.0

Cavitation parameter is greater than
incipient cavitation for r/d = 1 bend less than 45 degrees allows for a reduction

factor of 0.8 to be applied (Miller)
bendcav2.1 "Incipient cavitation initiated" σb 0.8 σbiif

"Bend radius ok" otherwise

 bendcav2.1 "Bend radius ok"

Thrust at bend

P1 FBd H1 Qt  K31 fc Qt2 D2 k 
Lb2.1

D2










hv2 Qt2  Eleb2.1 HV2








γ

P1 8.56 psi Pressure at point 1

P1x P1 P1y 0psi X and Y components of pressure vectors at control volume surface point 1

A1 Ac D2  Area of control volume on which the pressure 1 acts on

A1 44.18 ft2

V1 Vc Qt2 D2 

V1x V1 Velocity in X direction at point 1

V1x 16.98 fps

V1y 0fps Velocity in Y direction at point 1

P2 FBd H1 Qt  K31 Kb_b2.1 fc Qt2 D2 k 
Lb2.1

D2










hv2 Qt2  Eleb2.1 HV2








γ

P2x P2 cos θb2.1  X and Y components of pressure vectors at control volume surface point 2

P2y P2 sin θb2.1 

A2 A1 Area of control volume on which the pressure 2 acts on
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V2x V1 cos θb2.1  Velocity in X direction at point 2

V2y V1 sin θb2.1  Velocity in Y direction at point 2

Fb2.1x P1x A1 P2x A2 ρ Qt2 V2x V1x  P1x A1 P2x A2 7.85 kip ρ Qt2 V2x V1x  3.31 kip

Fb2.1x 11.16 kip Reactionary force in X direction

Fb2.1y P1y A1 P2y A2 ρ Qt2 V2y V1y  P1y A1 P2y A2 26.91 kip ρ Qt2 V2y V1y  12.35 kip

Fb2.1y 39.26 kip Reactionary for in Y direction

Fb2.1 Fb2.1x
2 Fb2.1y

2
 Fb2.1 40.82 kip Resultant force

Orifice Loss 2.1

Do2.1 5.5ft Orifice Diameter

Lo2.1 45ft

θ
Do2.1

D2









2

 θ 0.54 Area ratio of inline orifice and inside pipe diameter
(FEMA Eq. 17a)

Cc 3.1341 θ
5

 5.8809 θ
4

 3.8307 θ
3

 0.879 θ
2

 0.1851 θ 0.61 Cc 0.7 Vena Contracta Coefficient 
(FEMA Eq. 17)

Vvc Q( )
Q

Cc 0.25 π Do2.1
2


 Vvc Qt2  45.08

ft
s

 Vena contracta velocity

Cv 0.98 Velocity coefficient for Reynolds number > 105

(FEMA)

CDo
Cc Cv

1 Cc
2 Ac Do2.1 2

Ac D2 2


 CDo 0.74 Orifice discharge coefficient for vena contracta calcs
(FEMA Eq. 20)
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β
Do2.1

D2
 β 0.73 Diameter ratio of inline orifice and inside pipe diameter

Ko2.1 αk 4890 e 10.18 β
 Ko2.1 2.8 Loss coefficient 

(FEMA Eq. 23)

ho2.1 Q( )
Q

Ac D2 








2 Ko2.1
2 g

 ho2.1 Qt2  12.54 ft Head loss associated with design discharge

fo2.1 Q( ) fc Q D2 k 
Lo2.1

D2
 Friction loss to orifice from intake

ehuso2.1 Q( ) H1 Qt  Kb_b2.1 K31 fo2.1 Q( )  hv2 Q( ) Head loss from entrance to upstream side of orifice

ehuso2.1 Qt2  35.04 ft

eHuso2.1 Q( ) FBd ehuso2.1 Q( ) eHuso2.1 Qt2  124.96 ft Energy gradeline at upstream side of orifice

Huso2.1 Q( ) eHuso2.1 Q( ) HV1 Huso2.1 Qt2  119.29 ft Hydraulic gradeline at upstream side of orifice

Puso2.1 Q( ) Huso2.1 Q( ) Eletop2.1  γ Puso2.1 Qt2  6.41 psi Pressure at upstream side of orifice at top of pipe

ehdso2.1 Q( ) ehuso2.1 Q( ) ho2.1 Q( ) Head loss from entrance to downstream side of orifice

Q CDo Ao 2 g
P1
γ

Pvc
γ










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

Pvc Q( ) Puso2.1 Q( ) γ
Vc Q Do2.1 2

CDo
2 2 g

 Pvc Qt2  5.82 psi Pressure at vena contracta

Pvg Tf  14.52 psi Vapor pressure of water at assume temp
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Hvc Q( ) Huso2.1 Q( )
Vc Q Do2.1 2

CDo
2 2 g

 Hvc Qt2  91.07 ft Hydraulic gradeline at vena contracta

eHdso2.1 Q( ) FBd ehdso2.1 Q( ) eHdso2.1 Qt2  112.42 ft Energy gradeline downstream of orifice

Hdso2.1 Q( ) eHdso2.1 Q( ) HV2 Hdso2.1 Qt2  107.94 ft Hydraulic gradeline downstream of orifice

Pdso2.1 Q( ) Hdso2.1 Q( ) Eletop2.1  γ Pdso2.1 Qt2  1.49 psi Pressure at downstream side of orifice at top of pipe

σ
Pdso2.1 Qt2  Pvg Tf 

Puso2.1 Qt2  Pdso2.1 Qt2 
 σ 3.25 Cavitation parameter (Rahmeyer Eq 10)

σo2.1 σ Setting cavitation parameter for later output

Tullis Cavitation Method Check

CD 0.019 0.083 β 0.203 β
2

 1.35 β
3

 CD 0.5 Discharge coefficient based on orifice/pipe diameter ratio
(FEMA Eq. 27)

CD
1

Ko2.1 1
 CD 0.51 Discharge coefficient based on orifice loss calculated

previously (FEMA Eq. 28)

Conservative CD chosen for further calculations

σim 0.62 4.4 CD 6.6CD2
 1.3CD3

 σim 4.79 Reference incipient cavitation from Tullis lab tests
(FEMA Eq. 30)

Dp D2 Prototype pipe sise

Dm 3in Lab model pipe size

Y 0.3 Ko2.1
0.25

 Conversion exponent
(FEMA Eq. 32)
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SSE
Dp
Dm









Y

 Size scale effect from reference lab results
(FEMA Eq. 31

σi SSE σim σi 17.93 Incipient cavitation parmeter
(FEMA Eq. 29)

check_σi_2.1 "ok" σ σiif

"check next" otherwise

 check_σi_2.1 "check next"

σcm 0.78 0.77 CD 0.89 CD2
 4.16 CD3

 σcm 0.85 Reference critical cavitation from Tullis lab tests
(FEMA Eq. 34)

σcr SSE σcm σcr 3.17 Critical cavitation parameter
(FEMA Eq. 33)

check_σcr_2.1 "ok" σ σcrif

"check next" otherwise

 check_σcr_2.1 "ok"

σidm 0.11 6.5 CD 7.9 CD2
 8.8 CD3

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

P1m 90psi Pvgm 12.2 psi Reference Tullis lab pressure and vapor pressure

Pvg Tf  14.52 psi Vapor pressure of river water at assumed temperature

PSE
Pdso2.1 Qt2  Pvg Tf 

P1m Pvgm









0.16

 PSE 0.74 Pressure scale effect from reference lab test
(FEMA Eq. 37

σid σidm PSE σid 1.9 Incipient damage caviation parameter
(FEMA Eq. 35)

check_σid_2.1 "ok" σ σidif

"resize orifice" otherwise

 check_σid_2.1 "ok"

σch 0.15 1.2CD 0.31 CD2
 3.3 CD3

 σch 1.13 Choking cavitation parameter 
(FEMA Eq. 38)

check_σch_2.1 "ok" σ σchif

"resize orifice" otherwise

 check_σch_2.1 "ok"
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Miller Cavitation Check

Do2.1
D2

0.73 Orifice/pipe diameter ratio

Vc Qt2 D2  5.17
m
s

 Approach velocity to orifice

C1 0.5 Miller Fig. 6.17

Huso2.1 Qt2  36.36 m Approach pressure head at orifice

Hvg Tf  23.17 m Vapor pressure head at orifice (top of pipe, gage)

check_o21_u.c "incipient cavitation initiated" Uc Vc Qt2 D2 if

"no cavitation" otherwise

Uc C1 Uir
Do2.1

D2










Huso2.1 Qt2  Hvg Tf 

71.6m









0.5



check_o21_u.c "incipient cavitation initiated"Uc 1.89
m
s



check_o21_u.cr "critical cavitation initiated" Ucr Vc Qt2 D2 if

"non critical cavitation" otherwise

Ucr C1 Ucr
Do2.1

D2










Huso2.1 Qt2  Hvg Tf 

71.6m









0.5



check_o21_u.cr "critical cavitation initiated"Ucr 2.42
m
s



check_o21_u.id "damaging incipient cavitation initiated" Uid Vc Qt2 D2 if

"non damaging" otherwise

Uid Uidr
Do2.1

D2









Huso2.1 Qt2  Hvg Tf 

71.6m









0.45



check_o21_u.id "non damaging"Uid 5.87
m
s
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0 2 4 6
0.4

0.5

0.6

0.7

0.8

function Ui
values ui
function Ucr
values ucr
function Uidr
values uidr
Orifice 2.1 Condition

Factored Miller Fig 6.16 for Prototype Conditions

Velocity (m/s)

O
rif

ic
e 

to
 P

ip
e 

D
ia

m
et

er
 R

at
io

Thrust at Orifice 2.1

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

P1 Puso2.1 Qt2  P1 6.41 psi

P2 Pdso2.1 Qt2  P2 1.49 psi

A1 Ac D2  A1 44.18 ft2

A2 Ac Do2.1  A2 23.76 ft2

V1
Qt2
A1

 V1 16.98
ft
s



V2
Qt2
A2

 V2 31.57
ft
s
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Fo2.1 P1 A1 P2 A2 ρ Qt2 V2 V1  P1 A1 P2 A2 35.68 kip ρ Qt2 V2 V1  21.23 kip

Fo2.1 56.92 kip

Ko2.1 2.8

Bend Loss 2.2 (90 deg)

Eleb2.2 101.1ft Elevation of bendr
d

1=

Lb2.2 75ft Length of pipe 2 to bend
k'b 0.26 From Miller Fig. 9.10

θb2.2 90deg Bend angle
CRe 1.0 From Miller Fig. 9.3

Co 2.75 No outlet, Miller Fig. 9.4

Cf
fc Qt2 D2 ksr 
fc Qt2 D2 kss 

 Cf 1.11 From Miller Eq. 9.3

Kb2.2 αk k'b CRe Co Cf Kb2.2 0.8 From Miller Eq. 9.4

Bend Cavitation Potential

for 2.2 hu FBd H1 Qt  K31 Kb_b2.1 Ko2.1 fc Qt2 D2 k 
Lb2.2

D2










hv2 Qt2  Eleb2.2 HV2








γ hu 2.89 psi

σb
hu Pv Tf 

γ
Vc Qt2 D2 2

2 g


 σb 1.4 σbi 2.2 Incipient cavitation parameter from Miller Fig 6.10 with
r/d = 1.0

Cavitation parameter is greater than
incipient cavitation for r/d = 1

bendcav2.2 "Incipient cavitation initiated" σb σbiif

"Bend radius ok" otherwise

 bendcav2.2 "Incipient cavitation initiated"
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Thrust at bend

P1 FBd H1 Qt  K31 Kb_b2.1 Ko2.1 fc Qt2 D2 k 
Lb2.2

D2










hv2 Qt2  Eleb2.2 HV2








γ

P1 2.89 psi Pressure at point 1

P1x P1

P1y 0psi X and Y components of pressure vectors at control volume surface point 1

A1 Ac D2  Area of control volume on which the pressure 1 acts on

A1 44.18 ft2

V1x Vc Qt2 D2  Velocity in X direction at point 1

V1x 16.98 fps

V1y 0fps Velocity in Y direction at point 1

P2 0psi

P2x P2 P2y P1x X and Y components of pressure vectors at control volume surface point 2

A2 A1 Area of control volume on which the pressure 2 acts on

V2x 0fps Velocity in X direction at point 2

V2y V1x Velocity in Y direction at point 2
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Fb2.2x P1x A1 P2x A2 ρ Qt2 V2x V1x  P1x A1 P2x A2 18.41 kip ρ Qt2 V2x V1x  24.7 kip

Fb2.2x 43.12 kip Reactionary force in X direction

Fb2.2y P1y A1 P2y A2 ρ Qt2 V2y V1y  P1y A1 P2y A2 18.41 kip ρ Qt2 V2y V1y  24.7 kip

Fb2.2y 43.12 kip Reactionary for in Y direction

Fb2.2 Fb2.2x
2 Fb2.2y

2
 Fb2.2 60.98 kip Resultant force

45ft A1 γ 124.07 kip Weight of water in pipe spanning the fish ladder

Fr2 Q( )
Vc Q D2 

g D2
 Fr2 Qt2  1.09

Friction Loss

f2 Q( ) fc Q D2 k 
L2
D2


hf2 Q( ) fc Q D2 k 
L2
D2
 hv2 Q( ) hf2 Qt2  0.6 ft friction loss head at design discharge
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Pipe 2 total losses

H2 Q( ) K31 Kb_b2.1 Ko2.1 Kb2.2 f2 Q( )  hv2 Q( )

H2 Qt2  17.61 ft

K31 hv2 Qt2  0.67 ft

Kb_b2.1 hv2 Qt2  0.23 ft

Ko2.1 hv2 Qt2  12.54 ft

f2 Qt2  hv2 Qt2  0.6 ft

hv2 Qt2  4.48 ft
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Pipe 2 Manifold/Orifice Details

Input matrix for manifold orifice discharge (Miller Fig. 13.55)

Data

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.1

0.2

0.3

0.4

0.5

0.6

0.595

0.59

0.585

0.578

0.57

0.564

0.555

0.547

0.54

0.475

0.419

0.36

0.3









































 data csort Data 0( ) R data 0  cd data 1 

S cspline R cd( ) Cdm2 x( ) interp S R cd x( ) Sharp crested orifice manifold

xe 0.01 0.02 0.5

Data2

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.1

0.2

0.3

0.4

0.5

0.905

0.895

0.8875

0.875

0.8625

0.849

0.8375

0.825

0.815

0.805

0.71

0.625

0.54

0.45











































data2 csort Data2 0( ) R2 data2 0  cd2 data2 1 

S2 cspline R2 cd2( ) Cdm xe( ) interp S2 R2 cd2 xe( )

Bell mouthed orifice manifold
xe 0.01 0.02 0.5
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0.01 0.1 1

0.4

0.6

0.8
Cdm xe( )

cd

Cdm2 xe( )

cd2

xe R xe R2

De 1.875ft Diameter of manifold orifices β
De
D2

 β 0.25 Diameter ratio of manifold orifice to pipe diameter
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Elee2.1 88ft Outlet elevation for orifice 1

eHuse2.1 Qt Qt2  FBd H1 Qt  H2 Qt2  Energy Gradeline Upstream of 1st Orifice Exit

eHuse2.1 Qt Qt2  108.5 ft

Euse2.1 Qt Qt2  eHuse2.1 Qt Qt2  Elee2.1  Energy Head on Orifice 1

Euse2.1 Qt Qt2  20.5 ft e2.1 0.03 Flow ratio of orifice discharge to
total flow of pipe 2

mRuse2.1 Qt Qt2 

Vc Qt2 D2 2

2g

Euse2.1 Qt Qt2 
 Velocity/Energy head ratio at manifold orifice

Cdm2 mRuse2.1 Qt Qt2   0.46 Coefficitent of disharge of orifice based on velocity head to energy head

Ke2.1 Qt Qt2 
αk

Cdm2 mRuse2.1 Qt Qt2  2


Ke2.1 Qt Qt2  4.64 Loss coefficient conversion

Qe2.1 e2.1 Qt2 Discharge from orifice 1

hve2.1 Qe2.1 
Qe2.1

2

Ac De 2 2 g


Qe2.1
Ac De 

8.15
ft
s



hve2.1 Qe2.1  1.03 ft Velocity head thru orifice 1

He2.1 Qt Qt2 e2.1  Ke2.1 Qt Qt2  hve2.1 e2.1 Qt2 

He2.1 Qt Qt2 e2.1  4.79 ft Head loss for trial flow distribution

Euse2.1 Qt Qt2  20.5 ft
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Elee2.2 Elee2.1 Outlet elevation for orifice 2

eHuse2.2 Qt Qt2  FBd H1 Qt  H2 Qt2  Energy Gradeline Upstream of 2nd Orifice
Exit

eHuse2.2 Qt Qt2  108.5 ft

Euse2.2 Qt Qt2  eHuse2.2 Qt Qt2  Elee2.2  Energy Head on Orifice 2

Euse2.2 Qt Qt2  20.5 ft

e2.2 e2.1 Flow ratio of orifice discharge to
total flow of pipe 2

mRuse2.2 Qt Qt2 

Vc Qt2 D2 2

2g

Euse2.2 Qt Qt2 
 Velocity/Energy head ratio at manifold orifice

Cdm2 mRuse2.2 Qt Qt2   0.46 Coefficitent of disharge of orifice based on velocity head to energy head

Ke2.2 Qt Qt2 
αk

Cdm2 mRuse2.2 Qt Qt2  2


Ke2.2 Qt Qt2  4.64 Loss coefficient conversion

Qe2.2 e2.2 Qt2 Discharge from orifice 2

hve2.2 Qe2.2 
Qe2.2

2

Ac De 2 2 g
 Qe2.2

Ac De 
8.15

ft
s



hve2.2 Qe2.2  1.03 ft Velocity head thru orifice 2

He2.2 Qt Qt2 e2.2  Ke2.2 Qt Qt2  hve2.2 e2.2 Qt2 

He2.2 Qt Qt2 e2.2  4.79 ft Head loss for trial flow distribution

Euse2.2 Qt Qt2  20.5 ft

e2.1 e2.2 0.06 Ke1.32 0.05 Miller 13.31
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Qm2.1 Qt2  Qt2 1 e2.1 e2.2  Resulting thru flow downstream of Manifold Orifices 1 and 2

Elee2.3 82ft Outlet elevation for orifice 3

eHuse2.3 Qt Qt2  eHuse2.2 Qt Qt2  Ke1.32 hv2 Qm2.1 Qt2   Energy Gradeline Upstream of 3rd Orifice Exit

eHuse2.3 Qt Qt2  108.3 ft

Euse2.3 Qt Qt2  eHuse2.3 Qt Qt2  Elee2.3 

Euse2.3 Qt Qt2  26.3 ft
e2.3 0.068 Flow ratio of orifice discharge to

total flow of pipe 2

mRuse2.3 Qt Qt2 

Vc Qm2.1 Qt2  D2 2

2g

Euse2.3 Qt Qt2 
 Velocity/Energy head ratio at manifold orifice

Cdm2 mRuse2.3 Qt Qt2   0.51 Coefficitent of disharge of orifice based on velocity head to energy head

Ke2.3 Qt Qt2 
αk

Cdm2 mRuse2.3 Qt Qt2  2


Ke2.3 Qt Qt2  3.9 Loss coefficient conversion

Qe2.3 e2.3 Qt2 Discharge from orifice 3

hve2.3 Qe2.3 
Qe2.3

2

Ac De 2 2 g
 Qe2.3

Ac De 
18.47

ft
s



hve2.3 Qe2.3  5.3 ft Velocity head thru orifice 3

He2.3 Qt Qt2 e2.3  Ke2.3 Qt Qt2  hve2.3 e2.3 Qt2 

He2.3 Qt Qt2 e2.3  20.7 ft Head loss for trial flow distribution

Euse2.3 Qt Qt2  26.3 ft

46/101

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

B-52



Project Title: Dalles EFL Emergency AWS - Energy 
Dissipation

12/19/2013 By: Logan Negherbon
Checked By: Ryan Laughery

Elee2.4 Elee2.3 Outlet elevation for orifice 3

eHuse2.4 Qt Qt2  eHuse2.3 Qt Qt2  Energy Gradeline Upstream of 3rd Orifice Exit

eHuse2.4 Qt Qt2  108.3 ft e2.4 e2.3

Euse2.4 Qt Qt2  eHuse2.4 Qt Qt2  Elee2.4 

Euse2.4 Qt Qt2  26.3 ft

mRuse2.4 Qt Qt2 

Vc Qm2.1 Qt2  D2 2

2g

Euse2.4 Qt Qt2 
 Velocity/Energy head ratio at manifold orifice

Cdm2 mRuse2.4 Qt Qt2   0.51 Coefficitent of disharge of orifice based on velocity head to energy head

Ke2.4 Qt Qt2 
αk

Cdm2 mRuse2.4 Qt Qt2  2


Ke2.4 Qt Qt2  3.9 Loss coefficient conversion

Qe2.4 e2.4 Qt2 Discharge from orifice 

hve2.4 Qe2.4 
Qe2.4

2

Ac De 2 2 g


Qe2.4
Ac De 

18.47
ft
s



hve2.4 Qe2.4  5.3 ft Velocity head thru orifice

He2.4 Qt Qt2 e2.4  Ke2.4 Qt Qt2  hve2.4 e2.4 Qt2 

He2.4 Qt Qt2 e2.4  20.7 ft Head loss for trial flow distribution

Euse2.4 Qt Qt2  26.3 ft

e2.3 Qt2

Qm2.1 Qt2 
0.07 Ke2.32 0 Miller 13.23
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Qm2.2 Qt2  Qm2.1 Qt2  e2.3 e2.4  Qt2

Elee2.5 76ft

eHuse2.5 Qt Qt2  eHuse2.4 Qt Qt2  Ke2.32 hv2 Qm2.2 Qt2  

eHuse2.5 Qt Qt2  108.3 ft

Euse2.5 Qt Qt2  eHuse2.5 Qt Qt2  Elee2.5 

Euse2.5 Qt Qt2  32.3 ft

e2.5 0.092

mRuse2.5 Qt Qt2 

Vc Qm2.2 Qt2  D2 2

2g

Euse2.5 Qt Qt2 


Cdm2 mRuse2.5 Qt Qt2   0.55

Ke2.5 Qt Qt2 
αk

Cdm2 mRuse2.5 Qt Qt2  2


Ke2.5 Qt Qt2  3.34

Qe2.5 e2.5 Qt2

Qe2.5
Ac De 

24.99
ft
s

hve2.5 Qe2.5 
Qe2.5

2

Ac De 2 2 g


hve2.5 Qe2.5  9.7 ft

He2.5 Qt Qt2 e2.5  Ke2.5 Qt Qt2  hve2.5 e2.5 Qt2 

He2.5 Qt Qt2 e2.5  32.4 ft

eHuse2.5 Qt Qt2  AWSCd 29.9 ft

48/101

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

B-54



Project Title: Dalles EFL Emergency AWS - Energy 
Dissipation

12/19/2013 By: Logan Negherbon
Checked By: Ryan Laughery

Elee2.6 Elee2.5

eHuse2.6 Qt Qt2  eHuse2.5 Qt Qt2  Energy Gradeline Upstream of 6th Orifice Exit

eHuse2.6 Qt Qt2  108.3 ft

Euse2.6 Qt Qt2  eHuse2.6 Qt Qt2  Elee2.6  e2.6 e2.5

Euse2.6 Qt Qt2  32.3 ft

mRuse2.6 Qt Qt2 

Vc Qm2.2 Qt2  D2 2

2g

Euse2.6 Qt Qt2 


Cdm2 mRuse2.6 Qt Qt2   0.55

Ke2.6 Qt Qt2 
αk

Cdm2 mRuse2.6 Qt Qt2  2


Ke2.6 Qt Qt2  3.34

Qe2.6 e2.6 Qt2

hve2.6 Qe2.6 
Qe2.6

2

Ac De 2 2 g
 Qe2.6

Ac De 
24.99

ft
s



hve2.6 Qe2.6  9.7 ft

He2.6 Qt Qt2 e2.6  Ke2.6 Qt Qt2  hve2.6 e2.6 Qt2 

He2.6 Qt Qt2 e2.6  32.4 ft

eHuse2.6 Qt Qt2  AWSCd 29.9 ft
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Elee2.7 Elee2.6

eHuse2.7 Qt Qt2  eHuse2.6 Qt Qt2  Energy Gradeline Upstream of 7th Orifice Exit

eHuse2.7 Qt Qt2  108.3 ft

Euse2.7 Qt Qt2  eHuse2.7 Qt Qt2  Elee2.7  e2.7 e2.6

Euse2.7 Qt Qt2  32.3 ft

mRuse2.7 Qt Qt2 

Vc Qm2.2 Qt2  D2 2

2g

Euse2.7 Qt Qt2 


Cdm2 mRuse2.7 Qt Qt2   0.55

Ke2.7 Qt Qt2 
αk

Cdm2 mRuse2.7 Qt Qt2  2


Ke2.7 Qt Qt2  3.34

Qe2.7 e2.7 Qt2

hve2.7 Qe2.7 
Qe2.7

2

Ac De 2 2 g
 Qe2.7

Ac De 
24.99

ft
s



hve2.7 Qe2.7  9.7 ft

He2.7 Qt Qt2 e2.7  Ke2.7 Qt Qt2  hve2.7 e2.7 Qt2 

He2.7 Qt Qt2 e2.7  32.4 ft

eHuse2.7 Qt Qt2  AWSCd 29.9 ft

Ke3.32 0.05 Miller 13.23e2.5 Qt2

Qm2.2 Qt2 
0.11
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Qm2.3 Qt2  Qm2.2 Qt2  e2.5 e2.6 e2.7  Qt2

Elee2.8 68.0ft

eHuse2.8 Qt Qt2  eHuse2.7 Qt Qt2  Ke3.32 hv2 Qm2.3 Qt2   Energy Gradeline Upstream of 8th Orifice Exit

eHuse2.8 Qt Qt2  108.24 ft

Euse2.8 Qt Qt2  eHuse2.8 Qt Qt2  Elee2.8  e2.8 0.105

Euse2.8 Qt Qt2  40.24 ft

mRuse2.8 Qt Qt2 

Vc Qm2.3 Qt2  D2 2

2g

Euse2.8 Qt Qt2 


Cdm2 mRuse2.8 Qt Qt2   0.59

Ke2.8 Qt Qt2 
αk

Cdm2 mRuse2.8 Qt Qt2  2


Ke2.8 Qt Qt2  2.88

Qe2.8 e2.8 Qt2

hve2.8 Qe2.8 
Qe2.8

2

Ac De 2 2 g
 Qe2.8

Ac De 
28.52

ft
s



hve2.8 Qe2.8  12.64 ft

He2.8 Qt Qt2 e2.8  Ke2.8 Qt Qt2  hve2.8 e2.8 Qt2 

He2.8 Qt Qt2 e2.8  36.37 ft

eHuse2.8 Qt Qt2  AWSCd 29.84 ft
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Elee2.9 Elee2.8

eHuse2.9 Qt Qt2  eHuse2.8 Qt Qt2  Energy Gradeline Upstream of 9th Orifice Exit

eHuse2.9 Qt Qt2  108.24 ft

Euse2.9 Qt Qt2  eHuse2.9 Qt Qt2  Elee2.9  e2.9 e2.8

Euse2.9 Qt Qt2  40.24 ft

mRuse2.9 Qt Qt2 

Vc Qm2.3 Qt2  D2 2

2g

Euse2.9 Qt Qt2 


Cdm2 mRuse2.9 Qt Qt2   0.59

Ke2.9 Qt Qt2 
αk

Cdm2 mRuse2.9 Qt Qt2  2


Ke2.9 Qt Qt2  2.88

Qe2.9 e2.9 Qt2

hve2.9 Qe2.9 
Qe2.9

2

Ac De 2 2 g
 Qe2.9

Ac De 
28.52

ft
s



hve2.9 Qe2.9  12.64 ft

He2.9 Qt Qt2 e2.9  Ke2.9 Qt Qt2  hve2.9 e2.9 Qt2 

He2.9 Qt Qt2 e2.9  36.37 ft

eHuse2.9 Qt Qt2  AWSCd 29.84 ft

e2.9 Qt2

Qm2.3 Qt2 
0.2 Ke4.32 0.05 Miller 13.23
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Qm2.4 Qt2  Qm2.3 Qt2  e2.8 e2.9  Qt2

Elee2.10 62.0ft

eHuse2.10 Qt Qt2  eHuse2.9 Qt Qt2  Ke4.32 hv2 Qm2.4 Qt2   Energy Gradeline Upstream of 10th Orifice Exit

eHuse2.10 Qt Qt2  108.22 ft

Euse2.10 Qt Qt2  eHuse2.10 Qt Qt2  Elee2.10  e2.10 0.109

Euse2.10 Qt Qt2  46.22 ft

mRuse2.10 Qt Qt2 

Vc Qm2.4 Qt2  D2 2

2g

Euse2.10 Qt Qt2 


Cdm2 mRuse2.10 Qt Qt2   0.6

Ke2.10 Qt Qt2 
αk

Cdm2 mRuse2.10 Qt Qt2  2


Ke2.10 Qt Qt2  2.78

Qe2.10 e2.10 Qt2

hve2.10 Qe2.10 
Qe2.10

2

Ac De 2 2 g
 Qe2.10

Ac De 
29.61

ft
s



hve2.10 Qe2.10  13.62 ft

He2.10 Qt Qt2 e2.10  Ke2.10 Qt Qt2  hve2.10 e2.10 Qt2 

He2.10 Qt Qt2 e2.10  37.83 ft

eHuse2.10 Qt Qt2  AWSCd 29.82 ft
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Elee2.11 62.0ft

eHuse2.11 Qt Qt2  eHuse2.10 Qt Qt2  Energy Gradeline Upstream of 11th Orifice Exit

eHuse2.11 Qt Qt2  108.22 ft

Euse2.11 Qt Qt2  eHuse2.11 Qt Qt2  Elee2.11  e2.11 e2.10

Euse2.11 Qt Qt2  46.22 ft

mRuse2.11 Qt Qt2 

Vc Qm2.4 Qt2  D2 2

2g

Euse2.11 Qt Qt2 


Cdm2 mRuse2.11 Qt Qt2   0.6

Ke2.11 Qt Qt2 
αk

Cdm2 mRuse2.11 Qt Qt2  2


Ke2.11 Qt Qt2  2.78

Qe2.11 e2.11 Qt2

hve2.11 Qe2.11 
Qe2.11

2

Ac De 2 2 g
 Qe2.11

Ac De 
29.61

ft
s



hve2.11 Qe2.11  13.62 ft

He2.11 Qt Qt2 e2.11  Ke2.11 Qt Qt2  hve2.11 e2.11 Qt2 

He2.11 Qt Qt2 e2.11  37.83 ft

eHuse2.11 Qt Qt2  AWSCd 29.82 ft
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Elee2.12 62.0ft

eHuse2.12 Qt Qt2  eHuse2.11 Qt Qt2  Energy Gradeline Upstream of 12th Orifice Exit

eHuse2.12 Qt Qt2  108.22 ft

Euse2.12 Qt Qt2  eHuse2.12 Qt Qt2  Elee2.12  e2.12 e2.11

Euse2.12 Qt Qt2  46.22 ft

mRuse2.12 Qt Qt2 

Vc Qm2.4 Qt2  D2 2

2g

Euse2.12 Qt Qt2 


Cdm2 mRuse2.12 Qt Qt2   0.6

Ke2.12 Qt Qt2 
αk

Cdm2 mRuse2.12 Qt Qt2  2


Ke2.12 Qt Qt2  2.78

Qe2.12 e2.12 Qt2

hve2.12 Qe2.12 
Qe2.12

2

Ac De 2 2 g
 Qe2.12

Ac De 
29.61

ft
s



hve2.12 Qe2.12  13.62 ft

He2.12 Qt Qt2 e2.12  Ke2.12 Qt Qt2  hve2.12 e2.12 Qt2 

He2.12 Qt Qt2 e2.12  37.83 ft

eHuse2.12 Qt Qt2  AWSCd 29.82 ft

1 e2.1 e2.2 e2.3 e2.4 e2.5 e2.6 e2.7 e2.8 e2.9 e2.10 e2.11 e2.12  9 10 3
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Pipe 3 Losses

Qt3 750 cfs Vc Qt3 D3  16.98
ft
s

Trial split (assume equal distribution)

L3 110 ft

HV3
Vc Qt3 D3 2

2 g
 HV3 4.48 ft Velocity head thru Pipe 3

hv3 Q( )
Vc Q D3 2

2 g


Wye Loss

Q1
Q3

700
1400

= 700
1400

0.5 QR 0.5
Q1
Q3

700
1400

= 700
1400

0.5 QR 0.5

Tee loss assigned assuming 30 degree angled branching flow

A1
A3

05=
Ac D3 
Ac D1 

0.56 AR 0.563

K31 αk 0.15 From Miller Fig. 13.28

Bend Loss 1 (30 deg)

r
d

1=

Eleb3.1 101.1ft Elevation of bend
k'b 0.06 From Miller Fig. 9.10

Lb3.1 20ft Length of pipe 2 to bend
CRe 1.0 From Miller Fig. 9.3

Co 1.0 No outlet, Miller Fig. 9.4 θb3.1 30 deg Bend angle
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Cf
fc Qt3 D3 ksr 
fc Qt3 D3 kss 

 Cf 1.11 From Miller Eq. 9.3

Kb3.1 αk k'b CRe Co Cf Kb3.1 0.07 From Miller Eq. 9.4

Corrected Bend Loss Wye & 3.1 Proximity

Ls 20ft
Ls
D3

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

Cb_b 0.775 From Miller Fig 10.3

Kb_b3.1 Cb_b Kb3.1  Kb_b3.1 0.05

Bend Cavitation Potential

for 3.1 hu FBd H1 Qt  K31 fc Qt3 D3 k 
Lb3.1

D3










hv3 Qt3  Eleb3.1 HV3








γ hu 8.56 psi

Incipient cavitation parameter from Miller Fig 6.10 with
r/d = 1.0σb

hu Pv Tf 

γ
Vc Qt2 D2 2

2 g


 σb 4.32 σbi 2.2

Cavitation parameter is greater than
incipient cavitation for r/d = 1

bend less than 45 degrees allows for a reduction
factor of 0.8 to be applied (Miller)

bendcav3.1 "Incipient cavitation initiated" σb 0.8 σbiif

"Bend radius ok" otherwise

 bendcav3.1 "Bend radius ok"
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Thrust at bend

P1 FBd H1 Qt  K31 fc Qt3 D3 k 
Lb3.1

D3










hv3 Qt3  Eleb3.1 HV3








γ

P1 8.56 psi Pressure at point 1

P1x P1 P1y 0psi X and Y components of pressure vectors at control volume surface point 1

A1 Ac D3  Area of control volume on which the pressure 1 acts on

A1 44.18 ft2

V1 Vc Qt3 D3 

V1x V1 Velocity in X direction at point 1

V1x 16.98 fps

V1y 0fps Velocity in Y direction at point 1

P2 FBd H1 Qt  K31 Kb_b3.1 fc Qt3 D3 k 
Lb3.1

D3










hv3 Qt3  Eleb3.1 HV3








γ

P2x P2 cos θb3.1  X and Y components of pressure vectors at control volume surface point 2

P2y P2 sin θb3.1 

A2 A1 Area of control volume on which the pressure 2 acts on

V2x V1 cos θb3.1  Velocity in X direction at point 2

V2y V1 sin θb3.1  Velocity in Y direction at point 2

Fb3.1x P1x A1 P2x A2 ρ Qt2 V2x V1x  P1x A1 P2x A2 7.85 kip ρ Qt2 V2x V1x  3.31 kip

Fb3.1x 11.16 kip Reactionary force in X direction
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Fb3.1y P1y A1 P2y A2 ρ Qt2 V2y V1y   P1y A1  P2y A2 26.91 kip ρ Qt2 V2y V1y  12.35 kip

Fb3.1y 39.26 kip Reactionary for in Y direction

Fb3.1 Fb3.1x
2 Fb3.1y

2
 Fb3.1 40.82 kip Resultant force

Orifice Loss 3.1

Do3.1 Do2.1 Orifice Diameter

Lo3.1 45ft

θ
Do3.1

D2









2

 θ 0.54 Area ratio of inline orifice and inside pipe diameter
(FEMA Eq. 17a)

Cc 3.1341 θ
5

 5.8809 θ
4

 3.8307 θ
3

 0.879 θ
2

 0.1851 θ 0.61 Cc 0.7 Vena Contracta Coefficient 
(FEMA Eq. 17)

Vvc Q( )
Q

Cc 0.25 π Do3.1
2


 Vvc Qt3  45.08

ft
s

 Vena contracta velocity

Velocity coefficient for Reynolds number > 105

(FEMA)Cv 0.98

CDo
Cc Cv

1 Cc
2 Ac Do3.1 2

Ac D3 2


 CDo 0.74 Orifice discharge coefficient for vena contracta calcs
(FEMA Eq. 20)

β
Do3.1

D3
 β 0.73 Diameter ratio of inline orifice and inside pipe diameter

Ko3.1 αk 4890 e 10.18 β
 Ko3.1 2.8 Loss coefficient 

(FEMA Eq. 23)
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ho3.1 Q( )
Q

Ac D3 








2 Ko3.1
2 g

 ho3.1 Qt3  12.54 ft Head loss associated with design discharge

Fo3.1 Ac D3  Ac Do3.1   ho3.1 Qt3  γ

Fo3.1 15.98 kip Ac D3  Ac Do3.1   20.42 ft2

fo3.1 Q( ) fc Q D3 k 
Lo3.1

D3
 Friction loss to orifice from intake

ehuso3.1 Q( ) H1 Qt  Kb_b3.1 K31 fo3.1 Q( )  hv2 Q( ) Head loss from entrance to upstream side of orifice

ehuso3.1 Qt3  35.04 ft

eHuso3.1 Q( ) FBd ehuso3.1 Q( ) eHuso3.1 Qt3  124.96 ft Energy gradeline at upstream side of orifice

Huso3.1 Q( ) eHuso3.1 Q( ) HV1 Huso3.1 Qt3  119.29 ft Hydraulic gradeline at upstream side of orifice

Puso3.1 Q( ) Huso3.1 Q( ) Eletop3.1  γ Puso3.1 Qt3  6.41 psi Pressure at upstream side of orifice at top of pipe

ehdso3.1 Q( ) ehuso3.1 Q( ) ho3.1 Q( ) Head loss from entrance to downstream side of orifice

Q CDo Ao 2 g
P1
γ

Pvc
γ










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

Pvc Q( ) Puso3.1 Q( ) γ
Vc Q Do3.1 2

CDo
2 2 g

 Pvc Qt3  5.82 psi Pressure at vena contracta

Pvg Tf  14.52 psi Vapor pressure of water at assume temp
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Hvc Q( ) Huso3.1 Q( )
Vc Q Do3.1 2

CDo
2 2 g

 Hvc Qt3  91.07 ft Hydraulic gradeline at vena contracta

eHdso3.1 Q( ) FBd ehdso3.1 Q( ) eHdso3.1 Qt3  112.42 ft Energy gradeline downstream of orifice

Hdso3.1 Q( ) eHdso3.1 Q( ) HV2 Hdso3.1 Qt3  107.94 ft Hydraulic gradeline downstream of orifice

Pdso3.1 Q( ) Hdso3.1 Q( ) Eletop3.1  γ Pdso3.1 Qt3  1.49 psi Pressure at downstream side of orifice at top of pipe

σ
Pdso3.1 Qt3  Pvg Tf 

Puso3.1 Qt3  Pdso3.1 Qt3 
 σ 3.25 Cavitation parameter (Rahmeyer Eq 10)

σo3.1 σ Setting cavitation parameter for later output

Tullis Cavitation Method Check

CD 0.019 0.083 β 0.203 β
2

 1.35 β
3

 CD 0.5 Discharge coefficient based on orifice/pipe diameter ratio
(FEMA Eq. 27)

CD
1

Ko3.1 1
 CD 0.51 Discharge coefficient based on orifice loss calculated

previously (FEMA Eq. 28)

Conservative CD chosen for further calculations
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σim 0.62 4.4 CD 6.6CD2
 1.3CD3

 σim 4.79 Reference incipient cavitation from Tullis lab tests
(FEMA Eq. 30)

Dp D3 Prototype pipe sise

Dm 3in Lab model pipe size

Y 0.3 Ko3.1
0.25

 Conversion exponent
(FEMA Eq. 32)

SSE
Dp
Dm









Y

 Size scale effect from reference lab results
(FEMA Eq. 31

σi SSE σim σi 17.93 Incipient cavitation parmeter
(FEMA Eq. 29)

check_σi_3.1 "ok" σ σiif

"check next" otherwise

 check_σi_3.1 "check next"

σcm 0.78 0.77 CD 0.89 CD2
 4.16 CD3

 σcm 0.85 Reference critical cavitation from Tullis lab tests
(FEMA Eq. 34)

σcr SSE σcm σcr 3.17 Critical cavitation parameter
(FEMA Eq. 33)

check_σcr_3.1 "ok" σ σcrif

"check next" otherwise

 check_σcr_3.1 "ok"

σidm 0.11 6.5 CD 7.9 CD2
 8.8 CD3

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

P1m 90psi Pvgm 12.2 psi Reference Tullis lab pressure and vapor pressure

Pvg Tf  14.52 psi Vapor pressure of river water at assumed temperature
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PSE
Pdso3.1 Qt3  Pvg Tf 

P1m Pvgm









0.16

 PSE 0.74 Pressure scale effect from reference lab test
(FEMA Eq. 37)

σid σidm PSE σid 1.9 Incipient damage caviation parameter
(FEMA Eq. 35)

check_σid_3.1 "ok" σ σidif

"resize orifice" otherwise

 check_σid_3.1 "ok"

σch 0.15 1.2CD 0.31 CD2
 3.3 CD3

 σch 1.13 Choking cavitation parameter 
(FEMA Eq. 38)

check_σch_3.1 "ok" σ σchif

"resize orifice" otherwise

 check_σch_3.1 "ok"

Miller Cavitation Check

Do3.1
D3

0.73 Orifice/pipe diameter ratio

Vc Qt3 D3  5.17
m
s

 Approach velocity to orifice

C1 0.5 Miller Fig. 6.17

Huso3.1 Qt3  36.36 m Approach pressure head at orifice

Hvg Tf  23.17 m Vapor pressure head at orifice (top of pipe, gage)

check_o31_u.c "incipient cavitation initiated" Uc Vc Qt3 D3 if

"no cavitation" otherwise

Uc C1 Uir
Do3.1

D3










Huso3.1 Qt3  Hvg Tf 

71.6m









0.5
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check_o31_u.c "incipient cavitation initiated"Uc 1.89
m
s



check_o31_u.cr "critical cavitation initiated" Ucr Vc Qt3 D3 if

"non critical cavitation" otherwise

Ucr C1 Ucr
Do3.1

D3










Huso3.1 Qt3  Hvg Tf 

71.6m









0.5



check_o31_u.cr "critical cavitation initiated"Ucr 2.42
m
s



check_o31_u.id "damaging incipient cavitation initiated" Uid Vc Qt3 D3 if

"non damaging" otherwise

Uid Uidr
Do3.1

D3









Huso3.1 Qt3  Hvg Tf 

71.6m









0.45



check_o31_u.id "non damaging"Uid 5.87
m
s



0 2 4 6
0.4

0.5

0.6

0.7

0.8

function Ui
values ui
function Ucr
values ucr
function Uidr
values uidr
Orifice 3.1 Condition

Factored Miller Fig 6.16 for Prototype Conditions

Velocity (m/s)

O
rif

ic
e 

to
 P

ip
e 

D
ia

m
et

er
 R

at
io
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Thrust at Orifice 2.1

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

P1 Puso3.1 Qt3  P1 6.41 psi

P2 Pdso3.1 Qt3  P2 1.49 psi

A1 Ac D3  A1 44.18 ft2

A2 Ac Do3.1  A2 23.76 ft2

V1
Qt2
A1

 V1 16.98
ft
s



V2
Qt2
A2

 V2 31.57
ft
s



Fo3.1 P1 A1 P2 A2 ρ Qt2 V2 V1  P1 A1 P2 A2 35.68 kip ρ Qt2 V2 V1  21.23 kip

Fo3.1 56.92 kip

Ko3.1 2.8

Bend Loss 3.2 (90 deg)

Eleb3.2 101.1ft Lb3.2 75ft

r
d

1=

k'b 0.26 From Miller Fig. 9.10

CRe 1.0 From Miller Fig. 9.3

Co 2.75 No outlet, Miller Fig. 9.4
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Cf
fc Qt3 D3 ksr 
fc Qt3 D3 kss 

 Cf 1.11 From Miller Eq. 9.3

Kb3.2 αk k'b CRe Co Cf Kb3.2 0.8 From Miller Eq. 9.4

Bend Cavitation Potential

for 3.2 hu FBd H1 Qt  K31 Kb_b2.1 Ko3.1 fc Qt3 D3 k 
Lb3.2

D3










hv3 Qt3  Eleb3.2 HV3








γ hu 2.89 psi

σb
hu Pv Tf 

γ
Vc Qt2 D2 2

2 g


 σb 1.4 σbi 2.2 Incipient cavitation parameter from Miller Fig 6.10 with
r/d = 1.0

Cavitation parameter is greater than
incipient cavitation for r/d = 1

bendcav3.2 "Incipient cavitation initiated" σb σbiif

"Bend radius ok" otherwise

 bendcav3.2 "Incipient cavitation initiated"

Thrust at bend

P1 FBd H1 Qt  K31 Kb_b3.1 Ko3.1 fc Qt3 D3 k 
L3
D3










hv3 Qt3  Eleb3.2 HV3








γ

P1 2.81 psi Pressure at point 1 at high discharge

P1x P1

P1y 0psi X and Y components of pressure vectors at control volume surface point 1

A1 Ac D3  Area of control volume on which the pressure 1 acts on

A1 44.18 ft2
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V1x Vc Qt3 D3  Velocity in X direction at point 1

V1x 16.98 fps

V1y 0fps Velocity in Y direction at point 1

P2 0psi

P2x P2 P2y P1x X and Y components of pressure vectors at control volume surface point 2

A2 A1 Area of control volume on which the pressure 2 acts on

V2x 0fps Velocity in X direction at point 2

V2y V1x Velocity in Y direction at point 2

Fb3.2x P1x A1 P2x A2 ρ Qt3 V2x V1x 

Fb3.2x 42.59 kip Reactionary force in X direction

Fb3.2y P1y A1 P2y A2 ρ Qt3 V2y V1y 

Fb3.2y 6.82 kip Reactionary for in Y direction

Fb3.2 Fb3.2x
2 Fb3.2y

2
 Fb3.2 43.13 kip Resultant force

45ft A1 γ 124.07 kip Weight of water in pipe spanning the fish ladder

Fr3 Q( )
Vc Q D3 

g D3
 Fr3 Qt3  1.09 Froude number of pipe 3
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Friction Loss

f3 Q( ) fc Q D3 k 
L3
D3


hf3 Q( ) fc Q D3 k 
L3
D3
 hv3 Q( ) hf3 Qt3  0.6 ft friction loss head at design discharge

Control check for horizontal discharge and potential open channel flow within Pipe 3

D D3 Q Qt3

n 0.010 Mannings roughness coefficient

Cu 1.486 3 ft s 1
 Units factor for Mannings equation

So 0.001
ft
ft

 Slope of pipe crossing fishladder

Angle Functions θ y( ) 2 acos 1 2
y
D






 Area Functions A θ( )
D2

8
θ sin θ( )( )

Perimeter Functions P θ( )
D
2

θ( ) Hydraulic Radius RH θ( ) A θ( ) P θ( ) 1


Top Width T θ( ) D sin
θ

2








Full Pipe Condition

yf 0.90D yf 6.75 ft θf 2 acos 1 2
yf
D










 θf 5 Af
π D2


4


 Critical Flow Depth Computations

Zc
Q2

g
 Zc 1.75 104

 ft5 Critical Section Factor
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θ 1.1π Trial value for flow angle

Given Solve block for critical depth angle

A θ( )3

T θ( )
Zc= θc Find θ( ) θc 5.06 θc 2 π( ) θc 2 πif

θc otherwise

 θc 5.06

yc D θc θfif

D
2

1 cos
θc
2


















 otherwise



yc 7.5 ft Critical Depth

Critical flow

RH θc  2.22 ft Hydraulic Radius

Perfull y( )
y
D

 Perfull yc  100 % Percent Full

Vcr Q A θc  1
 Vcr 17.77

ft
s

 Critical Velocity

T θc  4.3 ft Top Width

Sc
Q2 n2



Cu
2 A θc 2

3
RH θc 4

 Sc 0.49 % Critical Slope

Inlet Condition 
Factor

N
Q cfs 1


Af ft 2
 D ft 1



 N 6.2

Specific Head at Critical Depth

Hc yc
Vcr

2

2 g
 Hc 12.41 ft
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 Normal Depth Computation

Trial depth angle θ 1.5π

Given Q
Cu
n

A θ( ) RH θ( )

2

3
 So= θn Find θ( ) θn 15.41

θn 2 π( ) θn 2 πif

θn otherwise

 θn 6.28

Normal Depth Critical Depth

yn D θn θfif

D
2

1 cos
θn
2


















 otherwise

 yn 7.5 ft yc 7.5 ft

Flow Area A θn  44.18 ft2

Hydraulic Radius RH θn  1.88 ft

Percent Full Perfull yn  100 %

Velocity Vn Q A θn  1
 Vn 16.98

ft
s



Top Width T θn  0 ft

Hydraulic Depth Dhn
A θn 
T θn 

 Dhn 4.81 1016
 ft
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Pipe 3 total losses

H3 Q( ) K31 Kb_b3.1 Ko3.1 Kb3.2 f3 Q( )  hv3 Q( )

H3 Qt3  17.61 ft

K31 hv3 Qt3  0.67 ft

Kb_b3.1 hv3 Qt3  0.23 ft

Ko3.1 hv3 Qt3  12.54 ft

Kb3.2 hv3 Qt3  3.56 ft

f3 Q( ) hv3 Qt3  0.6 ft

hv3 Qt3  4.48 ft
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De 1.875 ft Diameter of manifold orifices β
De
D2

 β 0.25 Diameter ratio of manifold orifice to pipe diameter

Elee3.1 88ft Outlet elevation for orifice 1

eHuse3.1 Qt Qt3  FBd H1 Qt  H3 Qt3  Energy Gradeline Upstream of 1st Orifice Exit

eHuse3.1 Qt Qt3  108.5 ft

Euse3.1 Qt Qt3  eHuse3.1 Qt Qt3  Elee3.1  Energy Head on Orifice 1

Euse3.1 Qt Qt3  20.5 ft e3.1 0.03 Flow ratio of orifice discharge to
total flow of pipe 3

mRuse3.1 Qt Qt3 

Vc Qt3 D2 2

2g

Euse3.1 Qt Qt3 


Cdm2 mRuse3.1 Qt Qt3   0.46 Coefficitent of disharge of orifice based on velocity head to energy head

Ke3.1 Qt Qt3 
αk

Cdm2 mRuse3.1 Qt Qt3  2


Ke3.1 Qt Qt3  4.64 Loss coefficient conversion

Qe3.1 e3.1 Qt3 Discharge from orifice 1

hve3.1 Qe3.1 
Qe3.1

2

Ac De 2 2 g


Qe3.1
Ac De 

8.15
ft
s



hve3.1 Qe3.1  1.03 ft Velocity head thru orifice 1

He3.1 Qt Qt3 e3.1  Ke3.1 Qt Qt3  hve3.1 e3.1 Qt3 

He3.1 Qt Qt3 e3.1  4.79 ft Head loss for trial flow distribution

Euse3.1 Qt Qt3  20.5 ft
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Elee3.2 Elee3.1 Outlet elevation for orifice 2

eHuse3.2 Qt Qt3  FBd H1 Qt  H3 Qt3  Energy Gradeline Upstream of 2nd Orifice
Exit

eHuse3.2 Qt Qt3  108.5 ft

Euse3.2 Qt Qt3  eHuse3.2 Qt Qt3  Elee3.2  Energy Head on Orifice 2

Euse3.2 Qt Qt3  20.5 ft

e3.2 e3.1 Flow ratio of orifice discharge to
total flow of pipe 3

mRuse3.2 Qt Qt3 

Vc Qt3 D2 2

2g

Euse3.2 Qt Qt3 


Cdm2 mRuse3.2 Qt Qt3   0.46 Coefficitent of disharge of orifice based on velocity head to energy head

Ke3.2 Qt Qt3 
αk

Cdm2 mRuse3.2 Qt Qt3  2


Ke3.2 Qt Qt3  4.64 Loss coefficient conversion

Qe3.2 e3.2 Qt3 Discharge from orifice 2

hve3.2 Qe3.2 
Qe3.2

2

Ac De 2 2 g
 Qe3.2

Ac De 
8.15

ft
s



hve3.2 Qe3.2  1.03 ft Velocity head thru orifice 2

He3.2 Qt Qt3 e3.2  Ke3.2 Qt Qt3  hve3.2 e3.2 Qt3 

He3.2 Qt Qt3 e3.2  4.79 ft Head loss for trial flow distribution

Euse3.2 Qt Qt3  20.5 ft

e3.1 e3.2 0.06 Ke1.32 0.05 Miller 13.31
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Qm2.1 Qt3  Qt3 1 e3.1 e3.2 

Elee3.3 82ft Outlet elevation for orifice 3

eHuse3.3 Qt Qt3  eHuse3.2 Qt Qt3  Ke1.32 hv2 Qm2.1 Qt3   Energy Gradeline Upstream of 3rd Orifice Exit

eHuse3.3 Qt Qt3  108.3 ft

Euse3.3 Qt Qt3  eHuse3.3 Qt Qt3  Elee3.3 

Euse3.3 Qt Qt3  26.3 ft
e3.3 0.068 Flow ratio of orifice discharge to

total flow of pipe 3

mRuse3.3 Qt Qt3 

Vc Qm2.1 Qt3  D2 2

2g

Euse3.3 Qt Qt3 


Cdm2 mRuse3.3 Qt Qt3   0.51

Ke3.3 Qt Qt3 
αk

Cdm2 mRuse3.3 Qt Qt3  2


Ke3.3 Qt Qt3  3.9

Qe3.3 e3.3 Qt3

hve3.3 Qe3.3 
Qe3.3

2

Ac De 2 2 g
 Qe3.3

Ac De 
18.47

ft
s



hve3.3 Qe3.3  5.3 ft

He3.3 Qt Qt3 e3.3  Ke3.3 Qt Qt3  hve3.3 e3.3 Qt3 

He3.3 Qt Qt3 e3.3  20.7 ft

Euse3.3 Qt Qt3  26.3 ft
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Elee3.4 Elee3.3

eHuse3.4 Qt Qt3  eHuse3.3 Qt Qt3  Energy Gradeline Upstream of 4th Orifice Exit

eHuse3.4 Qt Qt3  108.3 ft

Euse3.4 Qt Qt3  eHuse3.4 Qt Qt3  Elee3.4 

Euse3.4 Qt Qt3  26.3 ft
e3.4 e3.3

mRuse3.4 Qt Qt3 

Vc Qm2.1 Qt3  D2 2

2g

Euse3.4 Qt Qt3 


Cdm2 mRuse3.4 Qt Qt3   0.51

Ke3.4 Qt Qt3 
αk

Cdm2 mRuse3.4 Qt Qt3  2


Ke3.4 Qt Qt3  3.9

Qe3.4 e3.4 Qt3

hve3.4 Qe3.4 
Qe3.4

2

Ac De 2 2 g


Qe3.4
Ac De 

18.47
ft
s



hve3.4 Qe3.4  5.3 ft

He3.4 Qt Qt3 e3.4  Ke3.4 Qt Qt3  hve3.4 e3.4 Qt3 

He3.4 Qt Qt3 e3.4  20.7 ft

Euse3.4 Qt Qt3  26.3 ft

Ke2.32 0 Miller 13.23e3.3 Qt3

Qm2.1 Qt3 
0.07
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Qm2.2 Qt3  Qm2.1 Qt3  e3.3 e3.4  Qt3

Elee3.5 76ft

eHuse3.5 Qt Qt3  eHuse3.4 Qt Qt3  Ke2.32 hv2 Qm2.2 Qt3   Energy Gradeline Upstream of 5th Orifice Exit

eHuse3.5 Qt Qt3  108.3 ft

Euse3.5 Qt Qt3  eHuse3.5 Qt Qt3  Elee3.5 

Euse3.5 Qt Qt3  32.3 ft

e3.5 0.092

mRuse3.5 Qt Qt3 

Vc Qm2.2 Qt3  D2 2

2g

Euse3.5 Qt Qt3 


Cdm2 mRuse3.5 Qt Qt3   0.55

Ke3.5 Qt Qt3 
αk

Cdm2 mRuse3.5 Qt Qt3  2


Ke3.5 Qt Qt3  3.34

Qe3.5 e3.5 Qt3

Qe3.5
Ac De 

24.99
ft
s

hve3.5 Qe3.5 
Qe3.5

2

Ac De 2 2 g


hve3.5 Qe3.5  9.7 ft

He3.5 Qt Qt3 e3.5  Ke3.5 Qt Qt3  hve3.5 e3.5 Qt3 

He3.5 Qt Qt3 e3.5  32.4 ft

eHuse3.5 Qt Qt3  AWSCd 29.9 ft
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Elee3.6 Elee3.5

eHuse3.6 Qt Qt3  eHuse3.5 Qt Qt3  Energy Gradeline Upstream of 6th Orifice Exit

eHuse3.6 Qt Qt3  108.3 ft

Euse3.6 Qt Qt3  eHuse3.6 Qt Qt3  Elee3.6  e3.6 e3.5

Euse3.6 Qt Qt3  32.3 ft

mRuse3.6 Qt Qt3 

Vc Qm2.2 Qt3  D2 2

2g

Euse3.6 Qt Qt3 


Cdm2 mRuse3.6 Qt Qt3   0.55

Ke3.6 Qt Qt3 
αk

Cdm2 mRuse3.6 Qt Qt3  2
 e3.1 e3.2 e3.3 e3.4 e3.5 e3.6 0.38

Ke3.6 Qt Qt3  3.34

Qe3.6 e3.6 Qt3

hve3.6 Qe3.6 
Qe3.6

2

Ac De 2 2 g
 Qe3.6

Ac De 
24.99

ft
s



hve3.6 Qe3.6  9.7 ft

He3.6 Qt Qt3 e3.6  Ke3.6 Qt Qt3  hve3.6 e3.6 Qt3 

He3.6 Qt Qt3 e3.6  32.4 ft

eHuse3.6 Qt Qt3  AWSCd 29.9 ft
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Elee3.7 Elee3.6

eHuse3.7 Qt Qt3  eHuse3.6 Qt Qt3  Energy Gradeline Upstream of 7th Orifice Exit

eHuse3.7 Qt Qt3  108.3 ft

Euse3.7 Qt Qt3  eHuse3.7 Qt Qt3  Elee3.7  e3.7 e3.6

Euse3.7 Qt Qt3  32.3 ft

mRuse3.7 Qt Qt3 

Vc Qm2.2 Qt3  D2 2

2g

Euse3.7 Qt Qt3 


Cdm2 mRuse3.7 Qt Qt3   0.55

Ke3.7 Qt Qt3 
αk

Cdm2 mRuse3.7 Qt Qt3  2
 e3.1 e3.2 e3.3 e3.4 e3.5 e3.6 e3.7 0.47

Ke3.7 Qt Qt3  3.34

Qe3.7 e3.7 Qt3

hve3.7 Qe3.7 
Qe3.7

2

Ac De 2 2 g
 Qe3.7

Ac De 
24.99

ft
s



hve3.7 Qe3.7  9.7 ft

He3.7 Qt Qt3 e3.7  Ke3.7 Qt Qt3  hve3.7 e3.7 Qt3 

He3.7 Qt Qt3 e3.7  32.4 ft

eHuse3.7 Qt Qt3  AWSCd 29.9 ft

e3.5 Qt3

Qm2.2 Qt3 
0.11 Ke3.32 0.05 Miller 13.23
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Qm2.3 Qt3  Qm2.2 Qt3  e3.5 e3.6 e3.7  Qt3

Elee3.8 68.0ft

eHuse3.8 Qt Qt3  eHuse3.7 Qt Qt3  Ke3.32 hv2 Qm2.3 Qt3   Energy Gradeline Upstream of 8th Orifice Exit

eHuse3.8 Qt Qt3  108.24 ft

Euse3.8 Qt Qt3  eHuse3.8 Qt Qt3  Elee3.8  e3.8 0.105

Euse3.8 Qt Qt3  40.24 ft

mRuse3.8 Qt Qt3 

Vc Qm2.3 Qt3  D2 2

2g

Euse3.8 Qt Qt3 


Cdm2 mRuse3.8 Qt Qt3   0.59

Ke3.8 Qt Qt3 
αk

Cdm2 mRuse3.8 Qt Qt3  2
 e3.1 e3.2 e3.3 e3.4 e3.5 e3.6 e3.7 0.47

Ke3.8 Qt Qt3  2.88

Qe3.8 e3.8 Qt3

hve3.8 Qe3.8 
Qe3.8

2

Ac De 2 2 g
 Qe3.8

Ac De 
28.52

ft
s



hve3.8 Qe3.8  12.64 ft

He3.8 Qt Qt3 e3.8  Ke3.8 Qt Qt3  hve3.8 e3.8 Qt3 

He3.8 Qt Qt3 e3.8  36.37 ft

eHuse3.8 Qt Qt3  AWSCd 29.84 ft
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Elee3.9 Elee3.8

eHuse3.9 Qt Qt3  eHuse3.8 Qt Qt3  Energy Gradeline Upstream of 9th Orifice Exit

eHuse3.9 Qt Qt3  108.24 ft

Euse3.9 Qt Qt3  eHuse3.9 Qt Qt3  Elee3.9  e3.9 e3.8

Euse3.9 Qt Qt3  40.24 ft

mRuse3.9 Qt Qt3 

Vc Qm2.3 Qt3  D2 2

2g

Euse3.9 Qt Qt3 


Cdm2 mRuse3.9 Qt Qt3   0.59

Ke3.9 Qt Qt3 
αk

Cdm2 mRuse3.9 Qt Qt3  2
 e3.1 e3.2 e3.3 e3.4 e3.5 e3.6 e3.7 0.47

Ke3.9 Qt Qt3  2.88

Qe3.9 e3.9 Qt3

hve3.9 Qe3.9 
Qe3.9

2

Ac De 2 2 g
 Qe3.9

Ac De 
28.52

ft
s



hve3.9 Qe3.9  12.64 ft

He3.9 Qt Qt3 e3.9  Ke3.9 Qt Qt3  hve3.9 e3.9 Qt3 

He3.9 Qt Qt3 e3.9  36.37 ft

eHuse3.9 Qt Qt3  AWSCd 29.84 ft

e3.9 Qt3

Qm2.3 Qt3 
0.2 Ke4.32 0.05 Miller 13.23
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Qm2.4 Qt3  Qm2.3 Qt3  e3.8 e3.9  Qt3

Elee3.10 62.0ft

eHuse3.10 Qt Qt3  eHuse3.9 Qt Qt3  Ke4.32 hv2 Qm2.4 Qt3   Energy Gradeline Upstream of 10th Orifice Exit

eHuse3.10 Qt Qt3  108.22 ft

Euse3.10 Qt Qt3  eHuse3.10 Qt Qt3  Elee3.10  e3.10 0.109

Euse3.10 Qt Qt3  46.22 ft

mRuse3.10 Qt Qt3 

Vc Qm2.4 Qt3  D2 2

2g

Euse3.10 Qt Qt3 


Cdm2 mRuse3.10 Qt Qt3   0.6

Ke3.10 Qt Qt3 
αk

Cdm2 mRuse3.10 Qt Qt3  2
 e3.1 e3.2 e3.3 e3.4 e3.5 e3.6 e3.7 0.47

Ke3.10 Qt Qt3  2.78

Qe3.10 e3.10 Qt3

hve3.10 Qe3.10 
Qe3.10

2

Ac De 2 2 g
 Qe3.10

Ac De 
29.61

ft
s



hve3.10 Qe3.10  13.62 ft

He3.10 Qt Qt3 e3.10  Ke3.10 Qt Qt3  hve3.10 e3.10 Qt3 

He3.10 Qt Qt3 e3.10  37.83 ft

eHuse3.10 Qt Qt3  AWSCd 29.82 ft
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Elee3.11 62.0ft

eHuse3.11 Qt Qt3  eHuse3.10 Qt Qt3  Energy Gradeline Upstream of 11th Orifice Exit

eHuse3.11 Qt Qt3  108.22 ft

Euse3.11 Qt Qt3  eHuse3.11 Qt Qt3  Elee3.11  e3.11 e3.10

Euse3.11 Qt Qt3  46.22 ft

mRuse3.11 Qt Qt3 

Vc Qm2.4 Qt3  D2 2

2g

Euse3.11 Qt Qt3 


Cdm2 mRuse3.11 Qt Qt3   0.6

Ke3.11 Qt Qt3 
αk

Cdm2 mRuse3.11 Qt Qt3  2
 e3.1 e3.2 e3.3 e3.4 e3.5 e3.6 e3.7 0.47

Ke3.11 Qt Qt3  2.78

Qe3.11 e3.11 Qt3

hve3.11 Qe3.11 
Qe3.11

2

Ac De 2 2 g
 Qe3.11

Ac De 
29.61

ft
s



hve3.11 Qe3.11  13.62 ft

He3.11 Qt Qt3 e3.11  Ke3.11 Qt Qt3  hve3.11 e3.11 Qt3 

He3.11 Qt Qt3 e3.11  37.83 ft

eHuse3.11 Qt Qt3  AWSCd 29.82 ft
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Elee3.12 62.0ft

eHuse3.12 Qt Qt3  eHuse3.11 Qt Qt3  Energy Gradeline Upstream of 12th Orifice Exit

eHuse3.12 Qt Qt3  108.22 ft

Euse3.12 Qt Qt3  eHuse3.12 Qt Qt3  Elee3.12  e3.12 e3.11

Euse3.12 Qt Qt3  46.22 ft

mRuse3.12 Qt Qt3 

Vc Qm2.4 Qt3  D2 2

2g

Euse3.12 Qt Qt3 


Cdm2 mRuse3.12 Qt Qt3   0.6

Ke3.12 Qt Qt3 
αk

Cdm2 mRuse3.12 Qt Qt3  2


Ke3.12 Qt Qt3  2.78

Qe3.12 e3.12 Qt3

hve3.12 Qe3.12 
Qe3.12

2

Ac De 2 2 g
 Qe3.12

Ac De 
29.61

ft
s



hve3.12 Qe3.12  13.62 ft

He3.12 Qt Qt3 e3.12  Ke3.12 Qt Qt3  hve3.12 e3.12 Qt3 

He3.12 Qt Qt3 e3.12  37.83 ft

eHuse3.12 Qt Qt3  AWSCd 29.82 ft

1 e3.1 e3.2 e3.3 e3.4 e3.5 e3.6 e3.7 e3.8 e3.9 e3.10 e3.11 e3.12  9 10 3
 Check for total flow distribution
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Flow Solver

P1
γ

V1
2

2 g
 z1

P2
γ

V2
2

2 g
 z2 hL= Bernoulli equation with Point 1 taken in the forebay at the water surface assuming negligible velocity head

and Point 2 taken at the outlet of one of the 7.5 ft diameter conduits emptying into the AWSC.

P1
γ

0ft= Pressure at surface is atmospheric

V1
2

2 g
0ft= Velocity head at surface assumed negligible

z1 FBl or z1= FBh= Elevation of water surface in forebay 

P2
γ

0ft= Pressure at outlet is atmospheric

V2
2

2 g
hv2 Qt2 = Velocity head of water exiting outlet

z2 AWSCel= Elevation of AWSC water surface

z2 Elee= Elevation of centerline of outlet

hL H1 Qt  H2 Qt2 = Headloss through pipe 1 and pipe 2

Loop Check

H1 Qt  H2 Qt2  hv2 Qt2  55.98 ft Check to see if assumed flow distribution at the Y equalizes head loss through both branches.

H1 Qt  H3 Qt3  hv3 Qt3  55.98 ft
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For Low Driving Head Conditions (Low Forebay - High Tailwater)

Bernoulli equation rewriten with losses as a function of flowrate with an iterative solve block to
converge on total and split flow rates.Given

FBl AWSCh H2 Qt2  H1 Qt   He2.1 Qt Qt2 e2.1 = FBl AWSCh H3 Qt3  H1 Qt   He3.1 Qt Qt2 e3.1 =

FBl AWSCh H2 Qt2  H1 Qt   He2.2 Qt Qt2 e2.2 = FBl AWSCh H3 Qt3  H1 Qt   He3.2 Qt Qt2 e3.2 =

FBl AWSCh H2 Qt2  H1 Qt   He2.3 Qt Qt2 e2.3 = FBl AWSCh H3 Qt3  H1 Qt   He3.3 Qt Qt2 e3.3 =

FBl AWSCh H2 Qt2  H1 Qt   He2.4 Qt Qt2 e2.4 = FBl AWSCh H3 Qt3  H1 Qt   He3.4 Qt Qt2 e3.4 =

FBl AWSCh H2 Qt2  H1 Qt   He2.5 Qt Qt2 e2.5 = FBl AWSCh H3 Qt3  H1 Qt   He3.5 Qt Qt2 e3.5 =

FBl AWSCh H2 Qt2  H1 Qt   He2.6 Qt Qt2 e2.6 = FBl AWSCh H3 Qt3  H1 Qt   He3.6 Qt Qt2 e3.6 =

FBl AWSCh H2 Qt2  H1 Qt   He2.7 Qt Qt2 e2.7 = FBl AWSCh H3 Qt3  H1 Qt   He3.7 Qt Qt2 e3.7 =

FBl AWSCh H2 Qt2  H1 Qt   He2.8 Qt Qt2 e2.8 = FBl AWSCh H3 Qt3  H1 Qt   He3.8 Qt Qt2 e3.8 =

FBl AWSCh H2 Qt2  H1 Qt   He2.9 Qt Qt2 e2.9 = FBl AWSCh H3 Qt3  H1 Qt   He3.9 Qt Qt2 e3.9 =

FBl AWSCh H2 Qt2  H1 Qt   He2.10 Qt Qt2 e2.10 = FBl AWSCh H3 Qt3  H1 Qt   He3.10 Qt Qt2 e3.10 =

FBl AWSCh H2 Qt2  H1 Qt   He2.11 Qt Qt2 e2.11 = FBl AWSCh H3 Qt3  H1 Qt   He3.11 Qt Qt2 e3.11 =

FBl AWSCh H2 Qt2  H1 Qt   He2.12 Qt Qt2 e2.12 = FBl AWSCh H3 Qt3  H1 Qt   He3.12 Qt Qt2 e3.12 =

1 e2.1 e2.2 e2.3 e2.4 e2.5 e2.6 e2.7 e2.8 e2.9 e2.10 e2.11 e2.12=

1 e3.1 e3.2 e3.3 e3.4 e3.5 e3.6 e3.7 e3.8 e3.9 e3.10 e3.11 e3.12=

Qt Qt2 Qt3=
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e2.1

e2.2

e2.3

e2.4

e2.5

e2.6

e2.7

e2.8

e2.9

e2.10

e2.11

e2.12

Qd2

e3.1

e3.2

e3.3

e3.4

e3.5

e3.6

e3.7

e3.8

e3.9













































































Find e2.1 e2.2 e2.3 e2.4 e2.5 e2.6 e2.7 e2.8 e2.9 e2.10 e2.11 e2.12 Qt2 e3.1 e3.2 e3.3 e3.4 e3.5 e3.6 e3.7 e3.8 e3.9 e3.10 e3.11 e3.12 Qt3 Qt 
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e3.10

e3.11

e3.12

Qd3

Qd1





















e2.1 e2.2 e2.3 e2.4 e2.5 e2.6 e2.7 e2.8 e2.9 e2.10 e2.11 e2.12 1

e3.1 e3.2 e3.3 e3.4 e3.5 e3.6 e3.7 e3.8 e3.9 e3.10 e3.11 e3.12 1

Qd1 1390 cfs Total deliver flowed Vc Qd1 D1  17.69
ft
s

 Velocity in pipe 1

Vc Qd2 D2  15.73
ft
s

 Velocity in pipe 2
Qd2 695 cfs Flow rate thru pipe 2

Vc Qd3 D3  15.73
ft
s

 Velocity in pipe 3
Qd3 695 cfs Flow rate thru pipe 3
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For High Driving Head Conditions (Low Forebay - High Tailwater)

Bernoulli equation rewriten with losses as a function of flowrate with an iterative solve block to
converge on total and split flow rates.Given

FBh Elee2.1 H2 Qt2  H1 Qt   He2.1 Qt Qt2 e2.1 = FBh Elee3.1 H3 Qt3  H1 Qt   He3.1 Qt Qt2 e3.1 =

FBh Elee2.2 H2 Qt2  H1 Qt   He2.2 Qt Qt2 e2.2 = FBh Elee3.2 H3 Qt3  H1 Qt   He3.2 Qt Qt2 e3.2 =

FBh Elee2.3 H2 Qt2  H1 Qt   He2.3 Qt Qt2 e2.3 = FBh Elee3.3 H3 Qt3  H1 Qt   He3.3 Qt Qt2 e3.3 =

FBh Elee2.4 H2 Qt2  H1 Qt   He2.4 Qt Qt2 e2.4 = FBh Elee3.4 H3 Qt3  H1 Qt   He3.4 Qt Qt2 e3.4 =

FBh AWSCl H2 Qt2  H1 Qt   He2.5 Qt Qt2 e2.5 = FBh AWSCl H3 Qt3  H1 Qt   He3.5 Qt Qt2 e3.5 =

FBh AWSCl H2 Qt2  H1 Qt   He2.6 Qt Qt2 e2.6 = FBh AWSCl H3 Qt3  H1 Qt   He3.6 Qt Qt2 e3.6 =

FBh AWSCl H2 Qt2  H1 Qt   He2.7 Qt Qt2 e2.7 = FBh AWSCl H3 Qt3  H1 Qt   He3.7 Qt Qt2 e3.7 =

FBh AWSCl H2 Qt2  H1 Qt   He2.8 Qt Qt2 e2.8 = FBh AWSCl H3 Qt3  H1 Qt   He3.8 Qt Qt2 e3.8 =

FBh AWSCl H2 Qt2  H1 Qt   He2.9 Qt Qt2 e2.9 = FBh AWSCl H3 Qt3  H1 Qt   He3.9 Qt Qt2 e3.9 =

FBh AWSCl H2 Qt2  H1 Qt   He2.10 Qt Qt2 e2.10 = FBh AWSCl H3 Qt3  H1 Qt   He3.10 Qt Qt2 e3.10 =

FBh AWSCl H2 Qt2  H1 Qt   He2.11 Qt Qt2 e2.11 = FBh AWSCl H3 Qt3  H1 Qt   He3.11 Qt Qt2 e3.11 =

FBh AWSCl H2 Qt2  H1 Qt   He2.12 Qt Qt2 e2.12 = FBh AWSCl H3 Qt3  H1 Qt   He3.12 Qt Qt2 e3.12 =

1 e2.1 e2.2 e2.3 e2.4 e2.5 e2.6 e2.7 e2.8 e2.9 e2.10 e2.11 e2.12=

1 e3.1 e3.2 e3.3 e3.4 e3.5 e3.6 e3.7 e3.8 e3.9 e3.10 e3.11 e3.12=

Qt Qt2 Qt3=
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e2.1

e2.2

e2.3

e2.4

e2.5

e2.6

e2.7

e2.8

e2.9

e2.10

e2.11

e2.12

Qm2

e3.1

e3.2

e3.3

e3.4

e3.5

e3.6

e3.7

e3.8

e3.9













































































Find e2.1 e2.2 e2.3 e2.4 e2.5 e2.6 e2.7 e2.8 e2.9 e2.10 e2.11 e2.12 Qt2 e3.1 e3.2 e3.3 e3.4 e3.5 e3.6 e3.7 e3.8 e3.9 e3.10 e3.11 e3.12 Qt3 Qt 
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e3.10

e3.11

e3.12

Qm3

Qm1





















e2.1 e2.2 e2.3 e2.4 e2.5 e2.6 e2.7 e2.8 e2.9 e2.10 e2.11 e2.12 1

e3.1 e3.2 e3.3 e3.4 e3.5 e3.6 e3.7 e3.8 e3.9 e3.10 e3.11 e3.12 1

Qm1 1511 cfs Total deliver flowed Vc Qm1 D1  19.24
ft
s

 Velocity in pipe 1

Vc Qm2 D2  17.11
ft
s

 Velocity in pipe 2
Qm2 756 cfs Flow rate thru pipe 2

Vc Qm3 D3  17.11
ft
s

 Velocity in pipe 3
Qm3 756 cfs Flow rate thru pipe 3
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Exit Trajectory Analysis For Horizontal Discharge

The purpose of this section is to demonstate the flow path of a horizontal discharge from the 7.5-ft pipes into the AWSC. This shows that low tailwater
would result in an impact on the far wall of the AWS chamber, potentially causing scour damage demonstrating the need for the orifice manifold at the
end of the discharge.

ELimp_min 74.0ft Minimum Depth in AWSC (assuming an equalization of AWSC water surface and fishladder and tailrace with no initial flow)

ELimp_max 90.0ft Maximum Depth in AWSC

FLCcl 98.5 ft Outlet centerline

yimp_max FLCcl ELimp_min Maximum fall distance from centerline

yimp_max 24.5 ft

yimp_min FLCcl ELimp_max Minimum fall distance from centerline

yimp_min 8.5 ft

tmax
yimp_max 2

g
 Time to impact for low tailwater

tmax 1.23 s

tmin
yimp_min 2

g
 Time to impact for high tail water

tmin 0.73 s

x t( ) Vc Qm2 D2  t x tmax  21.11 ft Maximum horizontal distance to impact from centerline

x tmin  12.43 ft Minimum horizontal distance to impact form centerline
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y t( ) g
t2

2


vy t( ) g t vy tmax  39.71
ft
s

 Velocity in the vertical direction at impact during low tailwater conditions

vy tmin  23.39
ft
s

 Velocity in the vertical direction at impact during high tailwater conditions

vx Vc Qm2 D2 

θimp_min atan
vy tmin 

vx









 θimp_min 53.82 deg Impact angle (from horizontal) of water jet during high tailwater conditions

θimp_max atan
vy tmax 

vx









 θimp_max 66.69 deg Impact angle (from horizontal) of water jet during low tailwater conditions

vmax vy tmax 2 vx
2

 vmax 43.23
ft
s

 Velocity at impact during low tailwater condition

vmin vy tmin 2 vx
2

 vmin 28.98
ft
s

 Veloctiy at impact during high tailwater condition

t 0s 0.001s 1.5s
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Centerline of Culvert
Top of Culvert
Bottom of Culvert
Minimum AWS Chamber WS
Maximum AWS Chamber WS

Culvert Exit Trajectory

Distance from the Outfall (ft)

El
ev

at
io

n 
(f

t)

20ft

Fx Qm2 ρ vmax cos θimp_max  Fx 25.08 kip Based on impact potential on exterior wall of the AWSC, it was not
recommended to discharge at a horizontal orientation into the AWSC. An
elbow and vertical orientation was chosen to alleviate this issue. Fy Qm2 ρ vmax vmax sin θimp_max   Fy 121.62 kip
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 Hydraulic Design Summary

Entrance Bell

Concentric eliptical bell entrance with a 5-ft primary radius and 1.5-ft secondary entrance base on guidance from EM 1110-2-1602 (Section 3-7)

Conduit 

Steel, lined against corrosion with cavitation resistant material.

k 0.000082 ft Design equivalent sand grain roughness

D1 10 ft Diameter of Pipe 1 L1 190 ft Length of Pipe 1

D2 7.5 ft Diameter of Pipe 2 L2 110 ft Length of Pipe 2

D3 7.5 ft Diameter of Pipe 3 L3 110 ft Length of Pipe 3

Appurtenances 

Valves 

One 10 ft butterfly valve (concentric) will be used at the downstream face of the dam as secondary flow closure.

Orifices 

Orifices shall have openings at the invert of the pipe to allow for drainage of conduit during system shutdown.

Do1.1 7.4 ft Orifice 1.1 (Orifice 1 on Pipe 1) Lo1.1 100 ft Station of Orifice 1.1 on Pipe 1

Do1.2 7.5 ft Orifice 1.2 (Orifice 2 on Pipe 1) Lo1.2 140 ft Station of Orifice 1.2 on Pipe 1

Do2.1 5.5 ft Orifice 2.1 (Orifice 1 on Pipe 2) Lo2.1 45 ft Station of Orifce 2.1 on Pipe 2

Do3.1 5.5 ft Orifce 3.1 (Orifice 1 on Pipe 3) Lo3.1 45 ft Station of Orifice 3.1 on Pipe 3

Air Inlets

Air inlets shall be installed downstream of orifices. To be designed.

Bends 

Bends shall have a radius of bending to diameter of pipe ratio equal to or greater than 1.0 except for bend 1.3 which requires a bend ratio of 1.5. Bends
shall not be mitered if possible. If mitered bends are determined necessary, maximum number of miters constructably feasible are desired.
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Sensitivity Factors αk 1 Minor loss factor αf 1 Equivalent sand grain
roughness factor

Flowrates 

Qd1 1390 cfs Design flow rate (low forebay) - Pipe 1 Qm1 1511 cfs Max flow rate (high forebay) - Pipe 1

Qd2 695 cfs Design flow rate (low forebay) - Pipe 2 Qm2 756 cfs Max flow rate (high forebay) - Pipe 2

Qd3 695 cfs Design flow rate (low forebay) - Pipe 3 Qm3 756 cfs Max flow rate (high forebay) - Pipe 3

Headlosses 

Pipe 1

Design Flow Max Flow

H1 Qd1  29.12 ft H1 Qm1  34.4 ft Total losses thru Pipe 1

ht 0.25 ft ht 0.25 ft Trashrack loss

Ke hv1 Qd1  0.78 ft Ke hv1 Qm1  0.92 ft Entrance loss

Kbfv hv1 Qd1  0.97 ft Kbfv hv1 Qm1  1.15 ft Butterfly valve loss

Kb_b1 hv1 Qd1  1.55 ft Kb_b1 hv1 Qm1  1.83 ft Combinded bend loss

Ko1.1 hv1 Qd1  12.73 ft Ko1.1 hv1 Qm1  15.06 ft Orifice loss 1.1

Ko1.2 hv1 Qd1  11.5 ft Ko1.2 hv1 Qm1  13.6 ft Orifice loss 1.2

Kb1.3 hv1 Qd1  0.54 ft Kb1.3 hv1 Qm1  0.64 ft Bend loss 1.3

f1 Qd1  hv1 Qd1  0.8105 ft f1 Qm1  hv1 Qm1  0.9529 ft Total frictional loss

hv1 Qd1  4.86 ft hv1 Qm1  5.76 ft Velocity head within the pipe
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Pipe 2

Design Flow Max Flow

H2 Qd2  15.12 ft H2 Qm2  17.88 ft Total head loss in Pipe 2

K31 hv2 Qd2  0.58 ft K31 hv2 Qm2  0.68 ft Y loss to Pipe 2

Kb_b2.1 hv2 Qd2  0.2 ft Kb_b2.1 hv2 Qm2  0.24 ft Combined bend loss

Ko2.1 hv2 Qd2  10.76 ft Ko2.1 hv2 Qm2  12.73 ft Orifice loss 2.1

Kb2.2 hv2 Qd2  3.06 ft Kb2.2 hv2 Qm2  3.62 ft Bend loss 2.2

f2 Qd2  hv2 Qd2  0.52 ft f2 Qm2  hv2 Qm2  0.61 ft Total friction loss for Pipe 2

hv2 Qd2  3.84 ft hv2 Qm2  4.55 ft Velocity head within the pipe

Fr2 Qd2  1.01 Fr2 Qm2  1.1 Froude exiting pipe 2

Pipe 3

Design Flow Max Flow

H3 Qd3  15.12 ft H3 Qm3  17.88 ft Total head loss in Pipe 3

K31 hv3 Qd3  0.58 ft K31 hv3 Qm3  0.68 ft Y loss to Pipe 3

Kb_b3.1 hv3 Qd3  0.2 ft Kb_b3.1 hv3 Qm3  0.24 ft Combined bend loss

Ko3.1 hv3 Qd3  10.76 ft Ko3.1 hv3 Qm3  12.73 ft Orifice loss 3.1

Kb3.2 hv3 Qd3  3.06 ft Kb3.2 hv3 Qm3  3.62 ft Bend loss 3.2

f3 Q( ) hv3 Qd3  0.52 ft f3 Q( ) hv3 Qm3  0.61 ft Total friction loss for Pipe 3

hv3 Qd3  3.84 ft hv3 Qm3  4.55 ft Velocity head within the pipe

Fr3 Qd3  1.01 Fr3 Qm3  1.1 Froude exiting pipe 3
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Reactionary Forces 

Forces in X
direction as
shown

Forces in flow
direction as
shown

Forces in Y
direction as
shown

Fb1.1x 116.63 kip Fb1.1y 193.95 kip Bend 1.1

Fb1.2x 143.48 kip Fb1.2y 241.26 kip Bend 1.2

Fo1.1 174.98 kip Orifice 1.1

Orifice 1.2
Fo1.2 134.25 kip

Fb1.3x 44.17 kip Fb1.3y 106.65 kip Bend 1.3

Fwye 1.06 kip Wye - Note that force is considered in the X direction only 

Fb2.1x 11.16 kip Fb2.1y 39.26 kip Bend 2.1

Fo2.1 56.92 kip Orifice 2.1

Fb2.2x 43.12 kip Fb2.2y 43.12 kip Bend 2.2

Fb3.1x 11.16 kip Fb3.1y 39.26 kip Bend 3.1

Fo3.1 56.92 kip Orifice 3.1

Fb3.2x 42.59 kip Fb3.2y 6.82 kip Bend 3.2
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Cavitation Potential Summary

bendcav1.1 "Bend radius ok"

bendcav1.2 "Bend radius ok"

bendcav1.3 "Bend radius ok"

bendcav2.1 "Bend radius ok"

bendcav2.2 "Incipient cavitation initiated" Bend 2.2 will have an air port located at the separation zone on the bend to alleviate the
cavitation potential 

bendcav3.1 "Bend radius ok"

bendcav3.2 "Incipient cavitation initiated" Bend 3.2 will have an air port located at the separation zone on the bend to alleviate the
cavitation potential 

check_σi_1.1 "check next" Orifice 1.1 shows "Incipient cavitation" potential but does not demonstate "critical," "incipient
damaging," or "choking" cavitation potential.

check_σcr_1.1 "ok"

check_σid_1.1 "ok"

check_σch_1.1 "ok"

check_σi_1.2 "check next" Orifice 1.2 shows "Incipient cavitation" potential but does not demonstate "critical," "incipient
damaging," or "choking" cavitation potential.

check_σcr_1.2 "ok"

check_σid_1.2 "ok"

check_σch_1.2 "ok"
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check_σi_2.1 "check next" Orifice 2.1 shows "Incipient cavitation" potential but does not demonstate "critical," "incipient
damaging," or "choking" cavitation potential.

check_σcr_2.1 "ok"

check_σid_2.1 "ok"

check_σch_2.1 "ok"

check_σi_3.1 "check next" Orifice 3.1 shows "Incipient cavitation" potential but does not demonstate "critical," "incipient
damaging," or "choking" cavitation potential.

check_σcr_3.1 "ok"

check_σid_3.1 "ok"

check_σch_3.1 "ok"
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Clearances 

Elebop2 94.75 ft Elevation of the bottom of pipe 2 at fishladder crossing

Elebop3 94.75 ft Elevation of the bottom of pipe 3 at fishladder crossing

ΔEFLent 1.3ft Maximum differential at fish ladder entrance

ΔEFLdiff 2.2ft Maximum head on diffusers from AWSC

TWmin 74.0ft Minimum tailwater at which the backup AWS operates

TWhigh 86.0ft Maximum tailwater at which the backup AWS operates

TWmax 90.0ft Maximum tailwater at which EFL maintains criteria

Elebop2 TWhigh ΔEFLent 7.45 ft Clearance of water in fishladder to bottom of pipe 2 at emergency AWS backup high tailwater operation 

Elebop2 TWmax ΔEFLent 3.45 ft Clearance of water in fishladder to bottom of pipe 2 at max tailwater EFL operation point 
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 Hydraulic Design Summary

Entrance Bell

Concentric eliptical bell entrance with a 5-ft primary radius and 1.5-ft secondary entrance base on guidance from EM 1110-2-1602 (Section 3-7)

Conduit 

Steel, lined against corrosion with cavitation resistant material.

k 0.00082 ft Design equivalent sand grain roughness

D1 10 ft Diameter of Pipe 1 L1 190 ft Length of Pipe 1

D2 7.5 ft Diameter of Pipe 2 L2 110 ft Length of Pipe 2

D3 7.5 ft Diameter of Pipe 3 L3 110 ft Length of Pipe 3

Appurtenances 

Valves 

One 10 ft butterfly valve (concentric) will be used at the downstream face of the dam as secondary flow closure.

Orifices 

Orifices shall have openings at the invert of the pipe to allow for drainage of conduit during system shutdown.

Do1.1 7.4 ft Orifice 1.1 (Orifice 1 on Pipe 1) Lo1.1 100 ft Station of Orifice 1.1 on Pipe 1

Do1.2 7.5 ft Orifice 1.2 (Orifice 2 on Pipe 1) Lo1.2 140 ft Station of Orifice 1.2 on Pipe 1

Do2.1 5.5 ft Orifice 2.1 (Orifice 1 on Pipe 2) Lo2.1 45 ft Station of Orifce 2.1 on Pipe 2

Do3.1 5.5 ft Orifce 3.1 (Orifice 1 on Pipe 3) Lo3.1 45 ft Station of Orifice 3.1 on Pipe 3

Air Inlets

Air inlets shall be installed downstream of orifices. To be designed.

Bends 

Bends shall have a radius of bending to diameter of pipe ratio equal to or greater than 1.0 except for bend 1.3 which requires a bend ratio of 1.5. Bends
shall not be mitered if possible. If mitered bends are determined necessary, maximum number of miters constructably feasible are desired.
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Sensitivity Factors αk 1.1 Minor loss factor αf 10 Equivalent sand grain
roughness factor

Flowrates 

Qd1 1325 cfs Design flow rate (low forebay) - Pipe 1 Qm1 1442 cfs Max flow rate (high forebay) - Pipe 1

Qd2 663 cfs Design flow rate (low forebay) - Pipe 2 Qm2 721 cfs Max flow rate (high forebay) - Pipe 2

Qd3 663 cfs Design flow rate (low forebay) - Pipe 3 Qm3 721 cfs Max flow rate (high forebay) - Pipe 3

Headlosses 

Pipe 1

Design Flow Max Flow

H1 Qd1  29.24 ft H1 Qm1  34.6 ft Total losses thru Pipe 1

ht 0.25 ft ht 0.25 ft Trashrack loss

Ke hv1 Qd1  0.71 ft Ke hv1 Qm1  0.84 ft Entrance loss

Kbfv hv1 Qd1  0.97 ft Kbfv hv1 Qm1  1.15 ft Butterfly valve loss

Kb_b1 hv1 Qd1  1.55 ft Kb_b1 hv1 Qm1  1.83 ft Combinded bend loss

Ko1.1 hv1 Qd1  12.73 ft Ko1.1 hv1 Qm1  15.09 ft Orifice loss 1.1

Ko1.2 hv1 Qd1  11.5 ft Ko1.2 hv1 Qm1  13.63 ft Orifice loss 1.2

Kb1.3 hv1 Qd1  0.54 ft Kb1.3 hv1 Qm1  0.64 ft Bend loss 1.3

f1 Qd1  hv1 Qd1  0.9895 ft f1 Qm1  hv1 Qm1  1.1708 ft Total frictional loss

hv1 Qd1  4.42 ft hv1 Qm1  5.24 ft Velocity head within the pipe
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Pipe 2

Design Flow Max Flow

H2 Qd2  15.24 ft H2 Qm2  18.06 ft Total head loss in Pipe 2

K31 hv2 Qd2  0.58 ft K31 hv2 Qm2  0.68 ft Y loss to Pipe 2

Kb_b2.1 hv2 Qd2  0.2 ft Kb_b2.1 hv2 Qm2  0.24 ft Combined bend loss

Ko2.1 hv2 Qd2  10.77 ft Ko2.1 hv2 Qm2  12.76 ft Orifice loss 2.1

Kb2.2 hv2 Qd2  3.06 ft Kb2.2 hv2 Qm2  3.62 ft Bend loss 2.2

f2 Qd2  hv2 Qd2  0.64 ft f2 Qm2  hv2 Qm2  0.76 ft Total friction loss for Pipe 2

hv2 Qd2  3.5 ft hv2 Qm2  4.14 ft Velocity head within the pipe

Fr2 Qd2  0.97 Fr2 Qm2  1.05 Froude exiting pipe 2

Pipe 3

Design Flow Max Flow

H3 Qd3  15.24 ft H3 Qm3  18.06 ft Total head loss in Pipe 3

K31 hv3 Qd3  0.58 ft K31 hv3 Qm3  0.68 ft Y loss to Pipe 3

Kb_b3.1 hv3 Qd3  0.2 ft Kb_b3.1 hv3 Qm3  0.24 ft Combined bend loss

Ko3.1 hv3 Qd3  10.77 ft Ko3.1 hv3 Qm3  12.76 ft Orifice loss 3.1

Kb3.2 hv3 Qd3  3.06 ft Kb3.2 hv3 Qm3  3.62 ft Bend loss 3.2

f3 Q( ) hv3 Qd3  0.64 ft f3 Q( ) hv3 Qm3  0.75 ft Total friction loss for Pipe 3

hv3 Qd3  3.5 ft hv3 Qm3  4.14 ft Velocity head within the pipe

Fr3 Qd3  0.97 Fr3 Qm3  1.05 Froude exiting pipe 3
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Reactionary Forces 

Forces in X
direction as
shown

Forces in flow
direction as
shown

Forces in Y
direction as
shown

Fb1.1x 116.37 kip Fb1.1y 192.7 kip Bend 1.1

Fb1.2x 142.97 kip Fb1.2y 239.65 kip Bend 1.2

Fo1.1 177.93 kip Orifice 1.1

Orifice 1.2
Fo1.2 133.62 kip

Fb1.3x 39.16 kip Fb1.3y 94.54 kip Bend 1.3

Fwye 1.67 kip Wye - Note that force is considered in the X direction only 

Fb2.1x 9.88 kip Fb2.1y 34.25 kip Bend 2.1

Fo2.1 54.08 kip Orifice 2.1

Fb2.2x 29.35 kip Fb2.2y 29.35 kip Bend 2.2

Fb3.1x 9.88 kip Fb3.1y 34.25 kip Bend 3.1

Fo3.1 54.08 kip Orifice 3.1

Fb3.2x 28.63 kip Fb3.2y 20.78 kip Bend 3.2
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Cavitation Potential Summary

bendcav1.1 "Bend radius ok"

bendcav1.2 "Bend radius ok"

bendcav1.3 "Bend radius ok"

bendcav2.1 "Bend radius ok"

bendcav2.2 "Incipient cavitation initiated" Bend 2.2 will have an air port located at the separation zone on the bend to alleviate the
cavitation potential 

bendcav3.1 "Bend radius ok"

bendcav3.2 "Incipient cavitation initiated" Bend 3.2 will have an air port located at the separation zone on the bend to alleviate the
cavitation potential 

check_σi_1.1 "check next" Orifice 1.1 shows "Incipient cavitation" potential but does not demonstate "critical," "incipient
damaging," or "choking" cavitation potential.

check_σcr_1.1 "check next"

check_σid_1.1 "ok"

check_σch_1.1 "ok"

check_σi_1.2 "check next" Orifice 1.2 shows "Incipient cavitation" potential but does not demonstate "critical," "incipient
damaging," or "choking" cavitation potential.

check_σcr_1.2 "check next"

check_σid_1.2 "ok"

check_σch_1.2 "ok"
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check_σi_2.1 "check next" Orifice 2.1 shows "Incipient cavitation" potential but does not demonstate "critical," "incipient
damaging," or "choking" cavitation potential.

check_σcr_2.1 "check next"

check_σid_2.1 "ok"

check_σch_2.1 "ok"

check_σi_3.1 "check next" Orifice 3.1 shows "Incipient cavitation" potential but does not demonstate "critical," "incipient
damaging," or "choking" cavitation potential.

check_σcr_3.1 "check next"

check_σid_3.1 "ok"

check_σch_3.1 "ok"
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Clearances 

Elebop2 94.75 ft Elevation of the bottom of pipe 2 at fishladder crossing

Elebop3 94.75 ft Elevation of the bottom of pipe 3 at fishladder crossing

ΔEFLent 1.3ft Maximum differential at fish ladder entrance

ΔEFLdiff 2.2ft Maximum head on diffusers from AWSC

TWmin 74.0ft Minimum tailwater at which the backup AWS operates

TWhigh 86.0ft Maximum tailwater at which the backup AWS operates

TWmax 90.0ft Maximum tailwater at which EFL maintains criteria

Elebop2 TWhigh ΔEFLent 7.45 ft Clearance of water in fishladder to bottom of pipe 2 at emergency AWS backup high tailwater operation 

Elebop2 TWmax ΔEFLent 3.45 ft Clearance of water in fishladder to bottom of pipe 2 at max tailwater EFL operation point 
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 Hydraulic Design Summary

Entrance Bell

Concentric eliptical bell entrance with a 5-ft primary radius and 1.5-ft secondary entrance base on guidance from EM 1110-2-1602 (Section 3-7)

Conduit 

Steel, lined against corrosion with cavitation resistant material.

k 0.000082 ft Design equivalent sand grain roughness

D1 10 ft Diameter of Pipe 1 L1 190 ft Length of Pipe 1

D2 7.5 ft Diameter of Pipe 2 L2 110 ft Length of Pipe 2

D3 7.5 ft Diameter of Pipe 3 L3 110 ft Length of Pipe 3

Appurtenances 

Valves 

One 10 ft butterfly valve (concentric) will be used at the downstream face of the dam as secondary flow closure.

Orifices 

Orifices shall have openings at the invert of the pipe to allow for drainage of conduit during system shutdown.

Do1.1 7.4 ft Orifice 1.1 (Orifice 1 on Pipe 1) Lo1.1 100 ft Station of Orifice 1.1 on Pipe 1

Do1.2 7.5 ft Orifice 1.2 (Orifice 2 on Pipe 1) Lo1.2 140 ft Station of Orifice 1.2 on Pipe 1

Do2.1 5.5 ft Orifice 2.1 (Orifice 1 on Pipe 2) Lo2.1 45 ft Station of Orifce 2.1 on Pipe 2

Do3.1 5.5 ft Orifce 3.1 (Orifice 1 on Pipe 3) Lo3.1 45 ft Station of Orifice 3.1 on Pipe 3

Air Inlets

Air inlets shall be installed downstream of orifices. To be designed.

Bends 

Bends shall have a radius of bending to diameter of pipe ratio equal to or greater than 1.0 except for bend 1.3 which requires a bend ratio of 1.5. Bends
shall not be mitered if possible. If mitered bends are determined necessary, maximum number of miters constructably feasible are desired.
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Sensitivity Factors αk 1.1 Minor loss factor αf 1 Equivalent sand grain
roughness factor

Flowrates 

Qd1 1329 cfs Design flow rate (low forebay) - Pipe 1 Qm1 1447 cfs Max flow rate (high forebay) - Pipe 1

Qd2 665 cfs Design flow rate (low forebay) - Pipe 2 Qm2 724 cfs Max flow rate (high forebay) - Pipe 2

Qd3 665 cfs Design flow rate (low forebay) - Pipe 3 Qm3 724 cfs Max flow rate (high forebay) - Pipe 3

Headlosses 

Pipe 1

Design Flow Max Flow

H1 Qd1  29.17 ft H1 Qm1  34.51 ft Total losses thru Pipe 1

ht 0.25 ft ht 0.25 ft Trashrack loss

Ke hv1 Qd1  0.71 ft Ke hv1 Qm1  0.84 ft Entrance loss

Kbfv hv1 Qd1  0.98 ft Kbfv hv1 Qm1  1.16 ft Butterfly valve loss

Kb_b1 hv1 Qd1  1.56 ft Kb_b1 hv1 Qm1  1.85 ft Combinded bend loss

Ko1.1 hv1 Qd1  12.81 ft Ko1.1 hv1 Qm1  15.18 ft Orifice loss 1.1

Ko1.2 hv1 Qd1  11.57 ft Ko1.2 hv1 Qm1  13.71 ft Orifice loss 1.2

Kb1.3 hv1 Qd1  0.55 ft Kb1.3 hv1 Qm1  0.65 ft Bend loss 1.3

f1 Qd1  hv1 Qd1  0.7442 ft f1 Qm1  hv1 Qm1  0.8762 ft Total frictional loss

hv1 Qd1  4.45 ft hv1 Qm1  5.28 ft Velocity head within the pipe
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Pipe 2

Design Flow Max Flow

H2 Qd2  15.17 ft H2 Qm2  17.97 ft Total head loss in Pipe 2

K31 hv2 Qd2  0.58 ft K31 hv2 Qm2  0.69 ft Y loss to Pipe 2

Kb_b2.1 hv2 Qd2  0.2 ft Kb_b2.1 hv2 Qm2  0.24 ft Combined bend loss

Ko2.1 hv2 Qd2  10.83 ft Ko2.1 hv2 Qm2  12.84 ft Orifice loss 2.1

Kb2.2 hv2 Qd2  3.08 ft Kb2.2 hv2 Qm2  3.65 ft Bend loss 2.2

f2 Qd2  hv2 Qd2  0.48 ft f2 Qm2  hv2 Qm2  0.56 ft Total friction loss for Pipe 2

hv2 Qd2  3.52 ft hv2 Qm2  4.17 ft Velocity head within the pipe

Fr2 Qd2  0.97 Fr2 Qm2  1.05 Froude exiting pipe 2

Pipe 3

Design Flow Max Flow

H3 Qd3  15.17 ft H3 Qm3  17.97 ft Total head loss in Pipe 3

K31 hv3 Qd3  0.58 ft K31 hv3 Qm3  0.69 ft Y loss to Pipe 3

Kb_b3.1 hv3 Qd3  0.2 ft Kb_b3.1 hv3 Qm3  0.24 ft Combined bend loss

Ko3.1 hv3 Qd3  10.83 ft Ko3.1 hv3 Qm3  12.84 ft Orifice loss 3.1

Kb3.2 hv3 Qd3  3.08 ft Kb3.2 hv3 Qm3  3.65 ft Bend loss 3.2

f3 Q( ) hv3 Qd3  0.47 ft f3 Q( ) hv3 Qm3  0.56 ft Total friction loss for Pipe 3

hv3 Qd3  3.52 ft hv3 Qm3  4.17 ft Velocity head within the pipe

Fr3 Qd3  0.97 Fr3 Qm3  1.05 Froude exiting pipe 3
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Reactionary Forces 

Forces in X
direction as
shown

Forces in flow
direction as
shown

Forces in Y
direction as
shown

Fb1.1x 116.58 kip Fb1.1y 193.06 kip Bend 1.1

Fb1.2x 143.18 kip Fb1.2y 240.02 kip Bend 1.2

Fo1.1 178.31 kip Orifice 1.1

Orifice 1.2
Fo1.2 134.13 kip

Fb1.3x 39.7 kip Fb1.3y 95.85 kip Bend 1.3

Fwye 1.26 kip Wye - Note that force is considered in the X direction only 

Fb2.1x 10.02 kip Fb2.1y 34.76 kip Bend 2.1

Fo2.1 54.61 kip Orifice 2.1

Fb2.2x 30.65 kip Fb2.2y 30.65 kip Bend 2.2

Fb3.1x 10.02 kip Fb3.1y 34.76 kip Bend 3.1

Fo3.1 54.61 kip Orifice 3.1

Fb3.2x 30.11 kip Fb3.2y 19.3 kip Bend 3.2
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Cavitation Potential Summary

bendcav1.1 "Bend radius ok"

bendcav1.2 "Bend radius ok"

bendcav1.3 "Bend radius ok"

bendcav2.1 "Bend radius ok"

bendcav2.2 "Incipient cavitation initiated" Bend 2.2 will have an air port located at the separation zone on the bend to alleviate the
cavitation potential 

bendcav3.1 "Bend radius ok"

bendcav3.2 "Incipient cavitation initiated" Bend 3.2 will have an air port located at the separation zone on the bend to alleviate the
cavitation potential 

check_σi_1.1 "check next" Orifice 1.1 shows "Incipient cavitation" potential but does not demonstate "critical," "incipient
damaging," or "choking" cavitation potential.

check_σcr_1.1 "check next"

check_σid_1.1 "ok"

check_σch_1.1 "ok"

check_σi_1.2 "check next" Orifice 1.2 shows "Incipient cavitation" potential but does not demonstate "critical," "incipient
damaging," or "choking" cavitation potential.

check_σcr_1.2 "check next"

check_σid_1.2 "ok"

check_σch_1.2 "ok"
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check_σi_2.1 "check next" Orifice 2.1 shows "Incipient cavitation" potential but does not demonstate "critical," "incipient
damaging," or "choking" cavitation potential.

check_σcr_2.1 "check next"

check_σid_2.1 "ok"

check_σch_2.1 "ok"

check_σi_3.1 "check next" Orifice 3.1 shows "Incipient cavitation" potential but does not demonstate "critical," "incipient
damaging," or "choking" cavitation potential.

check_σcr_3.1 "check next"

check_σid_3.1 "ok"

check_σch_3.1 "ok"
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Clearances 

Elebop2 94.75 ft Elevation of the bottom of pipe 2 at fishladder crossing

Elebop3 94.75 ft Elevation of the bottom of pipe 3 at fishladder crossing

ΔEFLent 1.3ft Maximum differential at fish ladder entrance

ΔEFLdiff 2.2ft Maximum head on diffusers from AWSC

TWmin 74.0ft Minimum tailwater at which the backup AWS operates

TWhigh 86.0ft Maximum tailwater at which the backup AWS operates

TWmax 90.0ft Maximum tailwater at which EFL maintains criteria

Elebop2 TWhigh ΔEFLent 7.45 ft Clearance of water in fishladder to bottom of pipe 2 at emergency AWS backup high tailwater operation 

Elebop2 TWmax ΔEFLent 3.45 ft Clearance of water in fishladder to bottom of pipe 2 at max tailwater EFL operation point 
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 Hydraulic Design Summary

Entrance Bell

Concentric eliptical bell entrance with a 5-ft primary radius and 1.5-ft secondary entrance base on guidance from EM 1110-2-1602 (Section 3-7)

Conduit 

Steel, lined against corrosion with cavitation resistant material.

k 0.000008 ft Design equivalent sand grain roughness

D1 10 ft Diameter of Pipe 1 L1 190 ft Length of Pipe 1

D2 7.5 ft Diameter of Pipe 2 L2 110 ft Length of Pipe 2

D3 7.5 ft Diameter of Pipe 3 L3 110 ft Length of Pipe 3

Appurtenances 

Valves 

One 10 ft butterfly valve (concentric) will be used at the downstream face of the dam as secondary flow closure.

Orifices 

Orifices shall have openings at the invert of the pipe to allow for drainage of conduit during system shutdown.

Do1.1 7.4 ft Orifice 1.1 (Orifice 1 on Pipe 1) Lo1.1 100 ft Station of Orifice 1.1 on Pipe 1

Do1.2 7.5 ft Orifice 1.2 (Orifice 2 on Pipe 1) Lo1.2 140 ft Station of Orifice 1.2 on Pipe 1

Do2.1 5.5 ft Orifice 2.1 (Orifice 1 on Pipe 2) Lo2.1 45 ft Station of Orifce 2.1 on Pipe 2

Do3.1 5.5 ft Orifce 3.1 (Orifice 1 on Pipe 3) Lo3.1 45 ft Station of Orifice 3.1 on Pipe 3

Air Inlets

Air inlets shall be installed downstream of orifices. To be designed.

Bends 

Bends shall have a radius of bending to diameter of pipe ratio equal to or greater than 1.0 except for bend 1.3 which requires a bend ratio of 1.5. Bends
shall not be mitered if possible. If mitered bends are determined necessary, maximum number of miters constructably feasible are desired.
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Sensitivity Factors αk 1.1 Minor loss factor αf 0.1 Equivalent sand grain
roughness factor

Flowrates 

Qd1 1330 cfs Design flow rate (low forebay) - Pipe 1 Qm1 1448 cfs Max flow rate (high forebay) - Pipe 1

Qd2 665 cfs Design flow rate (low forebay) - Pipe 2 Qm2 724 cfs Max flow rate (high forebay) - Pipe 2

Qd3 665 cfs Design flow rate (low forebay) - Pipe 3 Qm3 724 cfs Max flow rate (high forebay) - Pipe 3

Headlosses 

Pipe 1

Design Flow Max Flow

H1 Qd1  29.15 ft H1 Qm1  34.49 ft Total losses thru Pipe 1

ht 0.25 ft ht 0.25 ft Trashrack loss

Ke hv1 Qd1  0.71 ft Ke hv1 Qm1  0.85 ft Entrance loss

Kbfv hv1 Qd1  0.98 ft Kbfv hv1 Qm1  1.16 ft Butterfly valve loss

Kb_b1 hv1 Qd1  1.56 ft Kb_b1 hv1 Qm1  1.85 ft Combinded bend loss

Ko1.1 hv1 Qd1  12.83 ft Ko1.1 hv1 Qm1  15.21 ft Orifice loss 1.1

Ko1.2 hv1 Qd1  11.59 ft Ko1.2 hv1 Qm1  13.73 ft Orifice loss 1.2

Kb1.3 hv1 Qd1  0.55 ft Kb1.3 hv1 Qm1  0.65 ft Bend loss 1.3

f1 Qd1  hv1 Qd1  0.682 ft f1 Qm1  hv1 Qm1  0.7995 ft Total frictional loss

hv1 Qd1  4.46 ft hv1 Qm1  5.28 ft Velocity head within the pipe
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Pipe 2

Design Flow Max Flow

H2 Qd2  15.16 ft H2 Qm2  17.95 ft Total head loss in Pipe 2

K31 hv2 Qd2  0.58 ft K31 hv2 Qm2  0.69 ft Y loss to Pipe 2

Kb_b2.1 hv2 Qd2  0.2 ft Kb_b2.1 hv2 Qm2  0.24 ft Combined bend loss

Ko2.1 hv2 Qd2  10.85 ft Ko2.1 hv2 Qm2  12.86 ft Orifice loss 2.1

Kb2.2 hv2 Qd2  3.08 ft Kb2.2 hv2 Qm2  3.65 ft Bend loss 2.2

f2 Qd2  hv2 Qd2  0.44 ft f2 Qm2  hv2 Qm2  0.52 ft Total friction loss for Pipe 2

hv2 Qd2  3.52 ft hv2 Qm2  4.17 ft Velocity head within the pipe

Fr2 Qd2  0.97 Fr2 Qm2  1.06 Froude exiting pipe 2

Pipe 3

Design Flow Max Flow

H3 Qd3  15.16 ft H3 Qm3  17.95 ft Total head loss in Pipe 3

K31 hv3 Qd3  0.58 ft K31 hv3 Qm3  0.69 ft Y loss to Pipe 3

Kb_b3.1 hv3 Qd3  0.2 ft Kb_b3.1 hv3 Qm3  0.24 ft Combined bend loss

Ko3.1 hv3 Qd3  10.85 ft Ko3.1 hv3 Qm3  12.86 ft Orifice loss 3.1

Kb3.2 hv3 Qd3  3.08 ft Kb3.2 hv3 Qm3  3.65 ft Bend loss 3.2

f3 Q( ) hv3 Qd3  0.43 ft f3 Q( ) hv3 Qm3  0.51 ft Total friction loss for Pipe 3

hv3 Qd3  3.52 ft hv3 Qm3  4.17 ft Velocity head within the pipe

Fr3 Qd3  0.97 Fr3 Qm3  1.06 Froude exiting pipe 3
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Project Title: Dalles EFL Emergency AWS - Energy 
Dissipation

12/19/2013 By: Logan Negherbon
Checked By: Ryan Laughery

Reactionary Forces 

Forces in X
direction as
shown

Forces in flow
direction as
shown

Forces in Y
direction as
shown

Fb1.1x 116.64 kip Fb1.1y 193.16 kip Bend 1.1

Fb1.2x 143.23 kip Fb1.2y 240.11 kip Bend 1.2

Fo1.1 178.41 kip Orifice 1.1

Orifice 1.2
Fo1.2 134.27 kip

Fb1.3x 39.84 kip Fb1.3y 96.19 kip Bend 1.3

Fwye 1.15 kip Wye - Note that force is considered in the X direction only 

Fb2.1x 10.05 kip Fb2.1y 34.89 kip Bend 2.1

Fo2.1 54.75 kip Orifice 2.1

Fb2.2x 30.98 kip Fb2.2y 30.98 kip Bend 2.2

Fb3.1x 10.05 kip Fb3.1y 34.89 kip Bend 3.1

Fo3.1 54.75 kip Orifice 3.1

Fb3.2x 30.5 kip Fb3.2y 18.91 kip Bend 3.2
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Project Title: Dalles EFL Emergency AWS - Energy 
Dissipation

12/19/2013 By: Logan Negherbon
Checked By: Ryan Laughery

Cavitation Potential Summary

bendcav1.1 "Bend radius ok"

bendcav1.2 "Bend radius ok"

bendcav1.3 "Bend radius ok"

bendcav2.1 "Bend radius ok"

bendcav2.2 "Incipient cavitation initiated" Bend 2.2 will have an air port located at the separation zone on the bend to alleviate the
cavitation potential 

bendcav3.1 "Bend radius ok"

bendcav3.2 "Incipient cavitation initiated" Bend 3.2 will have an air port located at the separation zone on the bend to alleviate the
cavitation potential 

check_σi_1.1 "check next" Orifice 1.1 shows "Incipient cavitation" potential but does not demonstate "critical," "incipient
damaging," or "choking" cavitation potential.

check_σcr_1.1 "check next"

check_σid_1.1 "ok"

check_σch_1.1 "ok"

check_σi_1.2 "check next" Orifice 1.2 shows "Incipient cavitation" potential but does not demonstate "critical," "incipient
damaging," or "choking" cavitation potential.

check_σcr_1.2 "check next"

check_σid_1.2 "ok"

check_σch_1.2 "ok"
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Project Title: Dalles EFL Emergency AWS - Energy 
Dissipation

12/19/2013 By: Logan Negherbon
Checked By: Ryan Laughery

check_σi_2.1 "check next" Orifice 2.1 shows "Incipient cavitation" potential but does not demonstate "critical," "incipient
damaging," or "choking" cavitation potential.

check_σcr_2.1 "check next"

check_σid_2.1 "ok"

check_σch_2.1 "ok"

check_σi_3.1 "check next" Orifice 3.1 shows "Incipient cavitation" potential but does not demonstate "critical," "incipient
damaging," or "choking" cavitation potential.

check_σcr_3.1 "check next"

check_σid_3.1 "ok"

check_σch_3.1 "ok"
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Project Title: Dalles EFL Emergency AWS - Energy 
Dissipation

12/19/2013 By: Logan Negherbon
Checked By: Ryan Laughery

Clearances 

Elebop2 94.75 ft Elevation of the bottom of pipe 2 at fishladder crossing

Elebop3 94.75 ft Elevation of the bottom of pipe 3 at fishladder crossing

ΔEFLent 1.3ft Maximum differential at fish ladder entrance

ΔEFLdiff 2.2ft Maximum head on diffusers from AWSC

TWmin 74.0ft Minimum tailwater at which the backup AWS operates

TWhigh 86.0ft Maximum tailwater at which the backup AWS operates

TWmax 90.0ft Maximum tailwater at which EFL maintains criteria

Elebop2 TWhigh ΔEFLent 7.45 ft Clearance of water in fishladder to bottom of pipe 2 at emergency AWS backup high tailwater operation 

Elebop2 TWmax ΔEFLent 3.45 ft Clearance of water in fishladder to bottom of pipe 2 at max tailwater EFL operation point 
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Project Title: Dalles EFL Emergency AWS - Energy 
Dissipation

12/19/2013 By: Logan Negherbon
Checked By: Ryan Laughery

 Hydraulic Design Summary

Entrance Bell

Concentric eliptical bell entrance with a 5-ft primary radius and 1.5-ft secondary entrance base on guidance from EM 1110-2-1602 (Section 3-7)

Conduit 

Steel, lined against corrosion with cavitation resistant material.

k 0.00082 ft Design equivalent sand grain roughness

D1 10 ft Diameter of Pipe 1 L1 190 ft Length of Pipe 1

D2 7.5 ft Diameter of Pipe 2 L2 110 ft Length of Pipe 2

D3 7.5 ft Diameter of Pipe 3 L3 110 ft Length of Pipe 3

Appurtenances 

Valves 

One 10 ft butterfly valve (concentric) will be used at the downstream face of the dam as secondary flow closure.

Orifices 

Orifices shall have openings at the invert of the pipe to allow for drainage of conduit during system shutdown.

Do1.1 7.4 ft Orifice 1.1 (Orifice 1 on Pipe 1) Lo1.1 100 ft Station of Orifice 1.1 on Pipe 1

Do1.2 7.5 ft Orifice 1.2 (Orifice 2 on Pipe 1) Lo1.2 140 ft Station of Orifice 1.2 on Pipe 1

Do2.1 5.5 ft Orifice 2.1 (Orifice 1 on Pipe 2) Lo2.1 45 ft Station of Orifce 2.1 on Pipe 2

Do3.1 5.5 ft Orifce 3.1 (Orifice 1 on Pipe 3) Lo3.1 45 ft Station of Orifice 3.1 on Pipe 3

Air Inlets

Air inlets shall be installed downstream of orifices. To be designed.

Bends 

Bends shall have a radius of bending to diameter of pipe ratio equal to or greater than 1.0 except for bend 1.3 which requires a bend ratio of 1.5. Bends
shall not be mitered if possible. If mitered bends are determined necessary, maximum number of miters constructably feasible are desired.
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Project Title: Dalles EFL Emergency AWS - Energy 
Dissipation

12/19/2013 By: Logan Negherbon
Checked By: Ryan Laughery

Sensitivity Factors αk 1 Minor loss factor αf 10 Equivalent sand grain
roughness factor

Flowrates 

Qd1 1385 cfs Design flow rate (low forebay) - Pipe 1 Qm1 1506 cfs Max flow rate (high forebay) - Pipe 1

Qd2 692 cfs Design flow rate (low forebay) - Pipe 2 Qm2 753 cfs Max flow rate (high forebay) - Pipe 2

Qd3 692 cfs Design flow rate (low forebay) - Pipe 3 Qm3 753 cfs Max flow rate (high forebay) - Pipe 3

Headlosses 

Pipe 1

Design Flow Max Flow

H1 Qd1  29.2 ft H1 Qm1  34.5 ft Total losses thru Pipe 1

ht 0.25 ft ht 0.25 ft Trashrack loss

Ke hv1 Qd1  0.77 ft Ke hv1 Qm1  0.91 ft Entrance loss

Kbfv hv1 Qd1  0.97 ft Kbfv hv1 Qm1  1.14 ft Butterfly valve loss

Kb_b1 hv1 Qd1  1.54 ft Kb_b1 hv1 Qm1  1.82 ft Combinded bend loss

Ko1.1 hv1 Qd1  12.64 ft Ko1.1 hv1 Qm1  14.95 ft Orifice loss 1.1

Ko1.2 hv1 Qd1  11.42 ft Ko1.2 hv1 Qm1  13.51 ft Orifice loss 1.2

Kb1.3 hv1 Qd1  0.54 ft Kb1.3 hv1 Qm1  0.64 ft Bend loss 1.3

f1 Qd1  hv1 Qd1  1.0797 ft f1 Qm1  hv1 Qm1  1.2757 ft Total frictional loss

hv1 Qd1  4.83 ft hv1 Qm1  5.72 ft Velocity head within the pipe
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Project Title: Dalles EFL Emergency AWS - Energy 
Dissipation

12/19/2013 By: Logan Negherbon
Checked By: Ryan Laughery

Pipe 2

Design Flow Max Flow

H2 Qd2  15.19 ft H2 Qm2  17.97 ft Total head loss in Pipe 2

K31 hv2 Qd2  0.57 ft K31 hv2 Qm2  0.68 ft Y loss to Pipe 2

Kb_b2.1 hv2 Qd2  0.2 ft Kb_b2.1 hv2 Qm2  0.23 ft Combined bend loss

Ko2.1 hv2 Qd2  10.69 ft Ko2.1 hv2 Qm2  12.64 ft Orifice loss 2.1

Kb2.2 hv2 Qd2  3.04 ft Kb2.2 hv2 Qm2  3.59 ft Bend loss 2.2

f2 Qd2  hv2 Qd2  0.7 ft f2 Qm2  hv2 Qm2  0.82 ft Total friction loss for Pipe 2

hv2 Qd2  3.82 ft hv2 Qm2  4.52 ft Velocity head within the pipe

Fr2 Qd2  1.01 Fr2 Qm2  1.1 Froude exiting pipe 2

Pipe 3

Design Flow Max Flow

H3 Qd3  15.19 ft H3 Qm3  17.97 ft Total head loss in Pipe 3

K31 hv3 Qd3  0.57 ft K31 hv3 Qm3  0.68 ft Y loss to Pipe 3

Kb_b3.1 hv3 Qd3  0.2 ft Kb_b3.1 hv3 Qm3  0.23 ft Combined bend loss

Ko3.1 hv3 Qd3  10.69 ft Ko3.1 hv3 Qm3  12.64 ft Orifice loss 3.1

Kb3.2 hv3 Qd3  3.04 ft Kb3.2 hv3 Qm3  3.59 ft Bend loss 3.2

f3 Q( ) hv3 Qd3  0.7 ft f3 Q( ) hv3 Qm3  0.82 ft Total friction loss for Pipe 3

hv3 Qd3  3.82 ft hv3 Qm3  4.52 ft Velocity head within the pipe

Fr3 Qd3  1.01 Fr3 Qm3  1.1 Froude exiting pipe 3
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Project Title: Dalles EFL Emergency AWS - Energy 
Dissipation

12/19/2013 By: Logan Negherbon
Checked By: Ryan Laughery

Reactionary Forces 

Forces in X
direction as
shown

Forces in flow
direction as
shown

Forces in Y
direction as
shown

Fb1.1x 116.42 kip Fb1.1y 193.58 kip Bend 1.1

Fb1.2x 143.27 kip Fb1.2y 240.9 kip Bend 1.2

Fo1.1 174.6 kip Orifice 1.1

Orifice 1.2
Fo1.2 133.73 kip

Fb1.3x 43.63 kip Fb1.3y 105.34 kip Bend 1.3

Fwye 0.65 kip Wye - Note that force is considered in the X direction only 

Fb2.1x 11.03 kip Fb2.1y 38.76 kip Bend 2.1

Fo2.1 56.39 kip Orifice 2.1

Fb2.2x 41.82 kip Fb2.2y 41.82 kip Bend 2.2

Fb3.1x 11.03 kip Fb3.1y 38.76 kip Bend 3.1

Fo3.1 56.39 kip Orifice 3.1

Fb3.2x 41.1 kip Fb3.2y 8.31 kip Bend 3.2
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Project Title: Dalles EFL Emergency AWS - Energy 
Dissipation

12/19/2013 By: Logan Negherbon
Checked By: Ryan Laughery

Cavitation Potential Summary

bendcav1.1 "Bend radius ok"

bendcav1.2 "Bend radius ok"

bendcav1.3 "Bend radius ok"

bendcav2.1 "Bend radius ok"

bendcav2.2 "Incipient cavitation initiated" Bend 2.2 will have an air port located at the separation zone on the bend to alleviate the
cavitation potential 

bendcav3.1 "Bend radius ok"

bendcav3.2 "Incipient cavitation initiated" Bend 3.2 will have an air port located at the separation zone on the bend to alleviate the
cavitation potential 

check_σi_1.1 "check next" Orifice 1.1 shows "Incipient cavitation" potential but does not demonstate "critical," "incipient
damaging," or "choking" cavitation potential.

check_σcr_1.1 "ok"

check_σid_1.1 "ok"

check_σch_1.1 "ok"

check_σi_1.2 "check next" Orifice 1.2 shows "Incipient cavitation" potential but does not demonstate "critical," "incipient
damaging," or "choking" cavitation potential.

check_σcr_1.2 "ok"

check_σid_1.2 "ok"

check_σch_1.2 "ok"
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Project Title: Dalles EFL Emergency AWS - Energy 
Dissipation

12/19/2013 By: Logan Negherbon
Checked By: Ryan Laughery

check_σi_2.1 "check next" Orifice 2.1 shows "Incipient cavitation" potential but does not demonstate "critical," "incipient
damaging," or "choking" cavitation potential.

check_σcr_2.1 "ok"

check_σid_2.1 "ok"

check_σch_2.1 "ok"

check_σi_3.1 "check next" Orifice 3.1 shows "Incipient cavitation" potential but does not demonstate "critical," "incipient
damaging," or "choking" cavitation potential.

check_σcr_3.1 "ok"

check_σid_3.1 "ok"

check_σch_3.1 "ok"
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Project Title: Dalles EFL Emergency AWS - Energy 
Dissipation

12/19/2013 By: Logan Negherbon
Checked By: Ryan Laughery

Clearances 

Elebop2 94.75 ft Elevation of the bottom of pipe 2 at fishladder crossing

Elebop3 94.75 ft Elevation of the bottom of pipe 3 at fishladder crossing

ΔEFLent 1.3ft Maximum differential at fish ladder entrance

ΔEFLdiff 2.2ft Maximum head on diffusers from AWSC

TWmin 74.0ft Minimum tailwater at which the backup AWS operates

TWhigh 86.0ft Maximum tailwater at which the backup AWS operates

TWmax 90.0ft Maximum tailwater at which EFL maintains criteria

Elebop2 TWhigh ΔEFLent 7.45 ft Clearance of water in fishladder to bottom of pipe 2 at emergency AWS backup high tailwater operation 

Elebop2 TWmax ΔEFLent 3.45 ft Clearance of water in fishladder to bottom of pipe 2 at max tailwater EFL operation point 
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Project Title: Dalles EFL Emergency AWS - Energy 
Dissipation

12/19/2013 By: Logan Negherbon
Checked By: Ryan Laughery

 Hydraulic Design Summary

Entrance Bell

Concentric eliptical bell entrance with a 5-ft primary radius and 1.5-ft secondary entrance base on guidance from EM 1110-2-1602 (Section 3-7)

Conduit 

Steel, lined against corrosion with cavitation resistant material.

k 0.000008 ft Design equivalent sand grain roughness

D1 10 ft Diameter of Pipe 1 L1 190 ft Length of Pipe 1

D2 7.5 ft Diameter of Pipe 2 L2 110 ft Length of Pipe 2

D3 7.5 ft Diameter of Pipe 3 L3 110 ft Length of Pipe 3

Appurtenances 

Valves 

One 10 ft butterfly valve (concentric) will be used at the downstream face of the dam as secondary flow closure.

Orifices 

Orifices shall have openings at the invert of the pipe to allow for drainage of conduit during system shutdown.

Do1.1 7.4 ft Orifice 1.1 (Orifice 1 on Pipe 1) Lo1.1 100 ft Station of Orifice 1.1 on Pipe 1

Do1.2 7.5 ft Orifice 1.2 (Orifice 2 on Pipe 1) Lo1.2 140 ft Station of Orifice 1.2 on Pipe 1

Do2.1 5.5 ft Orifice 2.1 (Orifice 1 on Pipe 2) Lo2.1 45 ft Station of Orifce 2.1 on Pipe 2

Do3.1 5.5 ft Orifce 3.1 (Orifice 1 on Pipe 3) Lo3.1 45 ft Station of Orifice 3.1 on Pipe 3

Air Inlets

Air inlets shall be installed downstream of orifices. To be designed.

Bends 

Bends shall have a radius of bending to diameter of pipe ratio equal to or greater than 1.0 except for bend 1.3 which requires a bend ratio of 1.5. Bends
shall not be mitered if possible. If mitered bends are determined necessary, maximum number of miters constructably feasible are desired.
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Project Title: Dalles EFL Emergency AWS - Energy 
Dissipation

12/19/2013 By: Logan Negherbon
Checked By: Ryan Laughery

Sensitivity Factors αk 1 Minor loss factor αf 0.1 Equivalent sand grain
roughness factor

Flowrates 

Qd1 1391 cfs Design flow rate (low forebay) - Pipe 1 Qm1 1513 cfs Max flow rate (high forebay) - Pipe 1

Qd2 695 cfs Design flow rate (low forebay) - Pipe 2 Qm2 756 cfs Max flow rate (high forebay) - Pipe 2

Qd3 695 cfs Design flow rate (low forebay) - Pipe 3 Qm3 756 cfs Max flow rate (high forebay) - Pipe 3

Headlosses 

Pipe 1

Design Flow Max Flow

H1 Qd1  29.1 ft H1 Qm1  34.38 ft Total losses thru Pipe 1

ht 0.25 ft ht 0.25 ft Trashrack loss

Ke hv1 Qd1  0.78 ft Ke hv1 Qm1  0.92 ft Entrance loss

Kbfv hv1 Qd1  0.97 ft Kbfv hv1 Qm1  1.15 ft Butterfly valve loss

Kb_b1 hv1 Qd1  1.55 ft Kb_b1 hv1 Qm1  1.83 ft Combinded bend loss

Ko1.1 hv1 Qd1  12.75 ft Ko1.1 hv1 Qm1  15.08 ft Orifice loss 1.1

Ko1.2 hv1 Qd1  11.52 ft Ko1.2 hv1 Qm1  13.62 ft Orifice loss 1.2

Kb1.3 hv1 Qd1  0.54 ft Kb1.3 hv1 Qm1  0.64 ft Bend loss 1.3

f1 Qd1  hv1 Qd1  0.7411 ft f1 Qm1  hv1 Qm1  0.8676 ft Total frictional loss

hv1 Qd1  4.87 ft hv1 Qm1  5.77 ft Velocity head within the pipe
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Dissipation

12/19/2013 By: Logan Negherbon
Checked By: Ryan Laughery

Pipe 2

Design Flow Max Flow

H2 Qd2  15.1 ft H2 Qm2  17.86 ft Total head loss in Pipe 2

K31 hv2 Qd2  0.58 ft K31 hv2 Qm2  0.68 ft Y loss to Pipe 2

Kb_b2.1 hv2 Qd2  0.2 ft Kb_b2.1 hv2 Qm2  0.24 ft Combined bend loss

Ko2.1 hv2 Qd2  10.78 ft Ko2.1 hv2 Qm2  12.76 ft Orifice loss 2.1

Kb2.2 hv2 Qd2  3.06 ft Kb2.2 hv2 Qm2  3.62 ft Bend loss 2.2

f2 Qd2  hv2 Qd2  0.48 ft f2 Qm2  hv2 Qm2  0.56 ft Total friction loss for Pipe 2

hv2 Qd2  3.85 ft hv2 Qm2  4.56 ft Velocity head within the pipe

Fr2 Qd2  1.01 Fr2 Qm2  1.1 Froude exiting pipe 2

Pipe 3

Design Flow Max Flow

H3 Qd3  15.1 ft H3 Qm3  17.86 ft Total head loss in Pipe 3

K31 hv3 Qd3  0.58 ft K31 hv3 Qm3  0.68 ft Y loss to Pipe 3

Kb_b3.1 hv3 Qd3  0.2 ft Kb_b3.1 hv3 Qm3  0.24 ft Combined bend loss

Ko3.1 hv3 Qd3  10.78 ft Ko3.1 hv3 Qm3  12.76 ft Orifice loss 3.1

Kb3.2 hv3 Qd3  3.06 ft Kb3.2 hv3 Qm3  3.62 ft Bend loss 3.2

f3 Q( ) hv3 Qd3  0.47 ft f3 Q( ) hv3 Qm3  0.56 ft Total friction loss for Pipe 3

hv3 Qd3  3.85 ft hv3 Qm3  4.56 ft Velocity head within the pipe

Fr3 Qd3  1.01 Fr3 Qm3  1.1 Froude exiting pipe 3
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Project Title: Dalles EFL Emergency AWS - Energy 
Dissipation

12/19/2013 By: Logan Negherbon
Checked By: Ryan Laughery

Reactionary Forces 

Forces in X
direction as
shown

Forces in flow
direction as
shown

Forces in Y
direction as
shown

Fb1.1x 116.68 kip Fb1.1y 194.04 kip Bend 1.1

Fb1.2x 143.53 kip Fb1.2y 241.36 kip Bend 1.2

Fo1.1 175.08 kip Orifice 1.1

Orifice 1.2
Fo1.2 134.38 kip

Fb1.3x 44.32 kip Fb1.3y 106.99 kip Bend 1.3

Fwye 1.17 kip Wye - Note that force is considered in the X direction only 

Fb2.1x 11.19 kip Fb2.1y 39.39 kip Bend 2.1

Fo2.1 57.06 kip Orifice 2.1

Fb2.2x 43.45 kip Fb2.2y 43.45 kip Bend 2.2

Fb3.1x 11.19 kip Fb3.1y 39.39 kip Bend 3.1

Fo3.1 57.06 kip Orifice 3.1

Fb3.2x 42.97 kip Fb3.2y 6.44 kip Bend 3.2
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Project Title: Dalles EFL Emergency AWS - Energy 
Dissipation

12/19/2013 By: Logan Negherbon
Checked By: Ryan Laughery

Cavitation Potential Summary

bendcav1.1 "Bend radius ok"

bendcav1.2 "Bend radius ok"

bendcav1.3 "Bend radius ok"

bendcav2.1 "Bend radius ok"

bendcav2.2 "Incipient cavitation initiated" Bend 2.2 will have an air port located at the separation zone on the bend to alleviate the
cavitation potential 

bendcav3.1 "Bend radius ok"

bendcav3.2 "Incipient cavitation initiated" Bend 3.2 will have an air port located at the separation zone on the bend to alleviate the
cavitation potential 

check_σi_1.1 "check next" Orifice 1.1 shows "Incipient cavitation" potential but does not demonstate "critical," "incipient
damaging," or "choking" cavitation potential.

check_σcr_1.1 "ok"

check_σid_1.1 "ok"

check_σch_1.1 "ok"

check_σi_1.2 "check next" Orifice 1.2 shows "Incipient cavitation" potential but does not demonstate "critical," "incipient
damaging," or "choking" cavitation potential.

check_σcr_1.2 "ok"

check_σid_1.2 "ok"

check_σch_1.2 "ok"
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Dissipation

12/19/2013 By: Logan Negherbon
Checked By: Ryan Laughery

check_σi_2.1 "check next" Orifice 2.1 shows "Incipient cavitation" potential but does not demonstate "critical," "incipient
damaging," or "choking" cavitation potential.

check_σcr_2.1 "ok"

check_σid_2.1 "ok"

check_σch_2.1 "ok"

check_σi_3.1 "check next" Orifice 3.1 shows "Incipient cavitation" potential but does not demonstate "critical," "incipient
damaging," or "choking" cavitation potential.

check_σcr_3.1 "ok"

check_σid_3.1 "ok"

check_σch_3.1 "ok"
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Project Title: Dalles EFL Emergency AWS - Energy 
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12/19/2013 By: Logan Negherbon
Checked By: Ryan Laughery

Clearances 

Elebop2 94.75 ft Elevation of the bottom of pipe 2 at fishladder crossing

Elebop3 94.75 ft Elevation of the bottom of pipe 3 at fishladder crossing

ΔEFLent 1.3ft Maximum differential at fish ladder entrance

ΔEFLdiff 2.2ft Maximum head on diffusers from AWSC

TWmin 74.0ft Minimum tailwater at which the backup AWS operates

TWhigh 86.0ft Maximum tailwater at which the backup AWS operates

TWmax 90.0ft Maximum tailwater at which EFL maintains criteria

Elebop2 TWhigh ΔEFLent 7.45 ft Clearance of water in fishladder to bottom of pipe 2 at emergency AWS backup high tailwater operation 

Elebop2 TWmax ΔEFLent 3.45 ft Clearance of water in fishladder to bottom of pipe 2 at max tailwater EFL operation point 
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Project Title: Dalles EFL Emergency AWS - Energy 
Dissipation

12/19/2013 By: Logan Negherbon
Checked By: Ryan Laughery

 Hydraulic Design Summary

Entrance Bell

Concentric eliptical bell entrance with a 5-ft primary radius and 1.5-ft secondary entrance base on guidance from EM 1110-2-1602 (Section 3-7)

Conduit 

Steel, lined against corrosion with cavitation resistant material.

k 0.00082 ft Design equivalent sand grain roughness

D1 10 ft Diameter of Pipe 1 L1 190 ft Length of Pipe 1

D2 7.5 ft Diameter of Pipe 2 L2 110 ft Length of Pipe 2

D3 7.5 ft Diameter of Pipe 3 L3 110 ft Length of Pipe 3

Appurtenances 

Valves 

One 10 ft butterfly valve (concentric) will be used at the downstream face of the dam as secondary flow closure.

Orifices 

Orifices shall have openings at the invert of the pipe to allow for drainage of conduit during system shutdown.

Do1.1 7.4 ft Orifice 1.1 (Orifice 1 on Pipe 1) Lo1.1 100 ft Station of Orifice 1.1 on Pipe 1

Do1.2 7.5 ft Orifice 1.2 (Orifice 2 on Pipe 1) Lo1.2 140 ft Station of Orifice 1.2 on Pipe 1

Do2.1 5.5 ft Orifice 2.1 (Orifice 1 on Pipe 2) Lo2.1 45 ft Station of Orifce 2.1 on Pipe 2

Do3.1 5.5 ft Orifce 3.1 (Orifice 1 on Pipe 3) Lo3.1 45 ft Station of Orifice 3.1 on Pipe 3

Air Inlets

Air inlets shall be installed downstream of orifices. To be designed.

Bends 

Bends shall have a radius of bending to diameter of pipe ratio equal to or greater than 1.0 except for bend 1.3 which requires a bend ratio of 1.5. Bends
shall not be mitered if possible. If mitered bends are determined necessary, maximum number of miters constructably feasible are desired.
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Project Title: Dalles EFL Emergency AWS - Energy 
Dissipation

12/19/2013 By: Logan Negherbon
Checked By: Ryan Laughery

Sensitivity Factors αk 0.9 Minor loss factor αf 10 Equivalent sand grain
roughness factor

Flowrates 

Qd1 1453 cfs Design flow rate (low forebay) - Pipe 1 Qm1 1579 cfs Max flow rate (high forebay) - Pipe 1

Qd2 727 cfs Design flow rate (low forebay) - Pipe 2 Qm2 790 cfs Max flow rate (high forebay) - Pipe 2

Qd3 727 cfs Design flow rate (low forebay) - Pipe 3 Qm3 790 cfs Max flow rate (high forebay) - Pipe 3

Headlosses 

Pipe 1

Design Flow Max Flow

H1 Qd1  29.15 ft H1 Qm1  34.38 ft Total losses thru Pipe 1

ht 0.25 ft ht 0.25 ft Trashrack loss

Ke hv1 Qd1  0.85 ft Ke hv1 Qm1  1.01 ft Entrance loss

Kbfv hv1 Qd1  0.96 ft Kbfv hv1 Qm1  1.13 ft Butterfly valve loss

Kb_b1 hv1 Qd1  1.52 ft Kb_b1 hv1 Qm1  1.8 ft Combinded bend loss

Ko1.1 hv1 Qd1  12.53 ft Ko1.1 hv1 Qm1  14.8 ft Orifice loss 1.1

Ko1.2 hv1 Qd1  11.32 ft Ko1.2 hv1 Qm1  13.37 ft Orifice loss 1.2

Kb1.3 hv1 Qd1  0.53 ft Kb1.3 hv1 Qm1  0.63 ft Bend loss 1.3

f1 Qd1  hv1 Qd1  1.1884 ft f1 Qm1  hv1 Qm1  1.4016 ft Total frictional loss

hv1 Qd1  5.32 ft hv1 Qm1  6.28 ft Velocity head within the pipe
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Pipe 2

Design Flow Max Flow

H2 Qd2  15.14 ft H2 Qm2  17.87 ft Total head loss in Pipe 2

K31 hv2 Qd2  0.57 ft K31 hv2 Qm2  0.67 ft Y loss to Pipe 2

Kb_b2.1 hv2 Qd2  0.2 ft Kb_b2.1 hv2 Qm2  0.23 ft Combined bend loss

Ko2.1 hv2 Qd2  10.6 ft Ko2.1 hv2 Qm2  12.51 ft Orifice loss 2.1

Kb2.2 hv2 Qd2  3.01 ft Kb2.2 hv2 Qm2  3.56 ft Bend loss 2.2

f2 Qd2  hv2 Qd2  0.77 ft f2 Qm2  hv2 Qm2  0.9 ft Total friction loss for Pipe 2

hv2 Qd2  4.2 ft hv2 Qm2  4.97 ft Velocity head within the pipe

Fr2 Qd2  1.06 Fr2 Qm2  1.15 Froude exiting pipe 2

Pipe 3

Design Flow Max Flow

H3 Qd3  15.14 ft H3 Qm3  17.87 ft Total head loss in Pipe 3

K31 hv3 Qd3  0.57 ft K31 hv3 Qm3  0.67 ft Y loss to Pipe 3

Kb_b3.1 hv3 Qd3  0.2 ft Kb_b3.1 hv3 Qm3  0.23 ft Combined bend loss

Ko3.1 hv3 Qd3  10.6 ft Ko3.1 hv3 Qm3  12.51 ft Orifice loss 3.1

Kb3.2 hv3 Qd3  3.01 ft Kb3.2 hv3 Qm3  3.56 ft Bend loss 3.2

f3 Q( ) hv3 Qd3  0.77 ft f3 Q( ) hv3 Qm3  0.91 ft Total friction loss for Pipe 3

hv3 Qd3  4.2 ft hv3 Qm3  4.97 ft Velocity head within the pipe

Fr3 Qd3  1.06 Fr3 Qm3  1.15 Froude exiting pipe 3
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Reactionary Forces 

Forces in X
direction as
shown

Forces in flow
direction as
shown

Forces in Y
direction as
shown

Fb1.1x 116.46 kip Fb1.1y 194.47 kip Bend 1.1

Fb1.2x 143.57 kip Fb1.2y 242.14 kip Bend 1.2

Fo1.1 171.27 kip Orifice 1.1

Orifice 1.2
Fo1.2 133.85 kip

Fb1.3x 48.11 kip Fb1.3y 116.14 kip Bend 1.3

Fwye 2.97 kip Wye - Note that force is considered in the X direction only 

Fb2.1x 12.17 kip Fb2.1y 43.27 kip Bend 2.1

Fo2.1 58.7 kip Orifice 2.1

Fb2.2x 54.29 kip Fb2.2y 54.29 kip Bend 2.2

Fb3.1x 12.17 kip Fb3.1y 43.27 kip Bend 3.1

Fo3.1 58.7 kip Orifice 3.1

Fb3.2x 53.58 kip Fb3.2y 4.17 kip Bend 3.2
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Cavitation Potential Summary

bendcav1.1 "Bend radius ok"

bendcav1.2 "Bend radius ok"

bendcav1.3 "Bend radius ok"

bendcav2.1 "Bend radius ok"

bendcav2.2 "Bend radius ok" Bend 2.2 will have an air port located at the separation zone on the bend to alleviate the
cavitation potential 

bendcav3.1 "Bend radius ok"

bendcav3.2 "Bend radius ok" Bend 3.2 will have an air port located at the separation zone on the bend to alleviate the
cavitation potential 

check_σi_1.1 "check next" Orifice 1.1 shows "Incipient cavitation" potential but does not demonstate "critical," "incipient
damaging," or "choking" cavitation potential.

check_σcr_1.1 "ok"

check_σid_1.1 "ok"

check_σch_1.1 "ok"

check_σi_1.2 "check next" Orifice 1.2 shows "Incipient cavitation" potential but does not demonstate "critical," "incipient
damaging," or "choking" cavitation potential.

check_σcr_1.2 "ok"

check_σid_1.2 "ok"

check_σch_1.2 "ok"
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check_σi_2.1 "check next" Orifice 2.1 shows "Incipient cavitation" potential but does not demonstate "critical," "incipient
damaging," or "choking" cavitation potential.

check_σcr_2.1 "ok"

check_σid_2.1 "ok"

check_σch_2.1 "ok"

check_σi_3.1 "check next" Orifice 3.1 shows "Incipient cavitation" potential but does not demonstate "critical," "incipient
damaging," or "choking" cavitation potential.

check_σcr_3.1 "ok"

check_σid_3.1 "ok"

check_σch_3.1 "ok"
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Clearances 

Elebop2 94.75 ft Elevation of the bottom of pipe 2 at fishladder crossing

Elebop3 94.75 ft Elevation of the bottom of pipe 3 at fishladder crossing

ΔEFLent 1.3ft Maximum differential at fish ladder entrance

ΔEFLdiff 2.2ft Maximum head on diffusers from AWSC

TWmin 74.0ft Minimum tailwater at which the backup AWS operates

TWhigh 86.0ft Maximum tailwater at which the backup AWS operates

TWmax 90.0ft Maximum tailwater at which EFL maintains criteria

Elebop2 TWhigh ΔEFLent 7.45 ft Clearance of water in fishladder to bottom of pipe 2 at emergency AWS backup high tailwater operation 

Elebop2 TWmax ΔEFLent 3.45 ft Clearance of water in fishladder to bottom of pipe 2 at max tailwater EFL operation point 
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 Hydraulic Design Summary

Entrance Bell

Concentric eliptical bell entrance with a 5-ft primary radius and 1.5-ft secondary entrance base on guidance from EM 1110-2-1602 (Section 3-7)

Conduit 

Steel, lined against corrosion with cavitation resistant material.

k 0.000082 ft Design equivalent sand grain roughness

D1 10 ft Diameter of Pipe 1 L1 190 ft Length of Pipe 1

D2 7.5 ft Diameter of Pipe 2 L2 110 ft Length of Pipe 2

D3 7.5 ft Diameter of Pipe 3 L3 110 ft Length of Pipe 3

Appurtenances 

Valves 

One 10 ft butterfly valve (concentric) will be used at the downstream face of the dam as secondary flow closure.

Orifices 

Orifices shall have openings at the invert of the pipe to allow for drainage of conduit during system shutdown.

Do1.1 7.4 ft Orifice 1.1 (Orifice 1 on Pipe 1) Lo1.1 100 ft Station of Orifice 1.1 on Pipe 1

Do1.2 7.5 ft Orifice 1.2 (Orifice 2 on Pipe 1) Lo1.2 140 ft Station of Orifice 1.2 on Pipe 1

Do2.1 5.5 ft Orifice 2.1 (Orifice 1 on Pipe 2) Lo2.1 45 ft Station of Orifce 2.1 on Pipe 2

Do3.1 5.5 ft Orifce 3.1 (Orifice 1 on Pipe 3) Lo3.1 45 ft Station of Orifice 3.1 on Pipe 3

Air Inlets

Air inlets shall be installed downstream of orifices. To be designed.

Bends 

Bends shall have a radius of bending to diameter of pipe ratio equal to or greater than 1.0 except for bend 1.3 which requires a bend ratio of 1.5. Bends
shall not be mitered if possible. If mitered bends are determined necessary, maximum number of miters constructably feasible are desired.
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Sensitivity Factors αk 0.9 Minor loss factor αf 1 Equivalent sand grain
roughness factor

Flowrates 

Qd1 1459 cfs Design flow rate (low forebay) - Pipe 1 Qm1 1585 cfs Max flow rate (high forebay) - Pipe 1

Qd2 729 cfs Design flow rate (low forebay) - Pipe 2 Qm2 793 cfs Max flow rate (high forebay) - Pipe 2

Qd3 729 cfs Design flow rate (low forebay) - Pipe 3 Qm3 793 cfs Max flow rate (high forebay) - Pipe 3

Headlosses 

Pipe 1

Design Flow Max Flow

H1 Qd1  29.06 ft H1 Qm1  34.27 ft Total losses thru Pipe 1

ht 0.25 ft ht 0.25 ft Trashrack loss

Ke hv1 Qd1  0.86 ft Ke hv1 Qm1  1.01 ft Entrance loss

Kbfv hv1 Qd1  0.97 ft Kbfv hv1 Qm1  1.14 ft Butterfly valve loss

Kb_b1 hv1 Qd1  1.54 ft Kb_b1 hv1 Qm1  1.81 ft Combinded bend loss

Ko1.1 hv1 Qd1  12.63 ft Ko1.1 hv1 Qm1  14.91 ft Orifice loss 1.1

Ko1.2 hv1 Qd1  11.4 ft Ko1.2 hv1 Qm1  13.47 ft Orifice loss 1.2

Kb1.3 hv1 Qd1  0.54 ft Kb1.3 hv1 Qm1  0.64 ft Bend loss 1.3

f1 Qd1  hv1 Qd1  0.8902 ft f1 Qm1  hv1 Qm1  1.0449 ft Total frictional loss

hv1 Qd1  5.36 ft hv1 Qm1  6.33 ft Velocity head within the pipe
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Pipe 2

Design Flow Max Flow

H2 Qd2  15.05 ft H2 Qm2  17.77 ft Total head loss in Pipe 2

K31 hv2 Qd2  0.57 ft K31 hv2 Qm2  0.68 ft Y loss to Pipe 2

Kb_b2.1 hv2 Qd2  0.2 ft Kb_b2.1 hv2 Qm2  0.23 ft Combined bend loss

Ko2.1 hv2 Qd2  10.68 ft Ko2.1 hv2 Qm2  12.61 ft Orifice loss 2.1

Kb2.2 hv2 Qd2  3.03 ft Kb2.2 hv2 Qm2  3.58 ft Bend loss 2.2

f2 Qd2  hv2 Qd2  0.57 ft f2 Qm2  hv2 Qm2  0.67 ft Total friction loss for Pipe 2

hv2 Qd2  4.24 ft hv2 Qm2  5 ft Velocity head within the pipe

Fr2 Qd2  1.06 Fr2 Qm2  1.16 Froude exiting pipe 2

Pipe 3

Design Flow Max Flow

H3 Qd3  15.05 ft H3 Qm3  17.77 ft Total head loss in Pipe 3

K31 hv3 Qd3  0.57 ft K31 hv3 Qm3  0.68 ft Y loss to Pipe 3

Kb_b3.1 hv3 Qd3  0.2 ft Kb_b3.1 hv3 Qm3  0.23 ft Combined bend loss

Ko3.1 hv3 Qd3  10.68 ft Ko3.1 hv3 Qm3  12.61 ft Orifice loss 3.1

Kb3.2 hv3 Qd3  3.03 ft Kb3.2 hv3 Qm3  3.58 ft Bend loss 3.2

f3 Q( ) hv3 Qd3  0.57 ft f3 Q( ) hv3 Qm3  0.68 ft Total friction loss for Pipe 3

hv3 Qd3  4.24 ft hv3 Qm3  5 ft Velocity head within the pipe

Fr3 Qd3  1.06 Fr3 Qm3  1.16 Froude exiting pipe 3
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Reactionary Forces 

Forces in X
direction as
shown

Forces in flow
direction as
shown

Forces in Y
direction as
shown

Fb1.1x 116.67 kip Fb1.1y 194.83 kip Bend 1.1

Fb1.2x 143.78 kip Fb1.2y 242.51 kip Bend 1.2

Fo1.1 171.65 kip Orifice 1.1

Orifice 1.2
Fo1.2 134.37 kip

Fb1.3x 48.65 kip Fb1.3y 117.45 kip Bend 1.3

Fwye 3.38 kip Wye - Note that force is considered in the X direction only 

Fb2.1x 12.3 kip Fb2.1y 43.77 kip Bend 2.1

Fo2.1 59.23 kip Orifice 2.1

Fb2.2x 55.59 kip Fb2.2y 55.59 kip Bend 2.2

Fb3.1x 12.3 kip Fb3.1y 43.77 kip Bend 3.1

Fo3.1 59.23 kip Orifice 3.1

Fb3.2x 55.06 kip Fb3.2y 5.65 kip Bend 3.2
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Cavitation Potential Summary

bendcav1.1 "Bend radius ok"

bendcav1.2 "Bend radius ok"

bendcav1.3 "Bend radius ok"

bendcav2.1 "Bend radius ok"

bendcav2.2 "Bend radius ok" Bend 2.2 will have an air port located at the separation zone on the bend to alleviate the
cavitation potential 

bendcav3.1 "Bend radius ok"

bendcav3.2 "Bend radius ok" Bend 3.2 will have an air port located at the separation zone on the bend to alleviate the
cavitation potential 

check_σi_1.1 "check next" Orifice 1.1 shows "Incipient cavitation" potential but does not demonstate "critical," "incipient
damaging," or "choking" cavitation potential.

check_σcr_1.1 "ok"

check_σid_1.1 "ok"

check_σch_1.1 "ok"

check_σi_1.2 "check next" Orifice 1.2 shows "Incipient cavitation" potential but does not demonstate "critical," "incipient
damaging," or "choking" cavitation potential.

check_σcr_1.2 "ok"

check_σid_1.2 "ok"

check_σch_1.2 "ok"
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check_σi_2.1 "check next" Orifice 2.1 shows "Incipient cavitation" potential but does not demonstate "critical," "incipient
damaging," or "choking" cavitation potential.

check_σcr_2.1 "ok"

check_σid_2.1 "ok"

check_σch_2.1 "ok"

check_σi_3.1 "check next" Orifice 3.1 shows "Incipient cavitation" potential but does not demonstate "critical," "incipient
damaging," or "choking" cavitation potential.

check_σcr_3.1 "ok"

check_σid_3.1 "ok"

check_σch_3.1 "ok"
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Clearances 

Elebop2 94.75 ft Elevation of the bottom of pipe 2 at fishladder crossing

Elebop3 94.75 ft Elevation of the bottom of pipe 3 at fishladder crossing

ΔEFLent 1.3ft Maximum differential at fish ladder entrance

ΔEFLdiff 2.2ft Maximum head on diffusers from AWSC

TWmin 74.0ft Minimum tailwater at which the backup AWS operates

TWhigh 86.0ft Maximum tailwater at which the backup AWS operates

TWmax 90.0ft Maximum tailwater at which EFL maintains criteria

Elebop2 TWhigh ΔEFLent 7.45 ft Clearance of water in fishladder to bottom of pipe 2 at emergency AWS backup high tailwater operation 

Elebop2 TWmax ΔEFLent 3.45 ft Clearance of water in fishladder to bottom of pipe 2 at max tailwater EFL operation point 
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 Hydraulic Design Summary

Entrance Bell

Concentric eliptical bell entrance with a 5-ft primary radius and 1.5-ft secondary entrance base on guidance from EM 1110-2-1602 (Section 3-7)

Conduit 

Steel, lined against corrosion with cavitation resistant material.

k 0.000008 ft Design equivalent sand grain roughness

D1 10 ft Diameter of Pipe 1 L1 190 ft Length of Pipe 1

D2 7.5 ft Diameter of Pipe 2 L2 110 ft Length of Pipe 2

D3 7.5 ft Diameter of Pipe 3 L3 110 ft Length of Pipe 3

Appurtenances 

Valves 

One 10 ft butterfly valve (concentric) will be used at the downstream face of the dam as secondary flow closure.

Orifices 

Orifices shall have openings at the invert of the pipe to allow for drainage of conduit during system shutdown.

Do1.1 7.4 ft Orifice 1.1 (Orifice 1 on Pipe 1) Lo1.1 100 ft Station of Orifice 1.1 on Pipe 1

Do1.2 7.5 ft Orifice 1.2 (Orifice 2 on Pipe 1) Lo1.2 140 ft Station of Orifice 1.2 on Pipe 1

Do2.1 5.5 ft Orifice 2.1 (Orifice 1 on Pipe 2) Lo2.1 45 ft Station of Orifce 2.1 on Pipe 2

Do3.1 5.5 ft Orifce 3.1 (Orifice 1 on Pipe 3) Lo3.1 45 ft Station of Orifice 3.1 on Pipe 3

Air Inlets

Air inlets shall be installed downstream of orifices. To be designed.

Bends 

Bends shall have a radius of bending to diameter of pipe ratio equal to or greater than 1.0 except for bend 1.3 which requires a bend ratio of 1.5. Bends
shall not be mitered if possible. If mitered bends are determined necessary, maximum number of miters constructably feasible are desired.
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Sensitivity Factors αk 0.9 Minor loss factor αf 0.1 Equivalent sand grain
roughness factor

Flowrates 

Qd1 1460 cfs Design flow rate (low forebay) - Pipe 1 Qm1 1587 cfs Max flow rate (high forebay) - Pipe 1

Qd2 730 cfs Design flow rate (low forebay) - Pipe 2 Qm2 794 cfs Max flow rate (high forebay) - Pipe 2

Qd3 730 cfs Design flow rate (low forebay) - Pipe 3 Qm3 794 cfs Max flow rate (high forebay) - Pipe 3

Headlosses 

Pipe 1

Design Flow Max Flow

H1 Qd1  29.04 ft H1 Qm1  34.24 ft Total losses thru Pipe 1

ht 0.25 ft ht 0.25 ft Trashrack loss

Ke hv1 Qd1  0.86 ft Ke hv1 Qm1  1.02 ft Entrance loss

Kbfv hv1 Qd1  0.97 ft Kbfv hv1 Qm1  1.14 ft Butterfly valve loss

Kb_b1 hv1 Qd1  1.54 ft Kb_b1 hv1 Qm1  1.82 ft Combinded bend loss

Ko1.1 hv1 Qd1  12.65 ft Ko1.1 hv1 Qm1  14.94 ft Orifice loss 1.1

Ko1.2 hv1 Qd1  11.43 ft Ko1.2 hv1 Qm1  13.5 ft Orifice loss 1.2

Kb1.3 hv1 Qd1  0.54 ft Kb1.3 hv1 Qm1  0.64 ft Bend loss 1.3

f1 Qd1  hv1 Qd1  0.8121 ft f1 Qm1  hv1 Qm1  0.9491 ft Total frictional loss

hv1 Qd1  5.37 ft hv1 Qm1  6.35 ft Velocity head within the pipe
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Pipe 2

Design Flow Max Flow

H2 Qd2  15.03 ft H2 Qm2  17.75 ft Total head loss in Pipe 2

K31 hv2 Qd2  0.57 ft K31 hv2 Qm2  0.68 ft Y loss to Pipe 2

Kb_b2.1 hv2 Qd2  0.2 ft Kb_b2.1 hv2 Qm2  0.23 ft Combined bend loss

Ko2.1 hv2 Qd2  10.7 ft Ko2.1 hv2 Qm2  12.63 ft Orifice loss 2.1

Kb2.2 hv2 Qd2  3.04 ft Kb2.2 hv2 Qm2  3.59 ft Bend loss 2.2

f2 Qd2  hv2 Qd2  0.52 ft f2 Qm2  hv2 Qm2  0.61 ft Total friction loss for Pipe 2

hv2 Qd2  4.25 ft hv2 Qm2  5.01 ft Velocity head within the pipe

Fr2 Qd2  1.06 Fr2 Qm2  1.16 Froude exiting pipe 2

Pipe 3

Design Flow Max Flow

H3 Qd3  15.03 ft H3 Qm3  17.75 ft Total head loss in Pipe 3

K31 hv3 Qd3  0.57 ft K31 hv3 Qm3  0.68 ft Y loss to Pipe 3

Kb_b3.1 hv3 Qd3  0.2 ft Kb_b3.1 hv3 Qm3  0.23 ft Combined bend loss

Ko3.1 hv3 Qd3  10.7 ft Ko3.1 hv3 Qm3  12.63 ft Orifice loss 3.1

Kb3.2 hv3 Qd3  3.04 ft Kb3.2 hv3 Qm3  3.59 ft Bend loss 3.2

f3 Q( ) hv3 Qd3  0.52 ft f3 Q( ) hv3 Qm3  0.62 ft Total friction loss for Pipe 3

hv3 Qd3  4.25 ft hv3 Qm3  5.01 ft Velocity head within the pipe

Fr3 Qd3  1.06 Fr3 Qm3  1.16 Froude exiting pipe 3
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Reactionary Forces 

Forces in X
direction as
shown

Forces in flow
direction as
shown

Forces in Y
direction as
shown

Fb1.1x 116.73 kip Fb1.1y 194.93 kip Bend 1.1

Fb1.2x 143.84 kip Fb1.2y 242.6 kip Bend 1.2

Fo1.1 171.75 kip Orifice 1.1

Orifice 1.2
Fo1.2 134.5 kip

Fb1.3x 48.79 kip Fb1.3y 117.79 kip Bend 1.3

Fwye 3.49 kip Wye - Note that force is considered in the X direction only 

Fb2.1x 12.34 kip Fb2.1y 43.9 kip Bend 2.1

Fo2.1 59.36 kip Orifice 2.1

Fb2.2x 55.93 kip Fb2.2y 55.93 kip Bend 2.2

Fb3.1x 12.34 kip Fb3.1y 43.9 kip Bend 3.1

Fo3.1 59.36 kip Orifice 3.1

Fb3.2x 55.44 kip Fb3.2y 6.03 kip Bend 3.2
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Dissipation
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Checked By: Ryan Laughery

Cavitation Potential Summary

bendcav1.1 "Bend radius ok"

bendcav1.2 "Bend radius ok"

bendcav1.3 "Bend radius ok"

bendcav2.1 "Bend radius ok"

bendcav2.2 "Bend radius ok" Bend 2.2 will have an air port located at the separation zone on the bend to alleviate the
cavitation potential 

bendcav3.1 "Bend radius ok"

bendcav3.2 "Bend radius ok" Bend 3.2 will have an air port located at the separation zone on the bend to alleviate the
cavitation potential 

check_σi_1.1 "check next" Orifice 1.1 shows "Incipient cavitation" potential but does not demonstate "critical," "incipient
damaging," or "choking" cavitation potential.

check_σcr_1.1 "ok"

check_σid_1.1 "ok"

check_σch_1.1 "ok"

check_σi_1.2 "check next" Orifice 1.2 shows "Incipient cavitation" potential but does not demonstate "critical," "incipient
damaging," or "choking" cavitation potential.

check_σcr_1.2 "ok"

check_σid_1.2 "ok"

check_σch_1.2 "ok"
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check_σi_2.1 "check next" Orifice 2.1 shows "Incipient cavitation" potential but does not demonstate "critical," "incipient
damaging," or "choking" cavitation potential.

check_σcr_2.1 "ok"

check_σid_2.1 "ok"

check_σch_2.1 "ok"

check_σi_3.1 "check next" Orifice 3.1 shows "Incipient cavitation" potential but does not demonstate "critical," "incipient
damaging," or "choking" cavitation potential.

check_σcr_3.1 "ok"

check_σid_3.1 "ok"

check_σch_3.1 "ok"
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Clearances 

Elebop2 94.75 ft Elevation of the bottom of pipe 2 at fishladder crossing

Elebop3 94.75 ft Elevation of the bottom of pipe 3 at fishladder crossing

ΔEFLent 1.3ft Maximum differential at fish ladder entrance

ΔEFLdiff 2.2ft Maximum head on diffusers from AWSC

TWmin 74.0ft Minimum tailwater at which the backup AWS operates

TWhigh 86.0ft Maximum tailwater at which the backup AWS operates

TWmax 90.0ft Maximum tailwater at which EFL maintains criteria

Elebop2 TWhigh ΔEFLent 7.45 ft Clearance of water in fishladder to bottom of pipe 2 at emergency AWS backup high tailwater operation 

Elebop2 TWmax ΔEFLent 3.45 ft Clearance of water in fishladder to bottom of pipe 2 at max tailwater EFL operation point 
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Hydraulic Transient Analysis

The scope of this document is to develop hydraulic transient analysis of the proposed emergency AWS system and define valve closure rate.
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Preliminary Hydraulic Transient Analysis for Valve Closure

Reference EM 1110-3-173 Pumping System Design
Hydroelectric Handbook by Creager and Justin
Fundamentals of Hydraulic Engineering by Prasuhn
Handbook of Hydraulics by King and Brater

Custom Units Definition

fps ft s 1
 feet per second cfs ft2 fps cubic feet per second

Fluid Properties

ρ 1000
kg

m3


γ 62.41
lbf

ft3


Assumed temperature deg. F

Tf 50 Tc Tf 32  5
9
 Tc 10 Temp. deg. C

ν
1.792 10 6



1.0 0.0337 Tc 0.000221 Tc
2







m2

s
 ν 1.319 10 6


m2

s
 Kinematic viscosity of water from temp. relationship

Global Functions

Area function Reynolds number Average velocity

A d( )
π d2

4
 Re Q d( )

Q d
A d( ) ν

 V Q d( )
Q

A d( )


Design Parameters

Q 1500cfs Design flow rate Diameter Length

Pipe 1 D1 10ft L1 50ft
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EM 1110-3-173 Pumping System Design (Water Hammer Guidance)

amin 2700fps Minimum wave speed for steel pipe

amax 3900fps Maximum wave speed for steel pipe

Tc
2 L1 

amin
 Tc 0.037 s Maximum time of closure

Tc
2 L1 

amax
 Tc 0.026 s Minimum time of closure

hw
amin V Q D1 

g
 hw 1603 ft Theoretical surge in head due to instantaneous closure (using min. wave speed for steel pipe)

hw
amax V Q D1 

g
 hw 2315 ft Maximum theoretical surge in head due to instantaneous closure (using max. wave speed for steel pipe)

t FS
L V

g Hav
= Time of closure for specified head surge

t 90s Trial time of closure

FS 4 Factor of safety (typical range of FS from 1 to 4)

H t( ) FS
L1 V Q D1 

g t
 Reorganized to solve for head with respect to time

H t( ) 1.319 ft H t( ) γ 0.572 psi Head/pressure increase due to closure at specified time.
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Hydroelectric Handbook (Chapter 34)

μ
2 L
a

= Critical time - Eq 1

h
a Δv

g
= Head increase - Eq 2

a
4675

1
k d
E e









fps= Pressure wave speed -  Eq 3

For simple burried section of 10-ft diameter pipe

d 10ft Diameter

emin 0.5in Potential minimum thickness of pipe emax 1.5in Potential maximum thickness of pipe

k 294000
lbf

in2
 Voluminal modulus of elasticity of water in compression

E 29400000
lbf

in2
 Modulus of elasticity of the sidewall material (steel)

a
4675fps

1
k d

E emin










 a 2535 fps a
4675fps

1
k d

E emax










 a 3485 fps

For section of 10-ft diameter pipe encased in concrete/grout thru dam

d 10ft Diameter

k d
E e

0= For a pipe in solid concrete, this fraction becomes infintesimal and the limiting value of 4675 is reached for a, this being the velocity
of sound in water.

ac 4675fps Max potential wave speed due to concrete encasement
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Fundamentals of Hydraulic Engineering - Prasuhn

ρ 1.94
slug

ft3
 ρ 62.428

lb

ft3
 γ 62.41

lbf

ft3
 L L1 50 ft

K 294000
lbf

in2
 Voluminal modulus of elasticity of water in compression

E 29400000
lbf

in2
 Modulus of elasticity of the sidewall material (steel)

D d 10 ft Diameter

t 0.5in Thickness 

Co 1 Eq 6-41c (Assuming pipe is anchored against axial movement throughout its length, 
but provided with expansion joints at regular intervals)

c

K
ρ

1
K
E

D
t

Co

 Eq 6-45 Wave speed calculation c 2533.254 fps

H
c Vo

g
f

2

L
D


Vo
2

2g
=

Vo
2

2g
2 c
Vo

f L

2 D









= Eq 6-47 Maximum increase in head at valve due to water hammer including friction

Hf
hl

2
= Eq 6-46 Approximation of reduced friction loss seen at the valve at closure

Δp ρ c Vo 
2

L
c


tc
=

2 L Vo ρ

tc
= Eq 6-48 Pressure rise do to time of closure

Vo V Q d( ) Vo 19.099
ft
s

 Velocity in 10-ft pipe Tc
2 L
c

 Tc 0.039 s

Δpmax ρ c Vo  Δpmax 651.915 psi Maximum pressure increase using wave speed derived from Prasuhn method

Δpmax ρ ac Vo  Δpmax 1203.078 psi Maximum pressure increase using wave speed derived from Hydroelectric
Handbook
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hl
γ 15 ft

2
4.597 psi Losses through the 10-ft conduit due to friction that will be not be present when velocity equals 0 for rapid closure cases.

Δp tc 
2 L Vo ρ

tc
 tc 0.1s 0.2s 120s Δp 90s( ) 0.286 psi Pressure increase due to 90s

valve closure time

FSΔp tc  FS
2 L Vo ρ

tc
 Applied factor of safety noted above from EM 1110-3-173 FSΔp 90s( ) 1.144 psi Pressure increase due to 90s

valve closure time with FSFS 4
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Further analysis will be completed upon defining valve actuation limitations and valve manufacture recommendations.

It is noted that the conduit will be partially encased in concrete causing the waves speed to be accelerated to the speed of sound traveling through water.
However, the wave speed is not accounted for in time of closure calculations and does not affect operating limitations. EM 1110-3-175 will be used as
primary design guidance; however, approximations with other methods will be used to assess the applied factor of safety.
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Dalles AWS
Roller Gate

Roller Gate By: EW
Checked By :

Design Criteria:

Ref 1- EM 1110-2-2105-Design of Hydraulic Steel Structures
Ref 2- EM 1110-2-2701-Vertical Lift Gates
Ref 3-EM 1110-2-2703-Lock Gates and Operating Equipment
Ref 4-AISC 360-05 Steel Construction Manual

These calc's check flexure for a simple support beam (built up girder)- for final gate design will need to check
moments at ends due to guide wheels loading and all EM load cases.   Theses calc's provide enough info to
preliminarily size the gate.  

Note: Applied EM HSS factors at end.
Material - Steel ASTM A709 Gr. 50. Zone 2

Fy 50 ksi

Fu 65 ksi

E 29000 ksi

α 0.85

ϕb 0.9 Flexural reduction factor

Flim α ϕb Fy 38.25 ksi Ref 1 eqn B-5

H 70 ft Design Hydraulic head-max head

a 32 in Girder Spacing

b 10 ft Stiffener Spacing (Intercostal)

ts 0.75 in Skin plate Thickness

W H 62.4 pcf 4.4 103


lbf

ft2


tmin
0.5 W b2



Flim 1 0.623
b
a







6












0.057 in Ref 1 eqn B-5

Skin_Plate_Thickness_is "OK" ts tminif

"Not OK" otherwise

"OK"

δs
0.0284 W b4



1 1.056
b
a







5










E ts
3



0.019 in
Ref 1 eqn Section B-3(b)
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Dalles AWS
Roller Gate

Roller Gate By: EW
Checked By :

Based on skin plate spanning 4
members, displacement from AISC
360-05 Table 3-23 Deflection for 4 equal
loaded spans assumes 1 foot distributed
width with no stiffeners.

δ2
0.0065 W 12 in a4



E
1
12
 12 in ts

3


0.203 in

Δsmax 0.4 ts 0.3 in Max Skin plate Deflection Ref 2 eqn Section 3-6(b)

Dskin_is "OK" δs Δsmaxif

"Not OK" otherwise

"OK"

Applied loads

L 14.5 ft

Mu
W a L2



8
306.124 kip ft

Determine the N. A., Flange of T as base line.

Will build a WT out of Plate-

b
t

0.38
E
Fy

=

effective width of skip plate while keeping
compact criteria.bs 2 ts 0.38

E
Fy

13.727 in Ref 4 Table B4.1
Case 2 Compact
member

Asp.eff bs ts 10.296 in2
 effective skin plate area that will act as a built up

member
bfc 10 in Compression Flange

tfc 1( ) in

bft bs 13.727 in Tension Flange Skin Plate, b.ft will be
governed by skin plate effective widthtft ts 0.75 in

h 16 in Web
tw

1
2

in

d h tfc tft 17.75 in
Solving for Modulus of elasticity

Afc bfc tfc 10 in2


dw d tfc tft 16 in

Aw dw tw 8 in2


Aft bft tft 10.296 in2
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Roller Gate By: EW
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Afc bfc tfc 10 in2


Ag Aft Afc Aw 28.296 in2


Ybar

Afc
tfc
2









 Aw
h
2

tfc





 Aft
tft
2

h tfc










Ag
9.043 in Neutral Axis of built-up member,

calculated from compression
flange

Iw
1
12

tw h3
 Aw

h
2

tfc Ybar





2
 170.7 in4



Ifc
1
12

bfc tfc
3

 Afc Ybar
tfc
2










2

 730.7 in4


Ift
1
12

bft tft
3

 Aft d Ybar
tft
2










2

 715.2 in4


Ix Iw Ifc Ift 1616.6 in4
 Built-up member moment of inertia

Sxt
Ix

d Ybar
185.7 in3

 Built-up member section modulus 

Sxc
Ix

Ybar
178.8 in3



Plastic Section Modulus of elasticity for composite shape

Z Awt d1 Awc d2 Aft d3 Afc d4=

Find PNA  Where Area Compression = Area Tension  This is the center of the built up shape based on Area

Given Ag
2

14.148 in2
x 2 in

Ag
2

Afc tw x 0=

x Find x( ) 8.296 in

x 8.296 in

Ybar.pna x tfc 9.296 in Distance from edge of compression flange to PNA

d1
dw x

2
3.852 in
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Roller Gate

Roller Gate By: EW
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d2
x
2

4.148 in

d3 2 d1
tft
2

 8.079 in

d4 2 d2
tfc
2

 8.796 in

Awt 2d1 tw 3.852 in2


Awc 2 d2 tw 4.148 in2


Zxpna Awt d1 Awc d2 Aft d3 Afc d4 203.18 in3


Zx Zxpna

Check limiting Width- Thickness Ratios for compression members  Table B4.1

Kc
4

h
tw

 Kc 0.707 kc 0.35 Kc 0.35if

0.76 Kc 0.76if

Kc otherwise

 kc 0.707

Sxt
Sxc

1.039
FL 0.7 Fy FL 35 ksi Reference foot note on AISC Table B4.1,

Major axis bending of slender-web built up I shaped
members

Flange limiting thickness
ratio, unstiffened element

 Table B4.1    Case 2

λpf 0.38
E
Fy

 λpf 9.152 compact

λfc
bfc
2tfc

 λfc 5

noncompact
λrf 0.95

E kc

FL
 λrf 22.995

λft
bft
2tft

 λft 9.152

 Table B4.1    Case 11Web limiting thickness
ratio, stiffened element Twice the distance from the centroid to the inside

face of the compression flange   Ref. B4.2(b)hc 2 Ybar tfc  hc 16.087 in

hp 2 Ybar.pna tfc  16.591 in Twice the distance from the PNA to the inside
face of the compression flange   Ref. B4.2(b)

Mp Zx Fy Zx Fy 1.6 Sxc Fyif

1.6 Sxc Fy otherwise

 Mp 846.6 kip ft

Myc Fy Sxc Myc 744.8 kip ft

λw
hc
tw

 λw 32.173 λrw 5.70
E
Fy

 λrw 137.3 noncompact 
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Roller Gate By: EW
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λpw

hc
hp

E
Fy



0.54
Mp
Myc

0.09








2


λpw 85.1 compact 

λpw min λpw λrw  λpw 85.115

Check Compression Flange

Compression_Flange_is_ "Compact" λfc λpfif

"Noncompact" λpf λfc λrfif

"Slender Elements" otherwise

"Compact"

Compression_Flange_is_ "Compact"

Check Web
Web_is_ "Compact" λw λpwif

"Noncompact" λpw λw λrwif

"Slender Elements" otherwise

"Compact"

Web_is_ "Compact"
Web_is_ "Compact"

From Table F1.1 - AISE Section F4
Check:
1.  (Y) Yielding (compression flange yielding) Section F4.1
2. (LTB) Lateral torsional buckling Section F4.2
3. (FLB) Flange Local Buckling Section F4.3
4. (TFY) tension flange yielding Section F4.4

Calculate the plastification factor corresponding to compression: 

Zx Fy 846.6 kip ft 1.6 Sxc Fy 1191.7 kip ft

Mp Zx Fy Zx Fy 1.6 Sxc Fyif

1.6 Sxc Fy otherwise

 Mp 846.6 kip ft

Myc Fy Sxc Myc 744.8 kip ft Eqn (F4-4)

Rpc
Mp
Myc

Mp
Myc

1








λw λpw

λrw λpw


















 Rpc 1.275 Eqn (F4-9b)

Rpc Rpc Rpc
Mp
Myc

if

Mp
Myc

otherwise

 Rpc 1.137

 1.  (Y) Yielding (compression flange yielding)  Section F4.1
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Dalles AWS
Roller Gate

Roller Gate By: EW
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Mn.y Rpc Fy Sxc Mn.y 846.6 kip ft Eqn (F4-1)

 2. (LTB) Lateral torsional buckling  Section F4.1

Eqn (F4-11)
aw

hc tw

bfc tfc
0.804

ho d
tfc
2


tft
2

 16.875 in Distance between flange
centroids

Eqn (F4-10)
rt

bfc

12
ho
d

1
6

aw
h2

ho d








0.233 ft

Lp 1.1 rt
E
Fy

 6.175 ft

rst
bfc

12 1
1
6

h tw
bfc tfc












2.712 in

Lr π rst
E

0.7 Fy
 20.435 ft Section F4.2(b)

Cb 1.0 Lb L

LTB "Eqn F4-2" Lp Lb Lrif

"Change" otherwise

"Eqn F4-2"

Eqn (F4-2)
Mn.LTB.F4.2 Cb Rpc Myc Rpc Myc FL Sxc 

Lb Lp

Lr Lp


















 656.7 kip ft

Mn.LTB min Mn.LTB.F4.2 Rpc Myc  656.7 kip ft

 3. (FLB) Flange Local Buckling (compression flange local buckling)  Section F4.1

FL 0.7 Fy
Sxt
Sxc

0.7if

Fy
Sxt
Sxc


Sxt
Sxc

0.7if

 Eqn (F4-6a)

Eqn (F4-6b)
FL 35 ksi

Mn.FLB.F4.12 Rpc Myc Rpc Myc FL Sxc 
λfc λpf

λrf λpf


















 Eqn (F4-12)
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Mn.FLB.F4.12 944.1 kip ft
Mn.FLB.F4.13

0.9 E kc Sxc

λfc
2


Mn.FLB.F4.13 10996.9 kip ft Eqn (F4-12)

Compression_Flange_is_ "Compact"

Mn.FLB "Does not apply" Compression_Flange_is_ "Compact"=if

Mn.FLB.F4.12 Compression_Flange_is_ "Noncompact"=if

Mn.FLB.F4.13 Compression_Flange_is_ "Slender Elements"=if

 Mn.FLB "Does not apply" kip ft

Mn.FLB "Does not apply" kip ft

 4. (TFY) tension flange yielding Section F4.4

Calculate the plastification factor corresponding to tension: 

Myt Sxt Fy Myt 773.6 kip ft

Rpt
Mp
Myt

Mp
Myt

1








λw λpw

λrw λpw


















 Rpt 1.19 Eqn (F4-15b)

Rpt Rpc Rpc
Mp
Myt

if

Mp
Myt

otherwise

 Rpt 1.094

Mn.TFY "Does Not Apply" Sxt Sxcif

Rpt Myt Sxt Sxcif



Mn.TFY "Does Not Apply" kip ft

 Determine Mn, Lowest value for (Y, LTB,FLB,TFY)

Mn min Mn.y Mn.LTB  656.72 kip ft

Mn 656.7 kip ft

LFRD design capacity ASD Design Capacity

ϕc 0.9 Ωc 1.67 Mu 306.1 kip ft

LRFD ASD
α ϕc

Mn
1.4
 358.9 kip ft 0.87

Mn
Ωc









342.1 kip ft
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Dalles AWS
Trash Rack Bars

Trash Rack Bars Designed By: EW
Check  By:

The Dalles AWS

Trash Rack Design to 30%. These calculations are for checking bar grating loaded in the opposite side than
outlined in the bar grating catalog. The compression side is not braced with cross braces every 4".

Will used SS. (1-1/4"-3/16) with bar spacing at 15/16" o.c.  This provides a 3/4" clear opening between bars.  
Use SS for reduced maintenance. 

Bar Grating will be loaded opposite than design catalogs to allow for a trash rake to push debris off.  This mean the
unbraced length will be between supports.  These calculations are more conservative than when using NAAMM
Manual MBG 354-94 Metal bar grating engineering design manual.  The MBG-354-94 calc's follow these calc's.  

Based on AISC 360-05 manual 

Section F11 Rectangular Bars bent about the major
axis

E 28000ksi Modulus of elasticity of steel These values come from
ANSI/NAAMM MBG 531-00
Metal Bar Grating Manual 6th
ed.  For SS.   If use SS 304/316
F=30ksi, if use SS 304L/316L
F=25ksi- for design assume
304L.  304L is easier to weld.
If works for 304L it will work
for 304.

Fy 16.5 ksi Yield strength of S.S.

d 1.25 in depth of bar

t
3
16

in thickness of bar

s
15
16

in bar spacing

Lb 3 ft True unbraced length would be between inflection points

Cb 1.0 lateral torsional buckling modification factor- assumed 1, conservative.

Ω 1.67 AISC 360-05 ASD reduction factor

Section
properties: 
Sx

t d2


6
0.0488 in3



Zx
t d2


4
0.0732 in3



Fcr
1.9 E Cb

Lb d

t2







41.6 ksi eqn F11-4

My Sx Fy 0.1 kip ft Yield moment about the axis of bending, Salmon on
Johnson 4ed page 373.

Limit_1
Lb d

t2
1280

Limit_2
0.08 E

Fy
135.8

Limit_3
1.9 E

Fy
3224.2
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Dalles AWS
Trash Rack Bars

Trash Rack Bars Designed By: EW
Check  By:

Mn.F11.1 min Fy Zx 1.6 My  0.101 kip ft eqn F11-1

Mn.F11.2 min Cb 1.52 0.274
Lb d

t2







Fy
E








 My Mn.F11.1






0.088 kip ft eqn F11-2

Mn.F11.3 min Fcr Sx Mn.F11.1  0.101 kip ft eqn F11-3

Mn Mn.F11.1 Limit_1 Limit_2if

Mn.F11.2 Limit_2 Limit_1 Limit_3if

Mn.F11.3 Limit_1 Limit_3if

0.088 kip ft

K
12 in

s
12.8 Number of bars per foot

MnK Mn K 1.1 kip ft flexural capacity per foot.  

allowable flexural capacity per foot. Mn K

Ω
0.68 kip ft

Iteration 1.  Loads from
H.H.load from H&H

Pd 42.1 psf pressure on bar grating with 75% open space (this assume 71% open for
steel)

Load per foot of bar grating

w Pd Lb 0.13
kip
ft



M
w Lb

2


8
0.142 kip ft This is assuming simply supported ends, if continuous beams then moment will be

less.

Flexure_is_ "OK" M Mn
K
Ω
if

"NOT OK" otherwise

"OK"



Pd 62.4 pcf 5 ft 312 psf EM 1110-2-3104 Unusual loading for trash racks is 5 feet of pressure.

w Pd Lb 0.94
kip
ft



Moment for continuous beam
M

w Lb
2



12
0.702 kip ft

Mn K

Ω
0.68 kip ft allowable flexural capacity per foot. 

For this loading case, trash rack bars are slightly under rated, but this is an unusual load case, thus the FOS could be
reduces slightly- See bar grating capacity calc's below.  Calculations indicate that the capacity is adequate for the
unusual loading condition.  
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Dalles AWS
Trash Rack Bars

Trash Rack Bars Designed By: EW
Check  By:

NBG 531-00 ANSI/NAAMM Metal Bar Grating Manual 6th ed.  
Note: these values are for
grating with cross bars on
compression side of members.

304&316 S.S. bar grating loading @4' values
are with bar spacing of 1-3/16":
U=411psf
Du=0.274 in
C=822 lb per ft of grading
Dc=0.219 in
Shear is OK based on NBG 531-00 Catalog

These calc's are based on NAAMM MBG 534-94 Metal Bar Grating Engineering Design Manual

Applied load is 5*ft of water pressure,  5ft*62.4pcf=312psf load, based on EM 1110-2-3104

d 1.25 in

b t 0.1875 in Thickness of individual bars

Aw s 0.9375 in Bearing Bar spacing

K
12 in
Aw

12.8 Number of bearing bars per foot of width

Section modulus per foot of width
Sg

K b d2


6
0.625 in3



Fa 16.5ksi Design allowable based on material properties from guidance

Mg Fa Sg 10312.5 lbf in Max bending moment for grating per foot width.

Mg_unit
Mg

lbf in
10312.5 remove units for empirical equation- units in

lb-in

L
Lb
in

36 units in inches

C
4 Mg_unit

L
1145.8 Lbf /foot width concentrated load per foot width

uniform load per foot width.
U 96

Mg_unit

L2
 763.9 psf

Pd 312 psf applied load on grating with 5 ft of head

U is greater than P.d, grating is OK for loads based on the metal bar grating Engineering deign Manual, MBG-534-94

3 of 3

The Dalles East Fish Ladder Auxiliary Water Backup System DDR, Appendix C, Structural

C-10



Dalles AWS
Trash Screen Frame

Trash Rack Frame By: EW
Checked By :

Rectangular HSS in Flexure

AISC 360-05 Design Guidance

This is the calc for the frame that supports the SS grating for the Trash rack.
The trash rack will span approximate 23.' and be in section of 12' tall.  The frame will
be built out of HSS SS tubes.

10x4x3/8 SS- called Ryerson Tull, they produce this size of SS tubes. 

Fy 30 ksi ASTM A 304 

E 28000ksi

Zx 27 in3
 axis resisting water load

Zy 14 in3
 axis resisting dead load and grating weight

C 24.4 in3


d 10 in dy 4 in y is weak axis

tw 0.349 in Ix 24.3 in4


Wb 32.51 plf Beam weight

Applied
Moment: This assume 42.1psf applied

load with 3ft span of grating
applied from debris

w 126
lbf
ft



wg 7psf

Wg wg 6 ft 42 plf Weight of grating on beam

Unbraced length of beam- conservative for hydraulic
loading-grating will brace compression face.L 23 ft

Ma
w L2


12
5.55 kip ft May

Wg Wb  L2


12
3.3 kip ft

Mr Ma 5.554 kip ft Mry May

Applied Shear

Va
w L

2
1.449 kip Vay

Wg Wb  L

2
0.9 kip

Vr Va Vry Vay

Applied Torsion

e
d
2

1.25
2

in 5.625 in Center of beam to center of
grating

Ta
Wg L e

2
0.226 kip ft

Tr Ta
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Dalles AWS
Trash Screen Frame

Trash Rack Frame By: EW
Checked By :

 Check Slenderness Ratio  Table B4.1 Case 12 and 13

Check Flange  Table B4.1 Case
12
λpf 1.12

E
Fy

34.2 compact
λf 8.46

λrf 1.4
E
Fy

42.8 noncompact

Check Web Table B4.1  Case 13

λpw 2.42
E
Fy

73.9
λw 25.7 compact

λrw 5.70
E
Fy

174.1
noncompact

Flange_is_ "Compact" λf λpfif

"Non Compact" λpf λf λrfif

"Slender" otherwise

 Web_is_ "Compact" λw λrwif

"Non Compact" λpf λf λrfif

"Slender" otherwise



Flange_is_ "Compact" Web_is_ "Compact"

For bending about the dead load axis (y-weak) the member will still be compact, λf and
λw would be switched 

 Check Flexure Chapter F

From Table F1.1 use AISE Section F7- Square and Rectangular HSS and Box Shaped
Members
Check:
1.  (Y) Yielding Section F7-1
2. (FLB) Flange Local Buckling  Section F7-2
3. (WLB) Web Local Buckling  Section F7-3

Section F7-1
Yielding Dead load value

Ωb 1.67
Mny Fy Zy 35 kip ft eqn F7-1

Mn Fy Zx 67.5 kip ft

Mcy
Mny
Ωb

21 kip ftMc
Mn
Ωb

40.42 kip ft

Section F7-2 Flange Local Buckling
Does not apply for compact
sections

Section F7-3 Web Local Buckling
Does not apply for compact
sections

Page 2 of 7
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Dalles AWS
Trash Screen Frame

Trash Rack Frame By: EW
Checked By :

Flexure_is "OK" Mr Mcif

"Not OK" otherwise

"OK"

 Check Shear Chapter G

Ωv 1.67

h d 2 3 tw  7.906 in Height of web in shear minus radius

Aw 2 h tw 5.518 in2
 Area of web minus radius

kv 5

eqn G2-3
Cv 1 λw 1.10 kv

E
Fy
if

1.10 kv
E
Fy


λw
1.10 kv

E
Fy
 λw 1.37 kv

E
Fy
if

1.51 E kv

λw 2 Fy
λw 1.37 kv

E
Fy
if

1

eqn G2-4

eqn G2-5

Vn 0.6 Fy Aw Cv 99.3 kip eqn G2-1

Vc
Vn
Ωv

59.5 kip

Shear_is "OK" Vr Vcif

"Not OK" otherwise

"OK"

hy dy 2 3 tw 1.906 in Dead load value

Awy 2 hy tw 1.33 in2


Vny 0.6 Fy Awy Cv 23.947 kip

Vcy
Vny
Ωv

14.34 kip
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Dalles AWS
Trash Screen Frame

Trash Rack Frame By: EW
Checked By :

 Design for member in Torsion and Flexure H3-6b
Fy 30 ksi

h
t

λw= Ωt 1.67 0.6 Fy  18 ksi

eqn H3-3
Fcr 0.6 Fy  λw 2.45

E
Fy

if

0.6 Fy

2.45
E
Fy









λw
 2.45

E
Fy

 λw 3.07
E
Fy

if

0.458 π
2


E

λw
2

 3.07
E
Fy

 λw 260if

18 ksi

eqn H3-4

eqn H3-5

Tn Fcr C 36.6 ft kip eqn H3-1

Tc
Tn
Ωt

21.916 ft kip

Torsion_is "OK" Tr Tcif

"Not OK" otherwise

"OK"

If Less than or equal to  1-is OK,
Gravity loads will be less under
water.

Mr
Mc

Mry
Mcy










Vr
Vc

Vry
Vcy


Tr
Tc










2

 0.3 eqn H3-6

Δ
Wg L4



384 E Ix
0.078 in
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Dalles AWS
Trash Screen Frame

Trash Rack Frame By: EW
Checked By :

 Based on EM 1110-2-3104, unusual loading conditions- Trash racks shall be designed to 5 feet of water
 pressure. 

w 5 ft 62.4 pcf 3 ft 936 ft psf distributed width 3 foot spacing 

w
w

1.33
 reduced for infrequency of

event
wg 7psf

Wg wg 6 ft 42 plf Weight of grating on beam

Unbraced length of beam- conservative for hydraulic
loading-grating will brace compression face.L 23 ft

Ma
w L2


12
31.02 kip ft May

Wg Wb  L2


12
3.3 kip ft

Mr Ma 31.024 kip ft Mry May

Applied Shear

Va
w L

2
8.093 kip Vay

Wg Wb  L

2
0.9 kip

Vr Va Vry Vay

Applied Torsion

e
d
2

1.25
2

in 5.625 in Center of beam to center of
grating

Ta
Wg L e

2
0.226 kip ft

Tr Ta

 Check Flexure Chapter F

From Table F1.1 use AISE Section F7- Square and Rectangular HSS and Box Shaped
Members
Check:
1.  (Y) Yielding Section F7-1
2. (FLB) Flange Local Buckling  Section F7-2
3. (WLB) Web Local Buckling  Section F7-3

Section F7-1
Yielding Dead load value

Ωb 1.67
Mny Fy Zy 35 kip ft eqn F7-1

Mn Fy Zx 67.5 kip ft

Mcy
Mny
Ωb

21 kip ftMc
Mn
Ωb

40.42 kip ft

Page 5 of 7
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Dalles AWS
Trash Screen Frame

Trash Rack Frame By: EW
Checked By :

Section F7-2 Flange Local Buckling
Does not apply for compact
sections

Section F7-3 Web Local Buckling
Does not apply for compact
sections

Flexure_is "OK" Mr Mcif

"Not OK" otherwise

"OK"

 Check Shear Chapter G

Ωv 1.67

h d 2 3 tw  7.906 in Height of web in shear minus radius

Aw 2 h tw 5.518 in2
 Area of web minus radius

kv 5

eqn G2-3
Cv 1 λw 1.10 kv

E
Fy
if

1.10 kv
E
Fy


λw
1.10 kv

E
Fy
 λw 1.37 kv

E
Fy
if

1.51 E kv

λw 2 Fy
λw 1.37 kv

E
Fy
if

1

eqn G2-4

eqn G2-5

Vn 0.6 Fy Aw Cv 99.3 kip eqn G2-1

Vc
Vn
Ωv

59.5 kip

Shear_is "OK" Vr Vcif

"Not OK" otherwise

"OK"

hy dy 2 3 tw 1.906 in Dead load value

Awy 2 hy tw 1.33 in2


Vny 0.6 Fy Awy Cv 23.947 kip

Vcy
Vny
Ωv

14.34 kip
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Dalles AWS
Trash Screen Frame

Trash Rack Frame By: EW
Checked By :

 Design for member in Torsion and Flexure H3-6b
Fy 30 ksi

h
t

λw= Ωt 1.67 0.6 Fy  18 ksi

eqn H3-3
Fcr 0.6 Fy  λw 2.45

E
Fy

if

0.6 Fy

2.45
E
Fy









λw
 2.45

E
Fy

 λw 3.07
E
Fy

if

0.458 π
2


E

λw
2

 3.07
E
Fy

 λw 260if

18 ksi

eqn H3-4

eqn H3-5

Tn Fcr C 36.6 ft kip eqn H3-1

Tc
Tn
Ωt

21.916 ft kip

Torsion_is "OK" Tr Tcif

"Not OK" otherwise

"OK"

If Less than or equal to  1-is OK,
Gravity loads will be less under
water.

Mr
Mc

Mry
Mcy










Vr
Vc

Vry
Vcy


Tr
Tc










2

 0.97 eqn H3-6

Δ
Wg L4



384 E Ix
0.078 in
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Dalles AWS
Steel Pipe In Dam

Steel Pipe In Dam Designed By: EW
Check  By:

The Dalles AWS
Size steel pipe in non-overflow Monolith 

Reference:
1. Steel Penstocks 2nd ed, Bambei Jr. John H., ASCE, 2012 
2. AWWA M11, Steel Pipe- A guide for Design and Installation

Note Pipes in concrete are typically governed by buckling lobe based on Amstutz Formulations.  Other factors will
need to be checked such as internal pressure and water hammer pressure.  For 30% DDR will just check Amztutz
Formulations.  Calc's can be refined in final design.  

This is a quick check for internal pressures to validate the assumption that lobe buckling will govern the design.  
Based on AWWA M11 Table 4-2, for allowable stress of the steel pipe to reach 15000psi (FOS of approximate 2.4)
a120" 1/2 wall pipe can handle 125 psi.  Internal water pressure at the inlet has 67 feet of head with 29psi internal
pressure.  the steel pipe is adequate for the loads.  Note, thicker pipe will increase in pressure loading capacity.
Water hammer should be checked in final design.  

Pipe properties through Dam.  

t
5
8

in Pipe thickness

D 10 ft 120 in DIA of Pipe

E 29000ksi Modulus of Elasticity of steel

ν 0.3 Poisson's Ratio 

σy 35 ksi yield stress 

Applied load at pipe elevation

γw 62.4
lbf

ft3


Hw 178.4ft 111.5 ft 66.9 ft PMF water elevation to base of Pipe

P γw Hw 29 psi Required external pressure to resist by pipe,
based on Steel Penstocks 2nd ed 

Determine Pipe Wall Thickness

Minimum Wall Thickness, based on handling AWWA M11 section 4.6 ,
eqn 4-6tmin

D 20in( )
400



tmin 0.4 in Factor of safety is based on Section 3.5.5.  Buckling FS for empty tunnel liner is 1.5  The
buckling FOS for an exposed penstock in 2.4 (based on a theoretical FOS of 3 and a
knockdown factor of 0.8)FS 1.5

tmin2

P
D
2


σy

FS

0.07 in eqn (4-1)

Steel Penstock Chapter 6- Steel Tunnel Liners

Design For external Pressures "The critical external buckling pressure for an unstiffened steel liner is
determined by considering a gap between the steel liner an the concrete backfill
surround caused by concrete shrinkage and temperature differences.  The gap
can realistically vary from 0 to 0.001 times the radius."  (Steel Penstocks, Section
6.2)
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Dalles AWS
Steel Pipe In Dam

Steel Pipe In Dam Designed By: EW
Check  By:

Amstutz Formulation 

E*
E

1 ν
2

 
31868.1 ksi reduced modulus when axial stress exceeds 80% of yield stress

Supporting effects coefficient (which
can be set equal to 1 to allow for
shape irregularities)

μ 1.5 0.5
1

1 0.002
E

σy



















2


μ 0.3

μ 1.0 Set to 1.0

σ*y 
μ σy

1 ν ν
2

 
1

2

 σ*y 39378.1 psi

i
t

12
0.2 in

e
t
2

0.3 in

r
D
2

60 in Tunnel liner radius

F t Total cross sectional area of ring between stiffeners

σv
Δ

r






 E*=

Δ

r
γ= Gap ratio, for gaps ratios between steel and

concrete see Fig 6.3 and 6.4- Penstock Design

D
t

192 Used for Amstutz curves (Figures to check math)

Δ 0.0003 r 0.018 in Assume a 46 deg temp difference 

Δ

r
0.0003 Used for Amstutz curves (Figures to check math)

σv
Δ

r






 E* 9560.4 psi

σN 0.8 σy 28000 psi

Given

eqn (6-1)σN σv

σ*y σN

r
i






σN
E*










3

 1.73
r
e






 1 0.225
r
e






σ*y σN

E*










=

σN Find σN 

σN 14106.7 psi circumferential axial stress in plate liner ring
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Dalles AWS
Steel Pipe In Dam

Steel Pipe In Dam Designed By: EW
Check  By:

"Use E* " σN 0.8 σyif

"Unity in equations" σN 0.8 σyif

"Unity in equations"

σy 35 ksi

Pcr
F
r







σN 1 0.175
r
e






σ*y σN

E*










 143 psi Penstock - Eqn 6-2  Critical external Buckling
Pressure

Pcr 143 psi

Pall.m
Pcr
FS

95.4 psi Allowable buckling pressure (with modified E)

Now Calculate with E not modified, Based on the text, E modified is required if 80% of the axial stress were to exceed
about   80% of yield stress.  The current sizing has less than 80% if yield stress.   

E* E* σN 0.8 σyif

E σN 0.8 σyif

29000 ksi

Given

σN σv

σ*y σN

r
i






σN
E*










3

 1.73
r
e






 1 0.225
r
e






σ*y σN

E*










=

σN Find σN 

σN 13342.5 psi circumferential axial stress in plate liner ring

"Use E* " σN 0.8 σyif

"Unity in equations" σN 0.8 σyif

"Unity in equations"
σy 35 ksi

Pcr
F
r







σN 1 0.175
r
e






σ*y σN

E*










 134.8 psi

Pcr 134.8 psi

Pall.nm
Pcr
FS

89.9 psi Allowable buckling pressure (without modified E)

Pall min Pall.nm Pall.m  89.9 psi Used the minimum allowable bucking pressure

Pressure_is_ "OK" Pall Pif

"Not OK" otherwise

"OK" Compare allowable
pressures to applied
pressures.
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Dalles AWS
Steel Pipe Buried

Buried Steel Pipe Designed By: EW
Check  By:

The Dalles AWS
Size steel pipe buried under soil

Reference:
1. Steel Penstocks 2nd ed, Bambei Jr. John H., ASCE, 2012 
2. AWWA M11, Steel Pipe- A guide for Design and Installation

This calc is checking an HS-20 load over the pipe with 2feet of fill material.  This is to check for displacements on
the buried steel pipe.  This is one set of calc's based on AWWA M11 and steel penstock design.  For final design all
calculations should be performed. 
Pipe properties 

t
1
2

in Pipe thickness

D 10 ft 120 in DIA of Pipe

E 29000ksi Modulus of Elasticity of steel

r
D t

2
60.3 in Pipe mean radius

I
t3

12
0.0104

in4

in
 Moment of inertia of pipe wall

Bc D 2 t 121 in Pipe outside DIA

Dl 1.5 Deflection lag factor AWWA M11 Note at base of page, Varies from 1.0-1.5.  1.0 for
pressure pipes.  Accounts for long term settlement in soil.

K 0.1 Bedding Constant, AWWA M11

E' 1000psi soil modulus: Course soil with little or no fines, 90% relative compaction- assumed
see AWWA M11 2004 table 6-1 values

H 2 ft soil cover

w 120
lbf

ft3
 unit weight of soil

WL 800psf Bc  672.2
lbf
in

 Surface live load, assume highway HS-20 live load: see Table 6-3 from AWWA M11 2004

Wc w H Bc 201.7
lbf
in

 Soil Dead Load

W Wc WL 873.9
lbf
in

 Surface live load+soil dead load

E 29000ksi Modulus of elasticity of steel

Buried pipes with HS-20 Load

x Dl
K W r3

E I 0.061 E' r3









 2.1 in Modified Iowa formula for horizontal deflection, per AWWA M11 2004, eqn 6-5

Δ
x
D

0.0175

Δ 1.8 % Modified Iowa formula for horizontal deflection in %

AWWA M11 (2004) Allowable pipe deflection for various coatings
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Dalles AWS
Steel Pipe Buried

Buried Steel Pipe Designed By: EW
Check  By:

Mortar lined coated= 2% Pipe DIA
Mortar lined and flexible coated= 3% Pipe DIA
Flexible lined and coated= 5% Pipe DIA

These calc's do not represent soil displacements, they are only
for the structural integrity of the steel pipe.  Note that soil
displacement and settlements calc's need to be determined in
final design.  

δall5% D 5 % 6 in

δall3% D 3 % 3.6 in

This pipe should be flexible lined and coated-epoxy paint-  5% Pipe DIA will be used for displacement

Pipe_displacement_is "OK" x δall5%if

"Not OK" otherwise

"OK"

2 of 2

The Dalles East Fish Ladder Auxiliary Water Backup System DDR, Appendix C, Structural

C-23



The Dalles East Fish Ladder Auxiliary Water Backup System DDR, Appendix C, Structural

C-24



Monolith 5 Stability Check
Reference Hand Sketch for sections
Ignored water pressure in fish ladder- MathCAD seismic calcs showed this had little effect. 
Calcs are per monolith width of 69'-4" 
Moment arm about toe of dam

Top of Dam 185
Ignore soil at toe of dam
Specific Gravity Water 62.5 lb/ft^3
Wt Concrete 150 lb/ft^3
Normal high Pool 160 ft
Max Pool 181.8 ft
Tail water is below Toe- 100yr event
EL of base of monolith 94 ft
Length of Monolith 64.4 ft Based on depth of 94ft
Depth of Monolith 69.33 ft
Assume a 60 ft tall coffer cell

L H Area Volume
Weight/ 

Force M arm Moment
ft ft ft^2 ft^3 kip ft kip-ft

W1 20 91 1820 126181 18927 54.4 1029634 See hand sketch
W2 1642.8 113895 17084 29.6 505695 See hand sketch
W3 21.4 2.417 51.7238 3586 538 18.9 10166 See hand sketch
W4 83.35 5779 867 37.7 32678 See hand sketch
Pipe area 3925 -589 25.0 -14719 Pipe Area
G1 7.68 7 53.76 3727 -559 53.2 -29762 Gallery 1
G2 6 8 48 3328 -499 51.4 -25658 Gallery 2
Uplift 2062.5 -9209 42.9 -395363
Water 2062.5 -9438 22.0 -207626
Coffer Cell load 0 0.0 0
Sum Vertical Force kip 26560
Sum Moments kip-ft 905046
M/V= ft 34.08
Middle 2/3 Range
1/3 Range ft 21.47 OK if M/V is in this Range
2/3 Range ft 42.93

These calcs check normal pool 
elevation with a 10' DIA pipe 

removed from monolith

Base elevation of Dam 94 - assumed, based on drawings DDF-1-4-5/P2 and DDf-1-4-5/P3 to find gallery 
base
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Sliding These calcs check normal pool elevation with a 10' DIA pipe removed from monolith

Case 4 Phi=0 C=0psi
Phi 45 deg Angle of internal friction of the foundation material under the structural wedge
c 0 kip/ft^2 Cohesive strength of the foundation material under structural wedge
W 35769 kip Sum of Gravity loads- minus uplift
U 9209 kip Uplift
P 9438 kip Hydraulic Pressure
T 9438 kip Shear force acting parallel to the base of the wedge
N 26560 kip Force acting normal to the sliding failure plane under the structural wedge
FS 2.81

Case 3 Phi=45 C=250psi
Phi 45 deg
c 36 kip/ft^2
W 35769 kip
U 9209 kip
P 9438 kip
T 9438 kip
N 26560 kip
FS 19.85

Case 2 Phi=40deg C=200psi
Phi 40 deg
c 28.8 kip/ft^2
W 35769 kip
U 9209 kip
P 9438 kip
T 9438 kip
N 26560 kip
FS 15.99

Case1 Phi=30deg C=36psi
Phi 30 deg
c 5.18 kip/ft^2
W 35769 kip
U 9209 kip
P 9438 kip
T 9438 kip
N 26560 kip
FS 4.08
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Monolith 5 Stability Check
Reference Hand Sketch for sections
Calcs are per monolith width of 69'-4" 
Ignored water pressure in fish ladder- MathCAD seismic calcs showed this had little effect. 
Moment arm about toe of dam

Top of Dam 185
Ignore soil at toe of dam
Specific Gravity Water 62.5 lb/ft^3
Wt Concrete 150 lb/ft^3
Normal high Pool 160 ft
Max Pool 181.8 ft
Tail water is below Toe- 100yr event
EL of base of monolith 94 ft
Depth of Monolith 69.33 ft
Length of Monolith 64.4 ft Based on depth of 94ft
Assume a 60 ft tall coffer cell

L H Area Volume
Weight/ 

Force M arm Moment
ft ft ft^2 ft^3 kip ft kip-ft

W1 20 91 1820 126180.6 18927 54.4 1029634 See hand sketch
W2 1642.8 113895.3 17084 29.6 505695 See hand sketch
W3 21.4 2.417 51.7238 3586.011 538 18.9 10166 See hand sketch
W4 83.35 5778.656 867 37.7 32678 See hand sketch
Pipe Volume 3925 -589 25.0 -14719 Pipe Area
G1 7.68 7 53.76 3727.181 -559 53.2 -29762 Gallery 1
G2 6 8 48 3327.84 -499 51.4 -25658 Gallery 2
Uplift 2062.5 -9209 42.9 -395363
Water 2062.5 -9438 22.0 -207626
Coffer Cell load 28848.75 -1803 71.6 -129089
Sum Vertical Force kip 24757
Sum Moments kip-ft 775957
M/V= ft 31.34
Middle 2/3 Range
1/3 Range ft 23.11 OK if M/V is in this Range
2/3 Range ft 46.22

These calcs check normal pool 
elevation with a 10' DIA pipe 

removed and a 35' DIA half coffer 
cell on face of dam.

Base elevation of Dam 94 - assumed, based on drawings DDF-1-4-5/P2 and DDf-1-4-5/P3 to find 
gallery base
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Sliding

Case 4 Phi=0 C=0psi
Phi 45 deg Angle of internal friction of the foundation material under the structural wedge
c 0 ksf Cohesive strength of the foundation material under structural wedge
W 33966 Kip Sum of Gravity loads- minus uplift
U 9209 Kip Uplift
P 9438 kip Hydraulic Pressure
T 9438 kip Shear force acting parallel to the base of the wedge
N 24757 kip Force acting normal to the sliding failure plane under the structural wedge
FS 2.62

Case 3 Phi=45 C=250psi
Phi 45 deg
c 36 ksf
W 33966
U 9209
P 9438 kip
T 9438 kip
N 24757 kip
FS 19.65

Case 2 Phi=40deg C=200psi
Phi 40 deg
c 28.8 ksf
W 33966
U 9209
P 9438 kip
T 9438 kip
N 24757 kip
FS 15.83

Case1 Phi=30deg C=36psi
Phi 30 deg
c 5.18 ksf
W 33966
U 9209
P 9438 kip
T 9438 kip
N 24757 kip
FS 3.97

These calcs check normal pool elevation with a 10' DIA pipe removed and a 35' DIA half coffer cell on 
face of dam.
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Monolith 5 Stability Check
Reference Hand Sketch for sections
Calcs are per monolith width of 69'-4" 
Ignored water pressure in fish ladder- MathCAD seismic calcs showed this had little effect. 
Moment arm about toe of dam

Top of Dam 185
Ignore soil at toe of dam
Specific Gravity Water 62.5 lb/ft^3
Wt Concrete 150 lb/ft^3
Normal high Pool 160 ft
Max Pool 181.8 ft
Tail water is below Toe- 100yr event
EL of base of monolith 94 ft
Length of Monolith 64.4 ft Based on depth of 94ft
Depth of Monolith 69.33 ft
Assume a 60 ft tall coffer cell

L H Area Volume
Weight/ 

Force M arm Moment
ft ft ft^2 ft^3 kip ft kip-ft

W1 20 91 1820 126181 18927 54.4 1029634 See hand sketch
W2 1642.8 113895 17084 29.6 505695 See hand sketch
W3 21.4 2.417 51.7238 3586 538 18.9 10166 See hand sketch
W4 83.35 5779 867 37.7 32678 See hand sketch
Pipe area 0 0 0.0 0 Pipe Area
G1 7.68 7 53.76 3727 -559 53.2 -29762 Gallery 1
G2 6 8 48 3328 -499 51.4 -25658 Gallery 2
Uplift 2062.5 -9209 42.9 -395363
Water 2062.5 -9438 22.0 -207626
Coffer Cell load 0 0.0 0
Sum Vertical Force kip 27149
Sum Moments kip-ft 919765
M/V= ft 33.88
Middle 2/3 Range
1/3 Range ft 21.47 OK if M/V is in this Range
2/3 Range ft 42.93

These calcs check normal pool 
elevation for base condition

Base elevation of Dam 94 - assumed, based on drawings DDF-1-4-5/P2 and DDf-1-4-5/P3 to find gallery 
base
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Sliding These calcs check normal pool elevation for base condition

Case 4 Phi=0 C=0psi
Phi 45 deg Angle of internal friction of the foundation material under the structural wedge
c 0 kip/ft^2 Cohesive strength of the foundation material under structural wedge
W 36358 kip Sum of Gravity loads- minus uplift
U 9209 kip Uplift
P 9438 kip Hydraulic Pressure
T 9438 kip Shear force acting parallel to the base of the wedge
N 27149 kip Force acting normal to the sliding failure plane under the structural wedge
FS 2.88

Case 3 Phi=45 C=250psi
Phi 45 deg
c 36 kip/ft^2
W 36358 kip
U 9209 kip
P 9438 kip
T 9438 kip
N 27149 kip
FS 19.91

Case 2 Phi=40deg C=200psi
Phi 40 deg
c 28.8 kip/ft^2
W 36358 kip
U 9209 kip
P 9438 kip
T 9438 kip
N 27149 kip
FS 16.04

Case1 Phi=30deg C=36psi
Phi 30 deg
c 5.18 kip/ft^2
W 36358 kip
U 9209 kip
P 9438 kip
T 9438 kip
N 27149 kip
FS 4.11
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Dalles AWS
Stability Seismic

By: EW
Checked By :

Dalles AWS monolith 5 sliding calc's with seismic

These calculations are to check sliding stability for Monolith 5 with a 10foot DIA hole installed for the
AWS pipe.  The calculations will include Hydrodynamic load for seismic conditions.  The intent is to verify
the SSR and original calc's that flood load governs design. 

References 
The Dalles Lock and Dam Seismic Safety Review (SSR) Dated 27 September 2013 (95% PCCR Draft)
EM 1110-2-2100
EM 1110-2-2200
DDF-1-4-5/P2- monolith 5 drawing
Original Hand Calc's

Ignored from calculation (this is conservative)
Fill/rock at toes of dam
Potential shear key around grout gallery. 

γc 150pcf specific weight of concrete

γw 62.5pcf specific weight of water

Wel_1 160ft Hi normal pool elevation

Wel_2 94ft Approx base of monolith

h Wel_1 Wel_2 66 ft Depth of water acting on Monolith

Lm5 69.33ft Monolith length
Tail water is below base of monolith

Deck_el 185 ft deck elevation

Base_el Wel_2 94 ft Base elevation

M5_base 20 ft .6 168.ft Base_el( ) 64.4 ft Monolith thickness

Develop weights- Reference hand sketch

W1 20ft Deck_el Base_el( ) γc Lm5 18927 kip Deck_el Base_el 91 ft

W2
1
2

168 ft Base_el( ) .6 168ft Base_el( )[ ] γc Lm5 17084 kip

W3 21.4ft 2 ft γc Lm5 445 kip

Approx Fish ladder
weightW4

1
2

10 ft 16.67 ft γc Lm5 867 kip

Galleries 

U1 6 ft 8 ft γc Lm5 499 kip

U2 7.68 ft 7 ft γc Lm5 559 kip

Pipe 

Ppipe
π

4
10ft( )2 50 ft γc 589 kip Weight of concrete

removed from pipe
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Dalles AWS
Stability Seismic

By: EW
Checked By :

Weight of Dam

Wd W1 W2 W3 W4 U1 U1 Ppipe 35736 kip

Water Pressure

Pwater
1
2

h( )2 γw Lm5 9438 kip Water pressure- high
normal 

Puplift
1
2

h( ) γw Lm5 M5_base 9209 kip

Seismic Loading

k 0.126 Seismic coefficient (stability)=2/3 EPGA=0.126
from SSR 2013.

PE
7
12

k h γw h2
 1321 kip eqn 4-2, EM 1110-2-2100Effect of water

Hydrodynamic forces/Westergaard

Fh k Wd 4503 kip Inertia force due to structure mass eqn 4-1, EM 1110-2-2100

Water loads due to Fish ladder

hfl 11 ft Approx height of water in fish ladder
width of fish ladder

wfl 30 ft

Wwater_fl hfl wfl γw Lm5 1430 kip Fish ladder water weight

PE_fl
7
12

k hfl γw hfl
2

 6 kip Westergaard load on fish ladder water

Fh_fl k Wwater_fl 180 kip inertia force due to structure mass of water in fish ladder

Moment arms- sum moments about the toe

LW1 M5_base 10 ft 54.4 ft

M5_base 20 ft 44.4 ft
LW2

2
3

M5_base 20 ft  29.6 ft

LW3 M5_base 30 ft
31
2

ft 18.9 ft

LW4 M5_base 20 ft
2
3

10 ft 37.7 ft

LU1 M5_base 10 ft 3 ft 51.4 ft

LU2 M5_base 7.33 ft
7.68 ft

2
 53.2 ft

Lpipe
50 ft

2
25 ft

Lwater
1
3

h 22 ft
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Dalles AWS
Stability Seismic

By: EW
Checked By :

Luplift
2
3

M5_base 42.9 ft

LP.E 0.4 h 26.4 ft

LPE_fl 0.4 hfl Deck_el Base_el( ) 38 ft 57.4 ft Fish ladder Westergaard distance

Lwater_fl M5_base 30 ft
30ft
2

 19.4 ft fish ladder water distance

Lh_fl Deck_el Base_el( ) 38 ft
1
2

hfl 58.5 ft Fish ladder inertia distance

Determine Approx location for CG of monolith

d1
Deck_el Base_el

2
45.5 ft

d2 Deck_el Base_el( ) 17 ft[ ]
1
3
 24.7 ft

d3 Deck_el Base_el( ) 39.25 ft 51.75 ft

d4 Deck_el Base_el( ) 17 ft
1
3

16.67 ft 68.4 ft

d5 4 ft

d6 Deck_el Base_el( ) 13.5 ft 77.5 ft

Ybar
d1 W1 d2 W2 d3 W3 d4 W4 d5 U1  d6 U2 

W1 W2 W3 W4 U1 U2
36.389 ft

Moments 

MW1 W1 LW1 1029634 kip ft

MW2 W2 LW2 505695 kip ft

MW3 W3 LW3 8412 kip ft

MW4 W4 LW4 32707 kip ft

MU1 U1 LU1 25658 kip ft

MU2 U2 LU2 29760 kip ft

Mpipe Lpipe Ppipe 14726 kip ft

Mwater Pwater Lwater 207626 kip ft

Muplift Puplift Luplift 395363 ft kip

MPE PE LP.E 34866 kip ft

MF.h Fh Ybar 163847 kip ft
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Dalles AWS
Stability Seismic

By: EW
Checked By :

Mw_fl Wwater_fl Lwater_fl 27741 kip ft

ME_fl PE_fl LPE_fl 351 kip ft

Mh_fl Fh_fl Lh_fl 10540 kip ft

Sum Moments 

Mtoe1 MW1 MW2 MW3 MW4 Mw_fl 1604189 kip ft

Mtoe2 MU1 MU2 Mpipe Mwater Muplift MPE MF.h ME_fl Mh_fl 882737 kip ft

Md Mtoe1 Mtoe2 721453 kip ft Positive and negative moments were separated due to
space on sheet.  Moments are added to gather in Md

Sum Vertical Forces

Vd Wd Puplift Wwater_fl 27957 kip

1
3

M5_base 21.5 ft
2
3

M5_base 42.9 ft

Md
Vd

25.8 ft Resultant 

Factor of Safety EM 1110-2-2100    eqn 5-3

FSs
N tanϕ c L

T
=

T Pwater PE Fh Fh_fl PE_fl 15447 kip Shear force acting parallel to the base of the wedge

N Wd Puplift 26527 kip Force acting normal to the sliding failure plane under the structural wedge

L M5_base Lm5 4465 ft2

 Case 4

ϕcase4 45 deg Angle of internal friction of the foundation material under the structural
wedge

ccase4 0
kip

ft2
 Cohesive strength of the foundation material under structural wedge

FSs4
N tan ϕcase4  ccase4 L

T
1.72

 Case 3
ϕcase3 45 deg

ccase3 36
kip

ft2


FSs3
N tan ϕcase3  ccase3 L

T
12.12
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Stability Seismic
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 Case 2
ϕcase2 40 deg

ccase2 28.8
kip

ft2


FSs2
N tan ϕcase2  ccase2 L

T
9.77

 Case 1
ϕcase1 30 deg

ccase1 5.18
kip

ft2


FSs1
N tan ϕcase1  ccase1 L

T
2.49

FSs

FSs1

FSs2

FSs3

FSs4

















2.49

9.77

12.12

1.72













Check max applies stress, stress=M/S+P/A

S
1
6

Lm5 M5_base
2

 47923 ft3

σaxial
Wd

Lm5 M5_base
55.6 psi

σflexual
Md
S

104.5 psi

σseismic σaxial σflexual 160.1 psi

σseismic 23058.3 psf
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Dalles AWS
Stability Seismic

By: EW
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Dalles AWS monolith 5 sliding calc's with seismic

These calculations are to check sliding stability for Monolith 5 with a 10foot DIA hole installed for the
AWS pipe.  The calculations will include Hydrodynamic load for seismic conditions.  The intent is to verify
the SSR and original calc's that flood load governs design. 

References 
The Dalles Lock and Dam Seismic Safety Review (SSR) Dated 27 September 2013 (95% PCCR Draft)
EM 1110-2-2100
EM 1110-2-2200
DDF-1-4-5/P2- monolith 5 drawing
Original Hand Calc's

Ignored from calculation (this is conservative)
Fill/rock at toes of dam
Potential shear key around grout gallery. 

γc 150pcf specific weight of concrete

γw 62.5pcf specific weight of water

Wel_1 160ft Hi normal pool elevation

Wel_2 97ft Approx base of monolith

h Wel_1 Wel_2 63 ft Depth of water acting on Monolith

Lm5 69.33ft Monolith length
Tail water is below base of monolith

Deck_el 185 ft deck elevation

Base_el Wel_2 97 ft Base elevation

M5_base 20 ft .6 168.ft Base_el( ) 62.6 ft Monolith thickness

Develop weights- Reference hand sketch

W1 20ft Deck_el Base_el( ) γc Lm5 18303 kip Deck_el Base_el 88 ft

W2
1
2

168 ft Base_el( ) .6 168ft Base_el( )[ ] γc Lm5 15727 kip

W3 21.4ft 2 ft γc Lm5 445 kip

Approx Fish ladder
weightW4

1
2

10 ft 16.67 ft γc Lm5 867 kip

Galleries 

U1 6 ft 8 ft γc Lm5 499 kip

U2 7.68 ft 7 ft γc Lm5 559 kip

Pipe 

Ppipe
π

4
10ft( )2 50 ft γc 589 kip Weight of concrete

removed from pipe
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Stability Seismic
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Weight of Dam

Wd W1 W2 W3 W4 U1 U1 Ppipe 33755 kip

Water Pressure

Pwater
1
2

h( )2 γw Lm5 8599 kip Water pressure- high
normal 

Puplift
1
2

h( ) γw Lm5 M5_base 8544 kip

Seismic Loading

k 0.126 Seismic coefficient (stability)=2/3 EPGA=0.126
from SSR 2013.

PE
7
12

k h γw h2
 1149 kip eqn 4-2, EM 1110-2-2100Effect of water

Hydrodynamic forces/Westergaard

Fh k Wd 4253 kip Inertia force due to structure mass eqn 4-1, EM 1110-2-2100

Water loads due to Fish ladder

hfl 11 ft Approx height of water in fish ladder
width of fish ladder

wfl 30 ft

Wwater_fl hfl wfl γw Lm5 1430 kip Fish ladder water weight

PE_fl
7
12

k hfl γw hfl
2

 6 kip Westergaard load on fish ladder water

Fh_fl k Wwater_fl 180 kip inertia force due to structure mass of water in fish ladder

Moment arms- sum moments about the toe

LW1 M5_base 10 ft 52.6 ft

M5_base 20 ft 42.6 ft
LW2

2
3

M5_base 20 ft  28.4 ft

LW3 M5_base 30 ft
31
2

ft 17.1 ft

LW4 M5_base 20 ft
2
3

10 ft 35.9 ft

LU1 M5_base 10 ft 3 ft 49.6 ft

LU2 M5_base 7.33 ft
7.68 ft

2
 51.4 ft

Lpipe
50 ft

2
25 ft

Lwater
1
3

h 21 ft
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Stability Seismic
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Luplift
2
3

M5_base 41.7 ft

LP.E 0.4 h 25.2 ft

LPE_fl 0.4 hfl Deck_el Base_el( ) 38 ft 54.4 ft Fish ladder Westergaard distance

Lwater_fl M5_base 30 ft
30ft
2

 17.6 ft fish ladder water distance

Lh_fl Deck_el Base_el( ) 38 ft
1
2

hfl 55.5 ft Fish ladder inertia distance

Determine Approx location for CG of monolith

d1
Deck_el Base_el

2
44 ft

d2 Deck_el Base_el( ) 17 ft[ ]
1
3
 23.7 ft

d3 Deck_el Base_el( ) 39.25 ft 48.75 ft

d4 Deck_el Base_el( ) 17 ft
1
3

16.67 ft 65.4 ft

d5 4 ft

d6 Deck_el Base_el( ) 13.5 ft 74.5 ft

Ybar
d1 W1 d2 W2 d3 W3 d4 W4 d5 U1  d6 U2 

W1 W2 W3 W4 U1 U2
35.361 ft

Moments 

MW1 W1 LW1 962744 kip ft

MW2 W2 LW2 446651 kip ft

MW3 W3 LW3 7611 kip ft

MW4 W4 LW4 31147 kip ft

MU1 U1 LU1 24759 kip ft

MU2 U2 LU2 28753 kip ft

Mpipe Lpipe Ppipe 14726 kip ft

Mwater Pwater Lwater 180581 kip ft

Muplift Puplift Luplift 356590 ft kip

MPE PE LP.E 28946 kip ft

MF.h Fh Ybar 150395 kip ft
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Mw_fl Wwater_fl Lwater_fl 25167 kip ft

ME_fl PE_fl LPE_fl 332.6 kip ft

Mh_fl Fh_fl Lh_fl 10000 kip ft

Sum Moments 

Mtoe1 MW1 MW2 MW3 MW4 Mw_fl 1473320 kip ft

Mtoe2 MU1 MU2 Mpipe Mwater Muplift MPE MF.h ME_fl Mh_fl 795083 kip ft

Md Mtoe1 Mtoe2 678238 kip ft Positive and negative moments were separated due to
space on sheet.  Moments are added to gather in Md

Sum Vertical Forces

Vd Wd Puplift Wwater_fl 26640 kip

1
3

M5_base 20.9 ft
2
3

M5_base 41.7 ft

Md
Vd

25.5 ft Resultant 

Factor of Safety EM 1110-2-2100    eqn 5-3

FSs
N tanϕ c L

T
=

T Pwater PE Fh Fh_fl PE_fl 14187 kip Shear force acting parallel to the base of the wedge

N Wd Puplift 25210 kip Force acting normal to the sliding failure plane under the structural wedge

L M5_base Lm5 4340 ft2

 Case 4

ϕcase4 45 deg Angle of internal friction of the foundation material under the structural
wedge

ccase4 0
kip

ft2
 Cohesive strength of the foundation material under structural wedge

FSs4
N tan ϕcase4  ccase4 L

T
1.78

 Case 3
ϕcase3 45 deg

ccase3 36
kip

ft2


FSs3
N tan ϕcase3  ccase3 L

T
12.79
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 Case 2
ϕcase2 40 deg

ccase2 28.8
kip

ft2


FSs2
N tan ϕcase2  ccase2 L

T
10.3

 Case 1
ϕcase1 30 deg

ccase1 5.18
kip

ft2


FSs1
N tan ϕcase1  ccase1 L

T
2.61

FSs

FSs1

FSs2

FSs3

FSs4

















2.61

10.3

12.79

1.78













Check max applies stress, stress=M/S+P/A

S
1
6

Lm5 M5_base
2

 45281 ft3

σaxial
Wd

Lm5 M5_base
54 psi

σflexual
Md
S

104 psi

σseismic σaxial σflexual 158 psi

σseismic 22755.8 psf
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Dalles AWS
Stability
ST. Calc.

By: EW
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THIS CALC IS Verifying that hydraulic loads from fish ladder make little effect on stability, as done in excel
calc's- Removed Water off of Fish Ladder for comparison.  

The Dalles AWS monolith 5 sliding calc's with seismic

These calculations are to check sliding stability for Monolith 5 with a 10foot DIA hole installed for the
AWS pipe.  The calculations will include Hydrodynamic load for seismic conditions.  The intent is to verify
the SSR and original calc's that flood load governs design. 

References 
The Dalles Lock and Dam Seismic Safety Review (SSR) Dated 27 September 2013 (95% PCCR Draft)
EM 1110-2-2100
EM 1110-2-2200
DDF-1-4-5/P2- monolith 5 drawing
Original Hand Calc's

Ignored from calculation (this is conservative)
Fill/rock at toes of dam
Potential shear key around grout gallery. 

γc 150pcf specific weight of concrete

γw 62.5pcf specific weight of water

Wel_1 160ft Hi normal pool elevation

Wel_2 94ft Approx base of monolith

h Wel_1 Wel_2 66 ft Depth of water acting on Monolith

Lm5 69.33ft Monolith length
Tail water is below base of monolith

Deck_el 185 ft deck elevation

Base_el Wel_2 94 ft Base elevation

M5_base 20 ft .6 168.ft Base_el( ) 64.4 ft Monolith thickness

Develop weights- Reference hand sketch

W1 20ft Deck_el Base_el( ) γc Lm5 18927 kip Deck_el Base_el 91 ft

W2
1
2

168 ft Base_el( ) .6 168ft Base_el( )[ ] γc Lm5 17084 kip

W3 21.4ft 2 ft γc Lm5 445 kip

Approx Fish ladder
weightW4

1
2

10 ft 16.67 ft γc Lm5 867 kip

Galleries 

U1 6 ft 8 ft γc Lm5 499 kip

U2 7.68 ft 7 ft γc Lm5 559 kip

Pipe 

Ppipe
π

4
10ft( )2 50 ft γc 589 kip Weight of concrete

removed from pipe
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Weight of Dam

Wd W1 W2 W3 W4 U1 U1 Ppipe 35736 kip

Water Pressure

Pwater
1
2

h( )2 γw Lm5 9438 kip Water pressure- high
normal 

Puplift
1
2

h( ) γw Lm5 M5_base 9209 kip

Seismic Loading

k 0.126 Seismic coefficient (stability)=2/3 EPGA=0.126
from SSR 2013.

PE
7
12

k h γw h2
 kip eqn 4-2, EM 1110-2-2100Effect of water

Hydrodynamic forces/Westergaard

Fh k Wd kip Inertia force due to structure mass eqn 4-1, EM 1110-2-2100

Water loads due to Fish ladder

hfl 11 ft Approx height of water in fish ladder
width of fish ladder

wfl 30 ft

Wwater_fl hfl wfl γw Lm5 1430 kip Fish ladder water weight

PE_fl
7
12

k hfl γw hfl
2

 kip Westergaard load on fish ladder water

Fh_fl k Wwater_fl kip inertia force due to structure mass of water in fish ladder

Moment arms- sum moments about the toe

LW1 M5_base 10 ft 54.4 ft

M5_base 20 ft 44.4 ft
LW2

2
3

M5_base 20 ft  29.6 ft

LW3 M5_base 30 ft
31
2

ft 18.9 ft

LW4 M5_base 20 ft
2
3

10 ft 37.7 ft

LU1 M5_base 10 ft 3 ft 51.4 ft

LU2 M5_base 7.33 ft
7.68 ft

2
 53.2 ft

Lpipe
50 ft

2
25 ft

Lwater
1
3

h 22 ft
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Luplift
2
3

M5_base 42.9 ft

LP.E 0.4 h 26.4 ft

LPE_fl 0.4 hfl Deck_el Base_el( ) 38 ft 57.4 ft Fish ladder Westergaard distance

Lwater_fl M5_base 30 ft
30ft
2

 19.4 ft fish ladder water distance

Lh_fl Deck_el Base_el( ) 38 ft
1
3

hfl 56.7 ft

Determine Approx location for CG of monolith

d1
Deck_el Base_el

2
45.5 ft

d2 Deck_el Base_el( ) 17 ft[ ]
1
3
 24.7 ft

d3 Deck_el Base_el( ) 39.25 ft 51.75 ft

d4 Deck_el Base_el( ) 17 ft
1
3

16.67 ft 68.4 ft

d5 4 ft

d6 Deck_el Base_el( ) 13.5 ft 77.5 ft

Ybar
d1 W1 d2 W2 d3 W3 d4 W4 d5 U1  d6 U2 

W1 W2 W3 W4 U1 U2
36.389 ft

Moments 

MW1 W1 LW1 1029634 kip ft

MW2 W2 LW2 505695 kip ft

MW3 W3 LW3 8412 kip ft

MW4 W4 LW4 32707 kip ft

MU1 U1 LU1 25658 kip ft

MU2 U2 LU2 29760 kip ft

Mpipe Lpipe Ppipe 14726 kip ft

Mwater Pwater Lwater 207626 kip ft

Muplift Puplift Luplift 395363 ft kip

MPE PE LP.E kip ft

MF.h Fh Ybar kip ft
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Dalles AWS
Stability
ST. Calc.

By: EW
Checked By :

Mw_fl Wwater_fl Lwater_fl 27741 kip ft

ME_fl PE_fl LPE_fl kip ft

Mh_fl Fh_fl Lh_fl kip ft

Sum Moments 

Mtoe1 MW1 MW2 MW3 MW4 Mw_fl 1604189 kip ft

Mtoe2 MU1 MU2 Mpipe Mwater Muplift 673132 kip ft

Md Mtoe1 Mtoe2 931057 kip ft Positive and negative moments were separated due to
space on sheet.  Moments are added to gather in Md

Sum Vertical Forces

Vd Wd Puplift Wwater_fl 27957 kip

1
3

M5_base 21.5 ft
2
3

M5_base 42.9 ft

Md
Vd

33.3 ft Resultant 

Factor of Safety EM 1110-2-2100    eqn 5-3

FSs
N tanϕ c L

T
=

T Pwater 9438 kip Shear force acting parallel to the base of the wedge

N Wd Puplift 26527 kip Force acting normal to the sliding failure plane under the structural wedge

L M5_base Lm5 4465 ft2

 Case 4

ϕcase4 45 deg Angle of internal friction of the foundation material under the structural
wedge

ccase4 0
kip

ft2
 Cohesive strength of the foundation material under structural wedge

FSs4
N tan ϕcase4  ccase4 L

T
2.81

 Case 3
ϕcase3 45 deg

ccase3 36
kip

ft2


FSs3
N tan ϕcase3  ccase3 L

T
19.84
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Dalles AWS
Stability
ST. Calc.

By: EW
Checked By :

 Case 2
ϕcase2 40 deg

ccase2 28.8
kip

ft2


FSs2
N tan ϕcase2  ccase2 L

T
15.98

 Case 1
ϕcase1 30 deg

ccase1 5.18
kip

ft2


FSs1
N tan ϕcase1  ccase1 L

T
4.07

FSs

FSs1

FSs2

FSs3

FSs4

















4.07

15.98

19.84

2.81













Check max applies stress, stress=M/S+P/A

S
1
6

Lm5 M5_base
2

 47923 ft3

σaxial
Wd

Lm5 M5_base
55.6 psi

σflexual
Md
S

134.9 psi

σseismic σaxial σflexual 190.5 psi

σseismic 27432.1 psf
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Photo: Barnard Construction

by the dam reservoirs serves 
the ever-growing San Diego 
area’s daily water needs. To 
increase water storage for use 
in the event that imported 
water deliveries to the region 
are interrupted, the San Diego 
County Water Authority 
(Water Authority) awarded 
contracts to raise the level of 
the San Vicente Dam in 
Lakeside, CA, by 117ft, 
increasing the volume of the 
lake by over 2.5 times the 
original capacity. This is the 
tallest dam raise in the United 
States, and the tallest of its 
type in the world.  
 

In an effort to increase 
emergency water release 
capability, a new larger outlet 
was needed through the raised 
concrete dam. The outlet 
tunnel was to be bored from 
the downstream side of the 
dam and through the concrete 
to the water side. To hold back 
the water and provide a dry 
work space for tunnel boring 
operations, a cofferdam was 
required. This project centered 
on the design of a special 
cofferdam for the San Vicente 
Dam.

 
 

 
Cofferdam
A cofferdam is a “box dam” 
that holds back water and 
allows work to be done inside 
the “box” under dry 
conditions. The challenges for 
a cofferdam are structural in 
nature, in that is has to resist 
the water and gravity forces 
including earthquakes, and fit 
closely against an existing dam 
to prevent leaks and flooding 
of the work space. This 
particular project was 
especially challenging because 
the cofferdam had to be 
constructed in bolt-together 

San Vicente Low Level
       Outlet Cofferdam

The San Vicente Dam is located 25 miles northeast of San 
Diego and was constructed in the 1940s. The lake formed

Issue No. 29 – June 2010
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3

pieces that would fit on trucks 
for transport to the jobsite. 
The cofferdam type suggested 
by the Water Authority was a 
“Limpet” type that would 
cling to the side of a dam and, 
when dewatered, would 
provide the necessary 
watertight work space around 
the new outlet area.

The successful bidder on this 
project was Barnard Construc-
tion Company, Inc. (Barnard) 
of Bozeman, MT, one of the 
largest dam building contrac-
tors in the United States. 
Before bidding the job, 
Barnard selected Gerwick to 
develop design concepts. The 
design goal was to provide a 
functional cofferdam with an 
efficient fabrication, assembly, 
and installation plan that 
would make the project 
economical and successful. 
Barnard selected a local 
Montana steel fabricator, 
Midwest Steel Industries, to 
build the cofferdam units.
 
Since the fabricator was a long 
way from San Diego, Barnard 
requested that Gerwick design 
the cofferdam in shippable 

pieces that would fit on 
standard trucks, and would 
not require wide-load truck 
permits. For the pieces to fit on 
the trucks, their size was 
limited to 8ft in height and 
width. This was done by 
fabricating the cofferdam steel 
shells into two 8-foot-tall 
pieces, which when assembled 
and welded together, would 
form the 34-foot-diameter, 
17-foot-wide half circle shells.

Shell Construction
To hold its half-circle shape 
under hydrostatic load, each of 
the semicircular unit shells was 
stiffened with top and bottom 
bolt-together flanges and four 
box rings. Vertically, tee 
stiffeners were added and 
equally spaced to handle the 
vertical buoyancy loads. At the 
back of the shell arch on each 
side was a three-foot-wide 
stiffened plate, which was to 
set against the dam face to 
contain the side seals and 
anchor bolts. The mating half 
circle flanges were to be match 
fitted in the shop so that the 
field fit up would also match 
within tolerance at the jobsite.

 
 
 

In order to closely fit the 
fabricated side flanges of the 
cofferdam to the actual dam 
face in the planned location, it 
was necessary to map the face 
of the dam in the planned dam 
contact area. Gerwick deter-
mined that a fit of +/- two 
inches from the theoretical 
plane could be tolerated with a 
good seal design. Diver surveys 
by Associated Underwater 
Services of Tacoma, WA, 
showed that the 1940’s era 
construction tolerances were 
excellent and that the actual 
deviations of the dam face 
from a plane surface were less 
than an inch in most cases. 
This led to the design concept 
of fabricating the back of the 
cofferdam in two planes: one 
flat plane from the bottom of 
the cofferdam and 86ft up (at 
this point, the dam face 
changed from a 1:10 slope to a 
1: 20 slope); and the remaining 
25ft of the cofferdam in a 
different plane at a steeper 
slope above the construction 
lake level.

 
 

 
Seals
Four rubber lip seals were 
attached to the back of the 
flanges. These seals extended 
out about three inches beyond 
steel bearing bars and bearing 
blocks that would flush up 
against the dam. When pushed 
against the bearing bars and 
blocks by differential water 
pressure, the outward facing 
rubber strips would fit tightly 
against the dam, forming a 
watertight seal. A grout 
channel was included between 
the center seals with inward 
facing rubber seals for 
confining cement grout. This 
grout channel also served to 
seal any leaks that occurred in 
the outer lip seal and to 
provide sufficient bearing 
strength, transferring the 
hydrostatic load from the shell 
to the dam. The bottom unit of 
the cofferdam was designed to 
flex upward 5/8 of an inch to 

accommodate the massive load 
applied to the structure during 
dewatering. Since this move-
ment would have cracked any 
grout seal, it was decided to 
use a bearing type rubber seal 

Cofferdam units stored at the edge of the San Vicente Reservoir.

Inside view of the complex shell construction necessary to withstand the loads while 
the cofferdam is dewatered. 

CONTINUED FROM FRONT PAGE

The Dalles East Fish Ladder Auxiliary Water Backup System DDR, Appendix C, Structural

C-52



4 that would tolerate movement 
without leaking. This idea was 
implemented and successfully 
solved the challenge set forth. 
Seals were provided by Seals 
Unlimited of Beaverton, OR.

Since the 111-foot-tall 
cofferdam had to be trans-
ported in 8-foot sections, a 
total of 14 units were designed 
to be bolted together on site. 
The top and bottom flanges  
of mating cofferdam units had 
a series of holes for one-inch 
high-strength bolts, which 
were used to connect the 
flanges. Two one-inch neo-
prene “O” rings between 
flanges prevented leakage. The 
construction goal was to do as 
much bolting as possible out of 
the water without the need for 
more costly diver work. Except 
for the drilling and installing 
of the side and bottom anchor 
bolts, this goal was accom-
plished. Most unit bolting was 
done on land at the assembly 
site before float out. Other 
bolting at the cofferdam 
erection site was done above 
water, with the units supported 
by Flexifloat barges supplied 

by Robishaw Engineering, Inc. 
of Houston, TX, or supported 
and lifted by the strand jack 
system installed by Barnhart 
Crane & Rigging (Barnhart) of 
Memphis, TN.
 
A 350-ton Grove hydraulic 
truck crane was set up on 
outriggers at the assembly site, 
where it could unload the unit 
segments from the shipping 
trucks, set the segments 
together for welding, and with 
its long reach, pick up 
completed units and set them 
on the Flexifloat barges. 
 
Erection Scheme
Gerwick engineers felt that 
assembling the first 86ft, or 11 
units, together vertically, then 
lowering them, tipping them 
and setting them in one piece 
against the dam would yield 
many advantages, if it could be 
done. Bolting would be 
superior, as the alignment of 
the unit back flanges would be 
in one straight line, and the 
seal installation (as well as the 
quality assurance) would be 
superior.
  

 

From the onset of the job, the 
concept of lowering the 
cofferdam to its final position 
against the dam would require 
a large crane on a barge, or a 
crane on top of the dam. The 
top of the dam position would 
be more stable, but since the 
top of dam was only 12-foot-
wide, it would be difficult to fit 
and place a high capacity 
crawler of truck crane on such 
a narrow spot. A different 
piece of lifting equipment was 
needed, and Barnard asked 
several heavy lift contractors 
to quote on supplying equip-
ment that could lift the 200+ 
tons of cofferdam off the 
barge, tilt the cofferdam to 
match the sloping dam face, 
and slide the assembly tight 
to the dam. Barnhart had 
suitable equipment and was 
selected for the job.
 
Two large beams fixed to the 
top of the dam were provided 
by Barnhart as support for two 
sliding beams and jacks to lift 
and position the cofferdam. 
The sliding jack beams could 
move out over the barges, and 
with four jacks, pick up the 
cofferdam, then lower it 
vertically to its final elevation. 
Then by lifting the front of the 
cofferdam and lowering the 
rear, the entire assembly was 
tipped to match the dam slope. 
The final step of the operation 
was to slide the assembly back 
against the dam. For this step, 
four 450-ton capacity stand 
jacks were used, which could 
easily handle the 200-ton 
cofferdam assembly. These 
jacks were positioned over 
four lifting points on the 
outside of the cofferdam shell 

on Unit 6. After the cofferdam 
was moved against the dam, 
the next operation was to core 
drill two-inch diameter holes 
for the 108 two-foot-long 
stainless steel anchor bolts that 
would provide vertical support 
for the cofferdam. The bolts 
were installed by the divers 
using hydraulic powered core 
drills with magnetic bases for 

easy and accurate positioning. 
The nuts were tightened with 
hydraulic impact wrenches 
and, with the help from 
dewatering pumps, the 
cofferdam seal space was 
compressed to an inch or less. 
Following the bolting of Units 
1 to 11 to the dam, the 
remaining Units 12, 13, and  
14 were floated under the 
strand jack and were lifted and 
set in place on top of Unit 11. 
The last 24 anchor bolts were 
then installed to complete the 
bolting.

 
 

Lifting units 5 and 6 to a FlexiFloat barge and subsequently transported to the dam.

Attachment of units 1-11 to the face of 
the dam. The cofferdam is tilted to fit the 
slope of the concrete face before being 
lowered to the required elevation.
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Senior Engineer 
wom@gerwick.com

Soren Morch
Associate Engineer 
srnm@gerwick.com

@http://www.sdewa.org/infra/

esp-sanvicentedamraise.phtml

@

Crescent City Tsunami Modelling
for Marina Rehabilitation

for the floating and fixed 
structures of the rehabilitated 
marina at the Crescent City 
harbor. The technical focus is 
on establishing the effects of 
wave action, currents, and 
loads incurred to moored 
vessels, floats, and pilings 
within the marina and port 
basin, in order to investigate 
ways of reducing tsunami 
effects and potentially 
improving water quality and 
circulation within the port and 
marina.  
 
The methodology implemented 
by our coastal engineers 
follows a top-down approach. 

It is designed to bring simple 
answers to an otherwise 
complex hydrodynamic 
problem. As such, it bridges 
the gap between high-end 
on-going research on tsunami 
and structural designers’ needs 
for robust, easy-to-apply 
loading constraints. First, 
general information on 
earthquake-generated waves 
are provided. Next, a 
conceptual tsunami wave is 
defined based on the 
recommended design 
protection level. An analysis of 
the velocity field in the domain 
focuses on the effect of long 
waves on currents and 

The divers then placed grout in 
the center seal space, starting 
at the bottom of the cofferdam 
working their way to the top 
of Unit 14. This operation 
completed the sealing on the 
sides and bottom of assembly, 
and the cofferdam was now 
ready to be dewatered.  
 
Barnard placed a dewatering 
pump in the bottom unit and 
was able to dewater the entire 
assembly in about one day. 
The specified maximum 
allowable leakage was 10 
gallons per minute once the 
cofferdam was fully dewa-
tered. The actual leakage was 
less than this rate and Barnard 
was able to maintain a dry 
cofferdam with nothing more 
than a small sump pump.  

Even during a 7.2 magnitude 
earthquake on April 4, 2010, 
with an epicentre about 100 
miles from the dam, no 
problems were reported.
 
While the cofferdam was 
being set, the tunnel subcon-
tractor, FoxFire Construc-
tors, Inc. (FoxFire) of San 
Clemente, CA, was busy 
boring into the dam from the 
downstream side of the 
structure. Within a short 
time, FoxFire was able to 
bore through into a com-
pletely dry space inside of the 
cofferdam as planned. 
FoxFire completed the pipe 
installation through the dam, 
placed concrete around the 
pipe, and then installed a 
bulkhead over the outlet in 

preparation for the future 
placement of the sliding gate 
valve. Phase 1 work was 
completed at the end of April 
2010. For the next phase, the 
next Contractor will remove 
the cofferdam as part of the 
Dam Raise Project after 
replacing the temporary 
bulkhead with the permanent 
sliding gate. 
 
Throughout the process of 
designing this complex 
cofferdam, our engineers 
delivered innovative design 
and installation solutions that 
solved the many challenges 
faced on this project. Our 
expert construction technical 
support and timely calcula-
tions ensured the successful 
completion of this vital 

structure that San Diego 
residents rely on to deliver a 
continuous and reliable source 
of water to their homes and 
businesses. We took great 
pride in providing the Water 
Authority safe and efficient 
designs for the San Vincente 
Low Level Outlet Cofferdam 
and enjoyed the opportunity to 
work with all the technical 
experts involved on the 
project.

Rendering of monochromatic wave propagating from the offshore region to the West 
Coast.

Coastal engineers at Gerwick were 
tasked by Stover Engineering to 
determine design hydrodynamic loads
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SIZES
24”–192”

and Larger

AWWA
Standard C504

Flow Control for the Power
and Municipal Marketplace
Streamseal ®

Butterfly Valves

Bulletin No. BFV00

•  Cast

•  Fabricated

•  Rubber-covered
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2    RODNEY HUNT COMPANY

Rodney Hunt and the
STREAMSEAL  Tradition

2    RODNEY HUNT COMPANY

Rodney Hunt Company, located in Orange, Massachusetts, 
is one of the most respected names in cast and fabricated 
gates, valves, and actuation equipment for flow control applica-
tions.

 he cast, rubber-covered and fabricated 
Streamseal Butterfly Valves manufactured today 
by Rodney Hunt Company are the latest in a 
series of butterfly valve designs previously offered 
by AC Valve, Inc., and first introduced by Allis 
Chalmers Corporation over 50 years ago. While 
the basic Streamseal design manufactured today 
remains 
consistent with Streamseal Butterfly Valves of the 
past, advances in metallurgy, actuation equipment 
technology, and manufacturing techniques make 
the Rodney Hunt Streamseal Butterfly Valve bet-
ter than ever before for all heavy duty flow control 
applications.
 Rodney Hunt Company is an international 
leader in the design and manufacture of cast and 
fabricated gates, valves and actuation equipment 
for water control applications. Located in Orange, 
Massachusetts, Rodney Hunt facilities include a 
modern foundry, advanced fabrication and machin-
ing areas, continually updated CAD capabilities, 
and hydrostatic testing facilities. Interdisciplinary 
design engineering expertise, and a commitment 
to ongoing technological development help Rodney 
Hunt achieve outstanding levels of customer ser-
vice, quality, and value on every project.

Inside...
Rodney Hunt Company
and the Streamseal Tradition ..............................................2
Streamseal Butterfly Valves ................................................3
Features and Benefits .........................................................4
Design Features ..................................................................5
Cast Streamseal
Butterfly Valves ................................................................6-7
Rubber-covered Streamseal
Butterfly Valves ................................................................8-9
Fabricated Streamseal
Butterfly Valves .................................................................10
Sample Specifications ....................................................... 11
Accessories and Dimensions .......................................12-13
Hydraulic Actuation ...........................................................14
Service and Support ..........................................................15

T

®
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Headline

RODNEY HUNT COMPANY    3

Rodney Hunt Streamseal
Butterfly Valves

RODNEY HUNT COMPANY    3

    odney Hunt designs and manufactures a broad 
range of Streamseal cast, fabricated, and rub-
ber-covered butterfly valves 24” and larger to meet 
your flow control needs. For over 50 years, coal, 
petroleum, natural gas, nuclear, hydro and 
geothermal facilities and municipalities have been 
using Streamseal Butterfly Valves manufactured 
by Allis-Chalmers, AC Valve, and now Rodney 
Hunt. 

Butterfly valves play a critical role in the effi-
cient performance of a power or treatment facility. 
Streamseal Butterfly Valves from Rodney Hunt 
are known for their ruggedness, serviceability, and 
lower life-cycle cost. Rodney Hunt also works with 
designers, contractors and operators to ensure 
that the appropriate valve is selected for each 
application.

R

®

Hydro

Geothermal

Nuclear

Fossil Fuel
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Design Versatility
• Pre-engineered to meet various applications.
• Cast or fabricated body and disc options.
• Hard rubber coating available for corrosive  
 service.
• Design, cast, fabricate, machine, actuate and 
 test...at one location.
• Rodney Hunt manual, pneumatic, hydraulic,   
 and electric actuation options.
• Hydrostatic testing facilities.

Domed Disk Design
• Ductile iron for maximum strength.
• No foundry coring for consistent quality.
• Exceptional hydraulic stability.
• Less dynamic torque for reduced actuator  
 sizing and energy requirements.
• Less head loss, reduced pumping costs.
• Full rubber coating (optional).
 
Flow-Through and Low-Profile 
Fabricated Disc Designs
• Rugged bridge truss (flow-through).
• Heavy-duty trunnions.
• Full rubber coating (optional).

Resilient 360° Lock-in Seating
• Disc seat seals against stainless steel mating
 surface.
• Lock-in seat secured by easily replaced 
 stainless steel retainer ring.
• Adjustable or replaceable without special tools.
•  304 stainless steel body seat provides 
 corrosion resistant mating surface.

Space-Saving Body Design
• Meets all requirements of AWWA Standard C-504.
• Variety of end connections available.
• Self-lubricating bushings for  

   continuous low-friction operation.
•  Two-way, field-adjustable thrust bearing  

   permits flexibility in valve and actuator ori-
entation.

Cast, fabricated or rubber-covered

The Streamseal® Butterfly Valve is designed 
to be the easiest valve to install and operate...
with minimum maintenance required.

4    RODNEY HUNT COMPANY
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RODNEY HUNT COMPANY    5

Design Features

Meets established  
requirements of  
AWWA Standard C504.
1. Shafts–stainless steel ASTM A276 
 Type 304 standard. Monel and 316 
 stainless steel shafts available.
2. Valve body–ASTM A126 Class B or 
 C cast-iron or ASTM A516 Grade 70  
     fabricated steel, depending on size   
 and pressure class.
3. Valve disc–ASTM A536 Grade 
 65-45-12 ductile iron or ASTM 
 A516, Grade 70 fabricated steel,   
    depending on size and pressure class.
4. Shaft seals–bronze packing gland 
 with square TFE impregnated Teflon 
 packing.
5. Shaft bearings–Corrosion resistant, 
 self-fabricated sleeve type.
6. Taper pins–Tangential pins of stain-  
 less steel ASTM A582 Type 416HT 
 securely fasten disc to stub shafts. 
 Tangential pinning reduces pin shear 
 stresses. Pins held in place by 
 stainless steel jam nuts and washers.
7. End cover–Same material as body. 
 Buna-N O-ring seal.

Lock-in Rubber Seat Design
 Offers positive retention, total  
 rubber control, and maximum user 
 flexibility.
• Rubber seat fully locked-in by  
 dovetail configuration. Does not 
 require adhesives for retention.
• Cap screws do not penetrate rubber-  
 eliminating any tendency to “waffle” 
 or “scallop” the seating edge.
• Two-way adjustable. By changing 
 the torque on the cap screws, the 
 amount of rubber projection can be 
 controlled to provide drip-tight 
 closure under all line conditions.
• Independent of line pressure for 
 positive shut-off.

Lock-in Rubber Seat Design
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6    RODNEY HUNT COMPANY

AWWA Cast Streamseal  Butterfly Valve
24”
and

Larger

• Exclusive domed disc design.
 –Solid cast disc without internal coring.
 –Concave/convex curvilinear shape provides 
   excellent hydraulic stability, even in turbulent 
   flows. 
 –Maximum reliability in on/off or throttling 
   service. 
 –Reduced head loss, lower pumping costs. 
 –Reduced dynamic torques and torque rever-
       sals.
   Less actuator energy requirements.
 –Ductile iron (ASTM A536 Grade 65-45-12) to 
      withstand shock loads.
• Resilient lock-in seat is secured to the domed   
 disc edge by a corrosion resistant retainer ring.
• Variety of disc seat materials available.
• Body Mating Surface: Type 304 stainless steel.
• Shafts: Type 304 stainless steel.
• Taper pins: Tangentially positioned to prevent 
 shear failure, O-ring sealed.
• End connections: Flanged, mechanical joint, 
 grooved, plain, or combinations as required.

Figure 1: Domed Disc Finite Element Model (quarter section)

The Streamseal Domed Disc Design
The ductile iron domed disc for cast Streamseal 

Butterfly Valves was developed to enhance 
disc strength and improve flow characteristics. 
Elimination of foundry coring was an important fac-
tor in the development process, and the resulting 
design permits the easy inspection, testing and  
measurement of all disc surfaces. Finite element 
analysis was used to optimize strength and disc 
thickness. Head loss and flow coefficients for 
Streamseal Butterfly Valves are shown in Fig. 2.

Cast domed disc being machined.

®
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Materials
Body Material .............ASTM A126, Class B Cast Iron
Disc Material ..................ASTM A536, Grade 65-45-12

Ductile Iron
Shaft ............... ASTM A276, Type 304 Stainless Steel
Seat Material ....................................................Buna-N
Shaft Seals .........................Conventional packing with 

bronze gland
Mating Seat Surface ................ ASTM A276, Type 304  

Stainless Steel
Shaft Bearings ....... Corrosion resistant, self-lubricated

sleeve type
Coating ...........................High solids, high build epoxy

Other materials available upon request to meet  
system requirements.

End Configurations
Flanged (ANSI-B16.1 Class 125), mechanical joint 
(AWWA C110), grooved, plain, metric flanges, higher 
pressure rated flanges.

Sizes
24”, 30”, 36”, 42”, 48”, 54”, 60”, 66”, 72”, 78”, 84”, 
90”, 96”, 108”, 120” (metric sizes also available).

Pressure Classes
25, 75, 150, 250 psi

Testing
AWWA C504 (latest edition)

K and Cf versus disc position
H

L
= KV2 =   V2

H
L
=head loss across valve in feet of water

K-head loss coefficient
Cf=flow coefficient
V=fluid velocity in pipe in feet per second
g=gravitational constant (32.2) feet per sec.2

NOTE: Actual performance of the valve will be affected by 
           the parameters of the complete system.

Figure 2

Standard Dimensions

Valve may be installed with shaft in either 
the horizontal or vertical position.

Size A B C D E F G GG W* X
 24 22.88 32.00 21.75 16.25 1.88 8.00 29.50 20 3.00 6.88
 30 29.00 38.75 24.75 19.62 2.12 12.00 36.00 28 3.62 6.88
 36 34.94 46.00 27.88 23.25 2.38 12.00 42.75 32 4.50 6.88
 42 40.88 53.00 30.88 26.75 2.62 12.00 49.50 36 5.00 6.88
 48 46.88 59.50 34.25 29.88 2.75 15.00 56.00 44 5.75 6.88
 54 52.88 66.25 37.75 33.38 3.00 15.00 62.75 44 6.75 7.31
 60 58.88 73.00 40.88 36.75 3.12 15.00 69.25 52 7.50 7.56
 66 64.88 80.00 44.50 40.50 3.38 18.00 76.00 52 7.75 7.56
 72 70.88 86.50 47.62 43.62 3.50 18.00 82.50 60 8.50 6.02
 78 76.88 93.25 50.25 47.00 3.75 21.00 89.00 66 9.25 6.02
 84 82.88 99.75 60.00 55.00 3.88 21.00 95.50 66 10.00 6.02
 90 88.88 106.50 55.88 53.50 4.06 22.50 102.00 68 10.75 6.02
 96 94.00 113.25 60.00 57.25 4.25 24.00 108.50 68 11.50 6.02
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Streamseal Butterfly Valve with Domed Disc–Head Loss 
and Flow Coefficients

C

D

X

B
Dia.

B
Dia.

GG
Number of holes

A
Port
Dia.

W
Dia.
Shaft

E

F

*Shaft dimensions for 150B rating. Dimensions in inches.
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BASE METAL

Rubber-covered Streamseal  Butterfly Valve

8    RODNEY HUNT COMPANY

24”
and

Larger

 Rodney Hunt rubber-covered Streamseal 
Butterfly Valves are designed for the most corro-
sive service applications. Two distinct layers of rub-
ber (Fig. 3) protect all ferrous metal parts exposed 
to corrosive liquid. This layered rubber covering is 
applied to all wetted surfaces of body, disc, and 
end cover. A tie-gum or soft rubber underlayment 
provides a strong bond between the grit blasted 
base metal and the rubber outer layer.
 The soft rubber underlayment allows for 
some flexibility (65 Shore A Durometer). The hard 
rubber (43 to 70 Shore D Durometer) outer layer 
provides a non-hygroscopic, machinable, and 
rugged covering, extending into all areas of body 
and disc, including close tolerance locations (shaft 
bores, thrust bearing recess, and stuffing box). The 
entire cover is bonded in place, then vulcanized for 
absolute adhesion of rubber to metal.
 All rubber-covered surfaces are given a 
dielectric spark test (before and after vulcanization) 
to ensure complete coverage.

Applications
 Rubber-covered Streamseal Butterfly 
Valves are used in a variety of process applica-
tions to control the flow of corrosive fluids. Figure 
4 shows potential process locations in a typical 
circulating water service, where prolonged reuse of 
water progressively increases mineral content, or 
where the original water source is saline or brack-
ish.

Figure 5 illustrates a condenser partition 
valve installation, where the actuator is located 
externally from the condenser.

CIRCULATING
WATER PUMP

PUMP
DISCHARGE

VALVE

CONDENSER
PARTITION

VALVES
RISER
VALVE

COOLING
TOWER

COLLECTION
BASIN

BY PASS
VALVE

INLET        OUTLET
ISOLATION VLAVESWET WELL

INTERNAL 
PARTITION

WATERBOX 
SHELL

Figure 3: Cross Section

Figure 5: Condenser Partition Valve–Typical Installation

Figure 4: Typical Circulatory Water System

®
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Disc Design: Domed, Flow-Through or 
Low-Profile

All disc configurations are offered with lock-in rub-
ber seat, tangential pinning and full rubber cover-
ing.
Domed Disc: Constructed from ductile iron, 
the domed disc was developed to enhance the 
strength and improve the flow characteristics of 
cast valves.
Flow-Through: Constructed from fabricated steel, 
the Flow-Through disc features a rugged bridge 
truss and flow-through area easily accessible for 
rubber covering.
Low Profile: Constructed from fabricated steel, the 
Low Profile disc features a streamlined disc profile 
with heavy trunnions.

Standard Dimensions

Valve may be installed with shaft in either 
the horizontal or vertical position.

Size A B C D E F G GG W* X
 24 22.88 32.00 21.75 16.25 1.88 8.00 29.50 20 3.00 6.88
 30 29.00 38.75 24.75 19.62 2.12 12.00 36.00 28 3.62 6.88
 36 34.94 46.00 27.88 23.25 2.38 12.00 42.75 32 4.50 6.88
 42 40.88 53.00 30.88 26.75 2.62 12.00 49.50 36 5.00 6.88
 48 46.88 59.50 34.25 29.88 2.75 15.00 56.00 44 5.75 6.88
 54 52.88 66.25 37.75 33.38 3.00 15.00 62.75 44 6.75 7.31
 60 58.88 73.00 40.88 36.75 3.12 15.00 69.25 52 7.50 7.56
 66 64.88 80.00 44.50 40.50 3.38 18.00 76.00 52 7.75 7.56
 72 70.88 86.50 47.62 43.62 3.50 18.00 82.50 60 8.50 6.02
 78 76.88 93.25 50.25 47.00 3.75 21.00 89.00 66 9.25 6.02
 84 82.88 99.75 60.00 55.00 3.88 21.00 95.50 66 10.00 6.02
 90 88.88 106.50 55.88 53.50 4.06 22.50 102.00 68 10.75 6.02
 96 94.00 113.25 60.00 57.25 4.25 24.00 108.50 68 11.50 6.02

Where Rubber-covered Butterfly Valves  
are Typically Used

• Circulating water service (Figure 4)
• Condenser partition (Figure 5)
• Condenser isolation
• Wet well service
• For control of saline and brackish water within 
  the plant or intake structure.

Sizes–Pressure Classes–Testing
Sizes Cast: 24”, 30”, 36”, 42”, 48”, 54”, 60”,  

66”, 72”, 78”, 84”, 90”, 96”, 108”, 120”
Fabricated: 24” and larger

Pressure Classes   25, 75, 150, 250 psi
Painting High-build, high-solids epoxy
Testing In accordance with AWWA C504

Optional MSS SP-67 available

Higher pressures available upon request.

Figure 6: Disc Configurations

*Shaft dimensions for 150B rating. Dimensions in inches.

DOMED DISC FLOW-THROUGH DISC LOW PROFILE DISC

C

D

X

B
Dia.

B
Dia.

GG
Number of holes

A
Port
Dia.

W
Dia.
Shaft

E

F
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Custom Engineered and Pre-Engineered   
 Fabricated Streamseal
 Butterfly Valves

24”
and

Larger

Custom engineered fabricated Streamseal Butterfly 
Valves are designed for a variety of plant services 
requiring special materials, sizes and end configura-
tions.
• In-house system analysis, design, and manu- 
    facturing experience. Rodney Hunt has the 
    hydraulic engineering expertise to analyze system  
 requirements. Utilizing designs, data, and technical  
 history acquired from Allis Chalmers, Rodney Hunt  
 will recommend the appropriate valve for the  
 application. The latest design technologies,  
 including finite element analysis, facilitate the  
 development of final custom designs.
 
• Cost-effective flow control for a wide range of  
 flows, pressures, temperatures and media. 
 Fabricated valves can be designed and  
 manufactured to control flows with virtually 
 unlimited pressure and temperature ranges. 
 Liquids containing abrasive solids or entrained 
 gas can be effectively handled.
 
• Available in other than “standard” sizes. 
 Fabricated valves can be designed to meet  
 equipment and space limitations.
 
• Permits varied or mixed-end configurations. 
 Fabricated valves are custom engineered for each 
 application, and can incorporate ANSI or metric   
    flanges, wafer, weld ends, or other configurations 
    to connect to adjacent equipment or piping.
  
• Materials of construction flexibility. Available in 
 steel, stainless steel, or more sophisticated metals 
 as required for specific service conditions. 
 
• Rubber coating available for corrosive service.  
 A dual rubber coating on all interior wetted areas is  
 available to resist corrosion in brine, saline, or 
 other aggressive services. Allis-Chalmers rubber-
 covered butterfly valves have been successfully 
    used for power and desalination plant service 
    since 1937.

• Total actuation availability. Rodney Hunt has the 
 expertise to analyze requirements, design,  
 manufacture, mount, test, calibrate, and install 
 all types of actuation systems: manual, electric, 
 cylinder (pneumatic, hydraulic, or air/oil). Extension  
    stems or extended bonnets for open/close or  
 modulating service are also available.

Finite element analy-
sis software enables 
the static and 
dynamic assessment 
of a product or com-
ponent under various 
loading and stress 
conditions.

All Rodney Hunt welders 
meet AWS and ASME, 
Section IX qualifications.

Fabricated Streamseal butterfly 
valves can be manufactured to  
meet a variety of service conditions.

®
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Sample Specifications

24” and Larger Butterfly Valves
 Butterfly valves shall be rubber-seated tight closing 
Streamseal Valves as manufactured by Rodney Hunt 
Company, and shall conform to AWWA Standard C504  
latest revision.
 The butterfly valve bodies shall be of cast iron ASTM A126 
Class B. They shall have integral hubs for housing shaft 
bearings and seals. Body ends shall be either: flanged 
with facing and drilling in accordance with ANSI B16.1, 
Class 125, or mechanical joint in accordance with AWWA 
Standard C110.
 Butterfly valve discs shall be of the “off-set” design to 
provide a full 360° uninterrupted seating surface. Discs 
shall be Ductile iron ASTM A536, Grade 65-45-12 with no  
external ribs transverse to the flow.
 All cast discs shall be the uncored type so that all disc
surfaces are exposed for easy inspection and/or measure-
ment.
 The resilient seat shall be synthetic rubber designed to  
provide tight shut-off at the pressures specified in the data 
table. Seat shall be incorporated on the valve disc edge 
and shall be mechanically retained by means of a corro-
sion-resistant ring, and stainless steel screws.
 The resilient seat must be capable of mechanical adjust-
ment in each direction without the use of special tools. It 
must also be capable of being replaced in the field without 
chipping, grinding, or burning out of the old seat, moving 
the valve disc along its shaft axis, or removing the valve 
from the line.
 The mating seat surface shall be integral with the valve 
body and shall be stainless steel, Type 304. Sprayed or 
plated mating seat surfaces are not acceptable.
 Valve shafts shall be of the two-piece type extending into 
the valve disc hubs for a distance of at least one and one-
half shaft diameters. They shall be of stainless steel, Type 
304.
 Valve shafts shall be securely attached to the valve disc 
by means of taper pins located tangentially to the valve 
shafts. Taper pins shall be mechanically secured and shall 
be of corrosion-resistant material.
 Shaft bearings shall be contained in the integral hubs of the 
valve body. They shall be of the self-lubricated, sleeve type.
 The valve assembly shall be furnished with a factory-set 
two-way thrust bearing which is field adjustable.
 Where the valve shaft projects through the body for the 
operator connection, a shaft seal shall be provided. The 
seal shall be of the type utilizing a stuffing box and pull 
down package gland so that the package can be adjusted 

or completely replaced without disturbing any part of the 
valve or operator assembly except the packing gland fol-
lower.
 Actuator will be sized to operate the valve from full open to 
full closed at rated pressure with a maximum of 80 ft./lb. of 
input torque on a manual actuator. The valve manufacturer 
shall be responsible for sizing electric or cylinder operators 
based on flow and pressure conditions.
 Coating shall be of two (2) layers (5 mils minimum each 
coat). First coat interior and exterior to be Amine Modified 
Polyamide Epoxy Amerlock 400, or approved equivalent. 
Second coat shall be the same as the first coat unless the 
valve is exposed to sunlight, in which case the second coat 
exterior shall be Aliphatic Polyurethane Amercoat 450 H.S. 
or approved equivalent.

Rubber-covered Butterfly Valves
NOTE: The following specifications apply only to 
rubber-covered butterfly valves. Refer to Standard 
Specifications found above for complete butterfly valve 
specifications.
 When the valve is to be used in corrosive service, a  
multiply rubber covering shall be vulcanized to all interior 
wetted surfaces of the valve body, disc and end cover for  
corrosion protection. The rubber shall extend into all areas 
of the body and disc including hard-to-reach, close-toler-
ance locations such as shaft bores, thrust bearing recess, 
stuffing box, etc., so that all internal wetted surfaces are 
isolated from the corrosive flow medium without depen-
dence upon dynamic O-Ring seals.
 All surfaces to be rubber-covered shall first be thoroughly 
grit blasted to SSPC-SP5 (white metal blast) prior to coat-
ing. The layered rubber shall consist of a soft rubber or 
tie-gum underlayment of approximately 65 on the Shore A 
Durometer scale, and a hard rubber outer layer of approx-
imately 43 to 70 on the Shore D Durometer scale. The 
rubber shall be bonded to the clean grit blasted base metal, 
then vulcanized to form a solid covering to face the cor-
rosive flow medium, and to resist the absorption of water. 
Final lining thickness shall be 3/16” minimum when  
measured at any point. The coating shall be spark-tested 
at 20,000 volts to assure coating integrity. The body rubber 
covering shall terminate in a machined recess in the face of 
each flange, and shall be flush with the flange face.
 When in the closed position, the resilient seat shall mate 
against a seating surface that is machined into the hard  
rubber body covering.
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Manual or Power Actuation

Manual–In accordance with AWWA C504 
Standard. Handwheel, chain-wheel, or operating 
nut input. Adjustable travel stops, and self locking 
feature.
Electric Motor–Available for open-close or throt-
tling service, complete with limit switches and 
torque switch as required. Manual override is stan-
dard. Also available for modulating service with 
position feedback for continuously adjustable auto-
matic controls. Complete accessories are available 
and include indicator lights, integral reversing start-
ers, push buttons, potentiometers, space heaters, 
sensors, transmitters, transducer and other control 
features.
Cylinder–Pneumatic or hydraulic; suitable for plant 
air, water, or other operating media. Controls avail-
able for adjustable closure rates. Complete hydrau-
lic power units are available. Control systems can 
be supplied for automatic fail-safe closure and 
valve positioning. Position sensors can also be 
provided.

Accessories

Extension Bonnet and Shaft–For locating actu-
ator away from valve for easy access. Actuator 
(manual or power) is mounted on end of extension 
bonnet and coupled to the extended valve shaft.
Extended Actuator Input Shaft–Manual actuator 
is mounted on valve with valve shaft horizontal. 
Actuator input shaft may be extended to a floor-
stand with handwheel or electric actuator.
Extended Valve Shaft–Vertical valve shaft may be 
extended away from valve with couplings or univer-
sal joints and connected to a floorstand-mounted 
manual, electric or cylinder actuator.

Also available:
• Floorstands
• Wall Brackets
• Chain-wheel Sprocket and Guide
• Torque Tube
• Integral Disc Position Indicator
• Rodney Hunt Epoxy Coating
• Special Paint Requirements

EXTENSION BONNET
AND SHAFT

EXTENDED ACTUATOR INPUT SHAFT

EXTENDED VALVE SHAFT

Figure 7: Valve Extensions
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Size A B C D E F G H J K L M N P Q R
 24 6.50 6.25 6.75 3.50 4.25 11.50 3.50 25.00 28.75 12 12.10 14.25 10.62 15.13 2.50 2.50
 30 6.50 9.88 9.10 6.00 5.50 14.50 6.75 28.88 33.50 12 12.10 14.25 10.62 15.13 2.50 2.50 
 36 6.50 9.88 9.10 6.00 5.50 16.75 6.75 32.00 37.38 12 12.10 14.25 10.62 15.13 2.50 2.50 
42 6.50 9.88 9.50 7.10 6.75 16.75 6.75 35.00 40.38 18 13.60 16.00 11.00 16.13 3.50 2.50
 48 8.88 12.25 11.25 8.50 8.10 17.75 7.75 38.65 44.00 18 13.60 16.00 11.00 16.13 3.50 2.50 
54 8.88 12.25 12.75 8.50 9.10 19.75 9.25 42.50 49.75 18 14.00 18.90 11.00 16.75 3.50 2.50
 60 8.88 12.25 15.75 9.75 11.50 23.00 10.75 48.60 53.38 18 15.50 31.13 10.13 16.75 4.13 4.00
 66 10.00 14.62 19.50 11.38 14.00 29.38 14.75 54.10 60.10 18 15.50 31.13 10.13 16.75 4.13 4.00 
72 10.00 14.62 19.50 11.38 14.00 29.38 14.75 57.25 63.25 18 15.75 32.25 10.75 18.13 6.75 4.00
 78 10.00 17.50 19.50 11.38 14.00 29.38 14.75 58.38 64.38 18 15.75 32.25 10.75 18.13 6.75 4.00
 84 12.00 17.50 22.38 11.75 16.00 33.75 15.25 70.00 79.88 24 19.38 39.50 12.25 27.88 9.25 4.00
 90 12.00 18.50 24.75 15.50 18.00 36.38 16.75 66.75 80.38 24 19.38 39.50 12.25 27.88 9.25 4.00
 96 12.00 20.00 24.75 15.50 18.00 36.38 16.75 71.00 80.75 24 19.38 39.50 12.25 27.88 9.25 4.00

RODNEY HUNT COMPANY    13

Size A B C D E F G H J K
 24 6.50 6.25 6.75 3.50 4.25 11.50 3.50 25.00 28.75 24 
 30 6.50 9.88 9.10 6.00 5.50 14.50 6.75 28.88 33.50 24  
 36 6.50 9.88 9.10 6.00 5.50 16.75 6.75 32.00 37.38 24 
 42 6.50 9.88 9.50 7.10 6.75 16.75 6.75 35.00 40.38 24
 48 8.88 12.25 11.25 8.50 8.10 17.75 7.75 38.65 44.00 24
 54 8.88 12.25 12.75 8.50 9.10 19.75 9.25 42.50 49.75 24
 60 8.88 12.25 15.75 9.75 11.50 23.00 10.75 48.60 53.38 24
 66 10.00 14.62 19.50 11.38 14.00 29.38 14.75 54.10 60.10 24
 72 10.00 14.62 19.50 11.38 14.00 29.38 14.75 57.25 63.25 30
 78 10.00 17.50 19.50 11.38 14.00 29.38 14.75 58.38 64.38 36
 84 12.00 17.50 22.38 11.75 16.00 33.75 15.25 70.00 79.88 36
 90 12.00 18.50 24.75 15.50 18.00 36.38 16.75 66.75 76.50 36
 96 12.00 20.00 24.75 15.50 18.00 36.38 16.75 71.00 80.75 36

Size A B C D E F G H
 24 6.50 6.25 2.50 10.12 9.19 25.00 7.13 21.75
 30 6.50 9.88 2.50 10.12 9.19 25.00 7.13 24.75 
 36 6.50 9.88 2.50 10.12 9.19 25.00 7.13 27.88
 42 6.50 9.88 2.50 10.12 9.19 25.00 7.13 30.88
 48 8.88 12.25 3.75 17.38 15.56 34.00 12.56 34.25
 54 8.88 12.25 3.75 17.38 15.56 34.00 12.56 37.75
 60 8.88 12.25 3.75 17.38 15.56 34.00 12.56 40.88
 66 10.00 14.62 4.25 24.12 20.96 45.00 18.19 44.50
 72 10.00 14.62 4.25 24.12 20.96 45.00 18.19 47.62
 78 10.00 17.50 4.25 24.12 20.96 45.00 18.19 50.25
 84 12.00 17.50 5.25 31.38 27.63 74.00 23.25 60.00
 90 12.00 18.50 5.25 31.38 27.63 74.00 23.25 60.00 
 96 12.00 20.00 5.25 31.38 27.63 74.00 23.25 60.00

Manual Actuators

Cylinder Actuators

Electric Actuators

Actuator dimensions 
are approximate. 
Request certified 
drawings for space 
requirements.

Dimensions 
in inches.
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Hydraulic Actuation Systems
for Valve Operation

Depending upon the application, Rodney Hunt 
hydraulic systems for valve control offer specific 
advantages and economies over manual and elec-
tric actuation. Where several valves are operated 
by a single hydraulic operating system, for exam-
ple, considerable cost savings can result. 

Rodney Hunt has the capability to design manu-
facture, and test hydraulic systems complete with 
associated electrical control panels. Start-up assis-
tance is also available. These capabilities offer the 
consulting engineer, contractor, and end-user sin-
gle-source responsibility for both the valve equip-
ment and hydraulic actuation.

Advantages of Hydraulic Actuation
• Inexpensive. Hydraulic actuation is the most  
    cost-effective type of actuation currently avail 
    able (other than manual).
• Standard components. Pre-engineered cylin- 
    ders are available for valve operation in any  
 application.
• Increased control. Valve can be designed to 
    open and close at different speeds, and to per-
    mit easy field adjustment of speed.
• Less wear. Hydraulic cylinders provide long, 
 trouble-free service especially where valve 
 opens/closes frequently, or for modulating 
 service.
• Flexible functions. Systems can vary from a 
 simple pushbutton station to sophisticated 
 programmable positioning. 
• Emergency “fail-safe” operation. Can be easi-
    ly configured to open or close valve in the event 
    of power failure, line break, or other emergency. 
• Added security. Ideally suited for environments 
 that require explosion-proof equipment. The 
 hydraulic system can be housed in a remote   
 location.

Hydraulic actuation system engineering includes development 
of hydraulic power units that respond to computer instructions 
for exact valve positions, continuous monitoring, and emergen-
cy operation.
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Service and Support

The name Rodney Hunt has been associated with 
quality, reliability, and technical expertise for over 
150 years. Consistent customer satisfaction comes 
from the ability to control all phases of product 
development and production, and to coordinate 
these phases with customer needs.

System Analysis. Interdisciplinary engineering 
skill, supported with the latest technological tools 
available, enables comprehensive analysis and 
equipment recommendation.

Product Design and Performance. Proven Allis-
Chalmers design, operating effectively in the field 
for over 50 years.

Manufacturing Capability. Rodney Hunt has 
assembled one of the most flexible and compre-
hensive casting, metal fabrication and machining 
facilities in the industry.

Customer Service. Rodney Hunt sales and ser-
vice personnel work with customers throughout 
the world to develop, design, and install water 
management products and support systems that 
are sensitive to local resources, regulations, and 
customs. Our goal is to effectively coordinate all 
phases of design and manufacturing to meet our 
customers’ construction or outage needs.

Spare Parts and Service. On-line and hard-copy 
access to all current and historical (Allis Chalmers) 
manufacturing records enable the accurate and 
timely production of spare parts for all existing 
Allis Chalmers equipment. Butterfly valves can be 
repaired or refurbished either on-site or at Rodney 
Hunt.

Rodney Hunt field service engineers work with customers 
throughout the world in resolving mechanical, structural, and 
hydraulic issues associated with water control system design 
and construction.

Rodney Hunt representatives work with customers to develop, 
design, and install water management products and support  
systems.

Service professionals are available to respond to virtually any 
customer request or question.
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Rodney Hunt Water Control Equipment
Rodney Hunt products have an unparalleled reputation for trouble-free 
operation in thousands of municipal, industrial, and power installations 
around the world. Rodney Hunt water control equipment covers a 
broad range of products and support systems.

• Sluice Gates

• Slide Gates

• Roller Gates

• Tainter Gates

• Hinged Crest Gates

• Gate Actuators

• SCUBA® Hydraulic Actuators

• Rotovalve® Cone Valves

• Howell-Bunger® Valves

• Streamseal® Butterfly Valves

• Rectangular Butterfly Valves

• Flap Valves

• Hydraulic Systems

RODNEY HUNT COMPANY
ORANGE, MASSACHUSETTS 01364
TEL: 978-544-2511/FAX: 978-544-7204
Web Site: www.rodneyhunt.com
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Unique Applications
• River / Sluice Gates
• Buried service
• De-clutch and partial stroke to 450,000 ft/lbs
• Remote / DC service (limited power availability)
• High cycle / high precision process control
• Custom engineered solutions
• Low volume, unique applications
• Specialty government work

W h a t  M a x T o r q u e  
I S

W h a t  M a x T o r q u e  I S  N O T

MW3 Unit on Test Stand

Commodity, “price point” solution 

Competitor for “basic” gear box solutions

www.maxtorquegears.com

   REV. 2                           +1-207-793-2289                           APRIL 1, 2005      

MaxTorque Application Over view
High performance, severe service  valves  
 •  Torques to 1,000,000 FT/LBS
 •  Fast Close – <60 seconds on 350,000 ft/lbs  
  with standard actuators
 •  Cleaner, less expensive option to Electro 
  Hydraulic solutions

Large butterfly & ball valves
 •  Torques to 1,000,000 FT/LBS +
 •  Significantly less backlash
 • Smaller actuator / same performance

High torque / high thrust multi-turn applications 
(Y-pattern globe & gates)
 •  Up to 70% base efficiency competitive in  
  smaller less expensive packages where  
  torque is 9,000 ft/lbs+
 •  Thrust bases available to 2,000,000 lbs+
 •  Temperature compensation

Marine / sub sea service
 •  Hyperbaric testing to 10,000 ft
 •  Stainless / chrome hardware / shafts / 
  housing (if necessary)
 • IP 67/68
 •  ROV interface and indicator / feelicators
 • Buckets / panels

Extreme temperature / environment
 •  - 60˚C - 235˚C +
 •  K-mass available

Values with “+” indicate current design limits. 
Higher capabilities may be engineered.

Quick delivery on high performance 
gears; high torque / fast close 

Reduce turns to close by up to 75%

Base efficiency of up to 70% yet still “self-locking” 

Greatly improved torque capability and durability with 
significantly reduced backlash

Rigorously tested and qualified – AWWA C504 & 
C540 Compliant

Quick and easy direct mount capability

Custom solution

Stronger • Smaller • Faster • Better
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* Low service / Manual ratings (< 1,000 life cycles) are approximately 120% of moderate factor.
* Multiple spur options available. Visit www.maxtorquegears.com for details. Spur options for LW +  
 BW series include BS3, AX2.7 through AX12.6”. Spur options for MW series include WGR20.25,  
 and HSS4-10, AX series spurs may be added to WGR 20.25 for additional ratio.

1)  MaxTorque, LLC reserves the right to modify 
 or update technical data at any time. Please  
 consult www.maxtorquegears.com for the  
 most current specifications.

2) Efficiencies are based on dynamic performance  
 after a reasonable break-in period.

3) Self locking characteristics are similar to those
 of other self-locking worm gearboxes. Specific  
 environmental conditions such as high 
 vibration may  adversly affect self locking 
 characteristics. If locking is required in this or 
    other conditions, a separate brake should 
 be utilized.

www.maxtorquegears.com

   REV. 2                           +1-207-793-2289                           APRIL 1, 2005      

P E R F O R M A N C E  S P E C I F I C AT I O N S
M O D E R AT E  S E R V I C E  F A C T O R  < 1 0 , 0 0 0  L I F E  C Y C L E S

Max Max Max
     Base Standard Standard Stem 
Unit Model In-Lbs Ft-Lbs Ratio Bore Key Engage

  LW1 20,000 1,667 9.30 2.5” 3/4” x 1/2” 3 1/4”
  LW2 40,000 3,333 18.30 3” 3/4” x 12” 4”
  LW3 80.000 6,667 25.30 4” 1” x 3/4” 5 3/8”

  BW1 160,000 13,333 20.25 5 1/2” 1 1/2” x 1” 7 1/2”
  BW2 320,000 26,667 18.75 6 1/2” 1 1/2” x 1” 8 3/8”
  BW3 480,000 40,000 22.75 9” 1” x 1 1/2” 9 1/2”
  BW4 800,000 66,667 28.25 9” 2” x 1 1/2” 10 1/4”

  MW1 1,200,000 100,000 21.75 10” 1 1/2” x 2” 15 3/4”
  MW2 1,800,000 150,000 27.25 10” 2 1/2” x 2” 15 3/4”
  MW3 2,400,000 200,000 30.75 10” 2 1/2” x 2” 15 3/4”
  MW4 3,000,000 250,000 37.75 10” 2 1/2” x 2” 15 3/4”
  MW5 3,600,000 300,000 42.75 10” 2 1/2” x 2” 15 3/4”

  MW9 7,200,000 600,000 35.25 12” 2 1/2” x 2” 15 3/4”
  MW14 11,199,996 933,333 43.75 14” 3 1/2” x 2” 16 3/4”

LW
 

SE
RI

ES
BW

SE
RI

ES
M

W
 

SE
RI

ES

How do YOU get it?
• We partner with you to quote jobs / projects on   
  an individual basis.  

• We partner with you and your end customers  
   to design custom solutions

• Contact Patrick or Tom West at:  
       +1-207-793-2289  
       iagpat@rcn.com       

• For more information, please visit 
  www.maxtorquegears.com
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Usage: 
 - The LW Series utilizes "IP" spurs for additional ratio. Options are 2:1 and 3:1 and can be stacked.  Additionally, on the LW3 unit there is the availability of a 3:1 spur which should be utilized at the higher end of it's torque rating.
 - The BW series utilizes BS (base spur) and AX (auxilliary spur) spurs to add ratio.  Either can be used directly on the BW series gears.  However, BS units are more robust than the AX units.  If stacking 2 spurs to get additional ratio, 
the first should be a BS model then the AX. 
 - Stacking AX spurs is not recommended without checking with MaxTorque engineering
 - BS options are 3:1 and 2.05:1.  AX options are 1.88, 2.29, 2.45, 2.63, 2.83, 3.06, 3.31, 3.60, 4.26, 4.55, 5.19, 5.55, 5.57, 5.95, 5.98, 6.39, 6.44, 6.88, 6.95, 7.39, 7.43, 7.53, 7.93, 8.04, 8.18, 8.51, 8.74, 9.17, 9.90, 10.72, 11.65, 12.6.
 - MW Series "Standard" typically utilize a second worm gear as the primary spur.  Most often this is a WGR1 (20.25:1) which is rated for 10,000 ft-lbs (13,500 Nm)  BS and AX spurs can be added for additional ratio per the guidelines above on the BW Series.
A WGR2 (18.75:1) is standard on the MW5 and may be used on the other MW units.  It's rating is 25,000 ft-lbs (33,900 Nm.)  
MW Series "High Speed" utilize large spurs available in even ratios from 3:1 to 9:1

Turns to Stroke
 Insert RPM 66

Base Spur 1 Spur 2
Quarter Turn 

Seconds To Close @
Model IN-Lbs Ft-Lbs Nm Ratio  Ratio*  Ratio* IN-Lbs Ft-lbs Nm ft-lbs Nm 110
LW1 30,500 2,550 3,457 24.33 1.00 1.00 24.3 0.61 15 1 1 1 0 0 6 3 4.52 876 416 2.75 .5" x .5" 3 1/2"

LW2 60,000 5,000 6,779 24.33 1.00 1.00 24.3 0.61 15 1 1 1 0 0 6 3 4.52 876 815 3.25 .75" x .75" 4 1/2"
 

LW3 96,000 8,000 10,846 25.3 1.00 1.00 25.3 0.55 14 1 1 1 0 0 6 3 4.35 911 1198 4" 1" x 3/4" 5 3/8"

BW1 160,000 13,333 18,077 20.25 3.00 1.00 60.8 0.67 40.4 1 1 1 0 0 15 8 1.81 2187 825 5 1/2" 1 1/2" x 1" 7 1/2"

BW2 320,000 26,667 36,155 18.75 3.00 1.00 56.3 0.67 37 1 1 1 0 0 14 8 1.96 2025 1782 6 1/2" 1 1/2" x 1" 8 3/8"

BW3 560,000 46,667 63,271 22.75 3.00 1.00 68.3 0.67 45 1 1 1 0 0 17 9 1.61 2457 2571 9" 1 x 1 1/2" 9 1/2"

BW4 800,000 66,667 90,387 28.25 3.00 1.00 84.8 0.67 56 1 1 1 0 0 21 12 1.30 3051 2957 9" 2" x 1 1/2" 10 1/4"

MW1 1,200,000 100,000 135,580 21.75 20.25 1.00 440.4 0.46 200 1 1 1 0 0 110 60 0.25 15856 1123 10" 2 1/2" x 2" 15 3/4"

MW2 1,800,000 150,000 203,370 27.25 20.25 1.00 551.8 0.46 251 1 1 1 0 0 138 75 0.20 19865 1344 10" 2 1/2" x 2" 15 3/4"

MW3 2,400,000 200,000 271,160 30.75 20.25 1.00 622.7 0.46 283 1 1 0 0 156 85 0.18 22417 1588 10" 2 1/2" x 2" 15 3/4"

MW4 3,000,000 250,000 338,950 42.25 20.25 1.00 855.6 0.46 389 1 1 1 0 0 214 117 0.13 30800 1445 10" 2 1/2" x 2" 15 3/4"

MW5 3,600,000 300,000 406,740 42.25 18.75 1.00 792.2 0.46 360 1 1 1 0 0 198 108 0.14 28519 1873 10" 2 1/2" x 2" 15 3/4"

MW1 1,200,000 100,000 135,580 21.75 6.00 1.00 130.5 0.62 81 1 1 1 0 0 33 18 0.84 4698 2792 10" 2 1/2" x 2" 15 3/4"
 

MW2 1,800,000 150,000 203,370 27.25 7.00 1.00 190.8 0.62 118 1 1 1 0 0 48 26 0.58 6867 2706 10" 2 1/2" x 2" 15 3/4"

MW3 2,400,000 200,000 271,160 30.75 5.00 3.00 461.3 0.59 271 1 1 1 0 0 115 63 0.24 16605 1571 10" 2 1/2" x 2" 15 3/4"

MW4 3,000,000 250,000 338,950 42.25 5.70 1.00 240.8 0.62 149 1 1 1 0 0 60 33 0.46 8670 3572 10" 2 1/2" x 2" 15 3/4"

MW5 3,600,000 300,000 406,740 42.25 3.00 1.00 126.8 0.62 78 1 1 1 0 0 32 17 0.87 4563 8145 10" 2 1/2" x 2" 15 3/4"

MW9 7,200,000 600,000 813,480 34.25 3.00 1.00 102.8 0.57 59 1 1 1 0 0 26 14 1.07 3699 20899 12" 2 1/2" x 2" 15 3/4"

MW18 16,000,000 1,333,333 1,807,733 44.25 5.55 3.00 736.8 0.54 399 1 1 1 0 0 184 100 0.15 26523 6818 14" 3 1/2" x 2" 16 3/4"
1)  MaxTorque reserves the right to update or modify technical data at anytime  
2) Efficiencies are based on dynamic performance after a reasonable break in period  

Instructions:   
1) Find the MaxTorque gear that meets your stem torque requirements 
2) Input your required output in column highlighted in Blue. You can input In-lbs, Ft-lbs or Nm.  (Input only one)
3) For multi-turn applications, enter turns to stroke in AE/13.  (For quarter turn operation = .25)
3) This sheet has been designed so that you can change the ratio on the base spur or the auxiliary spur (Column highlighted in light green)
to either decrease or increase the input torque requirement or change the turns to open of the opening & closing times.
4) For LW and BW series, the base spur options are is 2.05 :1 and 3:1.  Auxiliary Spur (AX) options may be utilized on the gear alone or in combination with the BS3 for additional ratio  
on BW and MW series.  AX options are 1.88, 2.29, 2.45, 2.63, 2.83, 3.06, 3.31, 3.60, 4.26, 4.55, 5.19, 5.55, 5.57, 5.95, 5.98, 6.39, 6.44, 6.88, 6.95, 7.39, 7.43, 7.53, 7.93, 8.04, 8.18, 5.51, 8.74, 9.17, 9.90, 10.72, 11.65, 12.6
5) MW series uses standard double worm reduction with a ratio of 20.25 (WGR).  For faster close times high speed spurs for
 the MW series are available in 3:1, 4:1, 5:1, 6:1, 7:1, 8:1 , 9:1 
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REV.

15.9

25.0

10.010

18.0°

9.0°

-
10.726

23.740

.007+

.000-
2.504

.005

.010+

±.005

BORES AND KEYS TO

CUSTOMER SPECIFICATION

CUSTOMER SPECIFICATION

BOLT PATTERNS TO

 1.531  X 90° , Near Side

1-1/2-6 UNC    1.000

20X  1.344   1.500

NOTES:

FINAL RATIO RAGE:  : 1868 : 11.
BASE RATIO: 30.75 : 1, WORM GEAR REDUCER RATIO: 20.25, BASE SPUR RATIO: 3 : 1

MAX BORE AND KEY: 10.0" W/ 2 1/2" X 2" KEY2.

MAX STEM ENGAGEMENT: 15 3/43.

APPROXIMATE WEIGHT: 3462 LBS4.

UNIT IS SHOWN IN THE "OPEN" POSITION5.

MOTOR ADAPTER TO SUIT

12.4

27.6

25.5

50.0

16.4

7.8

29.1
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Experience In Motion

Limitorque MX
The Next Generation in Smart Multi-turn Actuation
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Limitorque is an operating unit of Flowserve, a $2+ billion-a-
year company strongly focused on automation and support 
of the valve industry. Flowserve is the world’s premier 
provider of flow management services. 

Limitorque has evolved over 75 years since its strategic 
introduction of a “torque-limiting” design that changed an 
industry. Flowserve Limitorque offers solutions and automa-
tion choices for customers which provide: 

•	 cost	savings	from	field	devices	such	as	electric	valve	
actuators. 

•	 greater	operating	efficiencies	from	control	room	
performance sequencing, interlocking, and continuous 
process optimization. 

•	 competitive	advantages	derived	from	increased	management	
visibility of databases and networks.

Limitorque is one of the primary reasons Flowserve is 
“Experience In Motion.” 

 

Flowserve Limitorque Actuation Systems
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flowserve.com

3

The MX speaks your 
language, whether 
it’s management, 
technical, financial, 
operations, or service.

Limitorque MX: smart multi-turn actuator that 
delivers what you want most — control, ease of use 
and “no batteries required.”

Flowserve Limitorque introduced the MX electronic 
actuator in 1997 as the first smart actuator that provided 
uncompromised reliability and performance in a design 
that was easy to use.  The MX innovations which were 
market firsts – unique absolute encoder that doesn’t 
require battery back-up – Limigard™ technology – easy 
to use menus in six languages – the use of Hall effect 
devices to eliminate potentially troublesome reed switches 
– have been improved.   The features Users have come to 
expect from Flowserve Limitorque are still standard, but 
the list of improvements and optional equipment permits 
improved reliability, functional performance and durability. 
The MX is the smart actuator design that is rigorous and 
easy to use.  It is the only non-intrusive, double-sealed 
electronic actuator to display the Limitorque brand.

MX – Still “No Batteries Required”
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Speed, Precision and Simplicity
The MX control panel features an improved 32-character 
LCD screen that provides actuator status and diagnostics in 
an easy to use, easy to read, graphical format. The industry’s 
first multilingual actuator is now capable of configuration 
in English, Spanish, German, French, Italian, Portuguese, 
Mandarin, Russian, Bahasa Indonesia and Katakana as 
standard configuration languages. In addition, the LCD can 
be rotated 180˚ for better field visibility. 

Speed, precision, simplicity, and set-up speed are 
characteristics expected of a smart actuator. Users and 
valve OEMs demand quick set-up and easy to understand 
dialog in preferred languages. The ability to either upload 
new software or download diagnostics is also critical to 
improving a plant’s efficiency. The MX provides customers 
with the essential tools for rapid installation and root cause 
diagnostics.

Precision is expected in a smart actuator. The MX was the 
first such device developed with an innovative absolute 
encoder that doesn’t require troublesome and unpredictable 
battery back-up. Flowserve Limitorque’s innovative absolute 
encoder has been improved to 18-bit resolution over 10,000 
drive sleeve rotations and is 100% repeatable. It now has 
BIST (Built In Self Test) enhancements and redundancy. 

When a device is designed for BIST, its methodology is such 
that much of the test functionality is embedded in the device 
itself. BIST design facilitates a critical component’s ability to 
communicate its actual state to a CPU for comparison to the 
expected state. Any deviation from expected values will be 
reported to the User with correlation to the failed component 
or sub-system. 

Simplicity is expected in a smart actuator. In fact, one of 
the reasons for using an electronic actuator is the simplicity 
of set-up, installation on a valve, and acquiring diagnostic 
information. The MX is the simplest and easiest to use 
electronic actuator. 

MX: The Next Generation in Smart Actuation 
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Long life is expected in a smart actuator. There are more 
than 1,000,000 Limitorque actuators installed around the 
globe, in every conceivable environment. Many have been 
functioning for over 50 years. Introduced in 1997, the MX 
is the Flowserve Limitorque smart actuator that inherits 
Limitorque’s legendary longevity. 

In order to last a long time in severe environments smart 
actuators must have unparalleled protection. The MX’s 
IP68 enclosure rating is 15M for 96 hours, regardless of 
whether the unit is weatherproof or explosionproof. This is 
an industry leading feature. Add other certifications to the 
list – NEMA 4, 4X, 6 – and the MX is unsurpassed in unit 
protection.

The MX is double-sealed, which isolates the terminal 
compartment from the controls environment. Any 
leakage into the terminal compartment is contained in the 
compartment.

The MX is powder coated using a polyester resin in Dupont 
Blue Streak color, not only for aesthetics, but also for 
protection in severe corrosive environments.

Quality and Certifications
Flowserve Limitorque is a global leader in quality manu-
facturing. All Limitorque plants are certified to ISO 9001 
standards, the recognized benchmark for quality all over 
the world. The same unexcelled use of certified materials is 
found in the MX as in Limitorque’s naval and nuclear quali-
fied electric actuators. The MX has used synthetic gear oils 
especially optimized for use with worm gear sets since the 

first unit was shipped in 1997. It was the first non-intrusive 
actuator to use rolled worms and electronic controls 
designed and produced using surface mount technology. 
A true globally certified device, MX meets all pertinent 
European Directives including ATEX, EMC, Machinery 
and Noise and displays the CE mark associated with such 
compliance.

Long Life and Protection
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The reliable MX motor includes Class F insu-
lation and thermal protection. It is designed 
specifically for valve actuator service, with a 
high starting torque and low inertia to reduce 
valve position overshoot. Class H is available 
as an option.

Motor gear attachment allows the motor to 
be removed in one assembly for fast, easy 
inspection, repair, and maintenance.

MX actuators feature a LimiGard™ circuit 
monitor that is designed for Fail/No-Action 
protection. LimiGard consists of dedicated 
circuitry that continually monitors the 
motor contactor, control relays, internal 
logic circuits, and external command 
signals to detect and alarm malfunctions. 
It now includes BIST with Frequency 
Domain Analysis (FDA) for true predictive 
maintenance.

Plug-in connectors permit quick and easy 
replacement of components.

Double-sealed design provides a termination 
chamber that is separate and sealed from 
the control chamber. Control components 
are never exposed to the elements during 
site wiring or because of a faulty cable 
connection.

External connection block has three power 
terminals, a ground screw, and 54 control 
screw-type terminals to simplify commis-
sioning and upgrades.

Long-life gear set consists of hardened alloy 
steel rolled worm and bronze worm gear 
immersed in an extended-life synthetic gear 
oil specifically developed for worm gear 
operation. It is completely bearing-supported.

Ductile iron thrust base is removable from 
main actuator housing for easier valve instal-
lation and maintenance.

High-strength, bronze alloy stem nut is 
removable for machining to suit the valve 
stem.

The control chamber includes an electronic 
control, monitoring, and protection module 
mounted on steel plate. Plug-in connectors 
allow fast, error-free removal and replacement 
of the module.

Anatomy of MX Multi-turn Actuators
Limitorque MX actuators respond to customer needs with advanced 
features designed for ease of commissioning and use, as well as time- 
and money-saving operational benefits. What sets the MX apart is the 
combination of control and reliability enabled by advanced Limitorque 
technology, plus superior ergonomics and human interfaces for speed, 
comfort, and ease of use.
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Local control switches make setup and cali-
bration easy, using “yes” or “no” responses to 
straightforward questions, plus they provide 
the ability to open, stop, and close the actu-
ator and to select remote or local preferences. 
These switches are magnetically coupled, 
solid state Hall effect devices, which eliminate 
troublesome and fragile reed switches.

The control panel display delivers instant, 
up-to-the-minute actuator status and valve 
position in ten languages. It also provides 
simple calibration and diagnostic information, 
including motor, identification, hardware data, 
as well as torque profile log reports.

The MX now offers Bluetooth technology 
as optional, up to 10 meters. When used 
with Flowserve Limitorque’s Windows CE 
and Mobile 5 based graphical interface 
Dashboard™, diagnostic information, which 
includes FDA (frequency domain analysis)
can be transferred easily to a PDA, laptop 
computer or smart cell phone. 

The absolute encoder, a key that enables 
MX actuators to achieve 100% repeatable 
control, provides optical sensing of valve 
position with 18-bit resolution. The encoder 
measures valve position in both motor and 
handwheel operation. No battery or back-up 
power supply is required. It is now redundant, 
permitting up to a 50% fault tolerance, 
ensuring reliable performance in the unlikely 
event of component failure.

Flowserve Limitorque’s uncompromising 
commitment to “no batteries required” is 
enhanced with the addition of the optional 
MX Quik (MX-Q) uninterrupted power transfer 
when mains power is lost to the actuator. 
MX-Q powers the S/R contacts for updated 
status to the control room and also provides 
limited visibility of the LCD screen. It is 
configurable for “MX Quik time” and, once 
main power is restored, is available for the next 
unforeseen power outage. 

Optionally, controls may be powered from 
an external 24 VDC source as backup for AC 
power. Controls and display will remain active 
through loss of AC power.

Torque sensor derives output from motor 
speed, temperature, and voltage—and shuts 
off the motor to protect the actuator and valve 
if the set torque is exceeded. This method 
of torque scanning indicates Limitorque’s 
commitment to be fully electronic.

Cast aluminum housing powder-coated for 
extreme environments. Optional coatings are 
available.

Declutch lever enables the MX actuator to be 
placed in manual, handwheel-drive operation. 
Lever automatically disengages when motor 
is energized and can be padlocked in the 
motor position.

The MX heavy-duty handwheel provides 
backup for manual operation.
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MX Series Performance Ratings for Units 05 through 150
MX-05 through MX-40 (three-phase: 50 Hz/380, 400, 415, and 440 Volt: 60 Hz/208, 230, 380, 460, 525, 575 Volt)

MX-85 through MX-150 (three-phase: 50 Hz/380*, 400, and 415 Volt: 60 Hz/380, 460, 575 Volt) *380/50	multiply	by	0.9

Output Speed (RPM)

MX-05 MX-10 MX-20 MX-40 MX-85 MX-140 MX-150

Rated Output Torque

60 Hz 50 Hz ft-lb N m ft-lb N m ft-lb N m ft-lb N m ft-lb N m ft-lb N m ft-lb N m

18
26
40
52
77

15
22
33
43
65

55 75 125 170 225 305 440 597 N/A N/A N/A N/A N/A N/A

55 75 125 170 225 305 440 597 850 1153 1500 2036 N/A N/A

55 75 125 170 225 305 440 597 1225 1662 1700 2307 N/A N/A

55 75 125 170 225 305 440 597 1150 1561 1600 2171 N/A N/A

48 65 107 145 178 241 345 468 850 1153 1200 1628 N/A N/A
100 1311 84 1101 39 53 89 121 148 201 286 388 600 814 815 1105 1500 2036
155 1701 127 1431 41 56 89 121 140 190 260 353 450 611 650 882 1150 1561
200 165 34 46 73 99 114 155 210 285 N/A N/A N/A N/A N/A N/A

Note 1: MX-85, MX-140 and MX-150

lb kN lb kN lb kN lb kN lb kN lb kN lb kN

Thrust	Ratings	(lb/kN) 8000 35 15000 66 25000 111 36000 160 50000 222 75000 333 75000 333

B4 Base (Torque Only) lb kg lb kg lb kg lb kg lb kg lb kg lb kg
Weights	(lb/kg) 52 24 65 29 109 49 133 60 250 114 300 136 431 182

A1 Base (Thrust Only) Weight lb kg

MX-05	&	MX-10 9 4
MX-20	&	MX-40 29 13

MX-85	w/	F16/FA16	base 72 33

MX-140/MX-150	w/	F25/FA25	base 111 50

Maximum Stem Capacity
Type A Couplings in. mm in. mm in. mm in. mm in. mm in. mm in. mm

Type A1 1.26 32 1.57 40 2.36 60 2.64 67 3.50 88 3.50 88 3.50 88

Type A1E (Extended Nut) 1.26 32 1.57 40 2.36 60 2.64 67 3.50 88 3.50 88 3.50 88

Type B Couplings (Torque Only)2 in. mm in. mm in. mm in. mm in. mm in. mm in. mm

Type B4 1 25.4 1.25 30 1.94 50 2.2 55 2.88 73 2.88 73 2.625 65

Type B4E (Extended) 0.75 19 0.91 22 1.56 41 1.78 46 2.25 57 2.25 57 2.625 65

Type B1 (Fixed Bore)3 N/A 42 N/A 42 N/A 60 N/A 60 N/A N/A N/A N/A N/A N/A

Type BL (Splined) 6	&	38	Splines 6	&	38	Splines 6	&	36	Splines 6 Splines N/A N/A N/A N/A N/A N/A

Maximum Bore and Keyway in. mm in. mm in. mm in. mm in. mm in. mm in. mm

Maximum Bore (B4) 1 25 1.25 30 1.94 50 2.2 55 2.75 65 2.65 65 2.625 65

Maximum Keyway 1/4 sq. 8 x 7 1/4 sq. 10 x 8 1/2 x 3⁄8 14 x 9 1/2 x 3⁄8 16 x 
10

5 ⁄8 x 
7 ⁄16

18 x 
11

5 ⁄8 x 
7 ⁄16

18 x 
11

5 ⁄8 x  
7⁄16

18 x 
11

Maximum Bore (B4E) .75 18 0.91 22 1.56 41 1.78 46 2.25 56 2.25 56 2.5 65

Maximum Keyway 3⁄16 sq. 6 x 6 1/4 sq. 8 x 7 3⁄8 sq. 12 x 8 1/2 x 3⁄8 14 x 9 1/2 x 3⁄8 16 x 
10

1/2 x 3⁄8 16 x 
10

0.625 
sq.

18 x 
11

Note 2: Maximum bores for Type B couplings may require rectangular keys.

Note 3: Available in ISO base only.

MX-05 MX-10 MX-20 MX-40 MX-85 MX-140 MX-150

Mounting	Base	(MSS	SP-102/ISO	5210) FA10/F10 FA10/F10 FA14/F14 FA14/F14 FA16/F16 FA25/F25 FA25/F25

Handwheel	Ratio	(STD/Optional) Direct Direct/8:1 Direct/12:1 Direct/24:1 16/48 16/48 16/48

Side-Mounted Handwheel Efficiencies N/A 52% 54% 51% 53%/51%4 53%/51%4 53%/51%4

Note 4: Efficiencies for MX-85, MX-140 and 150 are 51% with SGA and 53% without SGA.
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MX Standard & Optional Features
Limitorque MX electronic valve actuators are designed for the 
operation of ON-OFF and modulating valves. They include a 
three-phase electric motor, worm gear reduction, absolute 
encoder, electronic torque sensor, reversing motor contactor, 
electronic control, protection and monitoring package, handwheel 
for manual operation, valve interface bushing, 32-character LCD, 
and local control switches—all contained in an enclosure sealed 
to NEMA 4, 4X, 6, and IP68. Explosionproof (XP) enclosures can 
also be provided when required. All MX actuators comply with 
applicable European Directives and exhibit the CE mark.

Power transmission and lubrication 
All mechanical gearing components are bearing supported, 
and final drive (output) consists of a hardened alloy steel 
worm and alloy worm gear. All gears are immersed in an oil-
bath lubricated with a synthetic oil designed specifically for 
extreme pressure worm and worm gear transmission service. 
Special lubricants are available for operation in temperatures 
of less than -30°C. Consult factory.

Motor 
The MX motor is a 3-phase squirrel cage designed for 
electronic valve actuators. It is specifically designed for the 
MX actuator and complies with IEC 34, S2-33 percent duty 
cycle at 33 percent of rated torque. The motor is a true bolt-
on design with a quick-disconnect plug that can be changed 
rapidly without sacrificing motor leads. It is equipped with 

a solid-state motor thermistor to prevent damage due to 
temperature overloads.

The MX motor permits a global range of 3-phase voltages to 
be connected without modification. The motor can energize, 
provided either of the listed voltages are connected:

Electronic control modules 
Non-intrusive  
The	MX	is	non-intrusive,	which	means	that	all	calibration/
configuration is possible without removing any covers 
and without the use of any special tools. All calibration is 
performed in clear text languages; no icons are used. All 
configuration is performed by answering the “YES” and “NO” 
questions displayed on the LCD. “YES” is signaled by using 
the OPEN switch and “NO” by using the CLOSE switch, as 
indicated adjacent to the switches. 

Double-sealed terminal compartment and terminal block 
All customer connections are located in a terminal chamber 
that is separately sealed from all other actuator components. 
Site wiring doesn’t expose actuator components to the 
environment. The internal sealing within the terminal chamber 
is suitable for NEMA 4, 6, and IP68 to 15M for 96 hours. 
The terminal block includes screw-type terminals; three for 

LUBRICATION	&	TEMPERATURE	RANGE SYNTHETIC BRAND

Standard Lubrication, -30ºC to +70ºC Mobil SHC 323

Optional Food Grade Lubrication, -30ºC to 
+70ºC Dow Molykote

ON-OFF MODULATING

Standard insulation class is F to IEC 34, S2-33% for stated operating times  
100-600 starts per hour

600-1200	starts	per	hour,	IEC	34,	S4_33%_1200	S/H

Phase/Frequency Application Voltage

3ph  - 60 Hz
208, 220, 230, 240, 380, 440, 460, 
480, 550, 575, 600

3ph  - 50 Hz 380, 400, 415, 440, 525
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Controls
The controls are all solid state and include power and logic 
circuit boards and a motor controller that performs as the 
motor reverser, all mounted to a steel plate and attached in the 
control compartment with captive screws. All internal wiring is 
flame	resistant,	rated	105°C,	and	UL/CSA	listed.	

The controls are housed in the ACP (Actuator Control Panel) 
cover, and the logic module uses solid-state Hall-effect devices 
for local communication and configuration. A 32-character, 
graphical LCD is included to display valve position as a 
percent of open, 0-100% and current actuator status. Red and 
green LEDs are included to signal ‘Opened’ and ‘Closed,’ and 
are reversible, and a yellow LED to indicate ‘Valve Moving.’ A 
blue LED is included when the Bluetooth option is ordered. 
A padlockable LOCAL-STOP-REMOTE switch and an OPEN-
CLOSE switch are included for local valve actuator control

Using the knobs and LCD screen the MX is configurable in 10 
languages: English, Spanish, French, German, Portuguese, 
Italian, Mandarin, Russian, Bahasa Indonesia and Katakana.

S contacts for remote indication
As standard, two pairs of latched status contacts rated 125 
VAC, 0.5 A and 30 VDC, 2 A are provided for remote indication 
of	valve	position,	configured	as	1-N/O	and	1-N/C	for	both	the	
open and closed positions. Two contacts may be configured to 
represent any other actuator status and the other two will be 
complementary. The contacts may be configured in any of the 
selections depicted in the “Actuator Status Message” column.

Three Standard Conduit Openings
(NPT threads standard, M optional)

(2) – 1.25" NPT or M32 (optional) 
(1) – 1.5" NPT (standard) or M38 (optional)

“S” Contact AC “S” Contact DC

0.5 Amps @ 125 VAC 1A @ 50 VDC, 2A @ 30 VDC (Resistive)

power and 54 for control. Customer connections are made via 
conduits located in the terminal housing.

Actuator Status Message Function

“CLOSED” – valve closed “(0% OPEN)”

“OPENED” – valve open “(100% OPEN)”

“CLOSING” – valve closing

“OPENING” – valve opening

“STOPPED” – valve stopped in mid-travel

“VALVE MOVING” – either direction

“LOCAL SELECTED” – red selector knob in “LOCAL”

“MOTOR OVERTEMP” – thermistor range exceeded

“OVERTORQUE” – torque exceeded in mid-travel

“MANUAL OVERRIDE” – actuator moved by handwheel

“VALVE	JAMMED” – valve can’t move

“CLOSE	TORQUE	SW” – torque switch trip at “CLOSED”

“OPEN	TORQUE	SW” – torque switch trip at “OPEN”

“LOCAL	STOP/OFF” – red selector knob at “STOP”

“LOST PHASE” – one or more of the incoming supply lost

“ESD SIGNAL” – signal active

“CLOSE INHIBIT” – close inhibit signal active

“OPEN INHIBIT” – open inhibit signal active

“ANALOG IP LOST” – 4-20 mA not present

“REMOTE SELECTED” – red selector in “REMOTE”

“HARDWARE FAILURE” – indication

“NETWORK CONTROLLED” – permits relay control via DDC, FF, or other 
network driver

“FUNCTION” – LimiGuard circuit protection activated

“MID-TRAVEL” – valve position, 1-99% open

“CSE CONTROL” – CSE station in LOCAL or STOP and 
controls actuator
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 Pipe  Bolts   Weight
 Nominal Outside No./Diam.   Per
 Size Diameter x Length Diam. Length Joint
 (In) (OD) (A&B) (C) (D) ( E) (Lbs)

 3 3.500 4–5/8 x 24   8-1/2 36  46 80
 4 4.500 4–5/8 x 24   9-1/2 36  46 90
 5 5.563 4–5/8 x 24 10-5/8 36  46 125

 6 6.625 6–5/8 x 24 11-3/4 36  46 155
 8 8.625 6–5/8 x 24 13-3/4 36  46 205

 10 10.750 8–5/8 x 24 15-7/8 36  46 285
 12 12.750 8–5/8 x 24 17-7/8 36  46 350
  14.000 8–5/8 x 24 19-1/2 36  46 385

  16.000 10–5/8 x 24 21-1/2 36  46 430
  18.000 10–5/8 x 24 23-1/2 36  46 470
  20.000 12–5/8 x 24 25-1/2 36  46 530
  22.000 14–5/8 x 24 27-1/2 36  46 590
  24.000 14–5/8 x 24 29-1/2 36  46 635

 
 Pipe  Bolts   Weight
 Nominal Outside No./Diam.   Per
 Size Diameter x Length Diam. Length Joint
 (In) (OD) (A&B) (C) (D) ( E) (Lbs)

 3 3.500 4–5/8 x 11 8-1/2 36  46 65
 4 4.500 4–5/8 x 11 9-1/2 36  46 75
 5 5.563 4–5/8 x 11 10-5/8 36  46 110

 6 6.625 6–5/8 x 11 11-3/4 36  46 130
 8 8.625 6–5/8 x 11 13-3/4 36  46 180

 10 10.750 8–5/8 x 11 15-7/8 36  46 250
 12 12.750 8–5/8 x 11 17-7/8 36  46 315
  14.000 8–5/8 x 11 19-1/2 36  46 340

  16.000 10–5/8 x 11 21-1/2 36  46 380
  18.000 10–5/8 x 11 23-1/2 36  46 415
  20.000 12–5/8 x 11 25-1/2 36  46 470
  22.000 14–5/8 x 11 27-1/2 36  46 525
  24.000 14–5/8 x 11 29-1/2 36  46 565

 Dresser offers the broadest line of Style 63 Expansion Joints including single-end (Type 1 and 
Type 3 shown below), and double-end (Type 2 & 4), limited-movement types, flanged, lock coupled, 
or weld ends. Aggressive wear and pipe wall failure caused by fatigue of the convoluted surfaces 
present in rubber accordion or metal bellows types is eliminated with Dresser expansion joints. There 
is no need for expensive pipe loop systems. 
 Dresser expansion joints are built to order and are available up to 120” in diameter. Provided with 
rugged welded steel construction, the Style 63 is available in stainless or carbon steel, monel or other 
alloys for special applications. Single-end expansion joints permit up to 10” of concentrated pipe 

Style 63 Type 1 Sizes and Specifications 

For absorbing 
concentrated pipe 

movement

Overall Dimensions Overall Dimensions

Type 1 is a single-end expansion joint permitting up to 10” of concen-
trated pipe movement. Standard packing consists of alternate layers 
of split resilient sealing rings and jute lubricating rings. Other packing 
for special conditions can be supplied.

Type 3 is a single-end expansion joint equipped with a limited move-
ment feature to limit the maximum amount of pipe withdrawal. Slip 
pipes are regularly furnished for Type 3 expansion joints.

Style 63 Type 3 Sizes and Specifications 

Style 63 Expansion Joints

Materials of Construction
Body: AISI C1006, C1010, C1015, C1025 or ASTM A513 
Carbon Steel
Follower: AISI C1012, C1021, ASTM A20 or A36 Carbon 
Steel
Slip Pipe: Chrome plated
Tail Pipe: AISI C1006, C1010, C1015, C1025 or ASTM A513 
Carbon Steel
Bolts & Nuts: ANSI/AWWA C111/ANSI A21.11
Packing: Standard packing is alternate rings of Buna-S and 
lubricating split jute

CONSULT FACTORY PER ORDER

CONSULT FACTORY PER ORDER

movement. Larger amounts of movement 
are available per application.
 Special packing and lubrication 
requirements are custom-matched to 
specific fluid processes or application 
requirements. Temperature ratings to 
800°F and pressure ratings to 1200 psi. 
 Available with Dresser AL-CLAD™ 
coating for optimum protection against 
aggressive water conditions and for 
handling brine, brackish water, coke oven 
gas, petroleum and other line content.NOTE: 

See Page 2 for Style 63 
ordering information
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Page 1 of 1

This calculation is to determine the size requirements for the cross beams for the trash rack rake

Variables 

Pw 22.8
lbf

ft2
 Pressure exerted by water

flowing through the rake

Lrake 22ft length of the rake

Sbeam 1.75ft Beam spacing for rake
support

Sy 50ksi Yield strength of beam
material.

Calculations 

Wbeam Pw Sbeam Wbeam 39.9
lbf
ft

 Beam load

Fbeam Wbeam Lrake Fbeam 877.8 lbf Total force on each beam

Vbeam
Fbeam

2
 Vbeam 438.9 lbf Maximum shear in beam

Mbeam Vbeam
Lrake

4
 Mbeam 28.967 in kip Bending moment in beam

Fallow Sy .6 Fallow 30 ksi Allowable Stress in beam

Sreq
Mbeam
Fallow

 Sreq 0.966 in3
 Required Section modulus

for the beam.

A section modulus this small calls for a beam that is smaller than required to support the wheel
axles. As a result the trash rake beams are not stress controlled. The beam is geometry
controlled and will result in a beam depth that is much stronger than necessary for the applied
load. 
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This calculation is to check the bending and shear capacity of the wheel axle for the Dalles EFL
AWS emergency closure gate. 

Variables 

Wgate 14.5ft Width of the Gate

Hgate 14.5ft Height of the Gate

Dwater 50ft Depth of water at Gate
invert.

s1axle 3in Span between wheel and
first reaction.

s2axle 24in Span between first and
second reaction in the
wheel axle.

daxle 6in Diameter of the wheel Axle.

Sy 50ksi Yield strength of the axle
material.

Naxle 10 Number of wheels per gate

Density 62.4
lbf

ft3
 Density of water

Calculations 

Agate Wgate Hgate Agate 210.25 ft2 Area of the gate

Fgate Agate Dwater Density Fgate 6.56 105
 lbf Total water force on the

gate

Paxle
Fgate
Naxle

 Paxle 6.56 104
 lbf Force acting on each

wheel

Ra
Paxle s1axle s2axle 

s2axle
 Ra 7.38 104

 lbf Reaction at plate nearest
to the wheel.

Rb Ra Paxle Rb 8.2 103
 lbf Reaction at plate farthest

from wheel.

Vmax max Ra Rb( ) Vmax 7.38 104
 lbf Maximum shear in axle

Mmax Ra s1axle Mmax 221.393 in kip Maximum moment in axle

The Dalles East Fish Ladder Auxiliary Water Backup System DDR, Appendix E, Mechanical

E-35



The Dalles - East Fish Ladder - 
Auxilliary Water System

Operating Gate - Support Wheel 
Axle

Phil Auth
3/28/2014

Page 2 of 2

raxle
daxle

2
 raxle 3 in Radius of axle

Saxle
π raxle

3

4
 Saxle 21.206 in3

 Section modulus of axle

fbaxle
Mmax
Saxle

 fbaxle 10.44 ksi Bending stress in axle.

Aaxle π raxle
2

 Aaxle 28.274 in2
 Cross section area of axle

fvaxle
Vmax
Aaxle

 fvaxle 2.61 ksi Shear stress in axle.

fvm fbaxle
2 3 fvaxle

2




 fvm 11.377 ksi Von Mises stress in axle

FS
Sy
fvm

 FS 4.395 Factor of safety in axle
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This worksheet is to calculate the force required to rotate gate wheels against friction forces
while the gate is under flow. 

Variables 

H1 50ft Depth of the bottom of the
gate below water surface

Heightg 14.5ft Height of the gate

Widthg 14.5ft Width of the gate

Numw 10 Number of wheels

Wheelod 16in Outside diameter of the
wheel

Wheelsp 9in Diameter of the spherical
sliding surface of the
wheel

mus .1 Coefficient of sliding
friction of the sliding
surface.

rhowat 62.4
lbf

ft3
 Density of water

Calculations 

Calculate the maximum wheel force for the bottom wheels.

Agate Heightg Widthg Agate 210.25 ft2 Area of the gate

P0gate H1 Heightg  rhowat

P0gate 2.215 103
 psf Pressure at the top of the

gate

Pbgate H1 rhowat Pbgate 3.12 103
 psf Pressure at the bottom of

the gate.

Spacewh
Heightg
Numw

2









 Spacewh 2.9 ft Wheel spacing 

Forceb Pbgate Widthg Spacewh .5

Forceb 6.56 104
 lbf Force on each of the

bottom pair of wheels
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Calculate the force required to turn the wheels based on the bottom wheels

Mfrictm Forceb mus
Wheelsp

2


Mfrictm 2.952 104
 in lbf Max Moment required to

turn each wheel under load

Fwheelm
Mfrictm
Wheelod

2









 Fwheelm 3.69 103
 lbf Max Force applied to

wheel OD required to turn
wheel

Calculate the average force applied to the wheels

Fconst P0gate Agate Fconst 4.657 105
 lbf Total constant force on

gate

Fgrad Agate
Pbgate P0gate 

2


Fgrad 9.512 104
 lbf Total force on gate due to

gradient.

Ftot Fconst Fgrad Ftot 5.609 105
 lbf Total force acting on gate

due to water pressure.

Favg
Ftot

Numw
 Favg 5.609 104

 lbf Average force acting on
each wheel

Calculate the total friction force required to add to the gate weight based on the average force
on the wheels

Mfricta Favg mus
Wheelsp

2


Mfricta 2.524 104
 in lbf Avg Moment required to

turn each wheel under load

Fwheela
Mfricta

Wheelod
2









 Fwheela 3.155 103
 lbf Avg Force applied to wheel

OD required to turn wheel

Ffrict_total Fwheela Numw

Ffrict_total 3.155 104
 lbf Total downward force

required to turn wheels
under load.
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This worksheet is to calculate the amount of additional force required to turn the gate wheel
spherical roller bearings while they are under load. This analysis is base on the Timken
Engineering Catalog (page A173)

Variables 

H1 50ft Depth of the bottom of the
gate below water surface

Heightg 14.5ft Height of the gate

Widthg 14.5ft Width of the gate

Numw 10 Number of wheels

Wheelod 16in Outside diameter of the
wheel

rhowat 62.4
lbf

ft3
 Density of water

di 5.125in Inside diameter of bearing
bore

Do 11.015in Outside diameter of
bearing race 

f0 7 Timken equation
coefficient based on
dimension series

f1 .00049 Timken equation
coefficient based on
dimension series

Calculations 

Calculate the force on the bottom wheels

Agate Heightg Widthg Agate 210.25 ft2 Area of the gate

P0gate H1 Heightg  rhowat

P0gate 2.215 103
 psf Pressure at the top of the

gate

Pbgate H1 rhowat Pbgate 3.12 103
 psf Pressure at the bottom of

the gate.

Spacewh
Heightg
Numw

2









 Spacewh 2.9 ft Wheel spacing 
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Forceb Pbgate Widthg Spacewh .5

Forceb 6.56 104
 lbf Force on each of the

bottom pair of wheels

Calculate the average force on the wheels

Fconst P0gate Agate Fconst 4.657 105
 lbf Total constant force on

gate

Fgrad Agate
Pbgate P0gate 

2


Fgrad 9.512 104
 lbf Total force on gate due to

gradient.

Ftot Fconst Fgrad Ftot 5.609 105
 lbf Total force acting on gate

due to water pressure.

Favg
Ftot

Numw
 Favg 5.609 104

 lbf Average force acting on
each wheel

Calculate the torque required to turn each wheel under load, both the max load on the bottom
wheels and the average load to apply to all the wheels. This calculation is based on Timken's
published equations. 

The Timken method is based on wheel speed. It is assumed that these wheels will be turning
relatively slowly so viscosity effects of the grease in the bearing are not required. This analysis
also assumes that no thrust loading is applied to the bearing. 

Fβ

Forceb

Favg







 Fβ

65.598

56.086








kip Radial load applied to
wheels 
(Max at bottom)
(Average)

dm
di Do 

2
 dm 8.07 in Mean bearing diameter

Mbr f1 Fβ dm 160 10 7
 f0 dm

3


lbf

in2
 Moment required to turn

the loaded bearing. (units
added to accommodate
Mathcad)Mbr

259.453

221.841








in lbf

Use average torque to determine total force required to rotate bearings

Mavg Mbr1
 Mavg 221.841 in lbf Wheel turning moment

due to average wheel
load.
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Fwheela
Mavg

Wheelod
2









 Fwheela 27.73 lbf Avg Force applied to
wheel OD required to turn
wheel

Ffrict_total Fwheela Numw

Ffrict_total 277.301 lbf Total downward force
required to turn wheels
under load.

Based on this analysis the resistance in the wheels does not appreciably impact the force
required to lift the gate using roller bearings.
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This calculation is to compute the actuator requirements for the 120" Butterfly Valve. Values are
assumed at this point. These values are based on data provided from Rodney Hunt based on  their
120" Streamseal Butterfly valve with 50 feet of head on it. Generally the BF valve will be operated
by three pieces of equipment. First a primary worm gear operator mounted on the BF valve shaft.
Second a secondary worm gear operator mounted on the input shaft of the primary worm gear
operator. Finally, an multi-turn electric gear operator mounted on the input shaft of the secondary
worm gear operator.  The information provided is based on the Maxtorque gear valve operators.

Variables 

Tvalve 1200in kip Torque required to operate
the butterfly valve. (from
Rodney Hunt)

Rwgr1 30.75 Ratio of the primary worm
gear operator.

Rwgr2 20.25 Ratio of the secondary
worm gear operator.

Effwgr .68 Efficiency of worm gear
reducers. The published
data is for the
combination of primary
and secondary. This is the
assumed efficiency of
each individual.

RPMmot 100 Motor operator speed.

Calculations 

T1in
Tvalve

Rwgr1 Effwgr
 T1in 57.389 in kip Input torque requirements

for the primary worm gear
operator.

T2in
T1in

Rwgr2 Effwgr
 T2in 4.168 in kip Input torque requirements

for the secondary worm
gear operator. This is the
torque requirement for the
motor operator as well 

T2in 347.306 ft lbf

RPM2
RPMmot
Rwgr2

 RPM2 4.938 Output speed of the
secondary worm gear
operator.
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RPM1
RPM2
Rwgr1

 RPM1 0.161 Output Speed of the
primary worm gear
operator.

Trev
1

RPM1
 Trev 6.227 minutes( ) Time required for 1

revolution of the primary
operator. (minutes)

Tclose
Trev

4
 Tclose 1.557 minutes( ) Time required to operate

the butterfly valve at 1/4
turn. (minutes)

The motorized gear operator requirements are 347.3 ft-lb torque at an speed of 100 RPM.This is
consistent with a Limitorque MX-85 multi-turn operator. Its capabilities are600 ft-lb at 100 RPM. 
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ACRONYMS AND INITIALISMS 
 
ASTM American Society for Testing and Materials 
AWC auxiliary water conduit 
AWS auxiliary water supply 
AWSC auxiliary water supply chamber 
cfs cubic feet per second 
DDR Design Documentation Report 
EDR Engineering Documentation Report 
EFL east fish ladder 
EM Engineering Manual 
ER Engineering Regulation 
FAC fish lock approach channel 
FCC fish collection channel 
fps feet per second 
fps feet per second 
ft feet 
FTC fish transportation channel 
GDR Geotechnical Data Report 
gpm gallons per minute 
HDC Hydroelectric Design Center 
hp horsepower 
JBS juvenile bypass system 
kips kilo pounds 
kV kilovolt 
kVA kilovolt-ampere 
kW kilowatt 
MCE Maximum Credible Earthquake 
MDE Maximum Design Earthquake 
msl mean sea level 
NWP USACE, Portland District 
NWW USACE, Walla Walla District 
O&M Operations and Maintenance 
OBE Operating Basis Earthquake 
PCF pounds per cubic foot 
PGA peak ground acceleration 
psi pounds per square inch 
V volt 
UFC Unified Facilities Criteria 
USACE U.S. Army Corps of Engineers 
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CHAPTER 1 – PURPOSE AND INTRODUCTION 

1.1 PURPOSE 

Auxiliary water supply (AWS) systems augment flows at fish ladders, which provide for 
better fish attraction. Providing backup auxiliary water for the East Fish Ladder (EFL) is 
critical to the overall success of adult fish passage at The Dalles Lock and Dam. 

A variety of backup AWS systems have been considered since the 1990s, though none 
has been constructed. In 2008, a failure risk analysis report for the fish turbines – key 
components of the existing AWS system – confirmed that after more than 50 years in 
service, the probability of a failure within 10 years is elevated. This elevated risk of 
turbine failure, and the potential consequences for fish migration provide the impetus for 
construction of a backup auxiliary water supply system. 

The planned AWS Backup System consists of a gravity flow conduit that can provide 
1,400 cfs of water to the East Fish Ladder when the existing AWS is out of service. The 
conduit will be a large-diameter steel pipe. It will extend from its inlet in the forebay, 
through the dam; then underground across the main access road and a small parking 
area; under the EFL; across the junction pool, to its discharge point in the end pool of 
the existing AWS conduit. The water then flows back under the partition wall and 
upwells into the junction pool, and then drains to the river. 

1.2 SCOPE 

This Preliminary Geotechnical Data Report (GDR) documents available surface and 
subsurface information used for development of geotechnical recommendations 
presented in the 100 percent DDR for the planned system. 
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CHAPTER 2 – SITE AND PROJECT DESCRIPTION 

2.1 EXISTING SITE FEATURES 

2.1.1 The Dam 

The first 50 feet of the AWS backup system will extend through an 11-ft-diameter tunnel 
mined through the concrete of Monolith 5 of the East Non-Overflow Dam (ENOD). For 
constructability, the tunnel will be near surface grades at the downstream face of the 
monolith. 

2.1.2 The Upstream Portion of the EFL 

The upstream portion of the EFL is an above-grade concrete structure that extends 
parallel to the dam and is overhead near Sta 0+55. The alignment is approximately 
centered between monolith expansion joints, and this coincides with being nearly 
centered between the EFL supports. The south edge of the EFL creates an overhead 
restriction approximately 30 feet above the ground surface, near Elevation 141 ft. Plan 
information identifies this portion of the EFL with a structure index of “M.” 

2.1.3 Access Road, Railroad, and Parking Area 

The buried portion of the conduit extends across the main access road, which has a 
railroad track along its centerline, and the paved parking area to the southwest. 
Construction of this portion of the alignment will affect many existing utilities and several 
issues need to be clarified: 

• A portion of the existing railroad will be removed for excavations to install the 
conduit. The affected portion of railroad will not be restored. 

• Based on Plan information, excavations will encounter service air and water 
lines, as well as an 8 inch diameter water line. These, and other miscellaneous 
pressure lines or utilities will need to be repaired, tested, and restored to service. 

• Plan information indicates a 4 inch diameter concrete sewer pipe will be 
encountered near Sta 0+70. During a site visit, what appeared to be a 6-inch-
diameter pvc sewer cleanout was observed, and it appears to be coincident with 
the line indicated on Plans. (It seems unlikely that any pvc was used for drain 
pipe in 1957.) If these gravity drains are relatively shallow where the conduit 
alignment crosses, it may be possible to lower the conduit to allow the gravity 
flow sewer drain to be simply repaired. 

• Plan information also indicates a 2-inch-diameter pressure sewer pipe will be 
encountered. It appears likely that temporary facilities will be needed to preserve 
sewer system operation during construction. 
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• Plans also show the network of storm drains in the paved parking area. The 
westernmost drain will be isolated from the network by the conduit. A new drain 
line and discharge point may be needed, or perhaps surface grades can be 
reconstructed to eliminate the storm drain. 

2.1.4 The Downstream Portion of the EFL 

Near Sta 2+00, the conduit alignment turns south, and extends under the portion of the 
EFL that identified on Plans with a structure index of “K.” Design, construction methods, 
and bids need to consider all of the following: 

• The overhead clearance along the support frames is approximately 14 feet. The 
elevation of the restricting concrete surface is near Elevation 124 ft. 

• There is approximately 25 feet between pairs of vertical supports. Excavations 
for the wye and downstation pair of conduits will be relatively wide. The EFL 
could be obstacles for excavation operations. Additionally, to limit horizontal 
forces on the columns, it will not be permissible to excavate more than 1 column 
diameter lower on the trench side/inside of the columns, than on the outside. 

• Surface evidence indicates 8 to 10 inches of surface subsidence has occurred in 
fill under the fish ladder. This area is near the junction pool wall, and while it may 
have been backfilled with particular material that should be well suited to the 
application, it is almost certain the fill is poorly compacted. The total depth of fill 
appears to exceed 25 to 30 feet in this area, so poorly compacted fill extends 
well below anticipated depths of excavation. While the conduit represents a 
substantial decrease in soil loads (even full of water), explorations are needed to 
confirm there is no risk that the addition of water can cause ground subsidence 
that could affect the pipe alignment, welds, wall penetrations, or surface grades. 

2.1.5 After the AWS Conduit 

The AWS Backup System conduit discharges into the pool at the end of the AWS 
conduit. Water in that pool drains under the partition wall and upwells into the junction 
pool. From there, it flows to the fish ladder inlet. 

2.2 PLANNED CONDUIT FEATURES 

The planned AWS Backup System consists of a 10-ft-diameter, gravity flow conduit that 
can provide 1,400 cfs of water to the East Fish Ladder when the existing AWS is out of 
service. The conduit will extend from its inlet in the forebay, through the Dam; then 
underground across the main access road and a small parking area; under the East 
Fish Ladder (EFL) to a wye, where it splits into two 7.5-ft-diameter pipes; and across the 
junction pool where it discharges in the existing AWS conduit. The alignment is shown 
in the Plan View of Conduit Alignment, Attachment A. 
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2.2.1 Approximate Alignment 

The Plan View of Conduit Alignment presented in Attachment A shows stationing. This 
stationing is approximate and is based on the conduit alignment used for hydraulic 
design. The alignment used for hydraulic design continued beyond the wye along the 
left 7.5-ft-diameter pipe, whereas the alignment in Attachment A extends between the 
pipes. It will be necessary for the PDT to establish a single alignment to facilitate further 
design. 

2.2.2 Features Along the Conduit 

• Sta 0+00 – The planned Inlet Gate for the conduit will be located under water in 
the forebay, against the upstream face of the Monolith. The gate will be closed, 
except for testing or during emergencies. It will seal against the concrete of the 
dam, and will be operated from the top of the dam, using a mobile crane. 

• Sta 0+50 – A secondary closure will be provided by a hydraulically actuated 
butterfly valve that will be attached to the downstream face of the Monolith. 

• Sta 0+55 – Downstation of the butterfly valve, vertical bends will transition the 
conduit to approximately 2 feet below grade.  

• Sta 0+60 to Sta 0+90 – The conduit extends underground, approximately 2 feet 
below grade, across the alignment of the existing main access road, which has a 
rail line extending along its centerline. Several issues require consideration: 

o Portions of the railroad removed for construction will not be replaced. 

o With only 2 feet of cover, conventional traffic loads, including HS-20 truck 
traffic, is not expected to cause damage to the steel conduit. However, 
extreme loads caused by heavy equipment transport (e.g. transformers or 
turbine runners) could cause excessive surface deflections that could 
damage pavements. If the presence of the conduit contributes to a more 
flexible pavement surface, minor deflections due to traffic could also 
contribute to abbreviated pavement life. Placement of a CDF (controlled 
density fill) cap over the conduit in roadway areas may be appropriate to 
limit deflections and extend pavement life. 

o It is expected that cranes of only moderate size could, during a pick, 
create unacceptable surface deflections where outriggers are on the 
surface above the conduit. Point loads of this type may be acceptable 
provided the loads are analyzed and their application is monitored. The 
effect of this requirement will be a crane exclusion zone along the 
alignment. 

• Sta 0+90 – The buried conduit extends southeast, beneath the existing parking 
area, toward the fish lock approach channel. 
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• Sta 2+00 – The alignment turns south and extends under the EFL. 

• Sta 2+20 – Under the EFL, a wye connection transitions from a single 10 ft 
diameter pipe to a pair of 7.5-ft-diameter pipes. The transition preserves the 
vertical alignment of pipe centerline, not its flowline. 

• Sta 2+50 – The conduits penetrate the east wall of the junction pool. 

• The end of the excavation under the EFL will also serve as the construction 
access and staging area for the pipe extending across the junction pool. 
Workers, round steel pipe, and equipment will be crowded into the available 
space at the two wall penetrations. Trench safety and fall protection safety issues 
will require simultaneous attention. 

• Sta 2+80 – The conduits penetrate the west wall of the junction pool and vertical 
bends direct discharge downward, into the end of the existing AWS conduit. (The 
existing AWS conduit is a rectangular concrete channel, not a pipe.) 
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CHAPTER 3 – SUBSURFACE CONDITIONS 

3.1 GEOLOGIC CONDITIONS 

3.1.1 General Geology 

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

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

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

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

3.1.2 Seismicity 

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

1. Three Mile Rapids fault located immediately downstream of the navigation lock, 

2. Signal Butte fault located south of the powerhouse, and 

3. Big Eddy fault, which passes beneath the closure dam. 
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4. Additionally, there are several minor faults and shear zones throughout the 
foundation.  Most are low-angle faults with displacements of a few inches and no 
fault breccia. 

Complex uplift, shearing, and faulting are described and discussed in the 2013 Seismic 
Safety Review, which is 95% complete.  Ground motions and other design 
considerations for the site are also presented. 

3.1.3 Bedrock at the Site 

The regulated river hides the scabland topography the dam was built on. In March of 
1957, when the Dam was completed and the spill gates closed, Celilo Falls – 13 miles 
upstream – was submerged within hours. Almost all of the exposed rock of what was 
“the Dalles of the Columbia” remains submerged. Two prominent features of the Dalles 
were the “Short Narrows” and the “Long Narrows.” The photos below show the eroded 
scabland basalt surface at the upstream end of the Long Narrows, which ends just 
upstream of the damsite. 

Mt. Hood in the background confirms the camera was pointed southwest.  What appear 
to be buildings in the distance would have been portions of the town of The Dalles, so 
the view looks across the damsite. 

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

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

3.1.4 Bedrock Test Data 

The Dam was constructed on basalt bedrock.  Plan information includes results from 
unconfined compressive strength tests that vary from 6 to 25 ksi, with an average of 
15 ksi.  These results are consistent with flow basalt and breccias that can be broken up 
and removed using heavy-duty excavation equipment.  However, site geology and 
some past experience confirms that the surficial bedrock at the site may consist of large 
blocks of unfractured, effectively intact, or otherwise hard and resistant masses of rock 
that could be very difficult to remove with an excavator reaching into a trench. 
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Without additional information to confirm the materials can be excavated, these results 
should be excluded from Contract Documents.  Bidders need to understand that cost 
and schedule should not be based on use of a hydraulic excavator with a hydraulic ram 
(unless additional information is collected).  

3.1.5 Soil Conditions 

3.1.5.1 General 

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

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

3.1.5.2 Riverbed Soils 

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

3.1.5.3 Upland Areas 

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

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

3.1.5.4 Site Soils 

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

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

Additional explorations are needed to confirm soil conditions and depth to bedrock 
along the pipe alignment. 

3.1.6 Subsurface Geometry 

Based on available Plan information and the preliminary alignment, it appears the 
trench excavation along the 10 ft diameter conduit will be 13 feet in depth. The 
overburden soils are expected to be granular materials 6 to 10 feet in depth. The 
remainder of the excavation will be in dense, resistant basalt bedrock. 

Beyond Sta 2+20, the bedrock surface slopes down and bedrock will not be 
encountered in excavations. Information from geologic cross sections, bore hole logs, 
and Plans, Profiles of the Conduit Alignment were developed and are presented in 
Attachment B. 
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CHAPTER 4 – INFORMATION NEEDS 

4.1 GENERAL 

Substantial amounts of information can be gleaned from available Plans.  Location and 
geometry information appears reliable.  Obviously, there is a risk that changes, 
modifications, or deterioration could invalidate original construction as-built information, 
though this is not expected to be an issue. 

Plan information relevant to subsurface material types and properties is both less 
reliable, and less useful than location and geometry information.  Plan information about 
fill on the site includes several material descriptors that are probably both accurate and 
useful.  Crushed stone, bituminous surface treatment, base, granular topping, and other 
types of fill were controlled products placed with specific Plan location and geometry.  
Embankment – another descriptor on the Plans – is certainly accurate, but hardly useful 
for evaluating material properties.   

Basing geotechnical recommendations on soil conditions inferred from loads at the site 
and vague soil descriptions from the 1950s does not meet the standards of engineering 
practice in this area.  Additional explorations are needed to identify the fill soils at the 
site.  Additional site information is needed to confirm assumptions and evaluate 
conditions to address specific construction issues. 

4.1.1 Assumptions About Fill 

Material properties and recommendations presented in the 90% EDR were based on 
assumptions and inferred information that should be confirmed. 

4.1.1.1 Granular Materials Are Expected 

For several reasons, silty soils are not expected in fill along the conduit alignment: 

• Granular materials with more than 10% fines (silts or clays) do not provide good 
drainage.  This would be undesirable in fill at both ends of the conduit alignment.  
At the downstream end, wall backfill should provide good drainage.  At the 
upstream end, the fill is subject to heavy traffic loads for the access road, and 
especially the railroad. 

• Descriptions of the geology at the site include native soil caps across portions of 
the damsite.  These materials are described as windblown silt, though the 
geologic map (Attachment C) appears to classify the material as fine sand.  In 
any case, geologic mapping appears to indicate exposed bedrock rather than 
sand at the surface, so native soils are not expected. 

• Concrete production and material processing to create zoned fill materials for use 
in earthen dam sections would have yielded vast quantites of sand and gravel 
that would perform well at the site. 
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4.1.1.2 Existing Fill Will Provide Adequate Support 

Wall backfill at the junction pool (under the EFL) is expected to be gravel that drains 
well.  Based on 8 to 10 inches of surface subsidence in this area, the materials were 
poorly compacted.  It is worth noting that this is not consistent with the complete lack of 
subsidence evidence along the fish lock approach channel.  (The several concrete valve 
control vaults would act as effective telltales.) 

The wye and the 7.5 ft diameter conduit segments will be constructed on more than 
15 feet of the poorly compacted fill.  Explorations are needed to identify the material 
type, determine its density, and verify that additional settlements are not expected. 

Construction waste or debris, boulder fill, concrete debris, and refuse are not expected.  
Similarly, subsurface contamination is not expected.  Explorations are needed to 
confirm conditions. 

4.1.2 Bedrock Characterization 

It is likely the bedrock that will be encountered in the trench for the 10-ft-diameter 
conduit can be excavated with a large track-mounted excavator.  A combination of a 
hydraulic ram and specialized teeth on a rock bucket should be effective, if slow, for 
rock breakup and removal.  However, based on site geology, near surface bedrock 
could be hard, intact rock that could be quite difficult to excavate with conventional 
equipment. 

The excavatability of the bedrock needs to be evaluated.  Without additional 
information, estimates and schedules must be based on specialized methods that are 
both costly, and relatively slow.  At completion of the DDR, rock breakup was based on 
use of drilled holes and expansive grout.  This is a bidability issue and substantially 
affects how Contractors schedule and bid the project. 

4.1.3 Groundwater Conditions 

A 14-inch-diameter well and several smaller monitor wells were constructed along the 
alignment during dam construction.  Additional research is needed to determine whether 
soil or groundwater information is available. 

4.1.4 Additional Civil Design Issues 

• The conduit will interfere with gravity sewers.  Utility locate surveys need to 
include the sanitary sewer lines.  It appears project design will need to 
incorporate facilities for preserving operation of the sewer system during 
construction. 

• It also appears one of the existing storm drain inlets will be cut off from the storm 
drain system.  This will require evaluation during design. 
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• Groundwater elevations and the potential for uplift forces on the pipe need to be 
evaluated.  Information from monitor wells should be evaluated and the need for 
new monitor wells should be considered. 

• The wye will need some kind of drain to prevent water ponding at the transition to 
the 7.5-ft-diameter pipe.  

• Where traffic crosses over the pipe, deflections due to increased flexibility of the 
subgrade could result in abbreviated pavement life.  Additional analyses is 
needed to confirm the value of a CDF zone in the fill across the top of the 
conduit. 

4.2 RECOMMENDED EXPLORATIONS 

4.2.1 Exploration Issues 

There are several issues to address for preparation of the Contract Documents that 
require explorations at the site.  These include, but are not limited to the following: 

• Site geology and some experience suggest that blasting or other specialized 
methods may be necessary for rock breakup along the conduit alignment. 

• Bedrock conditions are expected to be variable.  Test pits provide localized 
information but are probably not practicable along the entire alignment.  A test pit 
exploration under the fish ladder, behind the junction pool wall would need to be 
quite deep and may be impracticable. 

• Settlements observable in the area under the fish ladder are probably due to 
poor compaction of granular soils.  After 50 years in service, continued 
settlements would not be expected.  However, boulders and debris with voids 
would require additional excavations and subgrade preparation to mitigate the 
risk of future settlements.  The fill of interest is below the elevation of the conduit. 

• The available depth to bedrock information is from construction drawings and is 
quite old.  There is no obvious need to replace the information because its 
accuracy and coverage appear adequate.  However, the cross section 
information showing rock cuts for structures may be less reliable, though it must 
be acknowledged that these areas are generally below the depth of interest 

• Most of the material that is excavated will be removed from the site.  Some will 
be reused.  The Contract documents should provide the bidders with material 
type and gradation. 

4.2.2 Test Pits 

Test pit explorations are needed to explore overburden soils; expose bedrock along the 
alignment; and directly evaluate its excavatability using a large track-mounted 
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excavator.  At a minimum, the performance of a hydraulic ram and a rock bucket should 
be evaluated.  

It appears that only 1 or 2 pits will be practicable. 

4.2.3 Borings 

Conventional hollow-stem auger borings are needed to explore the deep fill beneath the 
fish ladder.  Conventional SPT testing in auger borings is an obvious choice for 
confirming the wall backfill at the junction pool is dense compacted gravel and additional 
settlements are not expected – especially the deeper materials below the planned 
trench depth. 

If test pits confirm fill at the site lacks boulders or debris that would hinder drilling, 
exploratory borings could be completed to allow coring of bedrock.  Samples of the 
bedrock could be tested to provide conventional unconfined compression test results, 
which can be correlated to different measures of excavatability using the Caterpillar 
Performance Handbook.  The additional borings can potentially confirm that conditions 
encountered in test pits prevail all along the alignment.  

4.2.4 Geophysical Surveys 

If test pits confirm fill at the site contains boulders or debris that would hinder drilling, 
geophysical explorations should be considered (or if auger drilling is attempted and 
proves ineffective for some reason), geophysical methods should be considered.  
Conventional refraction seismic survey methods can provide estimates of shear wave 
velocity in the rock that will be excavated.  The exploration results can potentially 
confirm that conditions encountered in test pits prevail all along the alignment.  The 
results can also be correlated to different measures of excavatability using the 
Caterpillar Performance Handbook.  Additionally, geophysical methods can provide a 
subsurface profile to better characterize the shape of the bedrock surface along the 
alignment. 

It may be necessary to attempt different types of geophysical testing.  The proximity of 
the concrete retaining wall, fish ladder foundations, and the nearby fish lock will hinder 
explorations.  The complex shape of the subsurface rock profile will also affect results.   

With the overhead restriction of the fish ladder, excavating a test pit deep enough may 
be impracticable or too expensive.  If drilling and geophysical methods are ineffective, 
alternate drilling techniques may be needed, though again, overhead restrictions come 
into play.  It may be necessary to assume – especially if boulders and debris are 
confirmed – to incorporate conservative excavations and subgrade preparation 
requirements into Contract Documents. 
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**** TOTAL PROJECT COST SUMMARY **** Printed:3/20/2014
Page 1 of 2

PROJECT: DISTRICT: NWD Portland District PREPARED: 3/12/2014
PROJECT  NO: P2  14630 POC:   CHIEF, COST ENGINEERING, Ricky L Russell
LOCATION: The Dalles Lock and Dam

This Estimate reflects the scope and schedule in report: The Dalles East Fish Ladder Auxiliary Water Backup System
                    

Program Year (Budget EC): 2014
Effective Price Level Date: 1  OCT 13

 Spent Thru:
WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL 1-Oct-13 COST CNTG FULL

NUMBER Feature & Sub-Feature Description   ($K)    ($K)    (%)    ($K)    (%)    ($K)    ($K)    ($K)    ($K)    ($K)    ($K)    ($K)  
A B C D E F G H I J K L M N O

06 FISH & WILDLIFE FACILITIES $9,597 $2,591 27% $12,188 0.0% $9,597 $2,591 $12,188 $0 $10,065 $2,718 $12,783
__________ __________                  __________ _________ _________ __________  _________ _________ ____________

CONSTRUCTION ESTIMATE TOTALS: $9,597 $2,591 $12,188 0.0% $9,597 $2,591 $12,188 $0 $10,065 $2,718 $12,783

01 LANDS AND DAMAGES $0 $0 - $0 - $0 $0 $0 $0 $0 $0 $0

30 PLANNING, ENGINEERING & DESIGN $1,584 $428 27% $2,012 0.0% $1,584 $428 $2,012 $0 $1,650 $446 $2,096
 

31 CONSTRUCTION MANAGEMENT $1,392 $376 27% $1,768 0.0% $1,392 $376 $1,768 $0 $1,535 $414 $1,950

PROJECT COST TOTALS: $12,573 $3,395 27% $15,968  $12,573 $3,395 $15,968 $0 $13,251 $3,578 $16,829

  CHIEF, COST ENGINEERING, Ricky L Russell
ESTIMATED FEDERAL COST: 100% $16,829

  PROJECT MANAGER,  George J Medina  ESTIMATED NON-FEDERAL COST: 0% $0
 

  CHIEF, REAL ESTATE, Enrique Godinez  ESTIMATED TOTAL PROJECT COST: $16,829
 

  CHIEF, PLANNING,

  CHIEF, ENGINEERING, Lance A Helwig

  CHIEF, OPERATIONS,  Dwane E Watsek

  CHIEF, CONSTRUCTION,  Lance A Helwig

  CHIEF, CONTRACTING, Ralph P Banse-Fay

  CHIEF,  PM-PB, 

  CHIEF, DPM, 

TOTAL PROJECT COST (FULLY FUNDED)

Dalles AWC  

Civil Works Work Breakdown Structure ESTIMATED COST PROJECT FIRST COST
(Constant Dollar Basis)

Filename: DALLES AWS TPCS March 2014 (updated).xlsx
TPCS
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**** TOTAL PROJECT COST SUMMARY **** Printed:3/20/2014
Page 2 of 2

**** CONTRACT COST SUMMARY ****

PROJECT: DISTRICT: NWD Portland District PREPARED: 3/12/2014
LOCATION: The Dalles Lock and Dam POC:   CHIEF, COST ENGINEERING, Ricky L Russell
This Estimate reflects the scope and schedule in report; The Dalles East Fish Ladder Auxiliary Water Backup System

 3/12/14 2014
 10/1/2013 1  OCT 13

RISK BASED 
WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point ESC COST CNTG FULL

NUMBER Feature & Sub-Feature Description   ($K)    ($K)    (%)    ($K)    (%)    ($K)    ($K)    ($K)  Date   (%)    ($K)    ($K)    ($K)  
A B C D E F G H I J P L M N O

Dalles East Fish Ladder AWS
06 FISH & WILDLIFE FACILITIES $9,597 $2,591 27% $12,188 0.0% $9,597 $2,591 $12,188 2016Q3 4.9% $10,065 $2,718 $12,783

 $0
__________ __________ _________ __________ _________ _________ __________ _________ _________ ____________

CONSTRUCTION ESTIMATE TOTALS: $9,597 $2,591 27% $12,188 $9,597 $2,591 $12,188 $10,065 $2,718 $12,783

01 LANDS AND DAMAGES $0 $0 0% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0

30 PLANNING, ENGINEERING & DESIGN
1.3%     Project Management $120 $32 27% $152 0.0% $120 $32 $152 2014Q3 1.5% $122 $33 $155
1.0%     Planning & Environmental Compliance $96 $26 27% $122 0.0% $96 $26 $122 2014Q3 1.5% $97 $26 $124
4.3%     Engineering & Design $408 $110 27% $518 0.0% $408 $110 $518 2014Q3 1.5% $414 $112 $526
0.5%     Reviews, ATRs, IEPRs, VE $48 $13 27% $61 0.0% $48 $13 $61 2014Q3 1.5% $49 $13 $62
0.5%     Life Cycle Updates (cost, schedule, risks) $48 $13 27% $61 0.0% $48 $13 $61 2014Q3 1.5% $49 $13 $62
2.0%     Contracting & Reprographics $192 $52 27% $244 0.0% $192 $52 $244 2014Q3 1.5% $195 $53 $248
3.0%     Engineering During Construction $288 $78 27% $366 0.0% $288 $78 $366 2016Q3 10.3% $318 $86 $403
2.0%     Planning During Construction $192 $52 27% $244 0.0% $192 $52 $244 2016Q3 10.3% $212 $57 $269
2.0%     Project Operations $192 $52 27% $244 0.0% $192 $52 $244 2014Q3 1.5% $195 $53 $248

31 CONSTRUCTION MANAGEMENT
10.0%     Construction Management $960 $259 27% $1,219 0.0% $960 $259 $1,219 2016Q3 10.3% $1,059 $286 $1,345
2.0%     Project Operation: $192 $52 27% $244 0.0% $192 $52 $244 2016Q3 10.3% $212 $57 $269
2.5%     Project Management $240 $65 27% $305 0.0% $240 $65 $305 2016Q3 10.3% $265 $71 $336

CONTRACT COST TOTALS: $12,573 $3,395 $15,968 $12,573 $3,395 $15,968 $13,251 $3,578 $16,829

Estimate Prepared:
Effective Price Level:

Program Year (Budget EC):
Effective Price Level Date:

Dalles AWC  

ESTIMATED COST PROJECT FIRST COST
(Constant Dollar Basis) TOTAL PROJECT COST (FULLY FUNDED)Civil Works Work Breakdown Structure

Filename: DALLES AWS TPCS March 2014 (updated).xlsx
TPCS
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ID Task Name Duration Start Finish PredecesR
N

1
2 Construction Contract NTP 0 days Mon 6/1/15 Mon 6/1/15
3 Preconstruction Submittals 60 days Mon 6/1/15 Fri 8/21/15 2

4 Cofferdam Engineering 30 days Mon 6/1/15 Fri 7/10/15 2

5 Government Approval of Cofferdam Design 20 days Mon 7/13/15 Fri 8/7/15 4

6 Offsite Fabrication of Cofferdam 60 days Mon 8/10/15 Fri 10/30/15 5

7 Offsite Fabrication Pipe & Pipe Fittings 60 days Mon 8/24/15 Fri 11/13/15 3

8 Offsite Fabrication, Trash Rack & Trash Rake 60 days Mon 8/24/15 Fri 11/13/15 3

9 Procurement of Special Order Butterfly Valve. 90 days Mon 8/24/15 Fri 12/25/15 3
10
11 Mobilization 12 days Mon 11/16/15 Tue 12/1/15 6
12 In Water Work Window 2015 to 2016 65 days Tue 12/1/15 Mon 2/29/16
13 Construct Cofferdam 20 days Wed 12/2/15 Tue 12/29/15 12SS+1
14 Pump Water, Seal Leaks Cofferdam 5 days Wed 12/30/15 Tue 1/5/16 13
15
16
17 Dewater AWS Chamber 5 days Tue 12/1/15 Mon 12/7/15 12SS
18 Set-up Scaffolding and Rigging 5 days Tue 12/8/15 Mon 12/14/15 17
19 Sawcut Concrete 10 days Tue 12/15/15 Mon 12/28/15 18
20 Construct Discharge Piping in AWS Chamber. 40 days Tue 12/29/15 Mon 2/22/16 19
21 Demobe from AWS Chamber and Junction Pool 5 days Tue 2/23/16 Mon 2/29/16 20
22
23 Set-up for concrete tunnling 5 days Wed 12/2/15 Tue 12/8/15 11
24 Concrete Tunneling 25 days Wed 1/6/16 Tue 2/9/16 14,23
25 Install Rail System Through Tunnel 5 days Wed 2/10/16 Tue 2/16/16 24
26 Install 10' dia pipe through dam 10 days Wed 2/17/16 Tue 3/1/16 25
27 Pressure Grout Pipe Dam 10 days Wed 3/2/16 Tue 3/15/16 26
28 Seal Grout Holes, coating repairs 5 days Wed 3/16/16 Tue 3/22/16 27
29
30 Install Butterfly Valve 5 days Wed 3/23/16 Tue 3/29/16 28,9
31
32 Construct Trashrack Guide 40 days Wed 1/6/16 Tue 3/1/16 14
33 Install Emergency Closure Gate 8 days Wed 3/2/16 Fri 3/11/16 32
34 Install 6" Vent Pipe 5 days Mon 3/14/16 Fri 3/18/16 33,8
35 Install Trash Rack 5 days Mon 3/21/16 Fri 3/25/16 34
36 Install Trash Rake 5 days Mon 3/28/16 Fri 4/1/16 35
37
38
39 Utility Locates, Disconnect Affected site utilities 10 days Wed 11/18/15 Tue 12/1/15 11SS+2
40
41 Drill and Inject Expansive Grout for Rock Removal 10 days Wed 3/30/16 Tue 4/12/16 30,39

42 10' Dia Pipe Excavation STA 0+70 to STA 1+50 10 days Wed 4/13/16 Tue 4/26/16 41
43 Place Bedding to BOP 1 day Wed 4/27/16 Wed 4/27/16 42
44 10'dia Pipe Install 10 days Thu 4/28/16 Wed 5/11/16 43
45 Backfill/Compact 3 days Thu 5/12/16 Mon 5/16/16 44
46
47 10' Dia Pipe Excavation STA 0+70 to 2+20 5 days Tue 5/17/16 Mon 5/23/16 45
48 Place Bedding to BOP 1 day Tue 5/24/16 Tue 5/24/16 47
49 10'dia and WYE Pipe Install 10 days Wed 5/25/16 Tue 6/7/16 48
50 Backfill.compact STA 0+70 to 2+20 3 days Wed 6/8/16 Fri 6/10/16 49
51
52
53
54 7.5' Dia Pipe Excavation  2+20 to 2+50 8 days Mon 6/13/16 Wed 6/22/16 50
55 Place Bedding 1 day Thu 6/23/16 Thu 6/23/16 54
56 7.5'dia Pipe Install 10 days Fri 6/24/16 Thu 7/7/16 55
57 Backfill/compact 3 days Fri 7/8/16 Tue 7/12/16 56
58
59 Site Restoration, Paving, Restore Utilities 30 days Wed 7/13/16 Tue 8/23/16 57
60
61 In Water Work Window 2016 to 2017 64 days Thu 12/1/16 Tue 2/28/17
62 Remove Cofferdam 10 days Thu 12/1/16 Wed 12/14/16 61SS
63 Divers Install Preditor Deflector Panels 10 days Thu 12/15/16 Wed 12/28/16 62

6/1

May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb
2016 2017

Construction Schedule
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12 In Water Work Window 2015 to 2016
In Water Work Window
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CENWP-PM-E         2 November 2010 

MEMORANDUM FOR THE RECORD 

SUBJECT:  Special FFDRWG – TDA Sluiceway Operations and East Fish Ladder AWS Backup 

1.  Attendance 
Name Agency Email 
Chris Peery USFWS capeery@gmail.com 
Karen Kuhn USACE – Portland Karen.a.kuhn@usace.army.mil 
Randy Lee USACE – Portland Randall.t.lee@usace.army.mil 
Sean Tackley USACE – Portland Sean.c.tackley@usace.army.mil 
Fenton Khan PNNL Fenton.Khan@pnl.gov 
Bob Cordie USACE – The Dalles Robert.p.cordie@usace.army.mil 
Tammy Mackey USACE – Portland Tammy.m.mackey@usace.army.mil 
Gary Fredricks NOAA Fisheries Gary.Fredricks@noaa.gov 
Ron Mason HDR Ronald.Mason@hdrinc.com 
Jason Sweet BPA jcsweet@bpa.gov 
Eric Volkman BPA etvolkman@bpa.gov 
Tom Lorz CRITFC lort@critfc.org 
David Wills USFWS David_Wills@fws.gov 
Natalie Richards USACE – Portland Natalie.r.richards@usace.army.mil 
Mike Langeslay USACE – Portland Mike.j.langeslay@usace.army.mil 
 

2. East Fish Ladder AWS Backup System 
a. Randy Lee presented a background on the AWS backup project 
b. AWS need for various scenarios: 

i. East or West Entrance for Single Weir & TW = 73.6 ft 
1. 460 cfs for 1.0 ft head/8 ft submergence 
2. 570 cfs for 1.5 ft head/8 ft submergence 

ii. South Entrance for Single Weir & TW = 73.6 ft 
1. 1040 cfs for 1.0 ft head/8 ft submergence 
2. 1290 cfs for 1.5 ft head/8 ft submergence 

iii. There are 2 weirs to run at East Entrance, so total would be more like 1200 cfs 
(for example). 

c. Fredricks:  If we want to narrow this down to one entrance for an emergency operation 
(both fish units out of service), I’d prioritize the East Entrance; maintain the 1.5 ft of 
head (priority) and 8 ft of head (not as high a priority).  Also want to keep signature in 
tailrace strong (square shape, bulked middle). 

i. Ed Meyer has suggested an insert to improve tailrace signature.  Also want to 
consider shaped weir.  The group agreed that this is a good idea. 

d. Cordie noted that they have to keep submergence at 12 ft just to keep head right.  Too 
much water is a problem here.  This will have to be part of the HD analysis. 
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e. Lorz:  Is it better to go with one weir at 12’ or two at 8’?  Key is to do CFD evaluation on 
two 8’ weirs vs. single 12’ weir for flow signature.  The group agreed that this should be 
part of the next iteration.  Cordie noted that this was discussed for operating the North 
ladder at one point.  It was decided to run a single entrance at 10’ there.  CFD work will 
resolve this question. 

f. Sweet:  This is something we should consider evaluating in next year’s RT study.  The 
group agreed that the RT study isn’t going to move forward since the BON WA Shore 
lamprey modifications but that we should consider a block test for various 
configurations next time we have an RT study. 

g. Fredricks doesn’t want a complicated system with multiple sources that might fail.  
Should prioritize gravity flow systems. 

h. Fredricks:  Biggest problem with this solution might be for sockeye in June, since 
passage numbers suggest that they don’t use the North ladder during high flows.  Only 
having a single entrance open (East) might cause significant delay problems. 

i. Sweet noted that we might consider boosting the signature with inductor 
pumps (Cowlitz example) to solve this potential problem.  Group agreed that 
this should be considered.  

i. Summary:  Group agreed that if we lose both fish units, the emergency operation 
should focus on operating the East Entrance only.  In this operation, the Corps would 
shut off the junction pool.  Corps should reduce leakage as much as possible to maintain 
system efficiency.  

j. Next steps:  Tackley needs to schedule brainstorming session for this fall/winter.  Need 
to make sure Ed Meyer can attend.  Tackley will do a Doodle poll ASAP. 

 
3. TDA Sluiceway Operations – 2011 

a. Fredricks described his recommendations, as outlined in a memo submitted to the 
group: 

i. Research 
1. On/off test is off for this year since Unit 1 is out of service.  There is a 

real research need to determine whether sluiceway can be operated 
every other day without causing increased passage via turbines. 

ii. Operations 
1. Suggested operation is 24/day for first 2 weeks of December and entire 

month of March (like study period in FY10; Section 2.4.1.2 of 2010 Fish 
Passage Plan).  This operation would include 4 open sluice gates – 2 at 
Unit 1 and 2 at Unit 18 (or adjacent units if units are OOS). 

2. During rest of season, operated as described in Fish Passage Plan. 
iii. Credit 

1. NOAA agrees that this can be credited against the 6% survival 
(Bonneville - Lower Granite) improvement for Snake River B-Run 
steelhead.  This credit is estimated to be 0.5% to 1% over the life of the 
BiOp.  
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a. Final accrediting requires more work to determine proportion of 
B-run Snake River fish in the population at The Dalles.  

b. Crediting process should be documented in the AA’s Kelt 
Management Plan (RPA 33). 

2. Fredricks noted that MCN is going to require substantial improvements 
for Snake River steelhead and that this is one of the few things that can 
be done for steelhead right now, aside from reconditioning.  

iv. Sweet:  BPA has to consider this along with reconditioning, in terms of credits.   
v. Wills:  If everyone agrees that the 1% is acceptable and reasonable, do we still 

need something in place to document/measure this?  Fredricks said for now 
that we need to just estimate, but should look at studies to confirm down the 
road.   

vi. Summary:  Recommendation from group would be as Fredricks described, with 
an on/off test needed next fall/winter to get at holding.  Hydroacoustic gear will 
be left in place at TDA to save cost of removal, assuming that the on/off study 
will likely be needed in FY12.  On/off test would be Units 1 and 18. 

vii. Next Steps: 
1. Khan will investigate whether hydroacoustic transducers need to be 

removed. 
a. Plan for dive work in Fall (FY11 – September) to fix any 

transducers that need work.  Fenton will test units monthly until 
fall and document equipment status. 

b. Tackley and Richards need to extend PNNL contract through 
FY11 to allow Fenton to inspect transducers. 

2. Sweet and Volkman will discuss Fredricks’ proposal and credits with BPA 
management.   

3. Resolution by November 15 is preferred to allow for operations 
planning. 
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The Dalles East Fishladder Auxiliary Water System 

Emergency Operation Backup 

Special FFDRWG Meeting 

1-3 pm 

May 9, 2011 

 

MEETING NOTES 

 

1. Introductions 
 
Name Agency Email 
Sean Tackley USACE – Portland Sean.c.tackley@usace.army.mil 
Tammy Mackey USACE – Portland Tammy.m.mackey@usacea.army.mil 
Bob Cordie USACE – TDA Robert.p.cordie@usace.army.mil 
Jeff Ament USACE – Portland Jeffrey.m.ament@usace.army.mil 
Randy Lee USACE – Portland Randall.t.lee@usace.army.mil 
Steve Sipe USACE – Portland Steven.c.sipe@usace.army.mil 
Gary Fredricks NOAA Gary.fredricks@noaa.gov 
Ed Meyer NOAA Ed.meyer@noaa.gov 
Trevor Conder NOAA Trevor.conder@noaa.gov 
George Medina USACE – Portland George.j.medina@noaa.gov 
Rick Reiner (on phone) USACE – TDA Richard.l.reiner@usace.army.mil 
Natalie Richards (on phone) USACE – Portland  Natalie.a.richards@usace.army.mil 
Tom Lorz (on phone) CRITFC lort@critfc.org 
 

 

2. Meeting Objectives (Tackley)    
a. Briefly review the TDA East Ladder AWS backup issue 
b. Review alternatives identified in the HDR brainstorm report 
c. Outline next steps for the design team, including update on ongoing work 
d. Identify biological considerations for various concepts 

 

3. Background/History (Medina)  
a. Purpose is to have a backup system in the event of failure of both fish units 
b. Ongoing issue since mid-1990s 
c. Various design teams have studied alternatives that would provide 100% backup for 

AWS system, but these have been prohibitively expensive 
d. HDR hosted a brainstorming session to identify potential means to provide 1400 cfs 

through the AWS to run East Entrance only (as coordinated through FFDRWG); 
produced report summarizing alternatives discussed. 
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e. Need to confirm that we’re all on the same page regarding criteria of 1400 cfs (through 
the AWS). 

i. NOAA (Fredricks) confirmed this was the target. 
f. Team has identified a path forward toward implementation 

 
4. Discussion of Brainstorm Alternatives (All) 

a. Alternative 1:  Siphon to Fish Lock (from forebay) 
i. Key issues: Operational – priming and valve; maintenance – pump and valve; 

fish screens required? 
ii. Combine with other alternatives.  Can get water into fish lock, but still need to 

reduce constrictions in system, pressurize fish lock, etc. 
iii. Ament noted that from an O&M perspective, biggest concern is the pumping 

required to prime the siphon (Ament).  
iv. Fredricks asked what the cost would be, without screening. HDR rated this as a 

relatively low cost alternative. 
v. Actions:  Group agreed we should keep this as an alternative.   

b. Alternative 2:  River wet tap 
i. Deep intake pipe supplies water to fish lock 

ii. Key issues:  Construction (mining under dam, control valve, energy dissipation); 
dam safety; fish screens required? 

iii. Ament reiterated the dam safety concern.  Meyer asked if we could use the 
concrete instead (on the other end of the powerhouse) if dam safety is a concern. 

iv. Reiner suggested that this concept could be used at the fish lock instead.  
v. Fredricks noted that this concept is desirable due to the simplicity and added that 

this is something that could likely get an exception for juvenile fish impacts. 
vi. Actions:  Group agreed to keep this alternative.   

c. Alternative 3:  Ice and trash sluice tap 
i. Key issues:  Fish screens required; maintenance (fish screen debris); operations 

(high water velocities, energy dissipation, juvenile fish route) 
ii. Actions:  Group agreed we should drop this alternative.  Surface entrainment of 

juvenile fish and extensive screening requirements are problematic. 
d. Alternative 4:  Fish lock direct tap to forebay 

i. Similar to Alternative 1 
ii. Key issues:  Maintenance (control valves), dam safety. 

iii. Would have to be combined with other alternatives 
iv. Actions:  Group agreed we should keep this alternative. 

e. Alternative 5:  Concrete lid on fish lock approach channel 
i. Pressurizing provides higher discharges to AWS 

ii. Need to be combined with other alternatives 
iii. Constructability concerns – new stoplogs needed 
iv. Actions:  Group agreed we should keep this alternative as a design feature rather 

than a true “alternative.”  It needs to be combined with other concepts. 
f. Alternative 6:  Stop log modifications to Tainter Gate 23 

i. Modify or build new stop logs on Tainter Gate 23 
ii. Bottom stop log would be modified to pass water to a conduit, then to the AWS 

iii. Tackley noted that this seems highly infeasible, particularly from a screening 
perspective.  Lee noted that there are dam operation concerns. 

iv. Actions:  Group agreed this alternative should be eliminated due to concerns 
about fish entrainment, screening, and feasibility. 

g. Alternative 7:  New third fish turbine 
i. Provide 5,000 cfs 
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ii. Key issues:  Construction (cost, time, disruption to operations), fish screens 
required 

iii. Would be screened to meet NOAA criteria (an advantage) 
iv. Actions:  Group agreed this alternative should be eliminated.  This alternative is 

outside the scope of this design team, as it is a replacement for the existing AWS 
system. 

h. Alternative 8:  Pipe(s) to AWS culvert 
i. Construct large diameter pipes (4-7 ft) 

ii. Connect to existing fish lock intake and discharge directly into AWS culvert 
iii. Maintenance of fish screens (if required) is a concern 
iv. May require modification to fish lock system. 
v. Actions:  Group agreed to keep this alternative and combine with Alternatives 11 

and 15. 
i. Alternative 9:  Remove flow restrictions on current fish lock system 

i. Use in combination with other alternatives 
ii. Not likely to provide required AWS backup flow 

iii. TDA project staff are identifying some of these restrictions 
iv. Cordie added that there is a bottleneck in existing system.  Reiner:  two 8’ x 8’ 

conduits reduce down to 36-in.  Could make it a single large conduit/penstock. 
v. Actions:  Group agreed this is actually a design component for the various fish 

lock alternatives.  Need to keep. 
j. Alternative 10:  Single pumphouse on east side (cul-de-sac) 

i. Used in combination with other alternatives (9) 
ii. Single pump (Q = 600 cfs) 

iii. Key issues:  Construction (cofferdam needed); maintenance; sturgeon 
considerations; screening. 

iv. Fredricks is concerned about O&M.  Mackey noted that maintenance may not get 
funded due to O&M budget problems and other priorities. 

v. Meyer:  Makes sense to put pump in the fishway approach channel.  May reduce 
screening needs and shorten run of pipe. 

vi. Meyer:  At Baker, 1000 cfs pump system (4 pumps).  Can we apply this same 
concept here?   

vii. Actions:  Group agreed to keep this alternative for now, though O&M and 
reliability is big concern for all. 

k. Alternative 11:  Upstream intake tower with siphon 
i. Discharge directly into AWS via siphon 

ii. Could be used with other alternatives or stand alone 
iii. Maintenance (gates and valves) is a concern 
iv. Tackley noted that concern about this and other intakes is juvenile fish impacts, 

etc. 
v. Actions:  Group agreed that this should be combined with Alternatives 8 and 15. 

l. Alternative 12:  Floating pumping plant in cul-de-sac 
i. Similar to Alternative 10 

ii. Fredricks and Tackley agreed that this would not be good for juvenile fish, in 
addition to O&M concerns 

iii. Actions:  NOAA advised to drop this alternative due to O&M concerns and 
potential juvenile fish impacts.  Group agreed. 

m. Alternative 13:  Fish turbine running speed-no-load 
i. Operate on turbine at speed no load 

ii. 10-20% of the fish turbine operational flow 
iii. Combine with other alternatives 

The Dalles East Fish Ladder Auxiliary Water Backup System DDR, Appendix I, Regional Coordination

I-8



iv. Operational issue - cannot be used for long term (up to one year)? 
v. Conder asked if it is possible to pull turbine out and let water flow freely through 

system.  This is not feasible and would pose dam safety concerns.  Takes approx. 
3 months to disassemble unit as well. 

vi. Actions:  Corps advised that this alternative should be dropped due to 
operational issues.  Group agreed. 

n. Alternative 14:  ITS intake channel tap and diversion 
i. Bulkhead between units to divert flow 

ii. Key issues:  debris handling, construction (modification to concrete structures for 
new pipes), energy dissipation 

iii. Fredricks – this is unacceptable impact on juvenile fish. 
iv. Actions:  Group agreed this alternative should be dropped. 

o. Alternative 15:  Siphon with entrance at fish ladder exit to AWS conduit 
i. Similar to Alternative 1 

ii. Discharge directly to AWS conduit (better constructability) 
iii. Key issues:  fish screens, possible energy dissipation issues, O&M (priming, 

valve) 
iv. Actions:  Group agreed that we should combine with Alternatives 8 and 11 as 

“forebay intake” alternative. 
p. Alternative 16 (not in report):  Equalizing headers 

i. Pulls water from scroll cases to fill others (at 14 main units) 
ii. Small piping (4-in) only used to drain units, but may be able to modify to supply 

AWS. 
iii. Needs further analysis; need to include fish entrainment questions 
iv. Actions:  Group agreed to keep this alternative, though it would need to be 

combined with others.  
 

5. Other discussion points 
a. Fredricks reiterated concerns for not having a backup system.  North ladder is not 

effective backup, particularly for smaller fish and at higher flows. 
b. Group prefers alternatives with fewest components, such as a direct forebay tap for fish 

and O&M reasons 
c. Group discussed the possibility of deploying rental pumps.  Not likely to work, unless 

used in conjunction with other alternatives and if we only needed to deliver a small 
portion of the 1400 cfs needed. 

d. Deep intakes – how deep should we make intakes?   
i. Can use data from other projects.  Need to consider juvenile lamprey as well.   

ii. Fredricks:  Since the facility we develop is intended only to be used in a very rare 
emergency and its use would be of limited duration, it makes sense to consider 
granting an exemption to our screening criteria.   

iii. Lorz:  consider eliminating or reducing night operation to avoid lamprey impacts. 
iv. Intake velocity (10 ft/s is concern) 
v. Trash rack screen criteria.  Standard is 2 ft/s, likely based on ability to effectively 

rake.  Need a trash rake. 
vi. Is it possible to float debris off the siphon at night by shutting it off?  Meyer:  Not 

likely, as deep debris is neutrally buoyant. 
 

6. Ongoing Activities 
a. Currently building 3D CADD model (S. Sipe) to evaluate alternative configurations.  

Sipe demonstrated the model for the group. 
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b. Modifying existing numerical model to allow investigation of alternatives (K. Kuhn)  
c. Confirming flows from various sources 

i. Existing fish lock system 
ii. Equalizing header system 

d. Working on position document - essentially an update on where we are and where we’re 
heading, including decisions made at today’s meeting.  Complete around June 2011. 

 

7. Next Steps 
a. Eliminated several alternatives and consolidated others into 6 alternatives, based on 

feasibility, fish impacts, and complexity issues. 
b. Medina reviewed timeline 

i. Brainstorm report (completed) 
ii. Position document (June 2011) 

iii. Alternatives report phase through Winter 2011-12. 
iv. DDR and Plans & Specs phases through mid-2013. 
v. Construction in late 2013, assuming funding is provided. 

c. Fredricks noted that we’ve compromised in getting 1400 cfs for the system rather than 
5000 cfs to get this accomplished, and there may be additional room (such as screening) 
for compromise.  We need a backup system in place.  Wants active coordination of 
planning and alternatives evaluation. 

d. Tackley will schedule meeting for August-September to check in.  PDT will update 
FFDRWG as work evolves. 
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                                                                        May 2, 2012,               F/NWR-5 

 

FILE MEMORANDUM    

 

FROM:            Gary Fredricks, Ed Meyer, Trevor Conder 

 

SUBJECT:      The Dalles Dam Emergency East Ladder AWS  

 

On May 1, 2012, we participated in a special Fish Facility Design Review Work Group meeting with the 
Portland District Corps for the purpose of discussing the 90% design of the TDA East Ladder Backup 
water supply.  While we may have more detailed comments on the 90% design at a later date, we 
wanted to get our general comments on the 90% design out as soon as possible in support of the 
discussions that occurred at the May 1 meeting.  We expressed the following three main comments at 
this meeting: 

1.  We prefer alternative #2.  This alternative will provide approximately 1000 cfs flow via a gravity 
feed conduit through the dam from a low level intake in the forebay.   This alternative will 
minimize the potential for entrainment of listed juvenile salmon and appears to be the simplest 
of the remaining alternatives in the 90% report.  Our main concern with Alternative #11 (siphon 
alternative) was that the ~30 foot protrusion into the forebay by the siphon intake tower may 
inhibit fish passage along the face of the dam and into the ice and trash sluiceway.  Also, the 
need for pumps to prime the siphon meant additional complexity, cost and O&M liability and 
perhaps some reduction in overall reliability.     

2. We indicated that the preferred alternative would not need NOAA criteria fish screens.   This is 
because of three primary reasons:  1.)  The intake of the emergency AWS system is deep (40-45 
feet) in the forebay of the dam where it is much less likely to entrain juvenile salmon.  2.) While 
the emergency system is extremely important (the loss of the current mechanically complex 
fishwater turbine units could lead to the delay of Columbia Basin adult salmon passage for up to 
a year), this system will (hopefully) actually operate very infrequently, if at all.  3.) Adherence to 
the NOAA screening criteria has, in the past, driven the cost of an emergency system design.  
This cost is one of the primary reasons no system has been built despite nearly 20 years of 
design efforts.  

3. The fish lock intake conduit provides a portion of the backup AWS flow (~400 cfs).  The invert of 
the intake of this conduit is not as deep as the intake for the main gravity feed conduit.  The 
proximity to the surface will increase the potential for juvenile fish entrainment.  If the intake 
can be lowered or perhaps turned downward, without unduly increasing O&M concerns (such as 
the ability to rake trash), this risk could be reduced.  Alternatively, a torpedo screen with an 
airburst backflushing system could be investigated. 
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