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1. INTRODUCTION 

Wynoochee Dam is located on the Wynoochee River, in Grays Harbor County 

Washington.  Currently, the dam does not provide adequate downstream fish passage. 

The Seattle District of the U.S. Army Corps of Engineers has initiated the Wynoochee 

Dam Fish Restoration Project to develop improvements to the dam that will provide 

adequate downstream fish passage. A previous feasibility study in 1998 (USACE, 1998) 

included recommendations for a downstream fish bypass facility to enhance anadramous 

fisheries migration. The study also recommended supplementation ponds and 

modifications to the existing fish trap facilities to enhance the existing hatchery program. 

The recommended elements presented in the 1998 feasibility report are the basis of the 

current design effort as documented in this report. 
 

1.1 Project Location 

The project is located in Section 20, Township 22 North, Range 7 West, Grays Harbor 

County, Washington [USGS Wynoochee Lake quadrangle]. An existing fish trap facility 

and barrier dam are located at Wynoochee river mile 49.6. The Wynoochee Dam is 

located further upstream at Wynoochee river mile 51.8, approximately 30 miles due north 

of the City of Montesano. Plan Sheet 1 in Appendix C includes a vicinity map and a 

project site map.   
 

1.2 Project Authorization 

The Wynoochee Dam Fish Restoration Project is being conducted under Section 1135 of 

the Water Resources Development Act of 1986, by the U.S. Army Corps of Engineers 

(USACE), Seattle District.  
 

1.3 Previous Studies 

This “Final Interim Design Report” represents a continuation of the Preliminary Draft 

Interim Design Report (USACE, 2003a) and the Draft 35% Design Report (USACE, 

2003b). This report specifically incorporates the comments received during review of 

both of these reports. The work summarized in this 35% level design also expands upon 

work previously conducted by others (United States Army Corps of Engineers, Harza 

Northwest, and Tacoma Public Utilities). Most of this previous work is presented in the 
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Wynoochee Dam Section 1135 Fish Restoration Project; Project Modification Report 

and Environmental Assessment (USACE, 1998).  

 

Project objectives as defined in the 1998 Feasibility Report include the improvement of 

fish migration, outlet mortality, quality of fisheries stock, and reduction in existing 

residualization problems. Project elements from the feasibility report that address these 

objectives have been refined in the current design effort. Section 2 and Section 3 of this 

design report document the 35% level design of these recommended project elements. 

 

The project modification report should be referenced for additional information on the 

project history, resource problems and opportunities, project conditions, the project 

selection process, and the initial development of the hydraulic and biological design 

criteria. 
 

During the development of the Wynoochee Dam Section 1135 Fish Restoration Project; 

Project Modification Report and Environmental Assessment, staff from the Washington 

Department of Fisheries and the National Marine Fisheries Service provided 25 criteria 

for hydraulic conditions to be met throughout the bypass system when designing 

alternatives to address project goals and objectives. These criteria set standards for flow, 

velocity, and other hydraulic criteria to be used in the design of the bypass system 

(USACE, 1998).  
 

Prior to development of the Preliminary Draft Interim Design Report (USACE, 2003a) 

and the Draft 35% Design Report (USACE, 2003b), a technical committee (Wynoochee 

Dam Technical Committee), comprised of staff from the United States Army Corps of 

Engineers (USACE), Tacoma Public Utilities (TPU), Washington Department of Fish 

and Wildlife (WDFW), United States Forest Service (USFS), and Tetra Tech, Inc. (TT) 

met to review the previously established hydraulic and biological design criteria. This 

meeting was conducted on October 18, 2002. The meeting provided an opportunity for a 

thorough discussion of each of the criterion and an opportunity to recommend changes to 

the criteria when applicable. The meeting resulted in the production of a revised set of 

design criteria, which were subsequently used in the development of the project elements 
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presented in this design report. The revised criteria are included in Appendix A of this 

report. 

 

1.4 Report Overview 

This “Final Interim Design Report” presents the results of the design phase to date. It 

identifies project elements at a 35% level of design, and presents the designs in a detailed 

narrative. The main report is supported by several detailed technical appendices. Specific 

biological and hydraulic design criteria are presented in Appendix A. 

Hydrologic/hydraulic analyses are presented in Appendix B. Thirty five percent design 

plans are presented in Appendix C, however, the 30-sheet design plan set is bound 

separately due to its size. Preliminary cost estimates are presented in Appendix D. A 

Preliminary Geotechnical Engineering Report is included as Appendix E. This “Final 

Interim Design Report” will provide the basis for developing each of the project elements 

to the 65% level of design.  
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2. PROJECT ELEMENTS     

A downstream fish bypass facility was proposed in USACE (1998). This bypass facility 

begins at the Wynoochee Dam intake structure. In the current condition, downstream 

migration of salmon and steelhead smolts does occur at Wynoochee Dam; however, 

studies by Washington Department of Fish and Wildlife (WDFW) and the University of 

Washington indicate that there is approximately a 14 percent loss of coho smolts and a 28 

percent loss of steelhead and cutthroat smolts as a result of passage through the dam’s 

low level outlets (Dunn 1978). Additionally, a portion of the downstream migrant 

population does not pass through the outlets, but stays in the reservoir, a problem known 

as residualization. Large numbers of coho and steelhead have been found during reservoir 

trapping studies. The residualization, which is dependent on the specific hydraulic and 

reservoir conditions, is thought to be caused by poor configuration of the downstream 

passage system at the dam (USACE, 1998). 

 

In the proposed project condition, fish would enter the penstock and would move down 

gradient to the proposed penstock Eicher screen, which would divert them into a 

pressurized bypass pipe. This pipe would carry the fish across the U.S. Forest Service 

(USFS) vehicle bridge to a multi-level discharge system. From this point of discharge, 

the fish would be transferred into a gravity flume, and would travel down gradient into a 

transition pond. The transition pond serves to dissipate the energy of the flume discharge, 

and also functions as a control location from which fish will be collected for monitoring 

and observation.  

 

In addition to the downstream fish bypass facility, USACE (1998) also included 

supplementation ponds for hatchery production enhancement, and improvements to the 

existing downstream fish trap and haul facility.  

 

The project elements are briefly summarized below, in an upstream to downstream 

sequence. In subsequent sections of the report, each element is described in more detail, 

along with additional discussion on key assumptions that were made during the 35% 

level analysis and design. Preliminary level cost estimates, using the Corps of Engineers’ 

 
5 August 29, 2003 



Wynoochee Dam     
Section 1135 Fish Restoration Project                                                                                                             Final Interim Design Report  

MCACES software, were developed for each project element.  Supporting calculations 

for the preliminary cost estimates are included in Appendix D.   

 

• Gate Shaft/Wet Well: There are currently two alternative points for fish to enter the 

Wynoochee Dam penstock. Prior to 1997, the only path for downstream migrating 

fish to enter the penstock was to be swept vertically down through the existing 

wetwell and into the penstock, which has a centerline elevation of 736 feet.  In 1997, 

the City of Tacoma Public Utilities (TPU) cut a temporary 5-foot high by 9-foot wide 

opening, with a centerline elevation of 777 feet, in the wall between the wetwell and 

the gate shaft. This higher-level opening was constructed to improve near surface 

attraction conditions and to reduce residualism rates in the wetwell. 

 

Results of testing in 1997 by TPU indicated that the higher-level opening was 

extremely effective in attracting and transporting fish to the penstock entrance. 

Alterations to the intake structure that are proposed at this level of design include 

modifications to the higher level opening (gate shaft) to make it the primary entrance 

to the penstock for the migrating fish. Other improvements include modifications in 

the gate shaft to smooth obstructions and reduce turbulence in the transition from the 

entry point to the discharge point in the penstock. 

 

• Penstock Eicher Screen: An Eicher screen is a pivoting screen positioned within the 

cross-sectional area of a penstock that allows water to flow both through and parallel 

to the screen. Water flowing through the screen is conveyed to the turbines, while the 

fish bearing water flowing parallel to the screen surface is sent to a bypass pipeline at 

the crown of the penstock. A primary assumption guiding this aspect of the design is 

that the Eicher screen is the selected fish screen for this application. No other screen 

types were considered in the design phase. 

 

It is proposed that an Eicher screen be installed in the existing penstock, 

approximately 250 feet downstream of the penstock intake. The existing penstock is 

located on the west side of the Wynoochee River. Existing flows through the 
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penstock range between 210 and 1,300 cfs.  Flows through the penstock, when the 

Eicher screen is in place, are expected to range between a minimum of 210 cfs and 

maximum of approximately 800 cfs (Criterion #1). However, the optimum maximum 

allowable flow rate through the penstock during the fish screening period will be 

determined based on monitoring of the operation of the bypass facility and post 

bypass monitoring of the survival and condition of the juvenile fish. 

 

• Pressure Bypass Pipe: The pressure bypass pipe is connected to the crown of the 

penstock, at the downstream end of the Eicher screen. The pipe carries the bypass 

discharge and the downstream migrating fish to the opposite side of the Wynoochee 

River.  The crossing of the river is accomplished by encasing the HDPE pipeline 

within a steel pipe, and suspending the steel pipe beneath the existing USFS Road 

2294 bridge structure. The pressure bypass pipe discharges into the next downstream 

component of the bypass system, the proposed multi-level discharge system. High-

density polyethylene (HDPE) material is used for the bypass pipeline, due to its 

smooth interior surface (Criterion #8). Based on the allowable range of velocities in 

the pressure bypass pipeline (Criterion #5), the magnitude of flows anticipated 

through the bypass system will range between approximately 19 cfs and 33 cfs.   

 

• Multi-Level Discharge System: The need to operate the fish bypass facility with 

varying reservoir pool elevations (770 ft to 800 ft) and varying penstock flows (210 

cfs to 800 cfs) required the development of a project element that would provide 

operational flexibility during changing hydrologic and hydraulic conditions. At the 

terminus of the pressure bypass pipe, prior to discharge to the gravity flume, a multi-

level discharge system is proposed. This system is comprised of multiple pressure 

outlet pipes set at different elevations that discharge to the gravity flume. The multi-

level discharge system will allow for the single pressure bypass pipeline described 

above to be connected to one of the five pressure outlet pipes via a rotating selector 

switch (RSS). The decision as to which outlet pipe to connect to will be dependent on 

the reservoir pool elevation and the penstock flow rate at the time of operation so as 

to maintain a relatively constant flow rate.   
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• Gravity Flume: The gravity flume begins at the outlet of the multi-level discharge 

system and maintains open channel flow conditions for the entire 1,500-foot length. 

Surfaces and joints will be made smooth to prevent injury to fish. The flume will 

maintain supercritical flow throughout the alignment (Criterion #11), and will 

maintain a minimum nominal flow depth of 9 inches (Criterion #12). The gravity 

flume will convey the bypass flow and the downstream migrating fish from the multi-

level discharge system to the transition pond. 

 

• Discharge Outlet System: The discharge outlet system is located at the terminus of 

the gravity flume and consists of a transition pond, connected by an open channel 

gravity flume to the river.  The flume system discharges the bypass flow and the fish 

directly into the Wynoochee River. The outlet to the Wynoochee River is located just 

downstream of the existing USGS gauging station.    

 

• Fish Survival Test Facilities: The fish survival test facility is required to allow for 

the examination of fish as they pass through the bypass system, so as to document the 

survival rate and condition of the juveniles. These facilities are proposed to be 

incorporated into the construction of the transition pond, which corresponds to the 

downstream-most portion of the bypass system. When it is desired to observe a 

population of juveniles, they will be diverted from the transition pond into a holding 

tank with the use of a manually operated diversion screen. The holding tank is 

hydraulically connected to a downstream point in the outlet system, which allows for 

a constant flow of water through the tank during extended observation periods. 

 

• Supplementation Ponds: Two small conditioning ponds are proposed for 

implementation. One pond would host 25,000 winter run steelhead (5-7 fish/lb.) and 

the other would host 55,700 coho salmon (16-18 fish/lb.). The supplementation ponds 

are not part of the fish bypass facility, but are proposed as elements to increase the 

production of the existing hatchery program.  These ponds are located in the vicinity 

of the transition pond, and use the outlet flume to transport released fish to the river. 
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• Adult Fish Trap/Haul Facility Modifications: The existing adult fish trap is located 

approximately two miles downstream of the Wynoochee Dam, at river mile 49.6. 

Modifications to the fish trap are required to improve the existing sorting and 

transportation process of wild fish and hatchery fish. Modifications may include 

changes in the sorting flume and installation of two additional holding tanks. Other 

modifications may include the extension of the operator’s platform to direct fish into 

the appropriate tanks, and the installation of new lifting devices to assist in truck 

loading. The design for this element was not developed beyond the level presented in 

the Preliminary Draft Interim Design Report (USACE, 2003a) due to the lack of 

specific design objectives. 

 

• Control Systems: Due to its remote location, Wynoochee Dam is lightly staffed with 

typically only one person available for operational procedures at any given time. 

Therefore, there is a need to automate the control of as many aspects of this fish 

bypass system from the dam operations office as possible.  Automation includes the 

elements necessary to open and close the gate shaft, to rotate the Eicher screen for 

backflushing, to open and close the bypass pipe shutoff valves, to rotate the multi-

port revolving selector switch, to operate the drain valves, and to initiate emergency 

shutdown. 

 

2.1 Gate Shaft/Wet Well  

The gate shaft/wet well alternative that was initially agreed upon and included in the 

Preliminary Draft Interim Design Report (USACE, 2003a) was to close off the 

temporary high level gate shaft opening and utilize the penstock entrance as the sole entry 

point to the bypass system. Subsequent to the 10% design submittal it was determined 

that utilizing both entry points should instead be the recommended alternative. This 

decision was based upon two findings. First, upon further review of the Hydroacoustic 

Evaluation of Salmonid Smolt Turbine Entrainment at Wynoochee Dam (Hydroacoustic 

Technology Inc., 1997), TPU and WDFW agreed that the high level opening should 

again be considered as the potential primary access to the penstock. The report concluded 

that “mean downstream out migration rates appeared to be significantly greater in 1997 
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via the fish bypass opening at elevation 777 ft relative to the rates observed through 

turbine penstock opening (below elevation 741.5 ft) in 1995” (Hydroacoustic Technology 

Inc. 1997).  

 

Secondly, during the development of the 35% design, it was determined that the design 

and operation of the bypass system, specifically the multi-level discharge element, could 

be made much simpler if there was the ability to flush the system of juvenile fish prior to 

switching outlets at the multi-level outlet system (refer to Section 2.4). Therefore, it was 

decided that it would be beneficial for the operation of the multi-level discharge system if 

the wetwell modifications included two openings, one of which could be closed to 

prevent fish from entering the bypass for a short period of time between switch overs. 

 

The proposed design modifications for the intake structure include making the necessary 

modifications to the current, temporary high level opening to make it a permanent access 

point for downstream migrating fish, and making the necessary modifications to the gate 

shaft to provide for a larger cross sectional area at the base of the shaft (refer to Plan 

Sheet 21). Under current conditions, the intake closure gate obstructs a large portion of 

the gate shaft at approximately elevation 753. In order to provide a cross sectional area 

below elevation 753 that is equivalent to that which exists above elevation 753, it is 

proposed to remove a portion of the existing concrete above the penstock between 

elevation 761 and the top of the penstock (refer to Plan Sheet 21). 

 

Fish will be attracted to the high level gate shaft opening within the well and then will be 

swept vertically down through the gate shaft directly into the penstock, downstream of 

the intake closure gate.  Monitoring of fish passage through the intake structure, once the 

bypass system is operational, will be conducted by TPU and WDFW to fine tune 

operational efficiency. 
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2.1.1 Assumptions and Background    

The following assumptions were made in developing the gateshaft/wetwell design: 
 
• The existing trashrack on the intake structure is sufficient for trapping debris that 

could become lodged in the gate shaft. The fish bypass system design does not 

include any modifications to the trashrack, nor does the design include any additional 

trashracks or other debris handling mechanisms. 

• The existing trashrack is capable of screening debris in such a manner that will 

prevent a sudden and instantaneous obstruction of the Eicher screen surface that could 

cause overloading of the screen and could result in structural damage and/or failure. 

• Once the fish bypass system is constructed and operational, TPU will monitor the 

bypass system for debris problems. Any modifications to the bypass system that are 

required to mitigate debris problems will be made once the bypass system is 

operational. Potential debris problems could include debris loads requiring 

unacceptably frequent backflushing of the screen, plugging of the gate shaft thus 

affecting operation of the gate, or debris loads that cannot be effectively flushed from 

the screen surface. 

• Currently, small sticks and debris pass through the existing trashrack, and it is 

assumed that this passed material is small enough to not significantly damage the 

Eicher screen or plug the gate shaft. It is also assumed that this material, if conveyed 

into the bypass system, is small enough to be effectively conveyed through the 

complete system. 

• Construction modifications to the temporary, high-level gate shaft entry portal in the 

intake structure would occur in the dry (i.e. when the reservoir pool elevation is less 

than 774 feet).  

• Once the fish bypass system is constructed and operational, TPU will continue to 

monitor fish entry through the gate shaft intake structure. With the additional 

monitoring results, the Corps, TPU, and interested resource agencies will work 

together to determine the optimal operational configuration of the gate shaft intake 

structure for fish passage.   
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• While the 1997 hydroacoustic evaluation (Hydroacoustic Technology, Inc. 1997) 

concluded that the high level opening in the wetwell resulted in significantly higher 

downstream out migration rates as compared to the rates observed in 1995 without 

the high level opening, it was not possible to evaluate the condition of the migrating 

fish population. Therefore, no information is currently available that documents fish 

mortality or descaling due to passage through the gate shaft. Information relative to 

fish injury and mortality will need to be documented so as to determine the flow rate 

that can be allowed through the gate shaft relative to that which is allowed through 

the penstock. 

 

2.1.2 Gate Shaft/Wet Well Design Description 

The preferred alternative proposes to modify the high-level gate shaft opening to make it 

a permanent feature of the intake structure. Implementation of this alternative would 

provide two permanent water entry points to the penstock. Construction elements 

associated with this alternative include installation of a permanent gate with hoisting 

equipment and baffles, modification to the gate shaft to cover the back of the existing 

closure gate to provide a smooth surface, and removal of concrete on the backside of the 

gate shaft where the gate shaft intersects with the crown of the penstock. The concrete 

removal will provide improved hydraulic capacity and will reduce turbulence at the 

transition with the penstock.  

 

The preliminary contract cost estimate for this element is $195,000, which excludes 

mobilization/demobilization, contingency, PED costs, S&A costs and escalation costs. 

For the detailed breakdown of the cost for this element, refer to the 35% MCACES cost 

estimate (Appendix D). For the plan view and section view of this element, refer to Plan 

Sheet 21 (Appendix C). 

 

2.2 Penstock/Eicher Screen 

An Eicher screen is an elliptical shaped pivoting metal screen that is positioned within the 

cross-sectional area of a penstock. This screen allows a majority of the flow to pass 

through the screen to the turbines while at the same time allowing a smaller portion of the 
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main flow, along with the out migrating fish, to be diverted into a bypass pipe. The 

purpose of an Eicher screen is therefore to provide for continued power generation while 

safely guiding fish out of the penstock.  A previous Eicher screen installation at Elwha 

Dam, in Clallam County, WA, made use of a variable gradation of porosity so that the 

velocity component that is parallel to the screen is uniform along the length of the screen 

(Adam, Pieter et al, 1991). Variable porosity was needed to counter the “tendency for 

most of the flow to go through the downstream end of the screen, as has been observed in 

angled and inclined bypass facilities” (Adam, Pieter et al 1991). Another Eicher screen 

installation at Puntledge River, on Vancouver Island, British Columbia, made use of a 

constant porosity screen. Model studies conducted for the relatively flat gradient penstock 

at the Puntledge facility concluded that variable screen porosity “did not significantly 

adjust the distribution of flow along the screen” (ENSR, 1993). 

 

An additional hydraulic consideration is that the component of the velocity normal to the 

Eicher screen should not exceed 0.40 times the average penstock velocity (Criterion #9). 

This should ensure that fish will not be impinged on the screen surface and will be safely 

guided along the face of the screen and into the bypass pipeline.  Maintaining a uniform 

parallel velocity and a minimal normal velocity are two of the criteria that will minimize 

the potential for fish impingement on the screen surface. 

 

To incorporate an Eicher screen into the Wynoochee Dam penstock, a section of the 

penstock will need to be removed and replaced with a section of pipe containing the 

screen. The existing penstock is a spiral welded steel pipe with a 10-foot nominal 

diameter. The modified penstock section is located approximately 250 feet downstream 

of the penstock intake (upstream face of the dam), and immediately upstream of the 

existing air/vacuum valve assembly structure located adjacent to the Forest Service Road.  

 

The length of the Eicher screen is approximately 40 feet. The angle of the screen was 

designed at 16.5 degrees, which is consistent with the installations at Elwha Dam and at 

the Puntledge River Diversion Dam. The screen was designed with a constant porosity of 

approximately 58 percent, which is comparable with the Puntledge installation. In regards 
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to screen porosity, the conclusions from the hydraulic model study for the Puntledge 

installation (ENSR, 1993) were considered to be very relevant for the Wynoochee Eicher 

screen at this preliminary stage of design. The penstock gradient at Wynoochee (–5.5%) 

corresponds better to the relatively flat gradient of the penstock at Puntledge 

(approximately 0.5%) than it does the steep gradient penstock at Elwha. The steep 

penstock gradient at Elwha likely contributed to the need for a variable porosity screen so 

as to eliminate the tendency for most of the flow to pass through the downstream end of 

the screen (Adam, Pieter et al 1991). Further analysis and refinement of the inclination 

angle and screen porosity should be conducted during the 65% design level. 

 

Existing flow rates through the penstock range from 210 to 1,300 cfs.  Current design 

criteria (Criterion #1) specify that the Eicher screen will be used to bypass fish for 

penstock flows ranging from 210 cfs to a maximum of approximately 800 cfs. However, 

an unexpected event, such as a turbine runaway, could result in penstock flow rates that 

exceed 800 cfs while the Eicher screen is in operation. These excessive flows could cause 

damage to the Eicher screen, and subsequently could damage downstream components of 

the hydroelectric facility if all or portions of the screen were to become dislodged.  

Therefore, it is critical that the screen be designed to structurally withstand the fluid 

forces resulting from a peak flow of 1,300 cfs.   

 

During the fish window, the Eicher screen will operate in one of three different positions. 

The “fishing” position is when the screen is positioned to bypass fish, and is oriented at 

16.5 degrees relative to the flow. The “cleaning”, or “non-fishing” position is when the 

screen is rotated from the bypass position so as to backflush debris from the screen face. 

During this position, the screen will be oriented approximately 5 degrees relative to the 

flow, with the downstream end of the screen positioned below the springline of the 

penstock. The “neutral” position is when the screen is oriented parallel to the flow and 

parallel to the springline of the penstock. In the neutral position, flow will not be passing 

through the screen.  
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2.2.1 Assumptions and Background 

The following assumptions were made in developing the penstock/Eicher screen design: 
 
• The Eicher screen design is the selected screen type and is the only screen type to be 

considered. 

• When the screen is positioned to bypass fish, the angle of inclination of the Eicher 

screen will be set at 16.5 degrees relative to the penstock invert. 

• Field-testing of full scale Eicher screen installations (Elwha Dam), and physical 

model testing of Eicher screens (Elwha Dam and Puntledge Dam), have been 

previously conducted by others.  Journal articles (Adam, Pieter et al, 1991; Winchel, 

Fred C. et al, 1991) summarizing the results of the full scale and model studies for the 

Elwha installation are included in Appendix F. The hydraulic model study for the 

Puntledge installation was conducted by ENSR (1993) and presents a detailed 

analysis of the hydraulic performance of alternative screen designs, specifically in 

regards to the effect of screen porosity on flow distribution. The results of these 

previous studies were referenced in determining the Eicher screen configuration for 

the Wynoochee Dam.  

• The porosity of the Eicher screen for the Wynoochee installation was designed as 

constant along the entire length of the screen. As previously stated, this decision was 

based on the results of physical model studies penstock/Eicher screen at the Puntledge 

River facility. As the design of the Wynoochee Dam Eicher screen progresses into 

more detailed levels of design, the benefits and disadvantages of variable versus 

constant porosity of the screen surface will be analyzed. The level of analysis may 

depend upon whether or not physical model studies are conducted for the Wynoochee 

installation. 

• Current design criteria (Criterion #1) specify that the Eicher screen will operate with 

flows ranging between 210 cfs and approximately 800 cfs. However, the structural 

design of the screen must accommodate flows as high as 1,300 cfs. The determination 

of the designs loads for the maximum flow condition assumed that the screen is 

locked in the non fishing position. 
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• During non-migration periods the screen will not be located within the normal flow 

stream. The Eicher screen penstock section will be removed.  This will prolong the 

screen life, reduce the risk of screen component failures and subsequent downstream 

damage, and reduce the risk of damage due to debris within the flow stream. 

• The screen will be actuated to rotate approximately 20 degrees to allow stream flow 

to enter the screen from the underside to backflush collected debris off the surface. 

• All structural and foundation elements of the modified penstock section will be 

designed for seismic zone 3, as defined in the Uniform Building Code. 

• Depth to bedrock in the vicinity of the Eicher screen penstock section is 3 feet to 5 

feet below existing ground surface. It is further assumed that the underlying bedrock 

is weathered and can be excavated to an approximately vertical surface with an 

excavator. 

• Lateral earth pressure due to the upper 5 feet of the soil column will exert a uniform 

pressure of 75 psf, which includes an allowance for equipment surcharge. 

• It is assumed that flow through the penstock can be shutdown for several consecutive 

days to allow for switching between modes of operation (e.g. screened versus non-

screened). 

• Pressure sensors will be installed upstream and downstream of the Eicher screen to 

detect increases in pressure differential caused by debris obstruction on the screen. At 

this time, the pressure differential that will initiate the backflushing of the screen is 

assumed to be 0.2 feet greater than that associated with an unobstructed screen. This 

is consistent with National Marine Fisheries Service (NMFS) criteria (NMFS, 1994) 

and with the operational guidelines that are in place at the Puntlege facility. 

• Backflushing of the screen will also occur at regularly scheduled intervals in addition 

to when the allowable pressure differential is exceeded. 

• The penstock has pressure sensors at the intake and at the air/vacuum valve assembly 

structure that is located just upstream of USFS Road 2294. Additional pressure 

sensors would be required in the penstock, both upstream and downstream of the 

Eicher screen, to monitor the pressure differential across the screen. 

• Wynoochee Dam operates on a flow (cfs) control system rather than a megawatt 

control system. Therefore, it is necessary to include in the design the ability to 

 
16 August 29, 2003 



Wynoochee Dam     
Section 1135 Fish Restoration Project                                                                                                             Final Interim Design Report  

measure the flow rate in the penstock, upstream of the bypass, and within the bypass 

pipe itself. 

 

2.2.2 Penstock/Eicher Screen Design Description 

The proposed approach involves installing the Eicher screen in a replaceable section of 

penstock, approximately 100 feet upstream of the existing air/vacuum valve assembly 

structure (Figure 1). This section would be removed during the non-fish passage window 

and replaced with an unobstructed penstock section without an Eicher screen. 

 

 

 
Figure 1. Proposed Location of Eicher Screen Section.  

The existing air/vacuum valve structure is seen in the background, as is USFS 
Road 2294. 

 

The Eicher screen would be constructed within a 50-foot section of penstock that would 

be removed and replaced (refer to Plan Sheets 4,16-19, 22, 23, 28, and 29). The modified 

penstock section containing the Eicher screen would be interchanged with a regular 

section of penstock. Such an interchange would be expected to occur during times of 
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non-fish screening or during periods of screen maintenance and repair.  Prior to switching 

the sections, the penstock would have to be dewatered.  For interchangeable ease, each 

section would be mounted on a rail system oriented perpendicular to the penstock.  This 

rail system would be bolted to the floor of a concrete vault that is cast between the two 

ends of the penstock.  This rail system would allow the sections to be rolled in and out of 

alignment with the penstock. 

 

To provide for easy access to all components of the system, a below grade vault 

approximately 74 feet long and 45 feet wide would be constructed to contain the two 

penstock sections and the rail system that would be used to move the sections in and out 

of position. Motor driven “trucks,” similar to those used for mobile cranes, will be used 

to move the two sections of the penstock in and out of position. Bolted flexible 

connectors will allow for connecting and disconnecting the fixed portions of penstock 

and the moveable sections of penstock.  

 

Hydraulically actuated or motorized jackscrews will move the Eicher screen from the 

“fishing” to the “cleaning” positions and back to the “fishing” position. Eicher screen 

position changes from fishing to cleaning will be automated and coordinated with the fish 

inlet gate shaft position to minimize the presence of fish in the penstock during the 

cleaning cycle. 

 

The leading (upstream end) of the Eicher Screen is proposed to be located 140 feet (14 

diameters) downstream from an existing 33 degree bend in the penstock. This section of 

the penstock is constructed at an adverse grade of 5.47 percent. 

 

The preliminary contract cost estimate for this element is $1,654,000, which excludes 

mobilization/Demobilization, contingency, PED costs, S&A costs, and escalation costs. 

For the detailed breakdown of the cost for this element, refer to the 35% MCACES cost 

estimate (Appendix D). For the plan, profile, and section views of this element, refer to 

Plan Sheets 4, 16-19, 22, 23, 28, and 29 (Appendix C). 
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2.3 Pressure Bypass Pipe 

The pressure bypass pipe would connect to the crown of the penstock, immediately 

upstream and above the proposed Eicher screen. The bypass pipe would convey fish 

bearing bypass flows from the west side to the east side of the Wynoochee River. The 

crossing of the river would be accomplished by encasing the pressure pipe within a steel 

pipe that is suspended beneath the existing USFS Road 2294 bridge structure. The 

pressure bypass pipe would discharge into the next downstream component of the bypass 

system, the proposed multi-level discharge system. 

 

The hydraulics of the bypass system were designed such that the flow velocities are 

uniform or gradually accelerating along the face of the Eicher screen and gradually 

accelerate into the pressure bypass pipeline. The bypass system has been designed and 

will be operated such that the average velocity through the bypass pipe will be equal to or 

greater than the average velocity through the penstock during the operation of the screen 

(Criterion #5). Once entry is made into the pressure pipeline, the average flow velocity 

throughout the remainder of the pressure bypass system will remain moderate and 

uniform, with magnitudes ranging between 7 feet per second and 12 feet per second 

(Criterion #5). The magnitude of the actual flow rate through the bypass pipeline, and 

consequently the magnitude of the velocity, will be dependent on the reservoir pool 

elevation and the flow rate through the penstock upstream of the Eicher screen. The 

velocity criteria, and how they apply to the pressurized bypass pipeline, are discussed in 

more detail in the multi-level flume system section of this report. 

 

Given the velocity criteria (Criterion #5), the flow rate through the bypass pipe will range 

between 19 cfs and 33 cfs. This range of flow rates will be maintained for varying 

reservoir pool elevations through the use of a multi-level discharge system, which is 

described in a later section of this report. The minimum flow rate for power generation is 

210 cfs, and the bypass flows represent between 9 percent and 16 percent of this value. 

Therefore, during periods of minimum flow, the minimum flow rate will have to be 

increased by an additional 19 cfs to 33 cfs to make up for the diverted flow at the bypass. 
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2.3.1 Assumptions and Background 

The following assumptions were made in developing the pressure bypass pipe design: 

 
• The bypass pipeline is a 24-inch diameter high density polyethylene (HDPE) pipe 

with a standard dimension ratio (SDR) of 32.5, which has an associated pressure 

rating of 50 psi.  This pipe has a corresponding inside diameter of 22.5 inches. 

• Per the biological and hydraulic design criteria (Criterion #8), the minimum allowable 

bend radius is five times the pipe diameter (e.g. 10 foot radius for a 24-inch diameter 

pipe). 

• The minimum radius that 24-inch 32.5 SDR pipe can be field bent through is 40 times 

the pipe diameter (e.g. 80 foot radius). Therefore, all bends that are less than 80 feet 

will be constructed of mitered tangent sections of pipe. Conceptual sketches of three 

typical mitered bends are included in the Hydrology and Hydraulics Appendix 

(Appendix B). 

• The HDPE pipe segments and mitered bends will be joined using butt fusion welding. 

The inside weld beads resulting from the butt fusion process will be machine 

removed. 

• The design flow rate through the pressure bypass pipeline will range between 19 and 

33 cfs. 

• Preliminary structural analysis concluded that the exterior girders of the existing 

bridge have the reserve capacity to support the additional 45,000 pounds of load 

resulting from a full 24-inch diameter pipe. The load will be distributed over supports 

at approximately 25-foot spacing.  

• The system must meet all other applicable design criteria as listed in Appendix A. 

 

2.3.2 Pressure Bypass Pipe Design Description 

The pipeline alignment is shown on Plan Sheets 5 and 15 in Appendix C. As seen in the 

drawing approximately 250 linear feet of the bypass pipeline is proposed to be suspended 

under the existing USFS Road 2294 bridge structure. The HDPE pipe is proposed to be 

installed within a 26-inch diameter steel casing pipe, which will be attached to the bridge 

structure with trapeze and bracing. The HDPE pipe will be free to move inside the casing, 
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thereby accommodating thermal expansion and contraction. Lateral movement due to 

thermal expansion and contraction along the remainder of the alignment will be 

minimized by directly burying the pipe. Expansion joints will be provided for the above 

grade sections of the pipe, to allow for expansion and contraction without damaging the 

pipe material or the joints. The two 10-foot radii that are shown at each end of the USFS 

Road bridge are required to negotiate around structural features of the bridge 

superstructure. 

 

Sensors are included in the design of the pressure bypass pipeline to relay the pressure of 

the bypassed flow to the control center. A set of full port ball valves, or a single full port 

ball valve, are also included in the design to allow for dewatering of the pressure pipe 

when it is not being used and when dewatering is required prior to switching outlet pipes 

at the multi-level discharge system. These valves are motor driven, automated, and will 

coordinate operation with the fish inlet gate and the rotating selector switch (RSS) 

downstream of the pressure pipe. Access ports in the pressure pipe would be included at 

two locations – upstream of the multi-level discharge system and upstream of the bridge 

crossing. 

 

The preliminary contract cost estimate for this element is $421,000, which excludes 

mobilization/demobilization, contingency, PED costs, S&A costs, and escalation costs. 

For the detailed breakdown of the cost for this element, refer to the 35% MCACES cost 

estimate (Appendix D). For the plan and profile view of this element, refer to Plan Sheet 

5 (Appendix C). 

 

2.4 Multi-Level Discharge System 

The need to operate the fish bypass facility for varying reservoir pool elevations and 

varying penstock flow rates requires the development of a project element that provides 

operational flexibility during these changing conditions. At the terminus of the pressure 

bypass pipe, prior to discharge to the gravity flume, a multi-level discharge system is 

proposed. This system is comprised of multiple pressure outlet pipes that discharge into 

the gravity flume at specific, fixed elevations. The multi-level discharge system will 
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allow for the pressure bypass pipeline to be connected to any one of the multiple outlet 

pipes. The decision as to which outlet pipe to connect to will depend upon the reservoir 

pool elevation and the penstock flow rate at the time of operation. 

 

Assuming an initial reservoir pool level of 770 feet, and assuming the reservoir pool level 

increases during the fish migration window, the multi-level discharge system would 

operate as follows. Within the fish bypass window, the lowest elevation outlet pipe would 

be the first outlet pipe to be connected to the gravity flume. Referring to the outlet pipe 

operating curves presented in Appendix B, the first outlet pipe would be capable of 

conveying approximately 30 cfs when the penstock is flowing at the maximum 

anticipated flow rate (700 cfs) and when the reservoir pool elevation is at 770 feet (the 

minimum reservoir pool elevation).  

 

As the reservoir pool level increases, and assuming the penstock flow remains constant, 

the resulting flow rate that could be conveyed through the pressurized bypass system 

would also increase, due to the increase in available upstream head. At some point, when 

the reservoir pool elevation has increased enough (approximately elevation 773 feet), the 

flow rate through the bypass pipeline would begin to approach the upper allowable limit 

of 33 cfs. At this point, it would be necessary to connect the pressure bypass pipeline to 

the next higher of the outlet pipes in the multi-level discharge system. This would 

effectively decrease the head differential within the pressure system and allow for a lower 

magnitude bypass flow to enter the bypass system.  

 

As the reservoir pool level continues to increase, it would at some point become 

necessary to switch to the next higher of the outlet pipes. This process would continue as 

the reservoir pool level continued to increase. Once the reservoir pool reaches the 

maximum elevation for the year, the bypass system would operate with little or no 

switching of outlet pipes. If, however, the reservoir pool elevation was to decrease, then 

the procedure would occur in reverse, with subsequent lower elevation outlet pipes being 

connected as needed. Each outlet pipe would be designed to operate through a specific 

band of reservoir pool elevations. A more detailed discussion of the operation of the 
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multi-level discharge system and the hydraulic analysis of the system is provided in 

Appendix B. 

 

2.4.1 Assumptions and Background 

The following assumptions were made in developing the multi-level discharge system 

design: 

 
• During the fish migration window, the reservoir pool elevation will vary between 770 

feet (mean sea level) and 800 feet (mean sea level).  The 800-foot reservoir pool 

elevation is associated with full conditions in the reservoir, and the 770-foot elevation 

is associated with the minimum operating pool elevation for the hydroelectric facility. 

• During the fish migration window, it is assumed that the minimum flow rate through 

the penstock will be 210 cfs, and that TPU will be capable of limiting the maximum 

flow rate through the penstock to no more than 800 cfs (Criterion #1). The hydraulic 

analysis of the pressure bypass system was used to provide an estimate of the actual 

maximum allowable penstock flow rate. 

• The configuration of the multi-level discharge system must allow for the conveyance 

of between 19 and 33 cfs for the range of reservoir pool elevations and penstock 

flows identified above. This flow rate corresponds to a average velocity of 7 to 12 

feet per second within the pressurized pipe. 

• The multi-level discharge system must be capable of ensuring that the average 

velocity in the pressure bypass pipeline is greater than the average velocity in the 

penstock under all operating conditions (Criterion #5).  

• Vehicle access to the area of the proposed multi-level discharge system is limited, and 

therefore, systems have been designed for maintenance and operation using minimal 

amounts of mobile equipment. 

• The existing paved trail at the site of the proposed multi-level discharge system (refer 

to Figure 2) can be relocated to the west if necessary. 

• The existing water level monitoring wells located at the downstream face of the dam 

embankment can be abandoned or relocated if required. 
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• Construction of the multi-level discharge system must not impact previously 

identified trees of significance. 

• In general, the forested area on the east side of the existing paved trail needs to be 

preserved with minimal to no tree removal. 

• The discharge transitions from the pressure pipeline to the gravity flume will need to 

be designed to prevent injury to fish. 

• The multi-level discharge system must meet all other applicable design criteria as 

listed in Appendix A. 

 

2.4.2 Multi-Level Discharge System Design Description 

The multi-level discharge system as proposed and analyzed is described in detail in the 

following sections, and includes discussion of the five outlets that are required and the 

invert elevation of each outlet. A detailed discussion of the operation of the multi-level 

discharge system and the hydraulic analysis of the system is provided in Appendix B. 

 

The multi-level discharge system, which includes a rotating selector switch, includes 

construction of a below grade pipe selection facility and a bank of five, 24-inch outside 

diameter, HDPE pressure pipes, each leading to a specific outlet elevation at the gravity 

flume. Refer to Plan Sheets 20,25, 26, and 30 (Appendix C) for plan views, sections and 

details of this element. The proposed pipe selection facility vault is located at the 

downstream end of the pressure bypass pipeline and consists of a specially fabricated 

twin reverse curve 45-degree gooseneck shaped pipe segment capable of rotating about 

the inlet pipe centerline and connecting to one of five below grade outlet pipes, each 

leading to a specific outlet elevation at the gravity flume.  The gooseneck pipe would be 

fabricated from steel or aluminum, depending on cost considerations and constructability. 

All the piping downstream of the discharge vault that is currently active, including the 

pipe within the vault, will need to be dewatered each time the discharge pipe is switched.  

 

As seen in Plan Sheets 20, 25, and 26 (Appendix C) each of the five discharge pipes are 

separately connected to the twin 45-degree, gooseneck pipe section, the outlet of which is 

aligned and indexed parallel to the gravity flume. The upstream end of the gooseneck 
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section is connected to the pressure bypass pipe using a coupling that is capable of 

allowing rotation. The downstream end of the gooseneck section is connected to a motor 

driven circular plate that rotates to index to any of the five discharge pipes, each of which 

terminate at a different elevation along the discharge flume. Sealing of connection points 

will be accomplished mechanically. Limit switches will provide verification of indexed 

positions. 

 

The hydraulic analysis of the pressure bypass system and the configuration of the multi-

level discharge system determined that five outlet pipes would be required to allow the 

bypass system to operate throughout the range of reservoir pool elevations and penstock 

flow rates expected during the fish passage window. This same analysis was used to 

determine the required outlet elevations for each outlet pipe and the operating curve for 

each outlet pipe. 

 

Table 1 summarizes the computed invert elevations of the five outlet pipes, and the range 

of reservoir pool elevations that each outlet pipe would operate within. These elevations 

were determined based on a maximum allowable penstock flow rate of 700 cfs. As part of 

the hydraulic analysis, the required number of outlet pipes for other maximum penstock 

flow rates was determined, and the results are included in Appendix B. The decision to 

use five outlet pipes was made by balancing the competing needs of allowing for 

maximum flexibility in power releases while minimizing operation and maintenance of 

the bypass system.  The design team, including the USACE and TPU, concluded that five 

outlet pipes was the preferred number. Refer to the Technical Appendix B (Hydrology 

and Hydraulics) for the basis of design and the complete set of operating curves for the 

outlet pipes. 
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Table 1. Multi-Level Outlet Elevations for Rotating Selector Switch 

Outlet 
Pipe # 

Invert 
Elevation of 
Outlet Pipe 

(feet) 

Lower Limit 
of Reservoir 

Pool 
(feet) 

Upper Limit 
of Reservoir 

Pool 
(feet) 

1 777.4 791 800 

2 771.7 784 792 

3 766.0 778 785 

4 759.7 772 779 

5 753.4 765 773 

 

The existing paved trail would need to be relocated to the west to accommodate the 25-

foot by 50-foot below grade vault that would house the pipe selection facility. To 

accommodate the bank of 24-inch pipelines, some trees located to the west of the existing 

trail would likely need to be removed, and several existing ground water monitoring 

wells located on the downstream face of the dam would have to be abandoned. 

 

The preliminary contract cost estimate for this element is $705,000, which excludes 

mobilization/demobilization, contingency, PED costs, S&A costs, and escalation costs. 

For the detailed breakdown of the cost for this element, refer to the 35% MCACES cost 

estimate (Appendix D). For the plan, profile, and section views of this element, refer to 

Plan Sheets 6, 15, 20, 25, 26, and 30 (Appendix C). 

 

2.5 Gravity Flume   

A gravity flume element is required to convey the fish and the bypass flows from the 

outlet of the pressurized multi-level discharge system to the transition ponds. The 

alignment of the gravity flume is approximately 1,500 feet in length, as measured from 

the most upstream multi-level outlet pipe to the transition pond, and drops approximately 

120 vertical feet. The proposed alignment of the flume follows the east side of the paved 

powerhouse access road, at the toe of an existing embankment. As will be described in 

more detail later in this section, the upper 600 feet of the flume alignment was designed 

below grade, followed by 500 feet of at grade alignment, and then followed by 400 feet 

of aerially supported alignment. 
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The slope of the flume varies between 4 percent and 14 percent. Because of the steep 

slope at the upstream end of the alignment (approximately 7 percent), the range of flows 

that will be discharged from the pressurized bypass pipe into the flume will immediately 

transition to a supercritical flow regime. The design criteria require that no hydraulic 

jumps be allowed within the flume system, and therefore, supercritical flow will be 

maintained along the entire length of the alignment. Plan Sheets 6 through 9 show the 

plan and profile of the proposed gravity flume. Photographs along the gravity flume 

alignment are included in this report as Figures 2 through 5. 

 

2.5.1 Assumptions and Background 

The following assumptions were made in developing the gravity flume design: 

• Including the estimated effect of superelevation, a minimum required freeboard 

height will be provided for throughout the flume alignment. The specific 

magnitude of the required height of freeboard is computed as a function of the 

cross sectional velocity and the flow depth and is documented in Section 3.3.1.3 

of the Hydrology and Hydraulics Appendix (Appendix B). 

• To minimize injury and stress to fish as they are conveyed through the flume, the 

depth of flow in the flume cannot be less than 9 inches (Criterion #12) and 

velocities cannot exceed 35 feet per second (Criterion #10). 

• Horizontal and vertical curves in the flume alignment must have at least a 60-foot 

radius (Criterion #13). 

• Hydraulic jumps are not allowed within the flume alignment, and hence, 

supercritical flow must be maintained in the alignment for all operating conditions 

(Criterion #11). 

• If necessary, hydraulic jumps are only allowed at the point where the gravity 

flume discharges to the transition pond. 

• Flume foundations must accommodate the existing subsurface drainage system 

that is located on the east side of the existing powerhouse access road.  

• The flume must not block hillside surface and subsurface drainage. 

• The existing powerhouse access road width must remain unchanged. 

• Neither roadway nor hillside drainage can be allowed to enter the flume. 
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• Where the flume is constructed near grade, adjacent to the powerhouse access 

road, it must also be designed as a retaining structure that allows for the collection 

and conveyance of the hillside surface water. 

• The horizontal and vertical alignment of the substation access road at the 

downstream end of the flume shall remain as existing.  

• The existing trashrack on the intake structure is capable of preventing a sudden 

and instantaneous obstruction of the Eicher screen. Such an obstruction could 

result in a flow surge through the bypass system, which would result in 

overtopping of the flume and undermining of the substation access road. 

• The design of the gravity flume must adhere to all other pertinent design criteria 

as identified in Appendix A. 

 

2.5.2 Gravity Flume Design Description 

The gravity flume cross-section remains constant along the entire length. A typical 

section view of the flume is shown on Plan Sheet 27 in Appendix C. The plan and profile 

of the gravity flume is shown on Plan Sheets 7 through 9. The entire gravity flume 

alignment is a precast concrete flume, constructed of 20 to 40-foot long precast concrete 

segments that are joined in the field.  The interior surface of the flume would be lined 

with a polyurea coating system to provide a smooth surface to minimize injury to fish. 

The polyurea system consists of a two component elastomeric compound. Each 

component is heated and applied to the concrete surface at high pressure. A high modulus 

product with an elongation capability of 650 percent or greater will be used. This material 

has been tested to be compatible with fish, as determined using the Washington State 

Department of Ecology Static Acute Toxicity Test. At each joint, a flexible silicon 

sealant will be applied before the polyurea liner is applied, thus allowing the joint to 

move without being damaged. 

 

Three interrelated conditions required that the upstream 600 feet of the gravity flume 

alignment be designed below existing grade. First off, all five fixed elevation outlet pipes 

were designed to connect into the gravity flume upstream of the USFS road. Since the 

upper three outlet pipes have invert elevations of 777.4 feet, 771.7 feet, and 766.0 feet, 
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respectively, connecting them into the gravity flume upstream of the USFS road was 

necessary so as to take advantage of the higher topography upstream of the road. In order 

to avoid crossing beneath the road with the remaining two outlet pipes, all five pipes were 

therefore designed to connect into the flume upstream of the road. Secondly, the gravity 

flume itself had to cross beneath the USFS road, therefore requiring below grade 

construction of the flume. Last of all, the hydraulics of the open channel flow limited the 

ability to make use of a flatter gradient that would have otherwise allowed for the ability 

to quickly transition the flume to a near grade alignment after crossing under the USFS 

road. As seen on Plan Sheets 6 and 7, the invert elevation of the below grade section of 

the flume averages approximately five feet below grade and is as deep as ten feet below 

grade where it crosses beneath the USFS road. 

 

For the sections of the flume that are constructed underneath the existing USFS road, the 

flume will be constructed with a concrete cover, designed to withstand live traffic loading 

and vertical earth pressures. The flume sections that are to be constructed near grade will 

be supported on cast-in-place concrete piers and foundations. All above grade and near 

grade flume sections will be constructed with a screen cover to prevent limbs and leaves 

from falling into the flume, to minimize the possibility for vandalism, and to provide for 

visual inspection of fish. 

 

There is an existing underground drainage system along the alignment of the flume, 

downstream of the USFS road crossing. Existing underground electrical conduits and a 

30” x 77” CMP culvert in the vicinity of Station 63+00 (see Plan Sheet 9) will also limit 

the allowable depth of excavation in that area. According to Wynoochee Dam 

Hydroelectric Project Record Drawings (City of Tacoma, 1991), the invert elevation of 

the CMP culvert is approximately 665 feet in this area. The record drawings also indicate 

that the electrical conduits are buried with a minimum of 18-inches of cover. At this time, 

it is unknown whether the conduits are buried above or below the culvert. These near 

surface utilities have forced the location of the flume to the uphill side of the substation. 
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Surface and subsurface flows emanating from the adjacent hillside are accommodated by 

providing a perforated drain line on the uphill side of the flume. The drain will be 

connected to the existing stormwater conveyance system that parallels much of the access 

road.  

 

A detailed open channel hydraulic analysis of the flume was conducted to determine the 

horizontal and vertical alignments. For the range of anticipated flow rates, specific 

hydraulic parameters, including the depth of flow, the average velocity, and the Froude 

number, were determined using the HEC-RAS hydraulic model. This model is a 

numerical model, originally developed by the Corps of Engineers, which analyzes 

gradually varied open channel flow. The model results were checked to verify that for the 

anticipated range of flow rates, supercritical flow is maintained throughout the alignment, 

and that all pertinent hydraulic criteria are met. Additionally, the phenomenon of water 

surface superelevation was considered in the open channel analysis. For each horizontal 

bend in the alignment, the minimum allowable radius was determined that would still 

allow for the required minimum freeboard. A detailed discussion of the hydraulic 

analysis of the open channel gravity flume is included in Appendix B.  

 

The preliminary contract cost estimate for this element is $987,000, which excludes 

mobilization/demobilization, contingency, PED costs, S&A costs, and escalation costs. 

For the detailed breakdown of the cost for this element, refer to the 35% MCACES cost 

estimate (Appendix D). For plan, profile, and section views of this element, refer to Plan 

Sheets 6 through 9 and Plan Sheet 27 (Appendix C). 
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Figure 2. Proposed Gravity Flume Alignment at Upstream End.  

Photo looking downstream. 
 

 
Figure 3. Proposed Gravity Flume Alignment at Station 56+00.  

Photo taken looking downstream along the steepest gradient of the alignment. 
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Figure 4. Proposed Gravity Flume Alignment at Station 60+00.  

Photo taken looking downstream along the steepest gradient of the alignment. 

 
Figure 5. Proposed Gravity Flume Alignment at Station 53+00.  

Photo taken from USFS Road 2294 looking upstream. 
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2.6 Discharge Outlet System  

The discharge outlet system is located at the terminus of the open channel gravity flume.  

This element of the bypass system consists of the necessary improvements to provide a 

safe and effective transition for fish as they are conveyed from the gravity flume to the 

Wynoochee River. The discharge outlet system consists of four linearly related 

components: a multi-cell transition pond, 200 additional feet of below grade open 

channel gravity flume, 200 additional feet of at grade open channel gravity flume, and a 

series of four concrete weir drop structures located immediately upstream of the 

Wynoochee River (refer to Plan Sheets 9 and 10). The outlet of the bypass system to the 

Wynoochee River is currently proposed to be located just downstream of the existing 

USGS gauging station #12035400. 

 

2.6.1 Assumptions and Background 

The following assumptions were made in developing the discharge outlet system design: 

• The system must provide for a safe transition for fish as they move from the 

bypass system to the Wynoochee River. 

• Adult fish must be prevented from migrating upstream through the outlet 

discharge system. 

• All open channels must flow with at least a 9-inch depth. 

• No hydraulic jumps are allowed within open channels. 

• The discharge outlet is located on the flattest topography of the fish bypass 

facility, and is a strategic location for collecting and analyzing fish during fish 

survival testing of the entire bypass facility. Therefore, the discharge outlet 

system should also be designed to accommodate facilities that can be used to 

observe the condition of the juvenile fish. The proposed fish testing facility is 

described in a later section of this report.  

• The outlet discharge system is designed to convey 100 percent of the bypass flow 

rate. There will therefore be no diversion of flows out of the flume or the 

transition pond. 
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2.6.2 Transition Pond Design Description 

The transition pond is a below grade, concrete lined element with two cells (refer to Plan 

Sheets 9 and 13). The pond is designed to serve three functions. The first, and primary 

function of the transition pond is to act as an energy dissipater for the high energy flows 

that are discharged from the open channel gravity flume into the transition pond. The 

hydraulics of the transition pond are designed such that the flows from the open channel 

gravity flume plunge into the transition pond, thereby eliminating the need for a hydraulic 

jump to dissipate energy. The design depth of the plunge pool is approximately 6 feet and 

should minimize injury to the juvenile fish as they plunge into the pool. The invert 

elevation of the flume outlet is set at 672.0 feet and the maximum design water surface 

elevation in the transition pond is 671.5 feet. Therefore, at least a 6-inch elevation 

difference is anticipated. The upstream slope of the flume is approximately 4 percent, and 

the velocity of the flows that will be discharged into the transition pond will range 

between 17 and 20 feet per second. 

 

The second function of the transition ponds is to provide a control for the collection of 

juvenile fish.  Fish will be diverted from the transition pond into a holding pen to assess 

and document the health and condition of the fish. While it will be possible to extract fish 

from various points in the system for incremental assessment, the transition pond 

provides the control to easily divert small populations of fish into a holding pen. The 

proposed fish testing and observation facility is described in Section 2.7 of this report. 

 

The third function of the transition pond is to provide relatively tranquil conditions for 

fish after having been transported through the high velocity pressure pipe and the open 

channel flume. The second cell of the transition pond is designed for velocities between 1 

to 3 feet per second, which will result in tranquil flow conditions for proper acclimation. 

Up until this point in the bypass system, the fish will have expended tremendous amounts 

of energy negotiating the high velocities of the bypass system and they will likely be 

under considerable stress. The fish will have descended up to 120 vertical feet in 

approximately three to four minutes, and will have endured velocities up to nearly 28 feet 

per second. 
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The transition pond is comprised of two connected cells. The first cell functions primarily 

as the energy dissipation cell, and the point from which flows are diverted into the testing 

facility. The first cell is approximately 40 feet long and 10 feet wide. The bottom of this 

cell gently tapers upwards at a 7H:1V slope, thereby slowly decreasing the depth of water 

and slowly increasing the velocities so that fish will not congregate (refer to Plan Sheet 

9). The depth at the upstream end is six feet and the depth at the downstream end is 2.5 

feet. To prevent predation in the transition pond, both cells will be covered with ¼ inch 

delta netting. 

 

A trapezoidal (Cippoletti) weir, located approximately 45 feet downstream of the plunge 

pool, acts as the downstream control for water surface elevations in the first cell (refer to 

Plan Sheet 13). The weir has a crest length of 6 feet with 1H:4V side slopes up to a depth 

of two feet. The trapezoidal weir is designed to pass the maximum design bypass flow 

rate (Q=33cfs) with a depth of 1.4 feet and the minimum design flow rate (Q=19 cfs) 

with a depth of 1.0 foot. 

 

A shallow channel, 7 feet wide and 15 feet in length, with a flow depth of approximately 

2.5 feet, is located between the first cell of the transition pond and the trapezoidal weir. 

The purpose of this shallow channel is to allow for the operation of a diversion screen 

that can be used to shunt fish into the fish testing facility, which is described in more 

detail in Section 2.7 of this report.  

 

The trapezoidal weir is designed as a free flowing weir for the range of design flows, and 

therefore will not be submerged. Flows from the weir will plunge into the second cell of 

the transition pond.  The second cell has a constant bottom elevation and a constant depth 

of approximately 5 feet; however, the width of the second cell tapers from a 10-foot wide 

section to a 2-foot wide section. The 2 foot width corresponds with the inside width of 

the outlet gravity flume, which exits this second cell at elevation 664.5 feet. 
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2.6.3 Below Grade Gravity Flume Design Description 

An open channel conveyance system is necessary to convey fish from the transition pond 

to the Wynoochee River. Due to the need for vehicular access across the open channel to 

the supplementation ponds, a below grade conveyance system is necessary. In the event 

that the supplementation ponds are eliminated from the project, the outlet discharge 

system can be constructed at a shallower depth. 

 

The pre-cast concrete gravity flume sections are proposed for the open channel 

conveyance from the transition ponds. The below grade gravity flume exits the second 

cell of the transition pond at elevation 664.5 feet, which allows for approximately 4 feet 

of cover over the flume. The slope of this flume section is set at 2.0 percent, which is the 

minimum slope that maintains supercritical flow for the design flow rates (refer to Plan 

Sheet 9). 

 

During future design phases, a determination will be made as to whether it will be 

necessary to configure the entrance to the gravity flume to create sufficient backwater in 

the second cell of the transition pond to approximately elevation 669 feet. The water 

surface elevation in the second cell should not be allowed higher than the crest of the 

upstream weir and therefore submerge the weir. An elevation of approximately 669 feet 

should be maintained in the second cell so as to maintain flow depths of at least 4 feet, 

thereby providing proper conditions for fishery acclimation. 

 

The length of the below grade gravity flume alignment downstream of the transition pond 

is approximately 200 linear feet. Average velocities in the below grade flume range 

between 15 and 17 feet per second The design and construction considerations of this 

below grade gravity flume are similar to those for the proposed below grade gravity 

flume located in the vicinity of the USFS Road 2294 (refer to Section 2.5). 

 

2.6.4 At Grade Gravity Flume Design Description 

The below grade gravity flume transitions to an at grade gravity flume, which then 

continues to the bank of the Wynoochee River. The length of the at grade portion of the 
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gravity flume is approximately 200 feet. The gradient of the flume steepens significantly 

as the alignment approaches the left bank of the Wynoochee River, and ranges from 5 

percent to 12.5 percent (refer to Plan Sheets 9 and 10).  

 

A supercritical flow regime will be maintained throughout the alignment for the range of 

design flow rates. In this reach of the flume, the fish transfer pipe from the 

supplementation ponds ties into the flume; therefore, fish from the supplementation pond 

will intermingle with the wild stock from the bypass system. Velocities in the above 

grade gravity flume range between 18 and 30 feet per second. 

 

The design and construction considerations of this at grade gravity flume are similar to 

those for the below grade gravity flume located in the vicinity of the USFS Road 2294 

(refer to Section 2.5). 

 

2.6.5 Concrete Weir Drop Structures Design Description 

At the point in the alignment of the outlet discharge system, where the banks of the 

Wynoochee River steepen to a gradient in excess of 30 percent, a series of cast-in-place 

concrete weir drop structures are proposed. A set of four such weirs is proposed to step 

down through the last 15 vertical feet to the water surface elevation in the river. The 

weirs are spaced at 10 feet apart, centerline-to-centerline. A 3-foot deep plunge pool will 

be constructed on the downstream face of each weir and the vertical drop from the weir 

crest to the plunge pool is a maximum of 2 feet (refer to Plan Sheets 10 and 14).  

 

Adult fish species will be able to negotiate upstream through the concrete weir structures; 

therefore, these structures will not function to prevent upstream migration. However, the 

outlet velocities in the open channel gravity flume, combined with the length of the flume 

that the adults would have to negotiate, would function as an upstream barrier. Adult 

steelhead species have prolonged fish speeds of 4.6 to 13.7 feet per second and burst 

speeds of 13.7 to 26.5 feet per second (Powers, et al, 1985). The average velocities in the 

gravity flume range between 15 and 30 feet per second for the range of design flow rates, 

and are therefore greater than the prolonged fish speeds. Swimming at burst speeds 
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causes fatigue in 15 seconds or less and would allow adult steelhead to travel between 

205 feet and 400 feet, which is less than the length of the gravity flume between the 

transition pond and the drop structures. 

 

The weir configuration of the drop structures approximates a Cipolleti (trapezoidal) weir, 

and has a crest length of 8 feet. The design depth of the flow over the weir ranges 

between 10 inches and 15 inches, with associated velocities in the range of 3 feet per 

second to 4 feet per second. The weirs will be constructed on continuous spread footings 

to protect against the effects of localized scour. The Preliminary Geotechnical 

Engineering Services Report (Appendix E, page 6) documents the soil conditions in the 

vicinity of the outlet channel, based on field observations of near surface soil conditions. 

According to the report, the soils in the vicinity of the outlet channel are characterized as 

loose silty fine sand and soft sandy silt. The report recommended that permanent cut 

slopes be no steeper than 3H:1V. The cut slopes upstream and downstream of each weir 

are proposed as 1.5H:1V, and therefore rock armoring of the slopes is recommended. 

Wingwalls are included to tie the weirs into adjacent high ground and to prevent flows 

that exceed the magnitude of the design flows from circumventing the weirs. 

 

At the point of discharge, the minimum elevation of the Wynoochee River is estimated to 

be approximately 631 feet, as determined from USGS gage data. The concrete weir drop 

structures will tie into the Wynoochee River just downstream of the USGS station shown 

in Figure 6.  

 

The preliminary contract cost estimate for the discharge outlet system and testing 

facilities (Section 2.7) is $492,000, which excludes mobilization/demobilization, 

contingency, PED costs, S&A costs, and escalation. For the detailed breakdown of the 

cost for these elements, refer to the 35% MCACES cost estimate (Appendix D). For plan, 

profile, and section views of these elements, refer to Plan Sheets 9, 10, 13, 14 and 27 

(Appendix C). 
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Figure 6. Wynoochee River at USGS Gage Station.  

The proposed outlet flume of the fish bypass facility is located just downstream. 
 

2.7 Fish Survival Testing Facility   

The fish survival testing facility is required to allow for the examination of fish as they 

pass through the bypass system and to evaluate the health and condition of the migrating 

juveniles. This facility is incorporated into the construction of the transition pond element 

of the outlet discharge system. Juvenile fish will be redirected from the transition pond 

into a live well holding tank that will have an overflow pipe that is connected back into 

the outlet discharge system. Once observation of the juvenile fish has been completed, 

they will be manually removed from the live well with a dip net, and placed into the 

second cell of the transition pond. 

 

2.7.1 Assumptions 

• The testing facility will be used to collect and hold fish for evaluating fish 

survival and scale loss resulting from the bypass facility. Since it will be a 

permanent structure, it should also provide a means to conduct other studies that 

may need to occur in the future. 
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• Intermittent sampling of juveniles will be necessary, so the design must 

incorporate the ability to take “grab” samples in addition to larger population 

samples. 

• To minimize further injury to juveniles, the process used to convey fish into the 

test facility should require minimal to no handling by humans. 

• In order to assess mortality rates, it is assumed that extended duration holding 

periods of at least 24 hours will be desired. Therefore, an element should be 

incorporated into the design to allow for a continuous circulation of water through 

the live well. 

• The outlet discharge system, including the transition ponds, is designed to convey 

100 percent of the bypass flow rate. There will therefore be no permanent flow 

diversion out of the flume or the transition pond. 

 

2.7.2 Fish Survival Testing Facility Design Description 

The fish survival testing facility is designed as a single cell live well that is hydraulically 

connected to the transition pond. The connection to the transition pond occurs at the 

shallow concrete channel section located immediately upstream of transition pond control 

weir. The fish survival testing facility is located below grade, within a 15-foot by 20-foot 

concrete vault (refer to Plan Sheet 13). 

 

A 2-foot wide by 3-foot high aluminum collection channel intercepts the concrete wall of 

the transition pond at the shallow concrete channel that is located upstream of the control 

weir. When sampling of fish is desired, a manually operated diversion screen will be 

moved into position to divert fish from the main flow into the aluminum collection 

channel. The aluminum collection channel conveys the diverted flow into a 10-foot long 

by 5-foot wide by 4-foot deep aluminum live well. Diverted flows plunge from the 

aluminum collection channel into the live well so as to prevent fish from migrating back 

into the transition pond. The aluminum live well will be covered with a removable ¼ inch 

delta mesh netting to prevent fish from jumping out and to protect against predation. 
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For the 35% design, the diversion screen was assumed to have an orientation of 40 

degrees to the main flow, which is the maximum screen angle recommended by National 

Marine Fisheries Service (NMFS) fish screen criteria. During future design phases, the 

optimum orientation and porosity of the diversion screen will be finalized. The need for 

variable porosity or adjustable porosity control may need to be considered if uniform 

velocity distribution over the screen surface cannot be attained. Input from fisheries 

agencies will be invaluable as the design of this element progresses.  

 

The depth of flow in the shallow concrete channel, where the diversion screen is located, 

ranges between 2.0 and 2.5 feet. The cross section averaged velocity through the concrete 

channel range between 1.5 to 2.0 feet per second for the range of design bypass flow 

rates. The optimal inflow flow rate into the aluminum live well is 1.0 to 1.5 cfs. During 

future design phases, if it is found that the diversion is allowing more than the optimal 

inflow rate, alterations to the diversion screen design should be considered, or partial 

dewatering of the aluminum collection channel may be considered. If partial dewatering 

of the aluminum collection channel is considered, a horizontal dewatering screen could 

be installed along the bottom of the aluminum collection channel. 

 

A screened opening at the bottom of the aluminum holding pen is included in the design 

to allow for excess flows to pass through the testing facility. A drainage pipe conveys the 

excess flows from the aluminum holding pen into the gravity flume, thereby allowing for 

continuous flow through the facility. The overflow system also allows for continuous 

flow through the facility when juvenile fish are held in the holding pen for longer periods 

of time to assess mortality rates. During long holding periods, the diversion screen will be 

moved out of the main flow and will be positioned flush with the wall of the transition 

pond, thereby terminating the diversion of fish into the testing facility. If the aluminum 

blocking plate is not inserted to block flow into the aluminum collection channel, a small 

quantity of water will pass through the portion of the diversion screen that is obstructing 

the front of the collection channel. When it is desired to completely shut off bypass 

flows, the aluminum plate is inserted into the aluminum collection channel. 
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During future design phases, other considerations for the overflow system may be 

considered, including a small trench drain along the bottom of the aluminum holding pen 

or a standpipe that would function as a weir in controlling overflows out of the aluminum 

holding pen. 

 

When observation and testing of the juvenile fish is complete, they will manually be 

removed from the live well using a dip net, and placed into the second cell of the 

transition pond. 

 

The preliminary contract cost estimate for the testing facility is included within the 

contract cost for the entire discharge outlet system. Refer to Section 2.6 for the cost of the 

discharge outlet system. For the detailed breakdown of the cost for the outlet discharge 

system and fish testing facility, refer to the 35% MCACES cost estimate (Appendix D). 

For the plan, profile, and section views of the fish testing facility, refer to Plan Sheets 9 

and 13 (Appendix C). 

 

2.8 Supplementation Ponds   

Two supplementation ponds are proposed to be constructed, one capable of holding 

25,000 winter steelhead, and the other capable of holding 55,700 coho salmon.  The pond 

footprints are programmed to be 30 x 60 feet, with 6-foot maximum depth (refer to Plan 

Sheets 9 and 12). The ponds are to be designed to allow both volitional release and forced 

release of the juvenile salmonids. Water temperatures are generally below 12 degrees C 

during the time the fish are present. The ponds must be impervious to comply with 

NPDES permit conditions and will be constructed of cast-in place concrete.  

 

2.8.1 Water Supply Design Considerations 

The water supply system will be conservatively designed to provide 500 to 700 gallons 

per minute to each supplementation pond. The primary water supply to the ponds is a 

1,200-foot long, 8-inch gravity flow surface water supply line using reservoir water from 

the existing penstock, delivered to the head end of each pond.  A secondary supply 

utilizing pumps from the river below the dam will be provided in the event that the 
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penstock is dewatered.  The river water pump station will have a duplex lead lag type 

control system, to activate the lag pump if the lead pump stops producing flow.  

 

A 30-inch diameter packed column is provided on the inlet to each pond to ensure 

adequate oxygenation and dissolved gas pressure levels in the water supply.  The flow 

into each pond is diffused by a supply header, so as to provide uniform flow through the 

pond and to avoid creating a cascading attraction flow.   

 

2.8.2 Supplementation Pond Design Considerations 

As mentioned above, in order to meet current NPDES requirements, the ponds will be 

constructed of cast-in-place concrete to prevent seepage into groundwater or streams.  

Other pond construction criteria include: 

• An outlet structure, with screens and stop logs, is included in the design for water 

level and volitional release control. 

• The bottom of each pond is sloped towards the outlet structure for positive 

drainage and dewatering. 

• A 2-foot by 2-foot concrete center channel is included along the length of the 

pond for collecting and crowding fish that do not release volitionally. 

• Control valves are required to control the supply flow. 

• The perimeter of the supplementation pond footprint is fenced to discourage 

predation by wading birds and swimming mammals. 

• Bird netting canopy is included to discourage predation by flying and swimming 

birds. 

• Optional additions include the use of cobbles and woody debris placed on the 

pond bottom and shade provided by trees or camouflage netting at pond edges to 

simulate natural conditions 

• Current WDFW practice is to allow volitional release of juvenile fish.  This 

means that fish can leave the ponds at all hours and must be counted 

electronically. Therefore, an automatic fish counter is included in the outlet pipe. 
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In recent attempts to improve survival after fish are released, fisheries scientists have 

explored the use of natural substrates such as cobble rock and woody debris placed on 

pond bottoms to create a more natural environment.  These trials have shown that fish 

from these types of ponds do adapt and survive better after release. Cobbles will be 

placed on top of the concrete pond bottom. However, the use of natural materials in the 

ponds makes cleaning them more difficult.   

 

Disposal of the cleaning waste is another important consideration.  Often, cleaning waste 

is dewatered and hauled off to an approved disposal site or agricultural area. With a 30-

foot width, these ponds may be small enough to clean with vacuum equipment from the 

pool edges. 

 

An automatic fish counter allows tracking of volitionally released fish.  The system 

consists of a pipe mounted scanner and a central processing unit. Scanners cost about 

$3,500 to $4,500 each, and a CPU capable of tracking up to four scanners is $5,200.  

More discussion with WDFW is required in order to develop the design of this system. 

The cost of this system was included in the estimate of the supplementation pond 

construction. 

 

Mechanical system components for the supplementation ponds include drain valves, flow 

control elements such as weirs and valves, and associated pumps and automation 

controls. 

 

The preliminary contract cost estimate for this alternative element is $450,000, which 

excludes mobilization/demobilization, contingency, PED costs, S&A costs and 

escalation. For the detailed breakdown of the cost for this element, refer to the 35% 

MCACES cost estimate (Appendix D). For plan, profile, and section views of this 

element, refer to Plan Sheets 9 and 12 (Appendix C). 
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2.9 Fish Trap/Haul Facility Modifications   

No change has been made to this element since the Preliminary Draft Interim Design 

Report (USACE, 2003a), and the following discussion is included for reference only.  No 

cost was included for this element at this stage. 

 

The existing Wynoochee Dam adult fish trap has four major components: a fish crowder, 

a false weir, a flume, and a hopper. In the past, sorting of fish has been done by TPU 

based on wild stock versus hatchery stock for both steelhead and coho.  The existing trap 

should be modified to allow for more comprehensive sorting of wild fish and hatchery 

fish stocks.  The modifications may include changes in the sorting flume and installation 

of two additional holding tanks.  Other modifications may include the extension of the 

operator’s platform to direct fish into the appropriate tanks and the installation of new 

lifting devices to assist in truck loading.  The hauling truck may need to be modified as 

well, to match the hopper for the water-to-water transfers. 

 

It has not, however, been currently established which fish will be sorted, nor what the 

sorting parameters will be.  Due to the fact that the sorting protocols have not yet been 

fully defined, specific design criteria and cost estimates for the facility modifications 

were not developed at this stage. The assumption was therefore made that sorting will be 

done for only one parameter at a time (i.e. age, species, or origin), thus requiring a system 

of two tanks with the requisite facilities to conduct the sorting. Once the sorting criteria 

are better defined, detailed facility modification recommendations can be analyzed and 

designed. The following sections of this report provide brief, general descriptions of the 

function of each component and the modifications that are necessary based on the one 

parameter assumption, as previously presented in the Preliminary Draft Interim Design 

Report (USACE, 2003a). 

 

2.9.1 Fish Crowder 

The fish crowder retains fish until they are moved to the hopper or transportation trucks.  

Fish enter the crowder through the flow outlet.  To operate the crowder, the tank is 
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constricted by moving the screen toward the false weir.  Fish exit the crowder as they are 

forced to swim over the false weir. 

 

2.9.2 False Weir 

Fish are attracted to the false weir by upwelling water at the peak of the weir that falls 

into the fish crowder.  Fish jump up and over the weir, and end up sliding down the 

backside of the weir into the sorting flume and ultimately toward the sorting gate and 

hopper.  Currently, workers are able stand over the weir and rudimentarily sort fish as 

they jump over the weir, before they enter the fish flume for official sorting. If a worker 

selects a fish, the fish is captured, handed to another person, and is then carried by hand 

to either a transport truck or placed in the PVC pipe that directs the fish to the hopper.  

This fish handling is quite strenuous with little room to work.  There is therefore the need 

for an improved platform or other structure for workers to operate from.  

 

2.9.3 Fish Flume and Sorting Gate 

After the fish pass over the false weir, they slide down the flume in less than one inch of 

water (fish can swim upstream in depths greater than 1 inch) and are either directed to the 

hopper or to the river with the use of the manually operated sorting gate. An additional 

fish tank and sorting mechanism are required due to additional fish sorting needs and to 

reduce worker strain. It is recommended that the existing PVC pipe be removed and that 

the additional fish tank be constructed below where the pipe was located. An additional 

sorting gate is recommended for installation in the flume so as to direct fish into the new 

tank.  Alternatively, a multi-directional single sorting gate could be installed that directs 

fish to each of the three directions (i.e. new fish tank, fish hopper, river). 

 

2.9.4 Hopper 

Once the hopper is full of fish, the hopper is raised and moved over a truck where the 

bottom of the hopper is opened, dumping the fish into the truck.  This is only used for 

transporting adult salmon and steelhead upstream of the dam.  Currently, the WDFW 

truck is unable to handle the load released from the hopper.  Therefore, a system will 

need to be designed that will lift the proposed additional fish tank from the position 
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adjacent to the sorting flume and onto the truck for transport. This system would likely be 

a mobile crane or other such hoisting mechanism. 

 

2.10 Control Systems   

Due to its remote location, Wynoochee Dam is lightly staffed and typically only one 

person is available for operational procedures at any given time.  Therefore, there is a 

need to automate and control as many aspects of this fish bypass system as is feasibly 

possible.  During the more detailed levels of design, close coordination will need to occur 

between the design team, the Corps, and TPU to ensure that the design of all elements are 

compatible with TPU’s existing control system. 

 

Mechanical elements included in the control system will need to be closely coordinated 

with electrical elements such as pressure sensors, limit switches, and flow meters. This 

coordination will allow for automated control of the movement of the mechanical 

systems. For example, an elapsed time meter and pressure differential switch can be 

connected in series to change position of the Eicher Screen for cleaning during periods of 

migration. At preset time intervals or upon reaching a predetermined pressure differential 

across the Eicher Screen, the “cleaning mode” will be initiated. An “anticipator” control 

algorithm could be included that would anticipate when a screen cleaning mode is 

forthcoming. This algorithm could close the fish inlet gate shaft at the intake structure. 

After a suitable time interval for fish bearing water to pass the Eicher screen location, 

then the screen can be moved to the “cleaning” position. After a programmable preset 

time delay, the screen will move back to the “fishing” position. Once the screen is back in 

the “fishing” position the fish inlet gate shaft will open to allow fish to enter the 

penstock. Should a higher than normal pressure differential still exist when the screen 

moves back to the “fishing” position, (indicating that the screen did not get adequately 

cleaned), the screen will once again move to the cleaning position. However, if a higher 

than normal pressure differential across the Eicher screen still exists after two “cleaning” 

attempts, the screen will move to the “cleaning” position, remain there, and an alarm will 

be initiated to call for operator attention. During the cleaning attempts the fish inlet gate 

will remain closed.  
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With changes in reservoir levels, it will be necessary to change the elevation of the fish 

bypass pipe discharge port. These changes are accomplished via the Revolving Selector 

Switch (RSS). Initiation for these changes can be automated but manual initiation may be 

preferred. Upon initiation, the fish inlet gate shaft located in the Inlet Structure will close 

keeping the fish out of the system during discharge pipe change. A time delay will allow 

the downstream bypass system to flush and carry all fish out of the system. A bypass 

valve will then be closed and the RSS rotation initiated to index to the appropriate 

downstream pressure pipe. The previously used pressure pipe will be drained. Once the 

RSS indexing is verified, the bypass pipe valve is opened and flow established. After a 

brief time delay, the fish inlet gate will open to allow fish to enter the penstock.   

 

The Eicher screen, the RSS, shutoff valves, and the fish inlet gate shaft positions will all 

be monitored via limit switches and provide a position readout at a central control 

location for observation by the operator. Manual overrides will allow all functions to be 

manually initiated or terminated. 
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3. CONSTRUCTION COST ESTIMATE SUMMARY    

Table 2 presents a summary of the 35% level cost estimates for all Wynoochee Dam fish 

bypass alternatives, exclusive of the supplementation ponds and PED costs. Table 3 

presents a summary of the 35% level cost estimates for each design element of the 

Wynoochee Dam fish bypass facility, including the supplementation ponds and PED 

costs.  Refer to Appendix D of this report for the detailed MCACES cost estimates for 

each design element. All costs are expressed as 2005 dollars escalated from 2001. As 

described in the text of this report, cost estimates for the modifications at the adult fish 

trap facility were not determined, and therefore, costs for this element are not included in 

Table 2 or 3.  

 

The cost for the fish bypass facilities without the supplementation ponds is estimated at 

$8,163,000. Cost components in the estimate include contract cost, a 25% contingency, 

12.5% escalation costs, 10% PED costs, and 12% S&A costs. Excluding PED costs 

results in an estimate of $7,5000,000 for the bypass facilities without the supplementation 

ponds. The preliminary cost estimate for the sum of all of the project elements, including 

PED, is $8,942,000. 

 

The estimated construction costs shown in Table 2 and 3 include all construction 

elements and a 25% construction contingency.  A 12.5% escalation factor was used to 

project the project costs from 2001 dollars to  the anticipated midpoint of construction in 

July 2005. The planning, engineering and design (PED) subtotal is based on 10% of the 

estimated construction cost and includes money that is allocated for the remaining design 

activities for project implementation (PED is not shown in Table 2.). The supervisory and 

administration (S&A) subtotal is based on 12% of the estimated construction cost and 

includes money that is allocated for federal construction management related activities. It 

is assumed that there are no real estate costs, and permitting costs were not included in 

the cost estimates. The total preliminary cost estimate for a specific alternative element is 

therefore a summation of the estimated construction costs, contingency, escalation, PED 

costs, and S&A costs (Table 3). 
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Table 2. Preliminary Cost Estimate Summary for the Wynoochee Dam Fish Bypass System 

(Excluding the Supplementation Pond and PED Costs) 
Design 

Element 
Estimated 
Contract 

Cost 

Contingency 
(25%) 

Escalation 
(12.5%) 

S & A 
(12%) 

Total Cost 

Wet Well/Gate 
Shaft $194,454 $48,614 $30,319 $36,087 $309,473 

Eicher Screen $1,654,030 $413,508 $257,891 $306,957 $2,632,385 

Pressure 
Bypass 
Pipeline 

$420,651 $105,163 $65,587 $78,065 $669,466 

Multi-Level 
Discharge $704,695 $176,174 $109,874 $130,778 $1,121,520 

Gravity Flume $986,653 $246,663 $153,836 $183,104 $1,570,257 

Transition 
Pond to Drop 

Structures 
$491,536 $122,884 $76,639 $91,220 $782,278 

Mobilization 
Demobilization $260,495 $65,124 $40,616 $48,343 $414,578 

Totals $4,712,515 $1,178,129 $870,900 $734,761 $7,499,957 
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Table 3. Preliminary Cost Estimate Summary for the Wynoochee Dam Fish Bypass System 

(Including the Supplementation Pond and PED Costs) 
Design Element Estimated 

Contract 
Cost 

Contingency 
(25%) 

Escalation 
(12.5%) 

PED 
(10%) 

S & A 
(12%) 

Total Cost 

Wet Well/Gate 
Shaft $194,454 $48,614 $30,319 $27,339 $36,087 $336,812 

Eicher Screen $1,654,030 $413,508 $257,891 $232,543 $306,957 $2,864,928 

Pressure Bypass 
Pipeline $420,651 $105,163 $65,587 $59,140 $78,065 $728,606 

Multi-Level 
Discharge $704,695 $176,174 $109,874 $99,074 $130,778 $1,220,594 

Gravity Flume $986,653 $246,663 $153,836 $138,715 $183,104 $1,708,972 

Transition Pond to 
Drop Structures $491,536 $122,884 $76,639 $69,106 $91,220 $851,384 

Supplementation 
Ponds $449,545 $112,386 $70,563 $63,249 $83,489 $779,233 

Mobilization 
Demobilization $260,495 $65,124 $40,616 $36,623 $48,343 $451,201 

Totals $5,162,060 $1,290,515 $805,323 $725,790 $958,043 $8,941,731 
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4. POTENTIAL COST SAVINGS 

Subsequent to the Draft 35% submittal, the Tetra Tech design team conducted a short 

value engineering review of the project to identify specific areas of the project where cost 

savings may be realized as a result of more detailed development of unit costs, more 

detailed estimation of project quantities, or further refinement of the project design. It is 

assumed that these refinements would be verified during future design phases and that at 

this point, they simply represent possible cost savings. None of the design refinement 

ideas were incorporated into the 35% level design or the 35% level cost estimate, and 

some of the refinements may result in a violation of one or more of the biological and 

hydraulic design criteria. Therefore some of the ideas would need to be scrutinized by the 

Wynoochee Dam Technical Committee prior to recommending them as part of the final 

design. This list is not exclusive and it is possible that a more intensive value engineering 

analysis could identify additional cost saving measures. 

 

For each project element, a bulleted list of potential areas of cost savings is presented. All 

estimated costs savings are expressed in terms of savings to the estimated contract cost 

line item (column 2 of Table 2 and Table 3). To project this savings to total project cost 

savings, 1.73, which represents the cumulative add-on multiplier for contingency, 

escalation, PED, and S&A costs, must multiply the value.  All cost savings were 

originally estimated in terms of 2003 dollars and were reduced by 5% to represent 2001 

dollars so as to be consistent with the MCACES cost estimating methodology. 

 

4.1 Gateshaft/Wet Well 

The following cost saving items were identified for the gate shaft/wet well: 

• Demolition of the existing concrete is the most expensive line item of this project 

element. There may be some refinement of the unit cost when additional analysis 

is conducted during the 65% design. Contract cost savings may range from $1,700 

to $4,200 

 

The total estimated contract cost savings for this project element might range from  

$1,700 to $4,200. 
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4.2 Penstock/Eicher Screen 

The following cost saving items were identified for the penstock/Eicher screen: 

• Reduce the footprint of the penstock/Eicher screen vault as much as possible. The 

reduction in the size of the vault footprint would have a significant effect on 

reducing the cost, due to the fact that the quantities associated with the 

excavation, off-site hauling of material, cast-in-place concrete, formwork, 

backfill, and the roof would all be reduced. Contract cost savings may range from 

$85,000 to $170,000 due to the following refinements of the Eicher screen vault: 

 

a. Minimize the clear space between the penstock pipe sections. It may 

be possible to decrease the clear space from six feet clear to three or 

four feet clear. This would result in an overall reduction in the width of 

the vault of four to six feet. 

b. As per discussions with the geotechnical subconsultant, it may be 

possible that the walls below the 18 foot depth can be poured directly 

against the fractured rock surface, thereby reducing wall thickness and 

eliminating formwork.  

c. It may be possible to reduce the length of removable pipe section, 

which would have a subsequent effect of reducing the length of the 

Eicher screen vault. 

 

• Confirm the loading assumptions for the Eicher screen and determine if they are 

too conservative and whether they can be reduced. A reduction in the loading 

assumptions would result in a reduction in the size of the supporting frame. 

Currently, the screen is designed for the head losses associated with 1,300 cfs of 

flow and enough obstruction of the screen to cause an additional two feet of head 

loss. The total head loss for the design condition is thirteen feet. Contract cost 

savings may range from of $4,200 to $8,500. 

 

• Reconsider an alternative that would include installation of the Eicher screen in a 

fixed section of the penstock and rotation of the screen into the neutral position 
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when it is not in use. This idea deviates significantly from the recommended 

alternative, however, there is potential for substantial savings in the cost of the 

penstock/Eicher screen element provided the concept of leaving the Eicher Screen 

in-place throughout the year is acceptable to the Corps and Tacoma Public 

Utilities.  The pit width would likely be reduced to one-third of what is required 

for the removable Eicher screen.  The extra section of the penstock and the 

mechanism required to move it would also be eliminated. Due to the significant 

deviation from the recommended alternative, no cost savings were estimated. 

 

The total estimated contract cost savings for this project element might range from 

$85,000 to $178,500. 

 

4.3 Pressure Bypass Pipe 

The following cost saving items were identified for the pressure bypass pipe: 

• Instead of aerially supporting the pressure bypass pipe between Station 10+50 and 

Station 11+00 (refer to Plan Sheet 5), using on sight material to bury the pipe 

would result in a cost savings. This would save money by using on-site material 

to cover the pipe (thus saving export costs) and would eliminate four aerial 

supports. Contract cost savings may range from $35,000 to $45,000. 

 

The total estimated contract cost savings for this project element might range from  

$35,000 to $45,000. 

 

4.4 Multi-Level Discharge System 

The following cost saving items were identified for the multi-level discharge system: 

• Reduce the number of outlets from five outlets to four outlets. This may have an 

adverse effect on reducing the maximum allowable penstock flow rate from 700 

cfs to approximately 650 cfs and would reduce the operational flexibility that is 

inherent in having more outlet pipes. Reducing the number of outlets would result 

in reducing the depth and size of the multi-level discharge vault, reducing the 
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linear footage of bypass pipe, and reducing the number of junction vaults. 

Contract cost savings may range from $55,000 to $95,000. 

 

Total estimated contract savings for the project element might range from  $55,000 

to $95,000. 

 

4.5 Gravity Flume 

The following cost saving items were identified for the gravity flume: 

• Replace between 550 and 800 linear feet of the gravity flume with high-density 

polyethylene (HDPE) pipe with an inside diameter no larger than 22.5”. 

Assuming a Manning’s roughness coefficient of 0.010, this pipe would convey 

the range of design flows at the required minimum 9-inch depth as long as the 

pipe is not constructed at a gradient steeper than 6 percent. Since the current 

design shows the upper 800 linear feet of the gravity flume at a gradient between 

5.5 percent and 7.3 percent, it is possible that all or a portion of the upper 800 

linear feet can be replaced with a conventional HDPE pipe. This modification 

would likely require a structure to transition from the round pipe to the flume. 

Contract cost savings may range from $90,000 to $140,000. 

 

The total estimated contract cost savings for this project element might range from  

$90,000 to $140,000. 

 

4.6 Discharge Outlet System 

The following cost saving items were identified for the discharge outlet system: 

• Replace up to 300 linear feet of the gravity flume with high-density polyethylene 

(HDPE) pipe with an inside diameter no larger than 22.5”. Assuming a Manning’s 

roughness coefficient of 0.010, this pipe would convey the range of design flows 

at the required minimum 9-inch depth as long as the pipe is not constructed at a 

gradient steeper than 6 percent. Downstream of the transition ponds, the gradient 

of the gravity flume is currently designed at a gradient that ranges between 2 

percent and 5 percent, so it may be possible that all or a portion of the upper 300 
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linear feet (between Station 65+78 and 68+80) can be replaced with a 

conventional HDPE pipe. This modification would likely require a structure to 

transition from the round pipe to the flume. Contract cost savings may range from 

$40,000 to $50,000. 

 

The total estimated contract cost savings for this project element might range from  

$40,000 to $50,000. 

 

4.7 Summary of Potential Cost Savings 

The preceding sections described potential cost savings that were identified at the end of 

the 35% draft design effort. These cost savings are only preliminary and further 

engineering analysis will be needed to refine the design to determine if these or other cost 

savings can be realized. It is recommended that a workshop be held at the beginning of 

the next design phase to determine which, if any, design refinements would yield cost 

savings. Any design refinements would have to meet the project objectives, while not 

resulting in an increase in operation and maintenance costs. The outlined contract cost 

savings as describe above might result in a potential savings ranging from $0 to 

$513,000. That would translate to a maximum project savings of $887,490. Although, 

these projected savings only present the savings identified to date and do not include all 

engineering refinements, they serve to illustrate the potential usefulness of a formal effort 

to identify and incorporate engineering refinements that may lead to cost savings. 
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BIOLOGICAL HYDRAULIC DESIGN CRITERIA 

Wynoochee Dam Downstream Fish Passage Project 

INTRO: Staff from the Washington Department of Fish and Wildlife and the 
National Marine Service originally provided criteria for hydraulic conditions 
to be met throughout the bypass system.  These criteria were based on the 
environmental requirements of the fish which are to be passed through the 
system.  On October 18, 2002, the Wynoochee Dam Technical Committee 
met to discuss and comment on the original list of criteria. The following list 
is therefore a modified version of the original criteria list, and reflects the 
comments of those attending the committee meeting:    

1) The flow rate through the Eicher screen section of the penstock during the 
fish migration window is anticipated to range between  210 and  800 cfs.   
The maximum allowable flow rate will, however, be determined during the 
hydraulic analysis of the bypass system and during post project monitoring 
of the system. It is likely that the maximum flow rate will be between 600 cfs 
and 800 cfs.    

2) Penstock minimum diameter = 10.0 ft.  

3) Eicher screen removable penstock section diameter = 10.0 ft.  

4) The maximum average allowable penstock velocity within the removable 
Eicher screen penstock section during screen operation will be determined 
during the post construction evaluation phase. Based on previously published 
data, it is anticipated that the optimum maximum velocity will be in the 
range of 7.6 fps (600 cfs) and 10.2 fps (800 cfs).  .   

5) The  minimum average velocity through the bypass pipe  shall be 7 fps and 
the maximum average velocity through the bypass pipe shall be 12 fps.  At no 
time shall there be a deceleration along the screen face and through the 
entrance of the bypass pipe. 

6) No light must enter the bypass transition upstream of the 24-inch diameter 
pressure pipe.  

7) Pressure bypass pipe minimum diameter = 24 inches.  

8) Pressure bypass pipe will be material smooth wall HDPE pipe or equivalent.  
Should have smooth surface, smooth joints, and is bendable.  Minimum bend 
radius within pressure bypass pipe = 5 diameters (i.e. 10 feet) .   



9) Flow velocity normal to Eicher screen at any one point must not exceed 0.40 
times the average upstream penstock velocity.  Screen should be at a 16-19 
degree orientation.   

10) Free surface open channel flume or pipe flow velocity must not exceed 35 
fps.  

11) Hydraulic jumps are not permitted within the bypass system.  There may be 
a jump at the END of the system, but all efforts to avoid this should be made. 

12) Nominal Water depth within the open channel flume or free surface pipe 
flow must exceed 9 inches at all times.   

13) Horizontal or vertical bends with radius less than 60 feet are not permitted 
within the high velocity free surface pipe or flume flow.   

14) At no point will full pipe flow conditions be permitted within the free surface 
flow pipe, either as a result of excessive depth of water or as a result of air 
entrainment into the flow.   

15) Viewing ports must be provided at strategic locations along any enclosed 
pipe with which free surface flow conditions are to be maintained.    

16) In progress.  Discharge of the bypassed flow into the river is to be effected 
through a spreading of flow such that no plunging singular jet is formed.   

17) Maximum entrance jet total velocity of bypassed flow into the river must be 
less than 30 fps. 

18) Bypass flow discharge must exit into a pool of water greater than five (5) feet 
in depth.  
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1. INTRODUCTION 

Wynoochee Dam is located on the Wynoochee River approximately 30 miles due north 

of the City of Montesano, in Gray’s Harbor County Washington. In 1994, Tacoma Public 

Utilities (TPU) began commercial operation of hydropower units at Wynoochee Dam, 

originally constructed as a flood control and water supply facility. Previous to the 

hydroelectric turbine installation, downstream migrant salmonids were routed past the 

dam using a series of four multi level outlets specifically designed for fish passage. The 

hydroelectric turbine installation therefore created an additional outlet for downstream 

fish passage. Previous studies have shown that fish passing through turbines may incur 

significant mortality. Therefore, to minimize turbine mortality of outmigrant smolts, 

FERC licensing requirements have required TPU to annually halt hydroelectric turbine 

operation for a 77-day period during peak juvenile salmonid outmigration. This shutdown 

therefore routes juvenile coho salmon and steelhead smolts through the original multi-

level outlets, which have presumably lower mortality rates (Hydroacoustic Technology, 

Inc., 1997) 

 

So that TPU may continue to operate the hydroelectric turbine units during the peak 

juvenile salmonid outmigration period, the U.S. Army Corps of Engineers (USACE) and 

TPU have been working together on the design of a juvenile fish bypass facility that 

would meet target survival rates for outmigrating coho and steelhead. The proposed 

project includes the following elements: 

 

• Structural and mechanical modifications to the intake structure to improve fish 

attraction into the penstock and to decrease fish residualism. 

• Installation of an Eicher screen within the 10-foot diameter penstock, 

approximately 200 feet downstream of the dam face. The screen will function to 

divert fish into the juvenile bypass system. 
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• Construction of 500 linear feet of a pressurized bypass pipeline to convey fish 

from the penstock on the west side of the river to approximately the same 

elevation on the east side of the Wynoochee River. 

• Construction of a multi-port switch structure, which will function to discharge the 

bypassed flows to five different outlet elevations on an open channel gravity 

flume. 

• Construction of 1,500 linear feet of an open channel gravity flume which will 

convey bypassed flows from elevation 776 feet (NGVD29) to an outlet elevation 

of 672 feet (NGVD29). 

• Construction of a single cell transitional pond to allow the juvenile fish to 

acclimate prior to discharge to the Wynoochee River. 

• Construction of an outlet discharge system, from the transition pond to the 

Wynoochee River, comprised of 400 linear feet of an open channel gravity flume 

and a set of concrete weir drop structures at the outlet to the Wynoochee River. 
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2. HYDROLOGY 

Wynoochee Dam is located on the Wynoochee River approximately 30 miles due north 

of the City of Montesano, in Gray’s Harbor County Washington. The dam is located at 

approximately RM 51.8. The United States Geological Service (USGS) gaging station 

No. 12035400 (Wynoochee River near Grisdale) is located approximately 0.5 miles 

downstream of the dam at river mile (RM) 51.3. A USGS water stage recorder (USGS 

Gage No. 12035380) is located in monolith No. 6, near the centerline axis of Wynoochee 

Dam.  

 

Hydrologic analysis for the juvenile bypass facility was limited to compiling the previous 

fifteen years of mean daily flow data and mean daily reservoir data, developing plots of 

the data, and using the plotted data for the hydraulic analysis and design of the juvenile 

bypass system. 

 

2.1 Hydrologic Data 

Under the current operational plan, dam releases are set to augment natural flows for fish 

migration and industrial water supply during the dry summer and fall seasons and to 

reduce flood discharges in the lower valley during the winter flood control period. The 

operation of the Wynochee Dam provides higher summer flows in the river downstream 

of the dam site than those under natural pre-project conditions. The project is operated to 

provide at least the minimum instream flows for the downstream fishery resource. 

According to the Wynoochee Dam Water Control Manual, project operation currently 

provides a year round minimum discharge of 120 cfs downstream of the Aberdeen 

diversion, located at RM 8.1. The minimum discharge from the dam, as measured at the 

USGS gaging station near Grisdale, is 140 cfs between May 1st and July 1st, and 190 cfs 

for the remainder of the year (USACE, 1998). 

 

During the winter flood season, the Wynoochee Project reserves the top 24,000 acre feet 

as vacant storage for flood control. As the potential for floods decreases through the 

spring, the Wynoochee Dam gradually begins storing runoff so as to reach the full pool 

elevation (Elevation 800 feet) by early May. Between reservoir elevations 720 feet and 
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800 feet, nearly 60,000 acre-feet of conservation storage is available to augment natural 

flows for fish migration and industrial water supply during the late spring, summer and 

fall seasons (USACE, 1998). 

 

The selective withdrawal system is currently used during the April 15th through June 30th 

period each year while the hydroelectric facility is shut down. Currently, during this time 

period, reservoir flows are released through the high level outlets. To allow for safe 

downstream fish passage through these outlets, the high level outlets are operated in 

either a fully open or a fully closed position (USACE, 1998). With the implementation of 

the proposed Wynochee Dam fish bypass facility, survival rates of outmigrant smolts will 

increase, and TPU will be provided a greater operational flexibility. Flow releases will 

again be allowed through the penstock during the April 15th through June 30th time 

period, and the bypass system will be designed such that downstream fish passage will be 

safe and effective for the range of reservoir pool elevations and penstock release rates 

that can be expected during this time period. 

 

Instantaneous daily reservoir data and mean daily flow data was obtained from the USGS 

for the time period 1/1/90 through 12/31/02.  Mean daily flow data for the Wynoochee 

River near Grisdale, WA (Gage #12035400) is official, published data through WY 2001. 

At the time the data was obtained from the USGS, the WY 2002 data had not received 

director’s approval and was therefore considered provisional. The entire data set of daily 

reservoir elevations (Gage #12035380) was obtained directly from the USGS. For this 

gage, the USGS only publishes month end data, and therefore, the entire daily data set is 

considered as “unpublished” data. 

 

Since the Wynoochee Dam has only been in operation as a hydropower facility since 

1994, only the years 1994 through 2002 were compiled and plotted.  Figure 1 shows the 

reservoir fill trend during the spring refill period for each year since 1994. Figure 2 shows 

the mean daily flow rate in the Wynoochee River for the years 1994 through 2002, for the 

time period of April 1 through July 31. Since there are no major tributaries between the 

 
4 August 29, 2003 



Wynoochee Dam     
Section 1135 Fish Restoration Project                                                                 Final Interim Design Report H&H Technical Appendix 

Wynoochee Dam and the USGS gaging station, the flow rates shown in Figure 2 

approximate the release rates from the Wynoochee Dam. 

 

The fish-screening window during which the Eicher screen and the juvenile bypass 

facility will operate is assumed as April 15th through June 30th. As seen in Figure 1, the 

reservoir pool elevations range between 770 feet and 800 feet during this time window. 

During normal years, full pool is typically attained by early to mid-May and is held 

constant through the remainder of the assumed fish-screening window. Flows are then 

regulated through the dam to maintain the reservoir pool elevation.  

 

The minimum flow rate through the penstock is assumed to be 210 cfs (personal 

communication, Steve Fisher), and this is verified by the graph in Figure 2. This flow 

rates is based on a minimum allowable turbine operating flow rate of 190 cfs plus an 

additional allowance of 10% for factor of safety. According to TPU operations staff, the 

maximum allowable flow rate through the penstock during operation of the hydroelectric 

facility is 1,300 cfs. Flows in excess of 1,300 cfs are spilled through other outlets in the 

dam. 
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Figure 1. 1994-2002 Wynoochee Lake Reservoir Stage (March 15 through July 31) 
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Figure 2.1994-2002 Wynoochee River Mean Daily Flow Rate (April 1 through July 31) 

Mean Daily Wynoochee River Flow Data (April 1 through July 31) 1994-2002

200

400

600

800

1,000

1,200

1,400

1,600

1,800

2,000

2,200

2,400

2,600

2,800

4/1 4/8 4/15 4/22 4/29 5/6 5/13 5/20 5/27 6/3 6/10 6/17 6/24 7/1 7/8 7/15 7/22 7/29
Date

M
ea

n 
D

ai
ly

 F
lo

w
 - 

W
yn

oo
ch

ee
 R

iv
er

 n
ea

r G
ris

da
le

 (c
fs

)

1994 1995 1996 1997 1998

1999 2000 2001 2002

 
8 August 29, 2003 



Wynoochee Dam     
Section 1135 Fish Restoration Project                                                              Final Interim Design Report H&H Technical Appendix  
 
                                                                                                                                                          
  

3. HYDRAULICS 

The proposed Wynoochee Dam fish bypass facility is composed of numerous interrelated 

features. Some level of hydraulic analysis, in support of the 35% level design effort, was 

required for each feature to ensure that it would function properly throughout the range of 

operating conditions that can be expected during the fish bypass window. The following 

features were included in the hydraulic analysis: 

 

• Penstock/Eicher Screen 

• Pressure Bypass Pipeline 

• Multi-Port Selector Switch and the Multi-Level Discharge System 

• Open Channel Gravity Flume 

• Transitional Pond and Outlet Channel 

 

3.1 Penstock/Eicher Screen 

The concept of installing a fish screen inside of a penstock at a shallow angle to the flow 

was first applied by George Eicher at the T.W. Sullivan hydroelectric plant in Oregon. 

The Eicher screen functions under different principles than other types of screens, in that 

it is designed to sweep fish rapidly towards a bypass pipe at high velocities. Other types 

of screen systems are designed to maintain velocities lower than the sustained swimming 

speed of the target fish species (Winchell, Fred C. and Charles Sullivan, 1991). 

 

Due to the fact that the Eicher screen is a relatively new concept for fish screening 

applications, there is a limited amount of physical model hydraulic data and field 

collected hydraulic data available for the evaluation of the screen performance. There are 

three known previous installations of the Eicher screen on the West Coast, two of which 

are still in operation.  In 1980, a prototype installation was installed and tested at the 

T.W. Sullivan Plant at Willamette Falls, Oregon. In 1990, an Eicher screen was installed 

at the Elwha River Hydroelectric Project, near Port Angeles, Washington. Finally, in 

1993, BC Hydro installed Eicher screens within twin 12-foot diameter penstocks at their 

Puntledge River Diversion Dam facility in the province of British Columbia. Physical 
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models of the intake, the penstock, the Eicher screen, and the bypass pipe were 

constructed for both the Elwha River facility and the Puntledge River facility. The 

physical models were used to develop detailed hydraulic information on the flow field 

upstream of the Eicher screen, the flow distribution over the screen surface, and the flow 

distribution at the entrance of the bypass pipe. Table 1 summarizes key parameters and 

conditions at each of the three previous installations and compares them to those at the 

Wynoochee Dam Hydroelectric Project. 

 

Table 1. Eicher Screen Installations 

Site Nominal 
Penstock 
Diameter 

(feet) 

Maximum  
Penstock 
Flow with 
Screen in 
Place (cfs)

Maximum 
Penstock 
Velocity 

with 
Screen in 

Place (fps)

Head 
Above 

Centerline 
of Screen 

(feet) 

Angle of 
Inclination 
(degrees) 

Porosity of 
Screen 

T.W. 
Sullivan 

11.0 470 5.0 unknown 19.3 unknown 

Elwah 9.0 496 7.8 unknown 16 Variable - 
32% to 63%

Puntledge 12.0(1) 678 6.0 3 16.5 Constant – 
58.5% 

Wynoochee 10.0 tbd(2) tbd(2) 54 16.5 Constant – 
57.3% 

Notes: (1) Twin 12-foot diameter penstocks at Puntledge facility 
(2) tbd = to be determined 

 

3.1.1 Eicher Screen Hydraulics 

Throughout the last twenty-three years, Eicher screen hydraulics have been modeled and 

analyzed by others. Much of this analysis has been physical model studies in support of 

the design of specific Eicher screen installations. The most widely published data is that 

of Winchell, et al (1991) and Adam, et al (1991), which was conducted in support of the 

Eicher screen installation at the Elwha Hydroelectric Dam, and that of ENSR (1994), 

which was conducted in support of the Eicher screen installation at the Puntledge River 

Dam. The results of these two studies were partially used in the development of the 
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hydraulic and biological design criteria for the Wynoochee Dam project and were also 

used as guidance in the hydraulic analysis of the proposed Wynoochee Dam Eicher 

screen and fish bypass system. 

 

For the 35% level hydraulic analysis of the proposed Wynoochee Dam Eicher screen, the 

analysis was limited to estimating the head losses through the screen structure for a range 

of penstock flow rates, and computing the fluid forces acting on the screen under 

different operational flow rates and magnitudes of screen obstruction. The primary 

resource for this data was the previous hydraulic evaluation of an Eicher screen installed 

at the Elwha Hydroelectric Project in Washington State (Adam, et al, 1991). This 

installation consisted of a screen installed in a 9-foot diameter penstock at an 

approximately 16-degree angle, relative to the centerline of the penstock. The design 

porosity configuration for the screen was 63% for the upstream 2/3 of the screen and 32% 

and 8% for the remaining 1/3 of the screen. 

 

Among other parameters, the studies of the Elwha Dam Eicher screen installation 

evaluated the head loss through the Eicher screen through a range of penstock flow rates. 

Head loss was measured under both in-field conditions and in a physical model study.  

The measurements in the field indicated a maximum of 1.9 feet of head loss, and the 

maximum head loss that was measured in the physical model was 1.3 feet (Adam, et al, 

1991).  The average penstock velocities associated with these two magnitudes of 

maximum head loss were 7.5 fps and 8 fps for the field measurement and the physical 

model measurement, respectively. The study concluded that the difference in head loss 

between the full scale and the physical model measurements was likely attributed to the 

lack of seals and clamping bars in the physical model, and the required removal of wedge 

wire support u-clips in the physical model (Adam, et al, 1991). Figure 3 was reproduced 

from Adam, et al. (1991) and graphically shows the results. 

 
For the proposed Wynochee Dam Eicher screen analysis, screen head losses for velocities 

that exceeded those presented in Figure 3 were extrapolated, and hence should be 

considered approximate. The measured head losses, and the extrapolated head losses, 
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were then used to estimate the fluid forces that would act on the screen installation at 

Wynoochee Dam. Forces acting on the screen surface were computed for both the clear 

screen (unobstructed flow) and a partially obstructed screen condition. The partially 

obstructed condition is defined as that which would result in two feet of additional head 

loss due to the partial obstruction of the screen face during a given penstock flow rate. 

The resulting forces are presented in Table 2. The head losses and fluid forces that are 

summarized in Table 2 are for the steady state equilibrium condition. For this condition, 

the fluid forces that are acting on the screen are a function of the pressure differential 

across the screen surface, and are oriented normal to the upstream face of the screen. The 

structural design of the screen was based on the fluid forces acting on the screen as a 

result of a penstock flow rate of 1,300 cfs (maximum possible penstock flow rate) and 

sufficient obstruction of the screen face that would cause an additional two feet of head 

loss. 

 
Figure 3. Full-Scale and Model Screen Head Loss Results for Elwha Dam Eicher 
Screen Installation (Adam, et al, 1991). 
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Table 2. Computed Fluid Forces Acting on Proposed Eicher Screen 

  Clear Screen Partially Obstructed Screen 

Penstock 
Flow 
(cfs) 

Penstock 
Velocity 

(fps) 

Head 
Loss 
(ft) 

Pressure 
Differential

(psf) 

Resultant 
Force 
(kips) 

Head 
Loss 
(ft) 

Pressure 
Differential 

(psf) 

Resultant 
Force 
(kips) 

600 7.6 2.2 138 38.2 4.2 262 72.5 

650 8.3 2.7 168 46.5 4.7 293 81.2 

800 10.2 4.0 250 69.3 6.0 370 103.6 

1,300 16.6 10.7 670 185.0 12.7 790 219.4 

 

Head loss through the Eicher screen can be subdivided into the losses associated with the 

screen itself, and the losses associated with the structural supporting frame that is located 

behind the screen. In discussions with staff at the Puntledge facility, it was reported that 

physical models of their Eicher screen installation indicated that 60% of the measured 

head loss through the screen structure was attributed to the supporting frame, while the 

other 40% was attributed to the screen itself.  

 

In-field measurement of the headloss through the Eicher screen at the Puntledge facility 

found that approximately 1.3 feet of head loss was reported for an average penstock 

velocity of 6 ft/s (J. Graeme Matthews, personal communication 2003).  Additionally, the 

physical model studies for the Puntledge Eicher screen (ENSR 1993) concluded that the 

head loss through the screen for an average penstock flow rate of 6 fps ranged between 

1.29 feet (constant screen porosity) and 1.54 feet (variable screen porosity). These in-

field and physical model measurements correspond well with the reported head losses at 

the Elwha facility. 

 

3.1.2 Hydraulic Transient Analysis 

During normal operation of the Eicher screen, a scenario could develop whereby the 

screen could become partially or entirely plugged in a fairly rapid timeframe, before the 

upstream and downstream pressure sensors trigger the screen to rotate into the 
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backflushing position. The clear opening of the existing trashrack is 4-inches, so it seems 

unlikely that sheets of material (i.e. tarps and other plastic sheeting) would be capable of 

passing through the existing trashrack. However, it doesn’t seem unlikely that a large 

quantity of organic debris such as leaves or needles could pass through the existing 

trashrack and quickly load the Eicher screen. This loading condition was analyzed by 

assuming that the transient hydraulic conditions resulting from a gradual or sudden 

obstruction of the Eicher screen would mimic those associated with the gradual or sudden 

closure of a valve. Therefore, the water hammer equations were applied for the analysis. 

 

When a flowing fluid is abruptly stopped due to the sudden closure of a valve, dynamic 

energy is converted to elastic energy, and a series of positive and negative pressure waves 

travel back and forth in the pipe until they are damped out by friction (Linsley and 

Franzini, 1979). At the moment when the valve is closed, the element of water just 

upstream of the valve, x1, will be compressed by the element of water flowing against it, 

x2. This results in an increase in pressure immediately upstream of the valve. In the next 

moment, the forward motion element x2 is stopped, and it too is compressed by the 

remaining water behind it. This compression also results in a pressure rise and causes a 

portion of the pipe to expand. This process proceeds rapidly upstream until the pressure 

wave has traveled back to the reservoir and all water in the pipe is at rest. At this 

moment, the pressure in the pipeline at the junction with the reservoir is quickly reduced 

to hydrostatic pressure. This reduction in pressure results in a normal pressure wave that 

travels back downstream towards the closed valve, resulting in contraction of the pipe 

and a return to the conditions that initiated that water hammer in the first place. This 

process repeats itself until it is damped out by friction.   
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The applicable equations for this analysis are shown below.  
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where,  

C = wave celerity (ft/s) 

E  = modulus of elasticity of water at 50O Fahrenheit (3.05 x 103 psi) 

ρ = density of water at 50O Fahrenheit (1.94 slugs/ft3) 
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where, 

pC  = velocity of the pressure wave (ft/s) 

 E  = modulus of elasticity of water at 50O Fahrenheit (3.05 x 103 psi) 

ρ = density of water at 50O Fahrenheit (1.94 slugs/ft3) 

D = diameter of pipe (ft) 

pE  = modulus of elasticity of pipe material (28.5 x 106 psi) 

t= wall thickness of pipe (0.35 inches) 

 

Using Equation 1 and Equation 2, the wave celerity (C) and the pressure wave celerity 

(Cp) were computed as 4,760 ft/s and 2,200 ft/s respectively. The time for the pressure 

wave to travel from the obstructed screen surface to the reservoir and back to the screen 

surface is a function of the pressure wave celerity and the length of travel (500 feet) and 

was computed as 0.23 seconds, or ¼ second. This is the length of time a positive pressure 

will be maintained at the screen (valve). The water hammer equations (which are derived 

by applying Newton’s second law of physics) can be applied to this problem to quantify 

the increase in pressure that would occur if the complete obstruction of the screen 

occurred in less than the time it took for the pressure wave to travel from the screen to the 

 
15 August 29, 2003 



Wynoochee Dam     
Section 1135 Fish Restoration Project                                                              Final Interim Design Report H&H Technical Appendix  
 
                                                                                                                                                          
  
reservoir and back to the screen. The pressure increase associated with this rapid 

obstruction can be determined from the following basic water hammer equation: 

 

VCp ph ∆××= ρ  (Equation 3) 

where,  

hp  = maximum water hammer pressure (psi) 

ρ = density of water at 50O Fahrenheit (1.94 slugs/ft3) 

 

pC = velocity of the pressure wave (ft/s) 

V∆ = differential velocity resulting from rapid valve closure (ft/s) 

 

The water hammer pressure resulting from an obstruction of the screen surface that 

occurs in less time than it takes for the pressure wave to travel from the screen surface to 

the reservoir and back to the screen surface (i.e. less than ¼ of a second) is tremendous 

and is calculated as 227 psi, which is equivalent to 522 feet of head. This is obviously an 

unrealistic design consideration. However, the results of this calculation are useful in 

another way. Knowing the maximum water hammer pressure that can be developed 

upstream of the screen, the water hammer pressure that would develop as a result of a 

longer “closure” or obstruction time can be calculated using the following equation: 









×

=
hc

h
pt

tp '  (Equation 4) 

where, 

  = water hammer pressure developed as a result of gradual closure 

(psi) 

hp '

 = travel time for pressure wave (1/4 second) t

 = closure or obstruction time (seconds) ct

 = maximum water hammer pressure (227 psi) hp

By inputting a range of assumed closure/obstruction times in Equation 4, a relationship 

can be developed which plots the increase in head upstream of the screen as a function of 
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the time it takes for complete obstruction of the screen. This relationship is shown in 

Figure 4. As seen in Figure 4, the computed rise in upstream head is quite high for 

obstruction time less than one or two seconds, but quickly decreases in magnitude for 

obstruction times that exceed five seconds. The close proximity of the screen to the open 

reservoir, and thus atmospheric pressure, allows for rapid damping of the pressure wave 

for obstruction times greater than about five seconds. 
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As part of the design of the original penstock, a similar, although more detailed, transient 

analysis was conducted that iteratively determined the allowable closure time for the 

wicket gates at the turbine and the structural capacity of the penstock material. The 

results of this analysis were not reviewed as part of this analysis; however, the transient 

hydraulic grade line (HGL) that is included on the record drawings of the penstock (TPU, 

1991) was referenced. The elevation of the transient HGL in the vicinity of the proposed 

Eicher screen is approximately 813 feet. For the current analysis, the assumption was 

made that whatever the causes of transient conditions in the penstock, the resulting 

increased pressure will be less than or equal to that associated with the 813 foot HGL 

indicated on the record drawings. Assuming 
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reservoir, the resulting allowable increase in head upstream of the Eicher screen is 

minimum allowable 

bstruction time of approximately 10 seconds.  

inside diameter of the 

ipe is therefore 22 ½”. This pipe is pressure rated for 50 psi. HDPE pipe was the only 

as a wall thickness of 1.14”, can be field bent through radii as small as 28 times 

e outside diameter, which corresponds to 56 feet. During future design phases of the 

project, alternatives such as this can be considered so as to minimize the need for mitered 

bends. 

 

approximately 13 feet. Referring to Figure 4 this equates to a 

o

 

3.2 Pressure Bypass Pipeline and Multi-Level Discharge System 

 

High-density polyethylene (HDPE) pipe, with a standard dimension ratio (SDR) of 32.5 

is proposed for the pressurized bypass pipe, to be constructed from the Eicher screen 

vault to the multi-level discharge system. This pipe has a nominal outside diameter of 24-

inches with a minimum wall thickness of ¾”. The approximate 

p

pipe material considered for this application, due to the smooth interior surface that the 

material provides and due to the stipulations of the design criteria. 

 

The smallest bend radius that SDR32.5 HDPE pipe can be field bent through is 40 times 

the outside diameter of the pipe, which in this case would be 80 feet. All radii in the 

pressure pipe alignment that are less than 80 feet will therefore require that mitered pipe 

segments be welded together to make the bend. In discussions with FNW, Inc (a local 

HDPE pipe representative), it was stated that the inside weld bead at each mitered section 

can be removed to provide a smooth interior surface, and that the removal of the bead 

doesn’t compromise the structural integrity of the pipe. Figure 5 shows conceptual 

drawings of three typical mitered bends that would be used in the pressure bypass pipe 

alignment. An alternative that may be considered to minimize the use of mitered bends is 

to use a higher pressure rated pipe through some of the bends. For instance, SDR21 pipe, 

which h

th
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Figure 5.  Typical Mitered Bend Configurations for 24-inch HDPE Pipe 
 

The length of the bypass pipe alignment is approximately 500 linear feet. The pressure 

bypass pipe is proposed to convey the fish bearing bypass flows from the Eicher screen, 

across the United States Forest Service (USFS) Road 2294 Bridge to the multi-level 

discharge system. The hydraulic design of pressure bypass system will be such that flow 

accelerates across the screen face and through the entrance of the pressure bypass 

pipeline.  The range of the average velocity through the bypass pipe will depend on the 

flow rate, but will remain moderate (7 - 12 fps) and uniform.  Smooth walls and moderate 

velocities will prevent abrasion injury to the fish.  The bypass will be designed to prevent 

debris jams, facilitate operation and maintenance, and to protect fish from injury.  The 

uniform velocity throughout the bypass would also encourage fish to follow, rather than 

fight, the water particle velocity.  
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Due to the fact that the hydraulics of the pressure bypass pipeline are integrally related to 

and dependent on the hydraulics of the multi-level discharge system, the hydraulic 

analyses of these two features were combined. The portion of the bypass system 

(including the penstock) that will be flowing under pressure extends from the penstock 

intake structure to the point where the pressure bypass pipe discharges into the gravity 

flume. The details of this hydraulic analysis are described in the following section. 

 

The following design criteria are the primary basis for the hydraulic design and analysis 

of the pressure bypass system: 

• All horizontal and vertical bends in the pipe alignment that are less than 80-feet 

would need to be constructed with compound mitered pipe sections. 

• The minimum allowable operating velocity in the bypass system is 7 fps, which 

corresponds to a minimum allowable operating bypass flow rate of 19 cfs. 

• The maximum allowable operating velocity in the bypass system is 12 fps, which 

corresponds to a maximum operating bypass flow rate of 33 cfs. 

• The maximum pool elevation during the operation of the bypass system is 800 

feet 

• The minimum pool elevation during the operation of the bypass system is 770 

feet. 

• The average velocity in the pressure bypass pipeline must be equal to or greater 

than the average velocity in the penstock during bypass operation. 

 

As a result of the above design criteria, a single pressure bypass pipe with a fixed 

elevation cannot be used for this application. The fixed elevation pipe could be designed 

to pass the minimum allowable operating flow rate of 19 cfs at the 770-foot minimum 

pool elevation. However, as the pool elevation rises during the spring refill, the flow rate 

through the bypass pipe would increase, and would quickly exceed the maximum 

allowable flow rate of 33 cfs. 
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The criteria that the fish bypass facility is operable through a range of reservoir pool 

elevations and a range of penstock flow rates required the development of a project 

feature that would allow for this operational flexibility. At the terminus of the pressure 

bypass pipe, prior to discharge to the gravity flume, a multi-port switch device is 

proposed. This device is based on similar devices that are used to divert dry bulk granular 

materials from a single pipe to one of a series of bins or hoppers.  

 

The proposed Wynochee Dam multi-port switch device is comprised of a single, 

gooseneck shaped pipe segment that can be rotated to one of multiple fixed elevation 

pressure pipes. Each of these fixed elevation pressure pipes will then outlet to the gravity 

flume at specific fixed elevations. The elevation of each outlet pipe is set such that it is 

capable of conveying between 19 cfs and 33 cfs for a specific band width of reservoir 

elevations. Multiple outlet pipes would therefore ensure that no less than 19 cfs and no 

more than 33 cfs would be conveyed through the bypass system through the entire 30 

foot range of reservoir pool elevations.  

 

3.2.1 Pressure Bypass/Multi Level Outlet Hydraulic Analysis – Background 

A one-dimensional, steady state hydraulic analysis was used for the analysis of the 

pressure pipe/multi-level discharge system. The Bernoulli equation, which is a special 

form of the law of energy conservation, was used as the basis for the analysis. The 

Bernoulli equation states that for a constant discharge in a closed conduit, the energy 

head at any point in the system must be equal to that at any other downstream point plus 

the intervening hydraulic losses. Figure 6 shows these relationships for a typical closed 

conduit system. 

 

The purpose of the hydraulic analysis was to determine the number of required outlet 

pipes, the required outlet elevation of each outlet pipe, and the range of hydrologic 

operating conditions that each outlet pipe would be functional. The analysis was 

conducted for the pressure bypass system, extending from the penstock intake structure to 

the point where the pressure bypass pipes discharge into the gravity flume. The reservoir 
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pool elevation was used as the upstream boundary condition and the outlet pipes were 

assumed to discharge at atmospheric pressure. A Microsoft Excel spreadsheet was the 

platform for this analysis. 

 
Figure 6.  Relationships in the Bernoulli Equation 
 

The spreadsheet model accounted for entrance and exit losses, transitional losses, 

frictional losses, and minor losses due to bends and fittings. Figures 7 and 8 show the 

system elements that were accounted for in the hydraulic analysis. The figures include 

tables that summarize each component in the system, the description of the component, 

the references that were cited in the determination of the loss coefficients, and the loss 

coefficients. Figure 9 is an example printout of the Excel spreadsheet used for the 

analysis. 

 
22 August 29, 2003 





Wynoochee Dam     
Section 1135 Fish Restoration                                                                                                                                                                                                                                                                                                                                                                                                              Final Interim Design Report H&H Technical Appendix  
                                                                                                                                                                                                      

This page intentionally left blank.

 
                                                                                                                                                                                                                                                                        24                                                                                                                                                                                                                                                     August 29, 2003 





Wynoochee Dam     
Section 1135 Fish Restoration                                                                                                                                                                                                                                                                                                                                                                                                              Final Interim Design Report H&H Technical Appendix  
 

This page intentionally left blank.

 
                                                                                                                                                                                                                                                                        26                                                                                                                                                                                                                                                     August 29, 2003 



Wynoochee Dam     
Section 1135 Fish Restoration                                                                                                                                                                                                                                                                                                                                                                                                              Final Interim Design Report H&H Technical Appendix  
                                                                                                                                                                                                      

Figure 9. Pressure Pipe Hydraulic Analysis Spreadsheet Model 
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At the intake structure, the analysis assumed 100 percent of the incoming flows would 

enter via the penstock entrance and that the temporary high level opening would be 

closed, as per the original recommended alternative for the intake structure. During the 

development of the 35% design, the intake structure recommended alternative was 

changed to include the necessary modifications required to make the high level opening a 

permanent feature (refer to Section 2.1 of the main body of the report). However, due to 

the fact that this modification has not yet been reviewed by the Wynoochee Dam 

Technical Committee, the hydraulic analysis was not changed to include the twin flow 

paths that would result from making the high level opening permanent. Specific decisions 

as to the optimal allocation of the flow through the two openings for the safe passage of 

juveniles, keeping in mind the biological and hydraulic design criteria, have not yet been 

made. 

 

Friction losses were calculated using the Darcy-Weisbach equation. A value of 1.41x10-6 

ft2/s was assumed for the kinematic viscosity of water (assuming a water temperature of 

50O Fahrenheit). The specific roughness of the 10-foot diameter penstock was assumed to 

be 0.04 inches (0.0033 feet), which is representative for welded steel pipe with general 

rust and deposits (Blevins, R.D., 1984). The specific roughness of the 22.5-inch inside 

diameter HDPE bypass pipe was assumed to be 0.000005 feet, which is representative of 

smooth PVC pipe. Relative roughness is a dimensionless parameter that is a ratio of the 

specific roughness to the inside pipe diameter, and was computed to be 0.00033 and 

0.0000027 for the penstock and the bypass pipe, respectively. The friction factor for each 

pipe material was then obtained from the Moody chart and was computed as 0.0155 and 

0.0114 for the penstock and the bypass pipe, respectively. 

 

For the most part, loss coefficients for each component were selected from previously 

published charts, graphs, or were determined through the use of simple equations 

(Blevins, 1984 and Idelchick, 1986). However, the computation of head loss through two 

of the system components relied on somewhat more involved equations. The head losses 

through the trashrack at the entrance to the intake structure were computed with the 

following equation, which was taken from Davis (1969): 
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where,  

rh  = head loss (feet) 

t = thickness of bars (0.5 inches) 

b = clear spacing between bars (4 inches) 

oV = velocity of approach (fps) 

g = acceleration due to gravity (32.2 ft2/s) 

α = angle of bar inclination to horizontal (90 degrees) 

 

The head losses associated with the flow divergence at the entrance to the bypass pipe 

were computed using equations presented in Blevins (1984). Losses associated with 

dividing pipe flow are a function of junction geometry, surface roughness, ratio of 

incoming to outgoing velocities, and Reynolds number. 

 

The vast majority of physical model tests on dividing pipe flow have been carried out on 

smooth circular pipes at Reynolds numbers in excess of 1x104 (Blevins, 1984), and the 

equations have therefore been developed based on these conditions. In the case of the 

Wynoochee bypass system, the Reynolds numbers are certainly in excess of 104, and the 

pipes are smooth circular pipes. The bypass pipe however is proposed to branch off of the 

penstock with a rectangular cross section. According to Blevins (1984), the effect of 

noncircular cross sections on losses in dividing pipe flow is not known in detail, however, 

it is reasonable to assume that hydraulic diameter or equivalent diameter could be used in 

place of pipe diameter for instances of noncircular cross section. For the hydraulic 

analysis, it was assumed that the noncircular branching pipe would be sized with a 

hydraulic diameter that is equivalent to that of the circular bypass pipe. 

 

Secondly, the equations presented in Blevins (1984) were taken from physical model 

tests on junctions composed of equal pipe area, where the incoming and outgoing pipes 
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were all of equal area. However, Blevins (1984) references the conclusions of 

Williamson, J.V and T.J. Rhone (“Dividing Flow in Branches and Wyes”, ASCE, 1973) 

which state that in simple dividing flow scenarios, such as lateral dividing branches, total 

pressure losses are nearly independent of the area of the branching pipe as long as (a) the 

total loss coefficient is expressed as a function of the ratio of the branch flow velocity 

(V3) to the flow velocity in the main pipe (V1), and (b) the branch flow area is less than 

the main pipe area.  

 

Therefore, the empirical equation presented in Blevins (1984) for computing pressure 

loss in dividing pipe flow was used to compute head loss due to the flow split at the 

bypass pipe. The friction loss components of the original equation were eliminated and 

the original equation, which was written in terms of pressure loss, was rewritten in terms 

of head loss. The simplified equation is expressed below: 

 









=∆

g
V

Kh
2

2
1

13   (Equation 6) 

where,  

h∆  = head loss (feet) 

13K = dimensionless loss coefficient 

1V = cross section averaged flow velocity in main pipe (fps) 

g = acceleration due to gravity (32.2 ft2/s) 

 

The value of the dimensionless loss coefficient, K13, is a function of the velocity ratio 

(V3/V1), the branch angle, and the ratio of the radius of rounding to the pipe diameter 

(r/D). Although the branch angle of the bypass pipe is currently designed at 

approximately a 15-degree angle, due to limited available test data, the branch angle was 

conservatively assumed to be 45 degrees for the hydraulic analysis. Therefore, the 

computed head losses due to the dividing flow are conservatively high. Using published 

values of K13 from Blevins (1984), the value of K13 is expressed as a third order 

polynomial equation as shown in Figure 10. A value of r/D of 0.1 was assumed. 
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Figure 10. Loss Coefficient (K13) for Divided Pipe Flow 
 

3.2.2 Hydraulic Analysis 

One of the critical biological design criteria was the range of velocities that are allowed 

through the pressure bypass pipe during the fish migration window.  The criterion states 

that the bypass pipe will have average velocities within the range of 7 fps to 12 fps. 

Given that the inside diameter of the pressure pipe is 22.5-inches, these velocities 

correspond with a flow rate range of 19 cfs to 33 cfs. Another of the critical biological 

design criteria was that the magnitude of average velocity in the HDPE bypass should be 

equal to or greater than that in the penstock. This criterion was necessary so as to assure 

that fish do not resist entering the bypass system, and to minimize injury to fish through 

the opening. 

 

The above two biological design criteria are interrelated and dictate the required number 

of fixed elevation outlet pipes. The number of required fixed elevation outlet pipes is a 

function of the maximum anticipated penstock flow rate during the fish passage window. 

For example if the maximum penstock flow rate was expected to be 550 cfs (Vpenstock = 7 
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fps), then each of the fixed elevation outlet pipes would be capable of operating through 

the entire range of allowable bypass flow rates, and a fewer number of outlet pipes would 

be required. However, if the maximum penstock flow rate was expected to be 800 cfs 

(Vpenstock = 10.2 fps), then each of the fixed elevation outlet pipes would only be capable 

of operating between 28 cfs (Vbypass = 10.2 fps) and 33 cfs (Vbypass = 12 fps), and more 

outlet pipes would be required.  

 

Therefore, the first step was to determine the number of fixed elevation outlet pipes for 

specific maximum allowable penstock flow rates. The following criteria were used in the 

determination of the number of required outlet pipes, and Table 3 summarizes the results. 

• The invert elevation of the highest elevation outlet pipe was determined using a 

maximum reservoir pool elevation of 800 feet and a bypass discharge of 33 cfs.  

• The minimum allowable flow rate in each outlet pipe was based on a minimum 

allowable velocity equal to the velocity in the penstock. 

• A one-foot overlap was assumed in the range of reservoir levels that adjacent 

outlet pipes would operate within. 

• The minimum reservoir pool elevation during operation of the bypass system is 

770 feet. 

Table 3. Required Number of Fixed Elevation Outlet Pipes for Various Maximum 

Penstock Flow Rates 

Maximum 
Penstock 

Flow Rate 
(cfs) 

Penstock 
Velocity 

(fps) 

Allowable 
Range of 

Velocities in 
Bypass Pipe 

(fps) 

Allowable Range 
of Flows in 
Bypass Pipe 

(cfs) 

Required Number 
of Fixed Elevation 

Outlet Pipes 

600 7.6 7.6 12.0 21.1 33.0 3 
650 8.3 8.3 12.0 22.9 33.0 4 
700 8.9 8.9 12.0 24.6 33.0 5 
750 9.6 9.6 12.0 26.4 33.0 6 
800 10.2 10.2 12.0 28.1 33.0 8 

 

As shown in the above table, as the assumed maximum operating flow rate through the 

penstock is increased, the range of flows that the bypass pipe is allowed to operate within 

(given the constraints of the two aforementioned biological design criteria) decreases, 
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thus requiring more fixed elevation outlet pipes. Based on previous analyses conducted 

by others (Harza, 1997), and discussions with the client (USACE) and the local sponsor 

(TPU), it was decided that five fixed elevation outlets was the preferred number of outlets 

for the project. With the five-outlet configuration, the optimum maximum allowable flow 

rate through the penstock during the fish window will therefore be 700 cfs.  

 

The decision to use 700 cfs as the optimum maximum flow rate has sound basis from an 

operational perspective as well. Test results from the Eicher screen installation at the 

Elwha facility in 1990 found that little or no fish injury was observed during tests 

conducted at penstock velocities of 4 to 6 fps. Slightly more injury occurred at higher 

velocities, but even at the highest velocity condition tested (7.8 fps), only 3.6 percent of 

the test fish had over 16% scale loss on either side (Winchell, et al, 1991). Based on these 

test results, it seems likely that the maximum allowable flow rate through the Wynoochee 

Dam penstock may be in the range of 600 to 650 cfs. However, configuring the multi-

outlet system to operate with an optimum maximum flow rate of 700 cfs will provide 

TPU greater operational flexibility in the event that post-bypass monitoring of the 

juvenile fish shows that scale loss is not significant at velocities greater than 7.8 fps. 

 

Graphical illustration of the operating curves for the five outlet pipes are shown in Figure 

11, and a tabular presentation of the rating curves are presented in Table 4. The upper and 

lower allowable bypass flow rates, based on a maximum penstock flow rate of 700 cfs, 

are shown in Figure 11 and are indicated in bold in Table 4.  These upper and lower 

bounds are based on the previously described biological design criteria. For illustrative 

purposes, the operating curves were extended beyond the upper and lower bypass flow 

rate limits. 
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Figure 11. Operational Curves for the Five-Outlet Pipe Configuration with a 700 cfs 
Penstock Flow Rate. 

Operating Curves (Penstock Flow Rate = 700 cfs)
Recommended Multi-Level Discharge System - Five Outlet Rotating Selector Switch

0

5

10

15

20

25

30

35

40

45

750 760 770 780 790 800 810

Reservoir Water Surface Elevation (ft)

B
yp

as
s 

D
is

ch
ar

ge
 (c

fs
)

Outlet #1

Outlet #2

Outlet #3

Outlet #4

Outlet #5

Upper Limit (33 cfs Bypass Flow)

Lower Limit (24.6 cfs Bypass Flow)

 

As seen in column 10 of Table 4, during the operation of the bypass system, with a 700 

cfs penstock flow rate, the ratio of the average bypass velocity to the average penstock 

velocity ranges between 1.34 and 1.02. Head losses through the bypass opening range 

from 0.59 to 0.74 feet. Both of these results are due to the fact that the bypass system is 

operating within the constraints of the biological and hydraulic criteria, specifically 

Criterion #5. 

 

Table 4. Operational Curve Coordinates for the Five Outlet Pipe Configuration with 
a Penstock Flow Rate of 700 cfs. 

Operating Curve Coordinates for Recommended Outlet Configuration
Operating Penstock Flow Rate of: 700 cfs

Bypass Bypass Penstock Penstock Velocity Ratio Pressure Bypass Pressure Bypass
Outlet #1 Outlet #2 Outlet #3 Outlet #4 Outlet #5 Discharge Velocity Discharge Velocity Bypass/Penstock Ent. Loss Coefficient Entrance Headloss

809.5 800.5 793.1 786.6 780.3 40 14.49 700 8.92 1.63 0.80 0.98
802.5 794.3 787.3 780.9 774.6 35 12.68 700 8.92 1.42 0.65 0.80
800.0 792.1 785.2 778.8 772.5 33 11.96 700 8.92 1.34 0.60 0.74
796.5 789.0 782.3 775.9 769.6 30 10.87 700 8.92 1.22 0.54 0.67
791.5 784.5 778.1 771.8 765.5 25 9.06 700 8.92 1.02 0.48 0.59
787.4 780.9 774.7 768.4 762.1 20 7.25 700 8.92 0.81 0.46 0.57
784.3 778.1 772.2 765.8 759.5 15 5.44 700 8.92 0.61 0.50 0.62
782.1 776.2 770.4 764.1 757.8 10 3.62 700 8.92 0.41 0.60 0.74

Reservoir Water Surface Elevation (feet)
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TPU has the capability to control the flows through the penstock during the fish passage 

window, by allowing excess flows to pass through the lower outlets of the dam, thereby 

bypassing the penstock. Therefore, TPU has the flexibility to limit the flow through the 

penstock during the fish migration window to a predetermined maximum specified flow 

rate. However during the operation of the bypass system, most of the time, the releases 

through the dam will be significantly less than 700 cfs, and may frequently be reduced to 

the 210 cfs minimum flow. Additionally, post bypass monitoring of the juvenile fish will 

determine the optimal maximum allowable penstock flow rate that will ensure safe 

passage of fish along the screen face and into the bypass system.  

 

The operating curves shown in Figure 11 reference the reservoir pool elevation on the 

independent axis, and therefore, the curves theoretically cannot be used for penstock flow 

rates other than 700 cfs. However, due to the fact that the computed head losses in the 

penstock, between the trashrack and the bypass pipe entrance, are relatively low and do 

not vary significantly with penstock flow rate (0.11 feet for Q = 210 cfs versus 1.18 feet 

for Q=700 cfs), the operating curves shown in Figure 11 can be approximately used for 

penstock flow rates less than 700 cfs. In actuality, separate operating curves should be 

developed for the different penstock flow rates, or the curves should be developed using 

the energy grade line at the Eicher screen as the independent axis. At this level of 

analysis, it was felt that using the reservoir pool elevation as the independent axis was 

sufficient. 

 

The effect of operating the bypass system during penstock flow rates less than 700 cfs 

would simply shift the lower limit of the bypass flow downward from the 24.6 cfs shown 

in Figure 11. Each fixed elevation outlet pipe would therefore operate through a wider 

range of flow rates. For example, Table 5 presents the operating curve coordinates for the 

minimum operating penstock flow rate of 210 cfs.  The operating range for each outlet 

pipe is maximized during this penstock flow condition, because the outlet pipes are 

allowed to convey flow rates as low as 19.3 cfs, which corresponds with the minimum 

allowable bypass velocity of 7 fps. One of the possibly negative side effects of operating 

the bypass system during penstock flows lower than 700 cfs is seen in the columns on the 
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far right of this table. Due to the low penstock velocity, the bypass to penstock velocity 

ratio is consistently higher than 2.4 (at Qbypass = 20 cfs), and attains a high value of 4.08 

(at Qbypass = 33 cfs). Exposing juvenile fish to this high rate of acceleration may be a 

concern for fisheries agencies. If this is the case, then the allowable upper limit of the 

flow rate in the bypass pipe may need to be reduced during lower penstock flow rates. 

 
Table 5. Operational Curve Coordinates for the Five Outlet Pipe Configuration with 

a Penstock Flow Rate of 210 cfs. 
Operating Curve Coordinates for Recommended Outlet Configuration
Operating Penstock Flow Rate of: 210 cfs

Bypass Bypass Penstock Penstock Velocity Ratio Pressure Bypass Pressure Bypass
Pipe #1 Pipe #2 Pipe #3 Pipe #4 Pipe #5 Discharge Velocity Discharge Velocity Bypass/Penstock Ent. Loss Coefficient Entrance Headloss
808.1 799.1 791.8 785.3 779.0 40 14.49 210 2.68 5.42 4.99 0.55
801.3 793.1 786.1 779.6 773.3 35 12.68 210 2.68 4.74 4.67 0.52
798.8 790.8 784.0 777.6 771.3 33 11.96 210 2.68 4.47 4.43 0.49
795.3 787.7 781.1 774.7 768.4 30 10.87 210 2.68 4.06 3.97 0.44
790.2 783.2 776.8 770.5 764.2 25 9.06 210 2.68 3.39 3.04 0.34
786.0 779.5 773.4 767.0 760.7 20 7.25 210 2.68 2.71 2.06 0.23
782.7 776.6 770.6 764.3 758.0 15 5.44 210 2.68 2.03 1.19 0.13
780.4 774.5 768.7 762.4 756.1 10 3.62 210 2.68 1.35 0.61 0.07

Reservoir Water Surface Elevation (feet)

 

 
3.2.3 Surge Flows into Bypass 

During the backflushing cycle of the Eicher screen, or in the event of a fairly rapid partial 

obstruction of the screen that occurs faster than the backflushing cycle can accommodate, 

a temporary positive pressure rise will result upstream of the screen face. Assuming that 

the closure valve at the entrance to the bypass pipe remains open, this temporary increase 

in the pressure will result in a temporary increase in the flow rate, or surge flow, through 

the pressure bypass pipe. 

 

The same spreadsheet model that was used to analyze the pressure bypass pipe and the 

multi-level discharge system was used to determine the maximum surge flow that can be 

expected in the system. The Eicher screen transient analysis, described earlier in this 

appendix, referenced the design transient hydraulic grade line (HGL) from the 

Wynoochee Dam Hydroelectric Project record drawings (TPU, 1991). Sheet WA301 of 

the record drawings showed a maximum transient HGL of 813 feet (NGVD29) at the 

point in the penstock where the proposed bypass pipe originates. Inputting this value into 

the hydraulic analysis spreadsheet, and assuming that the lowest outlet pipe would be in 

operation at the time, a surge flow of approximately 60 cfs was computed.  
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The hydraulic effects of the 60 cfs surge flow passing through the pressure bypass pipe 

system was not considered, however, the surge flow was used as a design flow rate in the 

open channel analysis, which is described in the next section of this appendix. The 60 cfs 

surge flow was assumed as the maximum expected flow through the open channel system 

and was used to determine whether the open channel system would overtop. 

 

3.3 Gravity Flume 

An open channel gravity flume is proposed for conveyance of bypass flows from 

upstream of USFS Road 2294 road to the hydroelectric project substation. Figure 12 

shows a typical cross section of the flume. The cross-section of the flume consists of a 

semi-circular invert with a 6-inch radius, approximately 3V:1H side slopes extending 

vertically to approximately 2 feet above the invert, and vertical walls extending another 1 

foot, thereby resulting in a cross section with 3 feet of total cross-sectional depth. The 

flume will be constructed of precast concrete sections and will be lined with a synthetic 

liner to provide for a smooth surface. 

 

 
 Figure 12. Typical Open Channel Gravity Flume Cross Section 
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A majority of the flume alignment will follow along the east side of the existing 

substation access road, and will descend from a high point of 776 feet (NGVD29) to a 

outlet elevation of 672 feet (NGVD29). The length of the flume alignment between these 

two points is approximately 1,500 linear feet, thereby resulting in an average gradient of 

6.9%. The actual gradient of the flume ranges between 3.7% and 14.2%. 

 

For nearly half of the flume alignment, the invert elevation of the flume will be set at 

approximately existing grade, and therefore, the gradient of the flume will correspond 

with the gradient along the substation access road. There are two locations along the 

alignment where the flume invert will not follow existing grade. The upstream 500 linear 

feet of the alignment will be constructed below grade so as to accommodate the outlet 

elevations of the five pressurized bypass pipelines and to make the below grade crossing 

of USFS Road 2294. Secondly, approximately 300 feet of the alignment near the 

downstream end will be constructed above grade on elevated foundations. The above 

grade flume alignment is partly due to the need to maintain supercritical flow where the 

topography flattens out at the base of the substation access road. 

 

3.3.1 Hydraulic Analysis 

As per the hydraulic/biologic design criteria, a supercritical flow regime is to be 

maintained throughout the open channel alignment. The minimum required depth of flow 

for the low flow condition is 9-inches, and the maximum allowable velocity is 35 feet per 

second. A numerical hydraulic model of the 1,500 foot flume alignment was used to 

determine specific hydraulic parameters along the length of the flume. The open channel 

hydraulic analysis assumed a steady state, gradually varied water surface profile and 

analyzed three flow rates: the design low flow rate (19 cfs), the design high flow rate (33 

cfs), and the design surge flow rate (60 cfs). 

 

The hydraulic analysis of the gravity flume included the following steps: 

1. Determination of the steady state gradually varied water surface profile for a 

range of possible flow rates 
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2. Analysis and quantification of superelevated conditions at the horizontal bends 

3. Determination of the likelihood for the formation of an unstable pulsating flow 

regime known as slug flow or roll waves 

4. Computation of the required freeboard and comparison of the required freeboard 

to the provided freeboard. Freeboard calculations included the effects of 

superelevation and standing waves. 

 

Version 3.0 of the U.S. Army Corps of Engineers HEC-RAS computer program 

(USACE, 2001) was used to analyze the open channel hydraulics of the gravity flume. 

The HEC-RAS program is a one-dimensional analytical tool that has the capability of 

calculating water surface profiles for both gradually varied steady and unsteady flow. The 

hydraulics of the proposed Wynoochee Dam gravity flume was analyzed assuming 

gradually varied steady flow conditions. Three steady condition flow rates were included 

in the analysis: 

 

• Design Low Flow – This represents the minimum design flow rate that can be 

expected through the bypass system. This is the flow rate associated with the 

minimum allowable velocity in the pressure bypass pipeline (7 feet per second) 

and is quantified as 19 cfs. 

• Design High Flow – This represents the maximum design flow rate that can be 

expected through the bypass system. This is the flow rate associated with the 

maximum allowable velocity in the pressure bypass pipeline (12 feet per second) 

and is quantified as 33 cfs. 

• Surge Flow – This represents the flow rate that would be generated through the 

bypass system during transient hydraulic conditions in the penstock associated 

with the sudden obstruction of the Eicher Screen or the sudden closure of the 

gates that control flow through the turbines. The derivation of this flow rate was 

described in Section 3.2.3 of this appendix, and was quantified as 60 cfs. 

 

The flume will be constructed with 40-foot pre-cast concrete sections that will then be 

lined with a smooth synthetic material. Henderson (1966) published a table of typical 
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Manning’s roughness coefficients for a variety of open channel materials and conditions. 

For glass, plastic, and machined metal, the typical Manning’s roughness coefficient is 

estimated as 0.010. As stated in Henderson (1966), this value represents the mean value 

for the given material and has a range of ± 0.001. For the hydraulic analysis, the 

Manning’s roughness coefficient for the synthetically lined concrete flume was therefore 

assumed to be 0.009 and 0.011. Given that the synthetic liner will be installed over a 

precast concrete surface, which has an associated Manning’s roughness coefficient of 

0.012, a sensitivity analysis was conducted using this higher roughness coefficient to 

determine if a more conservative estimate of the roughness coefficient results in any 

violations of the biological and hydraulic design criteria. 

 

The horizontal and vertical alignment of the gravity flume was designed such that 

supercritical flow (Froude No. > 1.1) is maintained throughout the open channel flume 

for the range of flows described above. Therefore, within the range of flow rates listed 

above, the design assured and the open channel hydraulic analysis confirmed that 

formation of hydraulic jumps in the system would not occur. 

 

For flow regimes that are in proximity of critical depth, a relatively large change of depth 

may occur as a result of a small variation of specific energy.  A flow regime that is very 

close to critical flow is therefore unstable and excessive wave action or undulations of the 

water surface may occur. Experiments by the US Army Engineer District, Los Angeles 

(1949), on a rectangular channel established criteria to avoid such instability, as follows 

(USACE, 1994): 

 

Tranquil Flow (Subcritical Flow): d > 1.1dc or F < 0.86 

Rapid Flow (Supercritical Flow):  d < 0.9dc or F > 1.13 

 

The results of the open channel analysis were reviewed to ensure that the Froude number 

was greater than 1.13 at all points along the flume.  Adjustments to the horizontal 

alignment were made in cases where the computed Froude number was close to 1.13. 
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Refer to the set of design drawings for the final proposed horizontal alignment of the 

flume. 

 

The HEC-RAS model was set up and run for the three design flow rates and the two 

values of the Manning’s roughness coefficient that represent the surface conditions of the 

synthetic liner (0.009 and 0.011). The results of the model runs using the two values of 

the roughness coefficient were used for different portions of the open channel analysis. 

The smoother value (0.009) was used to verify that the minimum depth criterion 

(Criterion #12) is consistently met and that the maximum velocity criterion (Criterion 

#10) is consistently met. The rougher value (0.011) was used to verify that supercritical 

flow is maintained throughout the alignment (Criterion #11) and to compute the required 

freeboard. 

 

Since the “Project Stationing” shown on the set of design drawings increases numerically 

in the downstream direction, and the HEC-RAS software requires stationing to increase 

in the upstream direction, the “River Stationing” used in the hydraulic model does not 

correspond with the Project Stationing”. The hydraulic model stationing starts at River 

Station 9.93 at the downstream end of the alignment and ends at River Station 25 at the 

upstream end of the alignment. The “Project Stationing” at the downstream end of the 

flume alignment is 65+07 and 50+00 at the upstream end of the alignment. The 

relationship between the two stationing schemes is expressed in Equation 7: 

 

“Project Station” = 75 – “River Station”  (Equation 7) 

Where,  

“River Stationing” is expressed in decimal format (i.e. 65+07 = 65.07) 

 

Cross sections were located at each grade break in the alignment, and at the 50-foot 

“Project Station” marks along the alignment. Therefore, the maximum spacing of cross 

sections was 50 feet, and in the vicinity of breaks in the profile, cross section spacing 

ranged between 10 feet and 50 feet. 
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The results of the HEC-RAS analysis are shown in Tables 6 through 11. Tables 6 through 

8 include the model output for the three design flow rates assuming the 0.009 roughness 

coefficient, while Tables 9 through 11 include the model output for the three design flow 

rates assuming the 0.011 roughness coefficient. HEC-RAS output profiles for the 1,500 

foot flume alignment are included as Figures 13 through 15, and show the water surface 

elevation, critical depth profile, and the energy grade line for the design low flow rate, the 

design high flow rate, and the surge flow rate, respectively. The profiles in Figures 13 

through 15 reflect the conditions associated with the 0.011 roughness coefficient. The 

following results and conclusions were made relative to the open channel hydraulic 

analysis of the gravity flume: 

 

• For the design low flow condition (with n=0.009), the average cross-sectional 

velocity ranged from a low of 17.6 fps at River Station 10.5 to a high of 28.2 fps 

at River Station 14.1. Therefore, the range of velocities for this flow condition is 

less than the allowable 35 fps velocity stipulated in the design criteria. 

• For the design high flow condition (with n=0.009), the average cross-sectional 

velocity ranged from a low of 19.9 fps at River Station 10.5 to a high of 31.4 fps 

at River Station 14.1. Therefore, the range of velocities for this flow condition is 

less than the allowable 35 fps velocity stipulated in the design criteria. 

• A supercritical flow regime is maintained throughout the alignment for the range 

of anticipated operational design flow rates and roughness coefficients. The 

Froude number is greater than 2.9 for all sections in the model, and therefore 

hydraulic jumps are not expected to develop. 

• For the design low flow (with n=0.009), the minimum flow depth is 0.74 feet (9-

inches), which corresponds to the minimum required flow depth stipulated by the 

design criteria. 

• For the surge flow rate (with n=0.011), the flow is predicted to be contained 

within the flume and will not overtop the flume. 

• The cross section averaged velocities at the outfall of the open channel flume to 

the transitional pond were determined to be 17.6 fps for the design low flow 

condition and 19.9 fps for the design high flow condition (with n=0.009). 
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• The maximum total cross sectional shear stress was computed to be 3.5 lbs per 

square foot along the steepest portion of the alignment. Due to the shear forces 

that will be acting on the liner, shear stresses may be a design consideration in the 

selection and design of both the synthetic liner and the adhesive.
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 Figure 13. HEC-RAS Results – Gravity Flume Profile for Design Low Flow (n=0.011) 
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 Figure 14. HEC-RAS Results - Gravity Flume Profile for Design High Flow (n=0.011) 
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 Figure 15. HEC-RAS Results - Gravity Flume Profile for Surge Flow (n=0.011) 
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Table 6. HEC-RAS Tabular Results – Design Low Flow (with n=0.009) 
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Table 7. HEC-RAS Tabular Results – Design High Flow (with n = 0.009) 
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Table 8. HEC-RAS Tabular Results - Surge Flow (with n = 0.009)  
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Table 9. HEC-RAS Tabular Results – Design Low Flow (with n = 0.011) 
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Table 10. HEC-RAS Tabular Results – Design High Flow (with n = 0.011) 
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Table 11. HEC-RAS Tabular Results – Surge Flow (with n = 0.011) 
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3.3.1.1 Superelevation 

In open channel flow, centrifugal forces caused by water flowing through horizontal 

bends can result in an increase in the water surface elevation on the outside of the bend 

and an accompanying depression of the water surface elevation on the inside of the bend. 

This phenomenon is called superelevation. In addition to superelevation, horizontal bends 

in open channels that are flowing under a supercritical flow regime can also create cross 

waves, which can propagate downstream of the bend (Clark County, 1999). The proposed 

alignment of the open channel gravity flume includes five horizontal bends. Table 12 

summarizes the locations and the geometric parameters of each of the bends. 

 

Table 12. Horizontal Bends in the Proposed Gravity Flume Alignment 

Bend No. Upstream 
“Project 
Station: 

Downstream 
“Project 
Station” 

Upstream 
“River 
Station” 

Downstream 
“River 
Station” 

Angle of 
Deflection 
(degrees) 

Radius 
of Bend 
(ft) 

1 50+00 51+00 25 23 40 235 
2 54+20 55+20 22 19.4 30 270 
3 57+40 58+00 17.6 17 20 220 
4 61+00 62+00 14 13 25 220 
5 64+00 65+07 11 9.93 65 100 
 

The magnitude of superelevation is a function of the geometry of the cross section, the 

average cross sectional velocity, the top width of the flow, and the radius of curvature of 

the channel centerline. Quantification of super-elevated flow through each of the 

horizontal bends was based on the methodology presented in (USACE, 1994). Equation 8 

presents the relationship between the specific hydraulic parameters and superelevation. 









×
×

×=∆
Rg
WVCy

2

    (Equation 8) 

Where,  

=∆y  rise in water surface elevation between a theoretical level water surface at 

the centerline and outside water surface elevation (superelevation) 

=C  coefficient, ranging between 0.5 and 1.0 

=V  mean channel velocity (fps) 
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=W  channel width at elevation of centerline water surface (ft) 

=g  acceleration of gravity (ft/s2) 

=R  radius of channel centerline curvature (ft) 

 

The coefficient in Equation 8 is a function of the flow regime (tranquil versus rapid), the 

channel cross sectional shape, and the type of horizontal curve. According to Table 2-4 in 

USACE (1994), the value of the coefficient under rapid flow conditions with a 

trapezoidal cross section and a simple circular curve is 1.0. Using the HEC-RAS output 

(with n=0.011) from the cross sections within each of the five horizontal bends, the 

height of the superelevated flow was computed for each of the three flow conditions.  

Table 13 summarizes the results. 

 

Table 13. Maximum Computed Height of Superelevation through Horizontal Bends 

Bend No. Design Low Flow 
(Q=19 cfs) 

Design High Flow 
(Q = 33 cfs) 

Surge Flow 
(Q = 60 cfs) 

1 0.07 feet 0.10 feet  0.15 feet 
2 0.06 feet 0.09 feet 0.13 feet 
3 0.06 feet 0.09 feet 0.14 feet 
4 0.10 feet 0.15 feet 0.23 feet 
5 0.11 feet 0.16 feet 0.23 feet 

 

3.3.1.2 Wave Formation 

Unstable pulsating flow, which is subdivided into two categories: slug flow and roll 

waves, may develop in long steep open channels. These two types of waves typically 

form in open channels that are sufficiently long (>200 feet) and that have bottom slopes 

that are flatter than 20 degrees (s = 36.0%). Transverse flow, or cross waves, may also 

develop in an open channel where there are abrupt transitions in cross sectional shape or 

unsymmetrical structures (BOR, 1978). 

 

Slug flows are characterized by surges of turbulent ridges with wave crests separated by 

highly agitated regions. For slug flow to form, the surface velocity must be greater than 

the wave speed. Roll waves are characterized by transverse ridges of high velocity with 

quiescent conditions between the crests of the waves (Clark County, 1999). Waves in 
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open channels are objectionable since they result in a reduction of channel capacity and 

may result in overtopping. In the case of juvenile fish bypass facilities, the presence of 

large waves in very rapid flow regimes may result in injury or mortality to fish. Some 

open channel sections are more likely to sustain waves than others. Shallow, dished 

sections are particularly susceptible to transverse flow, while deep, narrow sections with 

small bottom width to wetted perimeter ratios, are less likely to develop transverse flow 

or pulsating flow (BOR, 1978).  

 

The methodology outlined in BOR (1978) was used to determine the possibility for the 

formation of unstable flow conditions. The Vedernikov number is used to identify if the 

uniform flow conditions in an open channel are stable. Stable flow conditions will exist 

when the Vedernikov number is less than or equal to unity. The Vedernikov number is a 

function of the ratio of the bottom width to the wetted perimeter and the Froude number, 

and is expressed in the following equation: 

 












××
××=

θcos3
2

dg
V

wp
bV   (Equation 9) 

 

Where,  

=V  Vedernikov number (dimensionless) 

=b  bottom width of channel section (feet) 

=wp  wetted perimeter of the channel section (feet) 

=V  cross section averaged velocity (feet/second) 

=g  acceleration of gravity (ft/s2) 

=d  hydraulic depth (feet) 

 

The dimensionless Montuori number is used in conjunction with the Vedernikov number 

to determine if flow conditions in an open channel will result in unstable pulsating flow.  
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The Montuori number is defined by the following equation: 

 

θcos

2

××
=

sLg
VM   (Equation 10) 

 

Where,  

=M  Montuori number (dimensionless) 

=V  cross section averaged velocity (feet/second) 

=g  acceleration of gravity (ft/s2) 

=s  average slope of energy gradient (ft/ft) 

=L  length of reach under consideration (feet) 

=θ  angle of inclination of the energy gradient (degrees) 

 

The computed values of the Vedernikov number and the Montuori number are then used 

to enter the following chart (Figure 16 reprinted from BOR 1978) to determine if the 

geometric and hydraulic conditions are likely to result in unstable pulsating flow. As 

mentioned earlier, and as seen in Figure 16, the flow will remain stable when the 

Vedernikov number is less than unity. For both design flow conditions (19 cfs and 33 

cfs), which cover the range of operating flow rates in the bypass system, the Vedernikov 

number at each cross section in the hydraulic model was computed to be less than 0.29 

indicating that the formation of unstable flow patterns is unlikely. Even though the 

Froude number of the flow approaches 7 at some cross sections (see Tables 6 through 

11), the cross-sectional geometry of the proposed channel flume, with it’s small to 

bottom width (for the analysis, the bottom width of the proposed flume cross section was 

set equal to 0.18 feet or 2 inches), results in the prediction of stable flow conditions. 

Therefore, it is concluded that the developed free surface in the open channel will remain 

stable, and that neither slug flow nor roll waves are a design consideration.  Tables 14 

and 15 summarize the computed Vedernikov and Montuori numbers for each cross 

section in the hydraulic model (with n = 0.011). 
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Figure 16. Criteria for Slug Flow 
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Table 14. Calculations for Slug Flow and Roll Waves for Design Low Flow 
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Table 15. Calculations for Slug Flow and Roll Waves for Design High Flow 
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3.3.1.3 Freeboard 

Once the phenomenon of super-elevation was quantified, and once the possibility of the 

occurrence of unstable pulsating flow determined, the freeboard along the entire length of 

the channel alignment was computed. Freeboard provides for a water surface elevation 

that is higher than the design elevation, which can be caused by sedimentation, deviations 

from the design operational conditions, excess flows entering the system, increased 

roughness of the boundary surface, and accumulation of debris. Freeboard is always 

computed in addition to superelevation, standing waves, and translatory waves. 

 

Required freeboard for canals and flood control channels has been expressed as a 

function of average velocity and flow depth (Clark County, 1999) or as a function of flow 

rate (BOR, 1978).  Both references use a base of 1 foot of required freeboard and add 

additional freeboard as the hydraulic conditions (average velocity/flow rate) in the 

channel increase in magnitude.  USACE (1994) states that freeboard cannot be fixed by a 

single, widely applicable formula, and recommends approximate freeboard allowances of 

2 feet for rectangular cross sections and 2.5 feet for concrete-lined trapezoidal cross 

sections. 

 

For the 33 cfs maximum design bypass flow rate, the required freeboard dictated by 

Clark County (1999) and BOR (1978) is very similar (approximately 1.5 feet). For the 

analysis of the Wynoochee Dam bypass facility, the following equation, adopted by the 

Clark County Regional Flood Control District, was used to determine minimum required 

freeboard: 

 
3025.00.1 dVFb ××+=   (Equation 11) 

Where,  

=bF  required depth of freeboard (feet) 

=V  cross section averaged velocity (feet/second) 

=d  depth of flow (feet) 
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At each cross section in the hydraulic model, the required freeboard depth was computed 

using Equation 11 and the HEC-RAS output.  The actual depth of freeboard, which is 

computed as the total depth of the flume minus the sum of the flow depth (including 

superelevation) and the wave height, was also computed at each cross section. The two 

values were compared with one another to verify that the actual freeboard was equal to or 

greater than the required freeboard throughout the alignment.  

 

For the design low flow condition, the actual freeboard values, including the effects of 

superelevation and wave formation, ranged between 1.7 feet and 2.2 feet, and were 

consistently greater than the required freeboard values. For the design high flow 

condition, the actual freeboard values ranged between 1.2 feet and 1.9 feet, and with one 

exception, were consistently greater than the required freeboard values (refer to Table 

14). The reach where the freeboard criteria was violated occurred at the horizontal bend 

located just upstream of the transitional ponds, where the gradient of the flume flattens 

from a 14.1% slope to a 4.0% slope. The cause of the freeboard violation is primarily due 

to the flat flume gradient, but is exacerbated by the presence of the 100-foot radius 

horizontal bend. 

 

The freeboard violation could be corrected in one of four ways: by increasing the radius 

of the horizontal bend, by increasing the slope of the flume upstream of the transitional 

pond, by a combination of the two, or by locally increasing the height of the flume 

section by four inches. Due to the flat gradient, the horizontal bend radius would have to 

be increased to nearly 1,000-feet to satisfy the freeboard criteria, which is not a feasible 

option. The current gradient of the downstream portion of the flume currently results in 

an above grade alignment with the invert elevation nearly seven feet above existing 

grade. Increasing the gradient of the flume would increase the height of the above grade 

alignment, which is also not a very feasible option. The likely solution would be to 

increase the height of the flume section by four inches to provide for the required 

freeboard. All options should, however, be considered during final design. 
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The results of the freeboard analysis of the surge flow condition (Q= 60 cfs) concluded 

that the freeboard criteria would be violated along the entire length of the flume 

alignment, however, the surge flow condition would not result in overtopping of the 

flume. 

 

Tables 16 through 18 summarize the results of the freeboard analysis for the three flow 

conditions. The model output using the 0.011 roughness coefficient was used throughout 

the freeboard calculations. 
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Table 16. Freeboard Calculations for Design Low Flow (with n = 0.011) 
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Table 17. Freeboard Calculations for Design High Flow (with n = 0.011) 
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Table 18. Freeboard Calculations for Design Surge Flow (with n = 0.011) 
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3.3.2 Sensitivity Analysis 

The sensitivity of the open channel hydraulic analysis to variation in Manning’s 

roughness coefficient was assessed by increasing the Manning’s roughness coefficient to 

0.012, which is a typical value for “concrete, steel troweled” (Henderson 1966). The 

roughness coefficients in the HEC-RAS model were increased to 0.012, and the three 

design flow rates were run through the model. The following conclusions were made: 

• For all flow rates, the increased roughness coefficient resulted in a decrease in the 

dimensionless Vedernikov and Montuori numbers, which are used as indicators in 

determining whether the flow regime is stable or unstable and if pulsating flow 

can be expected. As expected, the increased roughness coefficient therefore did 

not result in an unstable, pulsating flow regime. 

• For the design low flow condition, the actual freeboard is less than the required 

freeboard along the entire length of the alignment. The difference is 

approximately 4 inches.  

• For the design high flow condition, the actual freeboard is less than the required 

freeboard at all five of the horizontal bends. Typically, the actual freeboard is 1” 

to 2” less than that determined with Equation 11.  However, there remains at least 

1.2 feet of freeboard at all cross section locations.  

• The flume is not predicted to overtop under any of the design flow conditions, 

including the surge flow condition. 

 

The results of the sensitivity analysis indicate that the open channel hydraulic analysis 

and the currently proposed flume design is sensitive to the value of the Manning’s 

roughness coefficient. There are many factors that can make selection of either of the 

modeled Manning’s roughness coefficients appropriate. It may not be a significant issue 

if the depth of the required freeboard is not met due to the selection of a rougher 

Manning’s coefficient, due mainly to the fact that the selection of a rougher, more 

conservative Manning’s coefficient takes into account what the freeboard allowance is 

intended to account for. 
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                                               The following methodology was used in the preparation of the Cost Estimate 
                                               for the Wynoochee Dam, Section 1135 Fish Restoartion Project: 
 
                                               a.  The estimate was developed in accordance with guidance contained in ER 
                                               1110-2-1302, Civil Works Cost Engineering, and ER 5-7-1, Total Project Cost 
                                               Summary. 
 
                                               b.  The estimate is presented in the Standard Work Breakdown Structure. 
 
                                               c.  The effective pricing data is Jan 2001 (Date of UPB). Use 2Q01 data from 
                                               EM 1110-2-1304, tables Revised 30 September, 2002. 
 
                                               d.  Price levels are escalated to the anticipated midpoint of construction in 
                                               July 2005.  Escalation cost factor for 4Q05 of Dams and Fish and Wildlife 
                                               Facilities were taken from Civil Works Construction Cost Index System (EM 
                                               1110-2-1304, tables Revised 30 September, 2002). 
 
                                               e.  Construction cost developed by Tetra Tech.  This cost was entered using 
                                               the Army Corps of Engineers M-CACES for Windows estimating software. A copy 
                                               of the M-CACES cost estimate is included. 
 
                                               f.  Labor costs are based the national database (NAT01ALL) provided by the 
                                               Seattle District. 
 
                                               g.  Equipment costs are taken from EP 1110-1-8 Construction Equipment 
                                               Ownership and Operating Expense Schedule as contained in the NAT99A database 
                                               provided by the Seattle District. 
 
                                               h.  Crews were based on the national crews database (NAT01ACC) provided by 
                                               the Seattle District. 
 
                                               i. Item costs were based on the M-CACES database and historical data as 
                                               contained in NAT'l UPB English -A- eff Jan 01, Provided by the Seattle 
                                               District. 
 
                                               j. Costs for Lands and Damages, Relocations, and Cultural Activities are not 
                                               included in the estimate. 
 
                                               k. Costs for Construction Supervison and Administration (S&A) and Engineering 
                                               & Design (E&D) are included as an owner cost and are calculated 
                                               by percentages (12% and 10% respectively). 
 
                                               l.  Bond Costs are based on Class B Bond Rate as showwn in ER1110-2-1302, 
                                               Appendix D. 
 
                                               Contingency - Per ER 1110-2-1302 "Cost Engineering for Civil Works", the 
                                               contingeny for feasibility design of a project expected to cost less $10 
                                               million is 25%. 
 
 
                                               Profit: 
                                               Prime Contractor Profit Factor: 
                                                       Factor                    Rate Weight  Value 
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                                               1. Degree of Risk                  20   0.090   1.80% 
                                               2. Relative Difficulty of Work     15   0.090   1.35% 
                                               3. Size of Job                     15   0.040   0.60% 
                                               4. Period of Performance           15   0.071   1.07% 
                                               5. Contractors Investment           5   0.070   0.35% 
                                               6. Assistance by Government         5   0.070   0.35% 
                                               7. Subcontracting                  25   0.118   2.95% 
                                                                               Profit Factor   8.47% 
 
                                               Reasons for Weight Assigned 
                                               1. Moderate to high Risk - Dam Facilities. 
                                               2. Moderate to high difficulty, short schedule, work within fish window 
                                               3. Cost to Prime including Field Office, Home Office, and OH Assume 8M 
                                               4. Preliminary schedule = Assume 12 months 
                                               5. Average 
                                               6. Average - Work is on public property. Government provides lands for access 
                                               and staging.  No government provided equipment or facilities. 
                                               7. Subcontracting = 20+% 
 
 
                                               Landscape Contractor Profit Factor 
                                                      Factor                    Rate   Weight   Value 
                                               1. Degree of Risk                  20   0.060    1.20% 
                                               2. Relative Difficulty of Work     15   0.060    0.90% 
                                               3. Size of Job                     15   0.120    1.80% 
                                               4. Period of Performance           15   0.034    0.51% 
                                               5. Contractors Investment           5   0.070    0.35% 
                                               6. Assistance by Government         5   0.070    0.35% 
                                               7. Subcontracting                  25   0.120    3.00% 
                                                                              Profit Factor     8.11% 
                                               Reasons for Weight Assigned 
                                               1. Moderate to high Risk - Dam facilities 
                                               2. Average difficulty, short schedule 
                                               3. Cost to LS = Assume $26K 
                                               4. 1-2 months for planting 
                                               5. Low - Labor intensive work 
                                               6. Average - Work is on public property. Government provides lands for access 
                                               and staging.  No government provided equipment or facilities. 
                                               7. Subcontracting = 0% 
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                                                                                  QUANTITY UOM CONTRACT COST  CONTINGN  ESCALATN     E & D     S & A    TOTAL COST UNIT COST 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
 
 
                              01  FISH RESTORATION PROJECT 
 
                              01 04  DAMS 

                              01 04 03 04  Pressure Bypass Pipeline                   1.00 JOB       420,651   105,163    65,587    59,140    78,065       728,606 728606.07 
                              01 04 03 05  Multi-Level Discharge                      1.00 JOB       704,695   176,174   109,874    99,074   130,778     1,220,594   1220594 
                              01 04 03 06  Gravity Flume                              1.00 JOB       986,653   246,663   153,836   138,715   183,104     1,708,972   1708972 

                              01 06  FISH AND WILDLIFE FACILITIES 

 
 
 
 

 
                              01 04 03  Outlet Works 
 
                              01 04 03 01  Mobilization/Demobilization                1.00 JOB       260,495    65,124    40,616    36,623    48,343       451,201 451201.45 
                              01 04 03 02  Wetwell Modification                       1.00 JOB       194,454    48,614    30,319    27,339    36,087       336,812 336812.14 
                              01 04 03 03  Eicher Screen / Penstock Section           1.00 JOB     1,654,030   413,508   257,891   232,543   306,957     2,864,928   2864928 

                              01 04 03 07  Transitional Pond to Drop Struct           1.00 JOB       491,536   122,884    76,639    69,106    91,220       851,384 851383.78 
                                                                                                 ----------- --------- --------- --------- ---------   ----------- 
                                     TOTAL Outlet Works                               1.00 JOB     4,712,515 1,178,129   734,761   662,540   874,553     8,162,498   8162498 
                                                                                                 ----------- --------- --------- --------- ---------   ----------- 
                                     TOTAL DAMS                                       1.00 JOB     4,712,515 1,178,129   734,761   662,540   874,553     8,162,498   8162498 
 
 

 
                              01 06 03  Wildlife Facilities & Sanctuary 
 
                              01 06 03 01  Supplementation Ponds                      1.00 JOB       449,545   112,386    70,563    63,249    83,489       779,233 779232.74 
                                                                                                 ----------- --------- --------- --------- ---------   ----------- 
                                     TOTAL Wildlife Facilities & Sanctuary            1.00 JOB       449,545   112,386    70,563    63,249    83,489       779,233 779232.74 
                                                                                                 ----------- --------- --------- --------- ---------   ----------- 
                                     TOTAL FISH AND WILDLIFE FACILITIES               1.00 JOB       449,545   112,386    70,563    63,249    83,489       779,233 779232.74 
                                                                                                 ----------- --------- --------- --------- ---------   ----------- 
                                     TOTAL FISH RESTORATION PROJECT                   1.00 JOB     5,162,060 1,290,515   805,323   725,790   958,043     8,941,731   8941731 
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---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
                                                                                  QUANTITY UOM CONTRACT COST  CONTINGN  ESCALATN     E & D     S & A    TOTAL COST UNIT COST 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
 
 
                              01  FISH RESTORATION PROJECT 
 
                              01 04  DAMS 

                              01 04 03 01  Mobilization/Demobilization 

 
                              01 04 03  Outlet Works 
 

 
                              01 04 03 01-  01  Mobilization/Demobilization           1.00 JOB       260,495    65,124    40,616    36,623    48,343       451,201 451201.45 
                                                                                                 ----------- --------- --------- --------- ---------   ----------- 
                                          TOTAL Mobilization/Demobilization           1.00 JOB       260,495    65,124    40,616    36,623    48,343       451,201 451201.45 
 
 
                              01 04 03 02  Wetwell Modification 
 
                              01 04 03 02-020   Demolition                            1.00 JOB        69,732    17,433    10,872     9,804    12,941       120,783 120782.85 
                              01 04 03 02-045   Concrete - Structural                 1.00 JOB           839       210       131       118       156         1,453   1453.46 
                              01 04 03 02-070   Structural Modifications              1.00 JOB        38,299     9,575     5,971     5,385     7,108        66,337  66337.36 
                              01 04 03 02-093   Automated Hoisting Gate Valve         1.00 JOB        44,338    11,085     6,913     6,234     8,228        76,798  76798.25 
                              01 04 03 02-200   Controls and Instrumentation          1.00 JOB        23,569     5,892     3,675     3,314     4,374        40,823  40822.99 
                              01 04 03 02-210   Power and Telemetry                   1.00 JOB        17,676     4,419     2,756     2,485     3,280        30,617  30617.24 
                                                                                                 ----------- --------- --------- --------- ---------   ----------- 
                                          TOTAL Wetwell Modification                  1.00 JOB       194,454    48,614    30,319    27,339    36,087       336,812 336812.14 
 
 
                              01 04 03 03  Eicher Screen / Penstock Section 
 
                              01 04 03 03-005   Clearing and Grubbing                 1.00 JOB         6,381     1,595       995       897     1,184        11,052  11052.44 
                              01 04 03 03-010   Dewatering                            1.00 JOB        11,195     2,799     1,746     1,574     2,078        19,391  19390.92 
                              01 04 03 03-015   Erosion Control                       1.00 JOB         2,634       658       411       370       489         4,562   4562.12 
                              01 04 03 03-020   Demolition                            1.00 JOB        32,053     8,013     4,998     4,506     5,948        55,519  55519.26 
                              01 04 03 03-025   Excavation - Soil                     1.00 JOB        86,024    21,506    13,413    12,094    15,964       149,002 149001.87 
                              01 04 03 03-026   Excavation - Rock                     1.00 JOB       183,239    45,810    28,570    25,762    34,006       317,387 317386.55 
                              01 04 03 03-030   Fill - Select Granular                1.00 JOB        43,595    10,899     6,797     6,129     8,090        75,510  75510.07 
                              01 04 03 03-032   Fill - On-Site Material               1.00 JOB         2,909       727       454       409       540         5,039   5038.85 
                              01 04 03 03-035   Road Improvements                     1.00 JOB         5,665     1,416       883       796     1,051         9,812   9812.10 
                              01 04 03 03-040   Utility Relocations                   1.00 JOB         1,178       295       184       166       219         2,041   2041.15 
                              01 04 03 03-045   Concrete - Structural Foundation      1.00 JOB        86,131    21,533    13,429    12,109    15,984       149,186 149185.94 
                              01 04 03 03-046   Concrete - Structural Walls           1.00 JOB       256,625    64,156    40,012    36,079    47,625       444,497 444497.24 
                              01 04 03 03-049   Roof System                           1.00 JOB       154,033    38,508    24,016    21,656    28,586       266,800 266799.72 
                              01 04 03 03-050   Fencing                               1.00 JOB        23,515     5,879     3,666     3,306     4,364        40,730  40729.90 
                              01 04 03 03-055   Facility Access                       1.00 JOB        61,709    15,427     9,621     8,676    11,452       106,885 106884.82 
                              01 04 03 03-060   Drainage System                       1.00 JOB        17,055     4,264     2,659     2,398     3,165        29,541  29541.25 
                              01 04 03 03-080   10-foot Dia Penstock Section          1.00 JOB        55,221    13,805     8,610     7,764    10,248        95,648  95647.51 
                              01 04 03 03-090   Eicher Screen Valve                   1.00 JOB       284,266    71,067    44,322    39,965    52,754       492,374 492374.50 
                              01 04 03 03-091   24-inch Valves                        1.00 JOB        53,029    13,257     8,268     7,455     9,841        91,852  91851.72 
                              01 04 03 03-100   Track System                          1.00 JOB       240,530    60,132    37,503    33,816    44,638       416,619 416619.01 
                              01 04 03 03-150   Revegetation                          1.00 JOB         5,797     1,449       904       815     1,076        10,041  10041.04 
                              01 04 03 03-200   Controls and Instrumentation          1.00 JOB        17,676     4,419     2,756     2,485     3,280        30,617  30617.24 
 
 
 
LABOR ID: NAT01A    EQUIP ID: NAT99A                                        Currency in DOLLARS                                          CREW ID: NAT01A   UPB ID: UP01EA 
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---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
                                                                                  QUANTITY UOM CONTRACT COST  CONTINGN  ESCALATN     E & D     S & A    TOTAL COST UNIT COST 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
 
                              01 04 03 03-210   Power and Telemetry                   1.00 JOB        23,569     5,892     3,675     3,314     4,374        40,823  40822.99 

                              01 04 03 04-025   Excavation - Soil                     1.00 JOB         4,533     1,133       707       637       841         7,852   7852.11 
                              01 04 03 04-031   Fill - Sand                           1.00 JOB         1,428       357       223       201       265         2,473   2473.24 
                              01 04 03 04-032   Fill - On-Site Material               1.00 JOB           168        42        26        24        31           292    291.73 

                              01 04 03 05-060   Drainage System                       1.00 JOB        14,450     3,613     2,253     2,032     2,682        25,029  25028.94 
                              01 04 03 05-083   24-inch Rotating Pipe Section         1.00 JOB       164,571    41,143    25,659    23,137    30,541       285,052 285051.89 
                              01 04 03 05-084   24-inch Outlet Pipes                  1.00 JOB       167,780    41,945    26,160    23,588    31,137       290,610 290609.72 

                                                                                                 ----------- --------- --------- --------- ---------   ----------- 
                                          TOTAL Eicher Screen / Penstock Section      1.00 JOB     1,654,030   413,508   257,891   232,543   306,957     2,864,928   2864928 
 
 
                              01 04 03 04  Pressure Bypass Pipeline 
 
                              01 04 03 04-005   Clearing and Grubbing                 1.00 JOB         6,719     1,680     1,048       945     1,247        11,638  11638.46 
                              01 04 03 04-015   Erosion Control                       1.00 JOB         1,718       429       268       242       319         2,976   2975.58 
                              01 04 03 04-020   Demolition                            1.00 JOB         2,135       534       333       300       396         3,698   3698.05 

                              01 04 03 04-035   Road Improvements                     1.00 JOB         1,406       351       219       198       261         2,435   2435.11 
                              01 04 03 04-040   Utility Relocations                   1.00 JOB         1,178       295       184       166       219         2,041   2041.15 
                              01 04 03 04-081   Steel Casing                          1.00 JOB       262,812    65,703    40,977    36,949    48,773       455,213 455213.38 
                              01 04 03 04-082   24-inch HDPE Pipe                     1.00 JOB        57,273    14,318     8,930     8,052    10,629        99,202  99202.33 
                              01 04 03 04-091   24-inch Valves                        1.00 JOB        54,561    13,640     8,507     7,671    10,126        94,505  94505.22 
                              01 04 03 04-150   Revegetation                          1.00 JOB         3,150       788       491       443       585         5,457   5456.72 
                              01 04 03 04-200   Controls and Instrumentation          1.00 JOB        11,784     2,946     1,837     1,657     2,187        20,411  20411.49 
                              01 04 03 04-210   Power and Telemetry                   1.00 JOB        11,784     2,946     1,837     1,657     2,187        20,411  20411.49 
                                                                                                 ----------- --------- --------- --------- ---------   ----------- 
                                          TOTAL Pressure Bypass Pipeline              1.00 JOB       420,651   105,163    65,587    59,140    78,065       728,606 728606.07 
 
 
                              01 04 03 05  Multi-Level Discharge 
 
                              01 04 03 05-005   Clearing and Grubbing                 1.00 JOB         8,719     2,180     1,359     1,226     1,618        15,102  15102.38 
                              01 04 03 05-010   Dewatering                            1.00 JOB        11,195     2,799     1,746     1,574     2,078        19,391  19390.92 
                              01 04 03 05-015   Erosion Control                       1.00 JOB         2,972       743       463       418       552         5,148   5147.69 
                              01 04 03 05-020   Demolition                            1.00 JOB         8,006     2,002     1,248     1,126     1,486        13,868  13867.68 
                              01 04 03 05-025   Excavation - Soil                     1.00 JOB        66,185    16,546    10,319     9,305    12,283       114,638 114637.58 
                              01 04 03 05-026   Excavation - Rock                     1.00 JOB        20,155     5,039     3,143     2,834     3,740        34,911  34911.00 
                              01 04 03 05-030   Fill - Select Granular                1.00 JOB         1,686       421       263       237       313         2,920   2919.92 
                              01 04 03 05-031   Fill - Sand                           1.00 JOB         1,536       384       239       216       285         2,660   2659.73 
                              01 04 03 05-032   Fill - On-Site Material               1.00 JOB           295        74        46        41        55           511    510.53 
                              01 04 03 05-033   Grading                               1.00 JOB         1,894       473       295       266       351         3,280   3280.34 
                              01 04 03 05-035   Road Improvements                     1.00 JOB        12,749     3,187     1,988     1,792     2,366        22,082  22082.00 
                              01 04 03 05-040   Utility Relocations                   1.00 JOB         1,178       295       184       166       219         2,041   2041.15 
                              01 04 03 05-045   Concrete - Structural Foundation      1.00 JOB        13,152     3,288     2,051     1,849     2,441        22,781  22780.95 
                              01 04 03 05-046   Concrete - Structural Walls           1.00 JOB        65,482    16,370    10,210     9,206    12,152       113,421 113420.59 
                              01 04 03 05-048   Concrete - Vault                      1.00 JOB        30,359     7,590     4,733     4,268     5,634        52,584  52583.77 
                              01 04 03 05-049   Roof System                           1.00 JOB        33,939     8,485     5,292     4,772     6,298        58,785  58785.10 
                              01 04 03 05-050   Fencing                               1.00 JOB        11,373     2,843     1,773     1,599     2,111        19,700  19699.50 
                              01 04 03 05-055   Facility Access                       1.00 JOB        22,652     5,663     3,532     3,185     4,204        39,236  39235.52 

                              01 04 03 05-150   Revegetation                          1.00 JOB         3,122       780       487       439       579         5,407   5407.06 
                              01 04 03 05-200   Controls and Instrumentation          1.00 JOB        17,676     4,419     2,756     2,485     3,280        30,617  30617.24 
 
 
 
LABOR ID: NAT01A    EQUIP ID: NAT99A                                        Currency in DOLLARS                                          CREW ID: NAT01A   UPB ID: UP01EA 
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                                                                                  QUANTITY UOM CONTRACT COST  CONTINGN  ESCALATN     E & D     S & A    TOTAL COST UNIT COST 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
 
                              01 04 03 05-210   Power and Telemetry                   1.00 JOB        23,569     5,892     3,675     3,314     4,374        40,823  40822.99 
                                                                                                 ----------- --------- --------- --------- ---------   ----------- 
                                          TOTAL Multi-Level Discharge                 1.00 JOB       704,695   176,174   109,874    99,074   130,778     1,220,594   1220594 
 
 
                              01 04 03 06  Gravity Flume 
 
                              01 04 03 06-005   Clearing and Grubbing                 1.00 JOB         6,411     1,603     1,000       901     1,190        11,105  11104.69 
                              01 04 03 06-015   Erosion Control                       1.00 JOB        18,649     4,662     2,908     2,622     3,461        32,302  32302.24 
                              01 04 03 06-020   Demolition                            1.00 JOB        14,411     3,603     2,247     2,026     2,674        24,962  24961.82 
                              01 04 03 06-025   Excavation - Soil                     1.00 JOB        48,291    12,073     7,529     6,789     8,962        83,644  83644.03 
                              01 04 03 06-030   Fill - Select Granular                1.00 JOB         2,160       540       337       304       401         3,741   3740.80 
                              01 04 03 06-031   Fill - Sand                           1.00 JOB        21,418     5,355     3,339     3,011     3,975        37,099  37098.56 

                              01 04 03 07-056   Flume Topper                          1.00 JOB        16,241     4,060     2,532     2,283     3,014        28,132  28131.68 

                              01 04 03 06-033   Grading                               1.00 JOB         4,545     1,136       709       639       844         7,873   7872.82 
                              01 04 03 06-035   Road Improvements                     1.00 JOB         1,178       294       184       166       219         2,040   2040.20 
                              01 04 03 06-040   Utility Relocations                   1.00 JOB         1,178       295       184       166       219         2,041   2041.15 
                              01 04 03 06-044   Concrete - Structural Flume Join      1.00 JOB        52,991    13,248     8,262     7,450     9,834        91,785  91785.25 
                              01 04 03 06-047   Concrete - Pre-Cast                   1.00 JOB       607,637   151,909    94,741    85,429   112,766     1,052,482   1052482 
                              01 04 03 06-056   Flume Accessories                     1.00 JOB       129,154    32,288    20,137    18,158    23,968       223,706 223705.68 
                              01 04 03 06-060   Drainage System                       1.00 JOB        45,175    11,294     7,044     6,351     8,384        78,248  78247.63 
                              01 04 03 06-150   Revegetation                          1.00 JOB         9,885     2,471     1,541     1,390     1,834        17,122  17121.95 
                              01 04 03 06-200   Controls and Instrumentation          1.00 JOB        11,784     2,946     1,837     1,657     2,187        20,411  20411.49 
                              01 04 03 06-210   Power and Telemetry                   1.00 JOB        11,784     2,946     1,837     1,657     2,187        20,411  20411.49 
                                                                                                 ----------- --------- --------- --------- ---------   ----------- 
                                          TOTAL Gravity Flume                         1.00 JOB       986,653   246,663   153,836   138,715   183,104     1,708,972   1708972 
 
 
                              01 04 03 07  Transitional Pond to Drop Struct 
 
                              01 04 03 07-005   Clearing and Grubbing                 1.00 JOB         5,144     1,286       802       723       955         8,909   8909.13 
                              01 04 03 07-010   Dewatering                            1.00 JOB        11,195     2,799     1,746     1,574     2,078        19,391  19390.92 
                              01 04 03 07-015   Erosion Control                       1.00 JOB         6,408     1,602       999       901     1,189        11,099  11099.13 
                              01 04 03 07-025   Excavation - Soil                     1.00 JOB        57,210    14,302     8,920     8,043    10,617        99,092  99092.05 
                              01 04 03 07-028   Fill - RipRap                         1.00 JOB         2,158       540       337       303       401         3,739   3738.70 
                              01 04 03 07-029   Fill - Quarry Spall                   1.00 JOB           378        94        59        53        70           654    654.00 
                              01 04 03 07-030   Fill - Select Granular                1.00 JOB         5,183     1,296       808       729       962         8,978   8977.93 
                              01 04 03 07-032   Fill - On-Site Material               1.00 JOB         2,442       611       381       343       453         4,230   4230.14 
                              01 04 03 07-033   Grading                               1.00 JOB         8,485     2,121     1,323     1,193     1,575        14,696  14695.93 
                              01 04 03 07-035   Road Improvements                     1.00 JOB         1,331       333       208       187       247         2,306   2306.00 
                              01 04 03 07-040   Utility Relocations                   1.00 JOB         1,178       295       184       166       219         2,041   2041.15 
                              01 04 03 07-044   Concrete - Structural Flume Join      1.00 JOB        13,186     3,297     2,056     1,854     2,447        22,839  22839.36 
                              01 04 03 07-045   Concrete - Structural Foundation      1.00 JOB        15,268     3,817     2,381     2,147     2,833        26,446  26445.73 
                              01 04 03 07-046   Concrete - Structural Weirs           1.00 JOB        74,907    18,727    11,679    10,531    13,901       129,745 129745.41 
                              01 04 03 07-047   Concrete - Pre-Cast                   1.00 JOB       167,329    41,832    26,089    23,525    31,053       289,829 289829.26 
                              01 04 03 07-050   Fencing                               1.00 JOB        46,005    11,501     7,173     6,468     8,538        79,685  79684.93 
                              01 04 03 07-054   Structural Aluminum                   1.00 JOB         7,398     1,850     1,153     1,040     1,373        12,814  12814.12 
                              01 04 03 07-055   Facility Access                       1.00 JOB         2,228       557       347       313       413         3,858   3858.36 

                              01 04 03 07-060   Drainage System                       1.00 JOB         8,647     2,162     1,348     1,216     1,605        14,978  14977.60 
                              01 04 03 07-105   Testing Facilities                    1.00 JOB         2,593       648       404       364       481         4,491   4490.53 
                              01 04 03 07-150   Revegetation                          1.00 JOB        13,053     3,263     2,035     1,835     2,422        22,609  22608.71 
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                                                                                  QUANTITY UOM CONTRACT COST  CONTINGN  ESCALATN     E & D     S & A    TOTAL COST UNIT COST 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
 
                              01 04 03 07-200   Controls and Instrumentation          1.00 JOB        11,784     2,946     1,837     1,657     2,187        20,411  20411.49 

                                                                                                 ----------- --------- --------- --------- ---------   ----------- 
                                          TOTAL FISH RESTORATION PROJECT              1.00 JOB     5,162,060 1,290,515   805,323   725,790   958,043     8,941,731   8941731 
 
 
 
 
 

                              01 04 03 07-210   Power and Telemetry                   1.00 JOB        11,784     2,946     1,837     1,657     2,187        20,411  20411.49 
                                                                                                 ----------- --------- --------- --------- ---------   ----------- 
                                          TOTAL Transitional Pond to Drop Struct      1.00 JOB       491,536   122,884    76,639    69,106    91,220       851,384 851383.78 
                                                                                                 ----------- --------- --------- --------- ---------   ----------- 
                                          TOTAL Outlet Works                          1.00 JOB     4,712,515 1,178,129   734,761   662,540   874,553     8,162,498   8162498 
                                                                                                 ----------- --------- --------- --------- ---------   ----------- 
                                          TOTAL DAMS                                  1.00 JOB     4,712,515 1,178,129   734,761   662,540   874,553     8,162,498   8162498 
 
 
                              01 06  FISH AND WILDLIFE FACILITIES 
 
                              01 06 03  Wildlife Facilities & Sanctuary 
 
                              01 06 03 01  Supplementation Ponds 
 
                              01 06 03 01-005   Clearing and Grubbing                 1.00 JOB         2,345       586       368       330       435         4,064   4064.08 
                              01 06 03 01-010   Dewatering                            1.00 JOB        11,195     2,799     1,757     1,575     2,079        19,405  19405.37 
                              01 06 03 01-015   Erosion Control                       1.00 JOB         2,563       641       402       361       476         4,443   4442.96 
                              01 06 03 01-025   Excavation - Soil                     1.00 JOB        44,928    11,232     7,052     6,321     8,344        77,877  77876.80 
                              01 06 03 01-026   Excavation - Rock                     1.00 JOB        22,395     5,599     3,515     3,151     4,159        38,819  38818.91 
                              01 06 03 01-030   Fill - Select Granular                1.00 JOB         6,479     1,620     1,017       912     1,203        11,231  11230.78 
                              01 06 03 01-033   Grading                               1.00 JOB         7,575     1,894     1,189     1,066     1,407        13,131  13131.15 
                              01 06 03 01-035   Road Improvements                     1.00 JOB         7,752     1,938     1,217     1,091     1,440        13,438  13437.80 
                              01 06 03 01-040   Utility Relocations                   1.00 JOB         1,178       295       185       166       219         2,043   2042.67 
                              01 06 03 01-046   Concrete - Structural Walls           1.00 JOB       146,509    36,627    22,997    20,613    27,210       253,957 253956.52 
                              01 06 03 01-050   Fencing                               1.00 JOB        47,025    11,756     7,381     6,616     8,733        81,512  81511.99 
                              01 06 03 01-055   Facility Access                       1.00 JOB         2,228       557       350       313       414         3,861   3861.23 
                              01 06 03 01-060   Drainage System                       1.00 JOB         8,092     2,023     1,270     1,139     1,503        14,027  14027.15 
                              01 06 03 01-085   8-inch Pipe                           1.00 JOB        89,834    22,459    14,101    12,639    16,684       155,717 155716.87 
                              01 06 03 01-092   8-inch Valves                         1.00 JOB         5,150     1,287       808       725       956         8,926   8926.47 
                              01 06 03 01-115   Outlet Structure                      1.00 JOB         5,821     1,455       914       819     1,081        10,091  10090.79 
                              01 06 03 01-150   Revegetation                          1.00 JOB         3,122       780       490       439       580         5,411   5411.09 
                              01 06 03 01-200   Controls and Instrumentation          1.00 JOB        29,461     7,365     4,624     4,145     5,471        51,067  51066.77 
                              01 06 03 01-210   Power and Telemetry                   1.00 JOB         5,892     1,473       925       829     1,094        10,213  10213.35 
                                                                                                 ----------- --------- --------- --------- ---------   ----------- 
                                          TOTAL Supplementation Ponds                 1.00 JOB       449,545   112,386    70,563    63,249    83,489       779,233 779232.74 
                                                                                                 ----------- --------- --------- --------- ---------   ----------- 
                                          TOTAL Wildlife Facilities & Sanctuary       1.00 JOB       449,545   112,386    70,563    63,249    83,489       779,233 779232.74 
                                                                                                 ----------- --------- --------- --------- ---------   ----------- 
                                          TOTAL FISH AND WILDLIFE FACILITIES          1.00 JOB       449,545   112,386    70,563    63,249    83,489       779,233 779232.74 
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---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
                                                                                  QUANTITY UOM  TOTAL DIRECT      FOOH  OVERHEAD      PROF      BOND    TOTAL COST UNIT COST 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
 
 
                              01  FISH RESTORATION PROJECT 
 
                              01 04  DAMS 
 
                              01 04 03  Outlet Works 
 
                              01 04 03 01  Mobilization/Demobilization                1.00 JOB       210,000    21,000     6,930    20,141     2,425       260,495 260495.45 
                              01 04 03 02  Wetwell Modification                       1.00 JOB       156,760    15,676     5,173    15,035     1,810       194,454 194454.23 
                              01 04 03 03  Eicher Screen / Penstock Section           1.00 JOB     1,333,406   133,341    44,002   127,885    15,396     1,654,030   1654030 
                              01 04 03 04  Pressure Bypass Pipeline                   1.00 JOB       339,111    33,911    11,191    32,524     3,915       420,651 420651.50 
                              01 04 03 05  Multi-Level Discharge                      1.00 JOB       568,094    56,809    18,747    54,485     6,559       704,695 704694.61 
                              01 04 03 06  Gravity Flume                              1.00 JOB       795,397    79,540    26,248    76,285     9,184       986,653 986653.32 

                              01 06  FISH AND WILDLIFE FACILITIES 

                                                                                                                                                       ----------- 
                                    TOTAL INCL OWNER COSTS                                                                                               8,941,731 
 
 
 
 

                              01 04 03 07  Transitional Pond to Drop Struct           1.00 JOB       396,254    39,625    13,076    38,004     4,575       491,536 491535.65 
                                                                                                 ----------- --------- --------- --------- ---------   ----------- 
                                     TOTAL Outlet Works                               1.00 JOB     3,799,023   379,902   125,368   364,358    43,864     4,712,515   4712515 
                                                                                                 ----------- --------- --------- --------- ---------   ----------- 
                                     TOTAL DAMS                                       1.00 JOB     3,799,023   379,902   125,368   364,358    43,864     4,712,515   4712515 
 
 

 
                              01 06 03  Wildlife Facilities & Sanctuary 
 
                              01 06 03 01  Supplementation Ponds                      1.00 JOB       362,404    36,240    11,959    34,758     4,184       449,545 449545.12 
                                                                                                 ----------- --------- --------- --------- ---------   ----------- 
                                     TOTAL Wildlife Facilities & Sanctuary            1.00 JOB       362,404    36,240    11,959    34,758     4,184       449,545 449545.12 
                                                                                                 ----------- --------- --------- --------- ---------   ----------- 
                                     TOTAL FISH AND WILDLIFE FACILITIES               1.00 JOB       362,404    36,240    11,959    34,758     4,184       449,545 449545.12 
                                                                                                 ----------- --------- --------- --------- ---------   ----------- 
                                     TOTAL FISH RESTORATION PROJECT                   1.00 JOB     4,161,426   416,143   137,327   399,116    48,048     5,162,060   5162060 
 
                                  CONTINGENCY                                        25.00 %                                                             1,290,515 
                                                                                                                                                       ----------- 
                                    SUBTOTAL                                                                                                             6,452,575 
                                  ESCALATION                                         12.48 %                                                               805,323 
                                                                                                                                                       ----------- 
                                    SUBTOTAL                                                                                                             7,257,898 
                                                                                     10.00 %                                                               725,790 
                                                                                                                                                       ----------- 
                                    SUBTOTAL                                                                                                             7,983,688 
                                                                                     12.00 %                                                               958,043 
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                                                                                  QUANTITY UOM  TOTAL DIRECT      FOOH  OVERHEAD      PROF      BOND    TOTAL COST UNIT COST 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
 
 
                              01  FISH RESTORATION PROJECT 
 
                              01 04  DAMS 

 

                              01 04 03 03-055   Facility Access                       1.00 JOB        49,747     4,975     1,642     4,771       574        61,709  61708.60 
                              01 04 03 03-060   Drainage System                       1.00 JOB        13,749     1,375       454     1,319       159        17,055  17055.26 
                              01 04 03 03-080   10-foot Dia Penstock Section          1.00 JOB        44,517     4,452     1,469     4,270       514        55,221  55220.88 
                              01 04 03 03-090   Eicher Screen Valve                   1.00 JOB       229,163    22,916     7,562    21,979     2,646       284,266 284266.18 
                              01 04 03 03-091   24-inch Valves                        1.00 JOB        42,750     4,275     1,411     4,100       494        53,029  53029.43 
                              01 04 03 03-100   Track System                          1.00 JOB       193,905    19,390     6,399    18,597     2,239       240,530 240529.71 

 
                              01 04 03  Outlet Works 
 
                              01 04 03 01  Mobilization/Demobilization 
 
                              01 04 03 01-  01  Mobilization/Demobilization           1.00 JOB       210,000    21,000     6,930    20,141     2,425       260,495 260495.45 
                                                                                                 ----------- --------- --------- --------- ---------   ----------- 
                                          TOTAL Mobilization/Demobilization           1.00 JOB       210,000    21,000     6,930    20,141     2,425       260,495 260495.45 

 
                              01 04 03 02  Wetwell Modification 
 
                              01 04 03 02-020   Demolition                            1.00 JOB        56,215     5,622     1,855     5,392       649        69,732  69732.45 
                              01 04 03 02-045   Concrete - Structural                 1.00 JOB           676        68        22        65         8           839    839.13 
                              01 04 03 02-070   Structural Modifications              1.00 JOB        30,875     3,088     1,019     2,961       356        38,299  38299.03 
                              01 04 03 02-093   Automated Hoisting Gate Valve         1.00 JOB        35,744     3,574     1,180     3,428       413        44,338  44338.50 
                              01 04 03 02-200   Controls and Instrumentation          1.00 JOB        19,000     1,900       627     1,822       219        23,569  23568.64 
                              01 04 03 02-210   Power and Telemetry                   1.00 JOB        14,250     1,425       470     1,367       165        17,676  17676.48 
                                                                                                 ----------- --------- --------- --------- ---------   ----------- 
                                          TOTAL Wetwell Modification                  1.00 JOB       156,760    15,676     5,173    15,035     1,810       194,454 194454.23 
 
 
                              01 04 03 03  Eicher Screen / Penstock Section 
 
                              01 04 03 03-005   Clearing and Grubbing                 1.00 JOB         5,144       514       170       493        59         6,381   6380.98 
                              01 04 03 03-010   Dewatering                            1.00 JOB         9,025       903       298       866       104        11,195  11195.10 
                              01 04 03 03-015   Erosion Control                       1.00 JOB         2,123       212        70       204        25         2,634   2633.88 
                              01 04 03 03-020   Demolition                            1.00 JOB        25,840     2,584       853     2,478       298        32,053  32053.34 
                              01 04 03 03-025   Excavation - Soil                     1.00 JOB        69,349     6,935     2,289     6,651       801        86,024  86024.34 
                              01 04 03 03-026   Excavation - Rock                     1.00 JOB       147,719    14,772     4,875    14,168     1,706       183,239 183239.11 
                              01 04 03 03-030   Fill - Select Granular                1.00 JOB        35,144     3,514     1,160     3,371       406        43,595  43594.78 
                              01 04 03 03-032   Fill - On-Site Material               1.00 JOB         2,345       235        77       225        27         2,909   2909.11 
                              01 04 03 03-035   Road Improvements                     1.00 JOB         4,567       457       151       438        53         5,665   5664.89 
                              01 04 03 03-040   Utility Relocations                   1.00 JOB           950        95        31        91        11         1,178   1178.43 
                              01 04 03 03-045   Concrete - Structural Foundation      1.00 JOB        69,435     6,943     2,291     6,659       802        86,131  86130.61 
                              01 04 03 03-046   Concrete - Structural Walls           1.00 JOB       206,880    20,688     6,827    19,842     2,389       256,625 256624.85 
                              01 04 03 03-049   Roof System                           1.00 JOB       124,175    12,418     4,098    11,909     1,434       154,033 154033.44 
                              01 04 03 03-050   Fencing                               1.00 JOB        18,957     1,896       626     1,818       219        23,515  23514.89 

                              01 04 03 03-150   Revegetation                          1.00 JOB         4,673       467       154       448        54         5,797   5797.07 
                              01 04 03 03-200   Controls and Instrumentation          1.00 JOB        14,250     1,425       470     1,367       165        17,676  17676.48 
 
 
 
LABOR ID: NAT01A    EQUIP ID: NAT99A                                        Currency in DOLLARS                                          CREW ID: NAT01A   UPB ID: UP01EA 
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                              01 04 03 03-210   Power and Telemetry                   1.00 JOB        19,000     1,900       627     1,822       219        23,569  23568.64 

                              01 04 03 04-032   Fill - On-Site Material               1.00 JOB           136        14         4        13         2           168    168.43 

                              01 04 03 05-049   Roof System                           1.00 JOB        27,360     2,736       903     2,624       316        33,939  33938.84 
                              01 04 03 05-050   Fencing                               1.00 JOB         9,169       917       303       879       106        11,373  11373.26 
                              01 04 03 05-055   Facility Access                       1.00 JOB        18,261     1,826       603     1,751       211        22,652  22652.13 
                              01 04 03 05-060   Drainage System                       1.00 JOB        11,649     1,165       384     1,117       135        14,450  14450.14 
                              01 04 03 05-083   24-inch Rotating Pipe Section         1.00 JOB       132,670    13,267     4,378    12,724     1,532       164,571 164571.10 
                              01 04 03 05-084   24-inch Outlet Pipes                  1.00 JOB       135,257    13,526     4,463    12,972     1,562       167,780 167779.85 

                                                                                                 ----------- --------- --------- --------- ---------   ----------- 
                                          TOTAL Eicher Screen / Penstock Section      1.00 JOB     1,333,406   133,341    44,002   127,885    15,396     1,654,030   1654030 
 
 
                              01 04 03 04  Pressure Bypass Pipeline 
 
                              01 04 03 04-005   Clearing and Grubbing                 1.00 JOB         5,417       542       179       520        63         6,719   6719.32 
                              01 04 03 04-015   Erosion Control                       1.00 JOB         1,385       138        46       133        16         1,718   1717.92 
                              01 04 03 04-020   Demolition                            1.00 JOB         1,721       172        57       165        20         2,135   2135.02 
                              01 04 03 04-025   Excavation - Soil                     1.00 JOB         3,655       365       121       351        42         4,533   4533.32 
                              01 04 03 04-031   Fill - Sand                           1.00 JOB         1,151       115        38       110        13         1,428   1427.89 

                              01 04 03 04-035   Road Improvements                     1.00 JOB         1,133       113        37       109        13         1,406   1405.88 
                              01 04 03 04-040   Utility Relocations                   1.00 JOB           950        95        31        91        11         1,178   1178.43 
                              01 04 03 04-081   Steel Casing                          1.00 JOB       211,867    21,187     6,992    20,320     2,446       262,812 262811.69 
                              01 04 03 04-082   24-inch HDPE Pipe                     1.00 JOB        46,171     4,617     1,524     4,428       533        57,273  57273.21 
                              01 04 03 04-091   24-inch Valves                        1.00 JOB        43,985     4,399     1,452     4,219       508        54,561  54561.39 
                              01 04 03 04-150   Revegetation                          1.00 JOB         2,540       254        84       244        29         3,150   3150.37 
                              01 04 03 04-200   Controls and Instrumentation          1.00 JOB         9,500       950       314       911       110        11,784  11784.32 
                              01 04 03 04-210   Power and Telemetry                   1.00 JOB         9,500       950       314       911       110        11,784  11784.32 
                                                                                                 ----------- --------- --------- --------- ---------   ----------- 
                                          TOTAL Pressure Bypass Pipeline              1.00 JOB       339,111    33,911    11,191    32,524     3,915       420,651 420651.50 
 
 
                              01 04 03 05  Multi-Level Discharge 
 
                              01 04 03 05-005   Clearing and Grubbing                 1.00 JOB         7,029       703       232       674        81         8,719   8719.17 
                              01 04 03 05-010   Dewatering                            1.00 JOB         9,025       903       298       866       104        11,195  11195.10 
                              01 04 03 05-015   Erosion Control                       1.00 JOB         2,396       240        79       230        28         2,972   2971.96 
                              01 04 03 05-020   Demolition                            1.00 JOB         6,454       645       213       619        75         8,006   8006.33 
                              01 04 03 05-025   Excavation - Soil                     1.00 JOB        53,355     5,336     1,761     5,117       616        66,185  66184.55 
                              01 04 03 05-026   Excavation - Rock                     1.00 JOB        16,248     1,625       536     1,558       188        20,155  20155.43 
                              01 04 03 05-030   Fill - Select Granular                1.00 JOB         1,359       136        45       130        16         1,686   1685.78 
                              01 04 03 05-031   Fill - Sand                           1.00 JOB         1,238       124        41       119        14         1,536   1535.56 
                              01 04 03 05-032   Fill - On-Site Material               1.00 JOB           238        24         8        23         3           295    294.75 
                              01 04 03 05-033   Grading                               1.00 JOB         1,527       153        50       146        18         1,894   1893.86 
                              01 04 03 05-035   Road Improvements                     1.00 JOB        10,277     1,028       339       986       119        12,749  12748.76 
                              01 04 03 05-040   Utility Relocations                   1.00 JOB           950        95        31        91        11         1,178   1178.43 
                              01 04 03 05-045   Concrete - Structural Foundation      1.00 JOB        10,603     1,060       350     1,017       122        13,152  13152.29 
                              01 04 03 05-046   Concrete - Structural Walls           1.00 JOB        52,789     5,279     1,742     5,063       610        65,482  65481.94 
                              01 04 03 05-048   Concrete - Vault                      1.00 JOB        24,474     2,447       808     2,347       283        30,359  30358.57 

                              01 04 03 05-150   Revegetation                          1.00 JOB         2,517       252        83       241        29         3,122   3121.70 
                              01 04 03 05-200   Controls and Instrumentation          1.00 JOB        14,250     1,425       470     1,367       165        17,676  17676.48 
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                              01 04 03 05-210   Power and Telemetry                   1.00 JOB        19,000     1,900       627     1,822       219        23,569  23568.64 
                                                                                                 ----------- --------- --------- --------- ---------   ----------- 
                                          TOTAL Multi-Level Discharge                 1.00 JOB       568,094    56,809    18,747    54,485     6,559       704,695 704694.61 
 
 
                              01 04 03 06  Gravity Flume 
 
                              01 04 03 06-005   Clearing and Grubbing                 1.00 JOB         5,168       517       171       496        60         6,411   6411.15 
                              01 04 03 06-015   Erosion Control                       1.00 JOB        15,034     1,503       496     1,442       174        18,649  18649.29 
                              01 04 03 06-020   Demolition                            1.00 JOB        11,618     1,162       383     1,114       134        14,411  14411.39 
                              01 04 03 06-025   Excavation - Soil                     1.00 JOB        38,930     3,893     1,285     3,734       449        48,291  48290.82 
                              01 04 03 06-030   Fill - Select Granular                1.00 JOB         1,741       174        57       167        20         2,160   2159.71 
                              01 04 03 06-031   Fill - Sand                           1.00 JOB        17,267     1,727       570     1,656       199        21,418  21418.38 

                              01 04 03 07  Transitional Pond to Drop Struct 

                              01 04 03 07-040   Utility Relocations                   1.00 JOB           950        95        31        91        11         1,178   1178.43 
                              01 04 03 07-044   Concrete - Structural Flume Join      1.00 JOB        10,630     1,063       351     1,020       123        13,186  13186.02 
                              01 04 03 07-045   Concrete - Structural Foundation      1.00 JOB        12,308     1,231       406     1,180       142        15,268  15268.11 
                              01 04 03 07-046   Concrete - Structural Weirs           1.00 JOB        60,387     6,039     1,993     5,792       697        74,907  74906.87 
                              01 04 03 07-047   Concrete - Pre-Cast                   1.00 JOB       134,894    13,489     4,451    12,937     1,557       167,329 167329.26 
                              01 04 03 07-050   Fencing                               1.00 JOB        37,087     3,709     1,224     3,557       428        46,005  46005.09 
                              01 04 03 07-054   Structural Aluminum                   1.00 JOB         5,964       596       197       572        69         7,398   7398.07 
                              01 04 03 07-055   Facility Access                       1.00 JOB         1,796       180        59       172        21         2,228   2227.57 
                              01 04 03 07-056   Flume Topper                          1.00 JOB        13,093     1,309       432     1,256       151        16,241  16241.47 

                              01 04 03 06-033   Grading                               1.00 JOB         3,664       366       121       351        42         4,545   4545.27 
                              01 04 03 06-035   Road Improvements                     1.00 JOB           950        95        31        91        11         1,178   1177.89 
                              01 04 03 06-040   Utility Relocations                   1.00 JOB           950        95        31        91        11         1,178   1178.43 
                              01 04 03 06-044   Concrete - Structural Flume Join      1.00 JOB        42,719     4,272     1,410     4,097       493        52,991  52991.05 
                              01 04 03 06-047   Concrete - Pre-Cast                   1.00 JOB       489,850    48,985    16,165    46,981     5,656       607,637 607637.24 
                              01 04 03 06-056   Flume Accessories                     1.00 JOB       104,118    10,412     3,436     9,986     1,202       129,154 129153.64 
                              01 04 03 06-060   Drainage System                       1.00 JOB        36,418     3,642     1,202     3,493       420        45,175  45175.28 
                              01 04 03 06-150   Revegetation                          1.00 JOB         7,969       797       263       764        92         9,885   9885.14 
                              01 04 03 06-200   Controls and Instrumentation          1.00 JOB         9,500       950       314       911       110        11,784  11784.32 
                              01 04 03 06-210   Power and Telemetry                   1.00 JOB         9,500       950       314       911       110        11,784  11784.32 
                                                                                                 ----------- --------- --------- --------- ---------   ----------- 
                                          TOTAL Gravity Flume                         1.00 JOB       795,397    79,540    26,248    76,285     9,184       986,653 986653.32 
 
 

 
                              01 04 03 07-005   Clearing and Grubbing                 1.00 JOB         4,147       415       137       398        48         5,144   5143.58 
                              01 04 03 07-010   Dewatering                            1.00 JOB         9,025       903       298       866       104        11,195  11195.10 
                              01 04 03 07-015   Erosion Control                       1.00 JOB         5,166       517       170       495        60         6,408   6407.94 
                              01 04 03 07-025   Excavation - Soil                     1.00 JOB        46,120     4,612     1,522     4,423       533        57,210  57209.54 
                              01 04 03 07-028   Fill - RipRap                         1.00 JOB         1,740       174        57       167        20         2,158   2158.49 
                              01 04 03 07-029   Fill - Quarry Spall                   1.00 JOB           304        30        10        29         4           378    377.58 
                              01 04 03 07-030   Fill - Select Granular                1.00 JOB         4,179       418       138       401        48         5,183   5183.29 
                              01 04 03 07-032   Fill - On-Site Material               1.00 JOB         1,969       197        65       189        23         2,442   2442.22 
                              01 04 03 07-033   Grading                               1.00 JOB         6,840       684       226       656        79         8,485   8484.51 
                              01 04 03 07-035   Road Improvements                     1.00 JOB         1,073       107        35       103        12         1,331   1331.34 

                              01 04 03 07-060   Drainage System                       1.00 JOB         6,971       697       230       669        80         8,647   8647.13 
                              01 04 03 07-105   Testing Facilities                    1.00 JOB         2,090       209        69       200        24         2,593   2592.55 
                              01 04 03 07-150   Revegetation                          1.00 JOB        10,523     1,052       347     1,009       121        13,053  13052.86 
 
 
LABOR ID: NAT01A    EQUIP ID: NAT99A                                        Currency in DOLLARS                                          CREW ID: NAT01A   UPB ID: UP01EA 
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                              01 04 03 07-200   Controls and Instrumentation          1.00 JOB         9,500       950       314       911       110        11,784  11784.32 
                              01 04 03 07-210   Power and Telemetry                   1.00 JOB         9,500       950       314       911       110        11,784  11784.32 
                                                                                                 ----------- --------- --------- --------- ---------   ----------- 
                                          TOTAL Transitional Pond to Drop Struct      1.00 JOB       396,254    39,625    13,076    38,004     4,575       491,536 491535.65 
                                                                                                 ----------- --------- --------- --------- ---------   ----------- 
                                          TOTAL Outlet Works                          1.00 JOB     3,799,023   379,902   125,368   364,358    43,864     4,712,515   4712515 
                                                                                                 ----------- --------- --------- --------- ---------   ----------- 
                                          TOTAL DAMS                                  1.00 JOB     3,799,023   379,902   125,368   364,358    43,864     4,712,515   4712515 
 
 
                              01 06  FISH AND WILDLIFE FACILITIES 
 
                              01 06 03  Wildlife Facilities & Sanctuary 

                                    SUBTOTAL                                                                                                             6,452,575 
                                  ESCALATION                                         12.48 %                                                               805,323 

 
                              01 06 03 01  Supplementation Ponds 
 
                              01 06 03 01-005   Clearing and Grubbing                 1.00 JOB         1,890       189        62       181        22         2,345   2344.60 
                              01 06 03 01-010   Dewatering                            1.00 JOB         9,025       903       298       866       104        11,195  11195.10 
                              01 06 03 01-015   Erosion Control                       1.00 JOB         2,066       207        68       198        24         2,563   2563.18 
                              01 06 03 01-025   Excavation - Soil                     1.00 JOB        36,219     3,622     1,195     3,474       418        44,928  44927.70 
                              01 06 03 01-026   Excavation - Rock                     1.00 JOB        18,054     1,805       596     1,732       208        22,395  22394.92 
                              01 06 03 01-030   Fill - Select Granular                1.00 JOB         5,223       522       172       501        60         6,479   6479.12 
                              01 06 03 01-033   Grading                               1.00 JOB         6,107       611       202       586        71         7,575   7575.46 
                              01 06 03 01-035   Road Improvements                     1.00 JOB         6,250       625       206       599        72         7,752   7752.36 
                              01 06 03 01-040   Utility Relocations                   1.00 JOB           950        95        31        91        11         1,178   1178.43 
                              01 06 03 01-046   Concrete - Structural Walls           1.00 JOB       118,109    11,811     3,898    11,328     1,364       146,509 146509.39 
                              01 06 03 01-050   Fencing                               1.00 JOB        37,909     3,791     1,251     3,636       438        47,025  47024.87 
                              01 06 03 01-055   Facility Access                       1.00 JOB         1,796       180        59       172        21         2,228   2227.57 
                              01 06 03 01-060   Drainage System                       1.00 JOB         6,524       652       215       626        75         8,092   8092.37 
                              01 06 03 01-085   8-inch Pipe                           1.00 JOB        72,420     7,242     2,390     6,946       836        89,834  89834.21 
                              01 06 03 01-092   8-inch Valves                         1.00 JOB         4,152       415       137       398        48         5,150   5149.75 
                              01 06 03 01-115   Outlet Structure                      1.00 JOB         4,693       469       155       450        54         5,821   5821.45 
                              01 06 03 01-150   Revegetation                          1.00 JOB         2,517       252        83       241        29         3,122   3121.70 
                              01 06 03 01-200   Controls and Instrumentation          1.00 JOB        23,750     2,375       784     2,278       274        29,461  29460.79 
                              01 06 03 01-210   Power and Telemetry                   1.00 JOB         4,750       475       157       456        55         5,892   5892.16 
                                                                                                 ----------- --------- --------- --------- ---------   ----------- 
                                          TOTAL Supplementation Ponds                 1.00 JOB       362,404    36,240    11,959    34,758     4,184       449,545 449545.12 
                                                                                                 ----------- --------- --------- --------- ---------   ----------- 
                                          TOTAL Wildlife Facilities & Sanctuary       1.00 JOB       362,404    36,240    11,959    34,758     4,184       449,545 449545.12 
                                                                                                 ----------- --------- --------- --------- ---------   ----------- 
                                          TOTAL FISH AND WILDLIFE FACILITIES          1.00 JOB       362,404    36,240    11,959    34,758     4,184       449,545 449545.12 
                                                                                                 ----------- --------- --------- --------- ---------   ----------- 
                                          TOTAL FISH RESTORATION PROJECT              1.00 JOB     4,161,426   416,143   137,327   399,116    48,048     5,162,060   5162060 
 
                                  CONTINGENCY                                        25.00 %                                                             1,290,515 
                                                                                                                                                       ----------- 

                                                                                                                                                       ----------- 
                                    SUBTOTAL                                                                                                             7,257,898 
                                                                                     10.00 %                                                               725,790 
 
 
LABOR ID: NAT01A    EQUIP ID: NAT99A                                        Currency in DOLLARS                                          CREW ID: NAT01A   UPB ID: UP01EA 
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                                                                                                                                                       ----------- 

 
 
 
 

 
 

                                    SUBTOTAL                                                                                                             7,983,688 
                                                                                     12.00 %                                                               958,043 
                                                                                                                                                       ----------- 
                                    TOTAL INCL OWNER COSTS                                                                                               8,941,731 
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---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
 
 
                                    01  FISH RESTORATION PROJECT 

                                    01 04 03 01  Mobilization/Demobilization                1.00 JOB       0         0         0         0   210,000       210,000 210000.00 

                                    01 06  FISH AND WILDLIFE FACILITIES 

                                    01 06 03 01  Supplementation Ponds                      1.00 JOB   3,136   152,116    48,830    94,542    66,915       362,404 362403.55 

                                        MISC. TAXES                                         0.94 %                                                          48,048 
                                                                                                                                                       ----------- 
                                          TOTAL INCL INDIRECTS                                                                                           5,162,060 
                                        CONTINGENCY                                        25.00 %                                                       1,290,515 
                                                                                                                                                       ----------- 
                                          SUBTOTAL                                                                                                       6,452,575 
                                        ESCALATION                                         12.48 %                                                         805,323 

 
                                    01 04  DAMS 
 
                                    01 04 03  Outlet Works 
 

                                    01 04 03 02  Wetwell Modification                       1.00 JOB   1,393    47,928     9,028    26,115    73,690       156,760 156760.46 
                                    01 04 03 03  Eicher Screen / Penstock Section           1.00 JOB   8,307   360,113   121,098   342,729   509,467     1,333,406   1333406 
                                    01 04 03 04  Pressure Bypass Pipeline                   1.00 JOB     215   105,919    43,775   114,227    75,189       339,111 339110.78 
                                    01 04 03 05  Multi-Level Discharge                      1.00 JOB   2,097    85,058    41,321    99,180   342,536       568,094 568093.88 
                                    01 04 03 06  Gravity Flume                              1.00 JOB   3,436   304,388   135,739   320,879    34,390       795,397 795396.62 
                                    01 04 03 07  Transitional Pond to Drop Struct           1.00 JOB   2,834   152,023    56,895   123,126    64,210       396,254 396254.47 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                                           TOTAL Outlet Works                               1.00 JOB  18,282 1,055,429   407,856 1,026,256 1,309,481     3,799,023   3799023 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                                           TOTAL DAMS                                       1.00 JOB  18,282 1,055,429   407,856 1,026,256 1,309,481     3,799,023   3799023 
 
 

 
                                    01 06 03  Wildlife Facilities & Sanctuary 
 

                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                                           TOTAL Wildlife Facilities & Sanctuary            1.00 JOB   3,136   152,116    48,830    94,542    66,915       362,404 362403.55 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                                           TOTAL FISH AND WILDLIFE FACILITIES               1.00 JOB   3,136   152,116    48,830    94,542    66,915       362,404 362403.55 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                                           TOTAL FISH RESTORATION PROJECT                   1.00 JOB  21,418 1,207,545   456,686 1,120,798 1,376,396     4,161,426   4161426 
 
                                        FIELD OFFICE OVERHEAD                              10.00 %                                                         416,143 
                                                                                                                                                       ----------- 
                                          SUBTOTAL                                                                                                       4,577,569 
                                        HOME OFFICE OVERHEAD                                3.00 %                                                         137,327 
                                                                                                                                                       ----------- 
                                          SUBTOTAL                                                                                                       4,714,896 
                                        PROFIT                                              8.46 %                                                         399,116 
                                                                                                                                                       ----------- 
                                          SUBTOTAL                                                                                                       5,114,012 

                                                                                                                                                       ----------- 
                                          SUBTOTAL                                                                                                       7,257,898 
                                                                                           10.00 %                                                         725,790 
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                                                                                                                                                       ----------- 
                                          SUBTOTAL                                                                                                       7,983,688 
                                                                                           12.00 %                                                         958,043 
                                                                                                                                                       ----------- 
                                          TOTAL INCL OWNER COSTS                                                                                         8,941,731 
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                                                                                        QUANTITY UOM    MHRS       LAB     EQUIP       MAT     OTHER    TOTAL COST UNIT COST 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
 
 
                                    01  FISH RESTORATION PROJECT 
 
                                    01 04  DAMS 
 
                                    01 04 03  Outlet Works 
 
                                    01 04 03 01  Mobilization/Demobilization 
 
                                    01 04 03 01-  01  Mobilization/Demobilization           1.00 JOB       0         0         0         0   210,000       210,000 210000.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                                                TOTAL Mobilization/Demobilization           1.00 JOB       0         0         0         0   210,000       210,000 210000.00 
 

                                    01 04 03 03-030   Fill - Select Granular                1.00 JOB     393    11,135    13,159    10,850         0        35,144  35144.20 
                                    01 04 03 03-032   Fill - On-Site Material               1.00 JOB      56     1,633       538       174         0         2,345   2345.20 
                                    01 04 03 03-035   Road Improvements                     1.00 JOB      32       900     1,128     2,539         0         4,567   4566.79 
                                    01 04 03 03-040   Utility Relocations                   1.00 JOB       0         0         0         0       950           950    950.00 
                                    01 04 03 03-045   Concrete - Structural Foundation      1.00 JOB     649    25,087     1,252    43,095         0        69,435  69434.72 
                                    01 04 03 03-046   Concrete - Structural Walls           1.00 JOB   3,530   124,831     1,980    80,069         0       206,880 206879.70 
                                    01 04 03 03-049   Roof System                           1.00 JOB       0         0         0         0   124,175       124,175 124175.00 
                                    01 04 03 03-050   Fencing                               1.00 JOB      67     4,546       575     3,755    10,080        18,957  18956.67 
                                    01 04 03 03-055   Facility Access                       1.00 JOB     266    12,488       335    36,925         0        49,747  49746.76 
                                    01 04 03 03-060   Drainage System                       1.00 JOB      63     2,414         6     3,730     7,600        13,749  13749.21 
                                    01 04 03 03-080   10-foot Dia Penstock Section          1.00 JOB       0     6,365     2,900    35,252         0        44,517  44516.65 
                                    01 04 03 03-090   Eicher Screen Valve                   1.00 JOB       0    32,300     3,945   111,218    81,700       229,163 229162.93 
                                    01 04 03 03-091   24-inch Valves                        1.00 JOB       0     4,750         0         0    38,000        42,750  42750.00 
                                    01 04 03 03-100   Track System                          1.00 JOB       0    28,500         0     6,185   159,220       193,905 193904.50 

 
                                    01 04 03 02  Wetwell Modification 
 
                                    01 04 03 02-020   Demolition                            1.00 JOB   1,384    40,479     6,171         0     9,565        56,215  56215.24 
                                    01 04 03 02-045   Concrete - Structural                 1.00 JOB       9       324         7       346         0           676    676.47 
                                    01 04 03 02-070   Structural Modifications              1.00 JOB       0         0         0         0    30,875        30,875  30875.00 
                                    01 04 03 02-093   Automated Hoisting Gate Valve         1.00 JOB       0     7,125     2,850    25,769         0        35,744  35743.75 
                                    01 04 03 02-200   Controls and Instrumentation          1.00 JOB       0         0         0         0    19,000        19,000  19000.00 
                                    01 04 03 02-210   Power and Telemetry                   1.00 JOB       0         0         0         0    14,250        14,250  14250.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                                                TOTAL Wetwell Modification                  1.00 JOB   1,393    47,928     9,028    26,115    73,690       156,760 156760.46 
 
 
                                    01 04 03 03  Eicher Screen / Penstock Section 
 
                                    01 04 03 03-005   Clearing and Grubbing                 1.00 JOB      66     1,988     2,396         0       760         5,144   5144.07 
                                    01 04 03 03-010   Dewatering                            1.00 JOB       0         0         0         0     9,025         9,025   9025.00 
                                    01 04 03 03-015   Erosion Control                       1.00 JOB      53     1,442         0       434       247         2,123   2123.32 
                                    01 04 03 03-020   Demolition                            1.00 JOB       0         0         0         0    25,840        25,840  25840.00 
                                    01 04 03 03-025   Excavation - Soil                     1.00 JOB     847    27,652    28,076     6,022     7,600        69,349  69349.05 
                                    01 04 03 03-026   Excavation - Rock                     1.00 JOB   2,236    72,318    64,381         0    11,020       147,719 147719.33 

                                    01 04 03 03-150   Revegetation                          1.00 JOB      50     1,763       426     2,484         0         4,673   4673.34 
                                    01 04 03 03-200   Controls and Instrumentation          1.00 JOB       0         0         0         0    14,250        14,250  14250.00 
 
 
 
LABOR ID: NAT01A    EQUIP ID: NAT99A                                        Currency in DOLLARS                                          CREW ID: NAT01A   UPB ID: UP01EA 
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                                    01 04 03 03-210   Power and Telemetry                   1.00 JOB       0         0         0         0    19,000        19,000  19000.00 

                                    01 04 03 04  Pressure Bypass Pipeline 

                                    01 04 03 04-031   Fill - Sand                           1.00 JOB      15       427       542       182         0         1,151   1151.10 
                                    01 04 03 04-032   Fill - On-Site Material               1.00 JOB       2        77        50         9         0           136    135.78 

                                    01 04 03 05-046   Concrete - Structural Walls           1.00 JOB     894    31,670       515    20,604         0        52,789  52788.67 
                                    01 04 03 05-048   Concrete - Vault                      1.00 JOB       0     4,875     1,425    18,174         0        24,474  24473.75 
                                    01 04 03 05-049   Roof System                           1.00 JOB       0         0         0         0    27,360        27,360  27360.00 
                                    01 04 03 05-050   Fencing                               1.00 JOB      34     2,210       284     1,949     4,725         9,169   9168.62 
                                    01 04 03 05-055   Facility Access                       1.00 JOB     115     5,372       144    12,745         0        18,261  18261.15 
                                    01 04 03 05-060   Drainage System                       1.00 JOB      55     2,129         6     3,339     6,175        11,649  11649.07 
                                    01 04 03 05-083   24-inch Rotating Pipe Section         1.00 JOB       0     1,520     2,900         0   128,250       132,670 132670.00 
                                    01 04 03 05-084   24-inch Outlet Pipes                  1.00 JOB       0       950     5,225     4,394   124,688       135,257 135256.75 

                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                                                TOTAL Eicher Screen / Penstock Section      1.00 JOB   8,307   360,113   121,098   342,729   509,467     1,333,406   1333406 
 
 

 
                                    01 04 03 04-005   Clearing and Grubbing                 1.00 JOB      72     2,162     2,495         0       760         5,417   5416.82 
                                    01 04 03 04-015   Erosion Control                       1.00 JOB      35       938         0       282       165         1,385   1384.91 
                                    01 04 03 04-020   Demolition                            1.00 JOB      15       417       544         0       760         1,721   1721.16 
                                    01 04 03 04-025   Excavation - Soil                     1.00 JOB      38     1,187     1,164         0     1,304         3,655   3654.56 

                                    01 04 03 04-035   Road Improvements                     1.00 JOB       8       220       274       639         0         1,133   1133.36 
                                    01 04 03 04-040   Utility Relocations                   1.00 JOB       0         0         0         0       950           950    950.00 
                                    01 04 03 04-081   Steel Casing                          1.00 JOB       0    88,730    33,896    89,241         0       211,867 211867.25 
                                    01 04 03 04-082   24-inch HDPE Pipe                     1.00 JOB       0     5,670     4,644    22,557    13,300        46,171  46171.15 
                                    01 04 03 04-091   24-inch Valves                        1.00 JOB       0     5,035         0         0    38,950        43,985  43985.00 
                                    01 04 03 04-150   Revegetation                          1.00 JOB      30     1,056       167     1,317         0         2,540   2539.69 
                                    01 04 03 04-200   Controls and Instrumentation          1.00 JOB       0         0         0         0     9,500         9,500   9500.00 
                                    01 04 03 04-210   Power and Telemetry                   1.00 JOB       0         0         0         0     9,500         9,500   9500.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                                                TOTAL Pressure Bypass Pipeline              1.00 JOB     215   105,919    43,775   114,227    75,189       339,111 339110.78 
 
 
                                    01 04 03 05  Multi-Level Discharge 
 
                                    01 04 03 05-005   Clearing and Grubbing                 1.00 JOB      91     2,674     3,215         0     1,140         7,029   7029.01 
                                    01 04 03 05-010   Dewatering                            1.00 JOB       0         0         0         0     9,025         9,025   9025.00 
                                    01 04 03 05-015   Erosion Control                       1.00 JOB      60     1,623         0       488       285         2,396   2395.86 
                                    01 04 03 05-020   Demolition                            1.00 JOB      55     1,564     2,040         0     2,850         6,454   6454.35 
                                    01 04 03 05-025   Excavation - Soil                     1.00 JOB     257    12,890    13,908    24,087     2,470        53,355  53355.08 
                                    01 04 03 05-026   Excavation - Rock                     1.00 JOB     242     7,788     7,092         0     1,368        16,248  16248.42 
                                    01 04 03 05-030   Fill - Select Granular                1.00 JOB      14       402       523       434         0         1,359   1359.00 
                                    01 04 03 05-031   Fill - Sand                           1.00 JOB      15       427       542       269         0         1,238   1237.90 
                                    01 04 03 05-032   Fill - On-Site Material               1.00 JOB       4       135        87        15         0           238    237.62 
                                    01 04 03 05-033   Grading                               1.00 JOB      33     1,027       500         0         0         1,527   1526.75 
                                    01 04 03 05-035   Road Improvements                     1.00 JOB      71     2,015     2,518     5,744         0        10,277  10277.49 
                                    01 04 03 05-040   Utility Relocations                   1.00 JOB       0         0         0         0       950           950    950.00 
                                    01 04 03 05-045   Concrete - Structural Foundation      1.00 JOB     123     4,573       161     5,869         0        10,603  10602.80 

                                    01 04 03 05-150   Revegetation                          1.00 JOB      34     1,212       237     1,068         0         2,517   2516.57 
                                    01 04 03 05-200   Controls and Instrumentation          1.00 JOB       0         0         0         0    14,250        14,250  14250.00 
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                                    01 04 03 05-210   Power and Telemetry                   1.00 JOB       0         0         0         0    19,000        19,000  19000.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                                                TOTAL Multi-Level Discharge                 1.00 JOB   2,097    85,058    41,321    99,180   342,536       568,094 568093.88 
 
 
                                    01 04 03 06  Gravity Flume 
 
                                    01 04 03 06-005   Clearing and Grubbing                 1.00 JOB      85     2,523     2,265         0       380         5,168   5168.39 
                                    01 04 03 06-015   Erosion Control                       1.00 JOB     374    10,096         0     3,038     1,900        15,034  15034.24 
                                    01 04 03 06-020   Demolition                            1.00 JOB      98     2,816     3,672         0     5,130        11,618  11617.83 
                                    01 04 03 06-025   Excavation - Soil                     1.00 JOB     494    19,820    14,660     2,170     2,280        38,930  38929.94 
                                    01 04 03 06-030   Fill - Select Granular                1.00 JOB      18       520       668       553         0         1,741   1741.06 
                                    01 04 03 06-031   Fill - Sand                           1.00 JOB     223     6,409     8,123     2,734         0        17,267  17266.56 
                                    01 04 03 06-033   Grading                               1.00 JOB      79     2,464     1,200         0         0         3,664   3664.20 
                                    01 04 03 06-035   Road Improvements                     1.00 JOB       7       193       243       513         0           950    949.56 
                                    01 04 03 06-040   Utility Relocations                   1.00 JOB       0         0         0         0       950           950    950.00 
                                    01 04 03 06-044   Concrete - Structural Flume Join      1.00 JOB     801    28,036       248    14,435         0        42,719  42719.06 
                                    01 04 03 06-047   Concrete - Pre-Cast                   1.00 JOB       0   164,065    98,083   227,703         0       489,850 489850.48 
                                    01 04 03 06-056   Flume Accessories                     1.00 JOB     853    49,500     2,972    51,646         0       104,118 104118.00 
                                    01 04 03 06-060   Drainage System                       1.00 JOB     310    14,640     2,920    14,108     4,750        36,418  36418.33 
                                    01 04 03 06-150   Revegetation                          1.00 JOB      94     3,305       686     3,978         0         7,969   7968.97 
                                    01 04 03 06-200   Controls and Instrumentation          1.00 JOB       0         0         0         0     9,500         9,500   9500.00 
                                    01 04 03 06-210   Power and Telemetry                   1.00 JOB       0         0         0         0     9,500         9,500   9500.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                                                TOTAL Gravity Flume                         1.00 JOB   3,436   304,388   135,739   320,879    34,390       795,397 795396.62 
 
 
                                    01 04 03 07  Transitional Pond to Drop Struct 

                                    01 04 03 07-055   Facility Access                       1.00 JOB      13       600        16     1,179         0         1,796   1795.77 
                                    01 04 03 07-056   Flume Topper                          1.00 JOB     132     6,200       166     6,727         0        13,093  13093.16 

 
                                    01 04 03 07-005   Clearing and Grubbing                 1.00 JOB      49     1,406     1,867         0       874         4,147   4146.53 
                                    01 04 03 07-010   Dewatering                            1.00 JOB       0         0         0         0     9,025         9,025   9025.00 
                                    01 04 03 07-015   Erosion Control                       1.00 JOB     133     3,606         0     1,085       475         5,166   5165.80 
                                    01 04 03 07-025   Excavation - Soil                     1.00 JOB     363    18,363    17,789     7,421     2,546        46,120  46119.82 
                                    01 04 03 07-028   Fill - RipRap                         1.00 JOB      32     1,081       561        98         0         1,740   1740.08 
                                    01 04 03 07-029   Fill - Quarry Spall                   1.00 JOB       3        95        86       123         0           304    304.39 
                                    01 04 03 07-030   Fill - Select Granular                1.00 JOB      44     1,248     1,602     1,328         0         4,179   4178.54 
                                    01 04 03 07-032   Fill - On-Site Material               1.00 JOB      35     1,122       721       126         0         1,969   1968.81 
                                    01 04 03 07-033   Grading                               1.00 JOB     148     4,600     2,240         0         0         6,840   6839.84 
                                    01 04 03 07-035   Road Improvements                     1.00 JOB      10       286       394       394         0         1,073   1073.27 
                                    01 04 03 07-040   Utility Relocations                   1.00 JOB       0         0         0         0       950           950    950.00 
                                    01 04 03 07-044   Concrete - Structural Flume Join      1.00 JOB     200     7,001        59     3,569         0        10,630  10629.99 
                                    01 04 03 07-045   Concrete - Structural Foundation      1.00 JOB     179     6,545       128     5,635         0        12,308  12308.48 
                                    01 04 03 07-046   Concrete - Structural Weirs           1.00 JOB   1,177    41,046       248    19,093         0        60,387  60386.63 
                                    01 04 03 07-047   Concrete - Pre-Cast                   1.00 JOB       0    44,650    26,605    63,639         0       134,894 134893.51 
                                    01 04 03 07-050   Fencing                               1.00 JOB     155     6,325     1,097     5,166    24,500        37,087  37087.28 
                                    01 04 03 07-054   Structural Aluminum                   1.00 JOB       0     2,040     1,320     2,604         0         5,964   5964.00 

                                    01 04 03 07-060   Drainage System                       1.00 JOB      18       679         6     1,536     4,750         6,971   6970.94 
                                    01 04 03 07-105   Testing Facilities                    1.00 JOB       0         0         0         0     2,090         2,090   2090.00 
                                    01 04 03 07-150   Revegetation                          1.00 JOB     142     5,129     1,990     3,403         0        10,523  10522.64 
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                                    01 04 03 07-200   Controls and Instrumentation          1.00 JOB       0         0         0         0     9,500         9,500   9500.00 
                                    01 04 03 07-210   Power and Telemetry                   1.00 JOB       0         0         0         0     9,500         9,500   9500.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                                                TOTAL Transitional Pond to Drop Struct      1.00 JOB   2,834   152,023    56,895   123,126    64,210       396,254 396254.47 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                                                TOTAL Outlet Works                          1.00 JOB  18,282 1,055,429   407,856 1,026,256 1,309,481     3,799,023   3799023 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                                                TOTAL DAMS                                  1.00 JOB  18,282 1,055,429   407,856 1,026,256 1,309,481     3,799,023   3799023 
 
 
                                    01 06  FISH AND WILDLIFE FACILITIES 
 
                                    01 06 03  Wildlife Facilities & Sanctuary 

                                    01 06 03 01-200   Controls and Instrumentation          1.00 JOB       0         0         0         0    23,750        23,750  23750.00 
                                    01 06 03 01-210   Power and Telemetry                   1.00 JOB       0         0         0         0     4,750         4,750   4750.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                                                TOTAL Supplementation Ponds                 1.00 JOB   3,136   152,116    48,830    94,542    66,915       362,404 362403.55 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                                                TOTAL Wildlife Facilities & Sanctuary       1.00 JOB   3,136   152,116    48,830    94,542    66,915       362,404 362403.55 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                                                TOTAL FISH AND WILDLIFE FACILITIES          1.00 JOB   3,136   152,116    48,830    94,542    66,915       362,404 362403.55 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                                                TOTAL FISH RESTORATION PROJECT              1.00 JOB  21,418 1,207,545   456,686 1,120,798 1,376,396     4,161,426   4161426 
 
                                        FIELD OFFICE OVERHEAD                              10.00 %                                                         416,143 
                                                                                                                                                       ----------- 
                                          SUBTOTAL                                                                                                       4,577,569 
                                        HOME OFFICE OVERHEAD                                3.00 %                                                         137,327 

 
                                    01 06 03 01  Supplementation Ponds 
 
                                    01 06 03 01-005   Clearing and Grubbing                 1.00 JOB      17       519       611         0       760         1,890   1890.11 
                                    01 06 03 01-010   Dewatering                            1.00 JOB       0         0         0         0     9,025         9,025   9025.00 
                                    01 06 03 01-015   Erosion Control                       1.00 JOB      53     1,442         0       434       190         2,066   2066.32 
                                    01 06 03 01-025   Excavation - Soil                     1.00 JOB     487    14,939    15,960         0     5,320        36,219  36218.74 
                                    01 06 03 01-026   Excavation - Rock                     1.00 JOB     269     8,654     7,880         0     1,520        18,054  18053.80 
                                    01 06 03 01-030   Fill - Select Granular                1.00 JOB      55     1,561     2,003     1,660         0         5,223   5223.18 
                                    01 06 03 01-033   Grading                               1.00 JOB     132     4,107     2,000         0         0         6,107   6107.00 
                                    01 06 03 01-035   Road Improvements                     1.00 JOB      51     1,436     1,983     2,831         0         6,250   6249.62 
                                    01 06 03 01-040   Utility Relocations                   1.00 JOB       0         0         0         0       950           950    950.00 
                                    01 06 03 01-046   Concrete - Structural Walls           1.00 JOB   1,898    67,650     1,386    49,073         0       118,109 118109.44 
                                    01 06 03 01-050   Fencing                               1.00 JOB      91    10,057     3,828    10,025    14,000        37,909  37909.38 
                                    01 06 03 01-055   Facility Access                       1.00 JOB      13       600        16     1,179         0         1,796   1795.77 
                                    01 06 03 01-060   Drainage System                       1.00 JOB      36     1,370         6     2,297     2,850         6,524   6523.71 
                                    01 06 03 01-085   8-inch Pipe                           1.00 JOB       0    36,290    12,540    19,790     3,800        72,420  72420.40 
                                    01 06 03 01-092   8-inch Valves                         1.00 JOB       0     1,900       190     2,062         0         4,152   4151.50 
                                    01 06 03 01-115   Outlet Structure                      1.00 JOB       0       380       190     4,123         0         4,693   4693.00 
                                    01 06 03 01-150   Revegetation                          1.00 JOB      34     1,212       237     1,068         0         2,517   2516.57 

                                                                                                                                                       ----------- 
                                          SUBTOTAL                                                                                                       4,714,896 
                                        PROFIT                                              8.46 %                                                         399,116 
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---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
 
                                                                                                                                                       ----------- 
                                          SUBTOTAL                                                                                                       5,114,012 
                                        MISC. TAXES                                         0.94 %                                                          48,048 
                                                                                                                                                       ----------- 
                                          TOTAL INCL INDIRECTS                                                                                           5,162,060 
                                        CONTINGENCY                                        25.00 %                                                       1,290,515 
                                                                                                                                                       ----------- 
                                          SUBTOTAL                                                                                                       6,452,575 
                                        ESCALATION                                         12.48 %                                                         805,323 
                                                                                                                                                       ----------- 
                                          SUBTOTAL                                                                                                       7,257,898 
                                                                                           10.00 %                                                         725,790 
                                                                                                                                                       ----------- 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                          SUBTOTAL                                                                                                       7,983,688 
                                                                                           12.00 %                                                         958,043 
                                                                                                                                                       ----------- 
                                          TOTAL INCL OWNER COSTS                                                                                         8,941,731 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
LABOR ID: NAT01A    EQUIP ID: NAT99A                                        Currency in DOLLARS                                          CREW ID: NAT01A   UPB ID: UP01EA 



 
 
Wed 27 Aug 2003                                            Tri-Service Automated Cost Engineering System (TRACES)                                              TIME 09:24:53 
Eff. Date  01/01/01                               PROJECT WYNDAM:   WYNOOCHEE DAM, SECTION 1135 - Fish Restoration Project 
DETAILED ESTIMATE                                                      WYNOOCHEE DAM FISH RESTORATION                                                       DETAIL PAGE    1 
                                                                        01. FISH RESTORATION PROJECT 
 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
01 04. DAMS                                                            QUANTY UOM CREW ID     OUTPUT    MHRS       LAB     EQUIP       MAT     OTHER    TOTAL COST UNIT COST 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
 
    01. FISH RESTORATION PROJECT 
        01 04. DAMS 
               Includes mobe/demobe, earthwork, dewatering, erosion control, demolition 
               and construction costs for the following work:  Wetwell Modifications; 
               Eicher Screen with Replaceable Penstock Section; Pressure Bypass Pipeline; 
               Multilevel Dishcharge; Gravity Flume; and Transitional Pond to Drop 
               Structure System. 
            01 04 03. Outlet Works 
                01 04 03 01. Mobilization/Demobilization 
                           Mobilization/Demobilization, assume 4% of construction costs 
                    01 04 03 01-  01. Mobilization/Demobilization 
 
                USR AA <           > Mobilization/Demobilization                                        0.00      0.00      0.00      0.00 210000.00     210000.00 
                                                                         1.00 JOB               0.00       0         0         0         0   210,000       210,000 210000.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Mobilization/Demobilization         1.00 JOB                          0         0         0         0   210,000       210,000 210000.00 
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                01 04 03 02. Wetwell Modification 
                           Intake structure automated hoisting gate 
                    01 04 03 02-020 . Demolition 
                                   Demolition, Assume demolish and dispose of concrete 
 
              L MIL AA <02046 2115 > Site dml, culvert - conc, 7" to                                   81.08   2371.56    350.18      0.00      0.00       2721.74 
                                     24" thick, reinf,  Cost            17.00 CY  CODLB6        0.04   1,378    40,317     5,953         0         0        46,270   2721.74 
                                     modified based on engineering 
                                     judgement considering 
                                     difficulty of work 
 
                MIL AA <02232 0310 > Load, track loader, 1-1/2 CY,                                      0.03      0.82      0.55      0.00      0.00          1.37 
                                     wet rock                           17.00 CY  CODFB10N     59.38       0        14         9         0         0            23      1.37 
 
              L AF  AA <02234 0570 > Dispose, hwy haulers, 12 CY, 20                                    0.31      8.75     12.30      0.00      0.00         21.04 
                                     mile round trip @ base wide rate   17.00 CY  COEIB34B      3.20       5       149       209         0         0           358     21.04 
 
                USR AA <           > Disposal Fee of $3.80/CY used                                      0.00      0.00      0.00      0.00      3.80          3.80 
                                     based on RS Means plus             17.00 CY                0.00       0         0         0         0        65            65      3.80 
                                     escalated cost factor due to 
                                     remote site 
 
                USR AA <           > Grinding of cut surface, Cost                                      0.00      0.00      0.00      0.00   9500.00       9500.00 
                                     based on engineering judgement      1.00 LS                0.00       0         0         0         0     9,500         9,500   9500.00 
                                     on similar project experience 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Demolition                          1.00 JOB                      1,384    40,479     6,171         0     9,565        56,215  56215.24 
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                    01 04 03 02-045 . Concrete - Structural 
                                   Structure Concrete includes, intake structure modifications 
 
                CIV AA <03150 1050 > Forms in place, elev slab, flat                                    0.09      3.19      0.00      1.91      0.00          5.10 
                                     plate plywd to 15' high, 2 use     70.00 SF  ACARC2       65.00       6       223         0       134         0           357      5.10 
 
              L MIL AA <03217 0550 > Reinforcing in place, footings,                                   18.18    800.74      0.00    540.33      0.00       1341.07 
                                     #8 to #18                           0.10 TON SIWRRODM4     0.22       2        80         0        54         0           134   1341.07 
 
                RSM AA <03326 0400 > Concrete ready mix, regular                                        0.00      0.00      0.00     79.22      0.00         79.22 
                                     weight, 5000 psi                    2.00 CY  N/A           0.00       0         0         0       158         0           158     79.22 
 
                AF  AA <03372 1600 > Placing conc, elev slabs, over                                     0.36     10.26      3.30      0.00      0.00         13.56 
                                     10" thick, pumped                   2.00 CY  CLABC20      22.50       1        21         7         0         0            27     13.56 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Concrete - Structural               1.00 JOB                          9       324         7       346         0           676    676.47 
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                    01 04 03 02-070 . Structural Modifications 
                                   Structural Modifications includes: replacing waterstop ring, closure gate 
                                   backing plate and wedge, screen across gate shaft, and epoxy coating 
 
                USR AA <           > Replacing Waterstop ring, Cost                                     0.00      0.00      0.00      0.00   2375.00       2375.00 
                                     based on engineering judgement      1.00 EA                0.00       0         0         0         0     2,375         2,375   2375.00 
                                     on cost break down of required 
                                     work 
 
                USR AA <           > Intake Closure Gate Backing                                        0.00      0.00      0.00      0.00   9500.00       9500.00 
                                     Plate and Wedge, Cost based on      1.00 LS                0.00       0         0         0         0     9,500         9,500   9500.00 
                                     engineering judgement on cost 
                                     break down of required work 
 
                USR AA <           > Screen Across Gate Shaft, Cost                                     0.00      0.00      0.00      0.00   2850.00       2850.00 
                                     based on engineering judgement      1.00 EA                0.00       0         0         0         0     2,850         2,850   2850.00 
                                     on cost break down of required 
                                     work 
 
                USR AA <           > Remove Epoxy Coating on Conc                                       0.00      0.00      0.00      0.00     95.00         95.00 
                                     Surface, Cost based on            170.00 SF                0.00       0         0         0         0    16,150        16,150     95.00 
                                     engineering judgement on 
                                     similar project experience 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Structural Modifications            1.00 JOB                          0         0         0         0    30,875        30,875  30875.00 
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                    01 04 03 02-093 . Automated Hoisting Gate Valve 
                                   Automated Hoisting Gate Valve 
 
                USR AA <           > Hoisting Gate Valve, Cost based                                    0.00   4750.00   2850.00  20615.00      0.00      28215.00 
                                     on quote from Vendor and RS         1.00 EA                0.00       0     4,750     2,850    20,615         0        28,215  28215.00 
                                     Means cost data for labor & 
                                     equipment 
 
                USR AA <           > Gate Operator, Cost based on                                       0.00   2375.00      0.00   5153.75      0.00       7528.75 
                                     quote from Vendor and RS Means      1.00 EA                0.00       0     2,375         0     5,154         0         7,529   7528.75 
                                     cost data for labor & equipment 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Automated Hoisting Gate Valve       1.00 JOB                          0     7,125     2,850    25,769         0        35,744  35743.75 
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                    01 04 03 02-200 . Controls and Instrumentation 
                                   Controls and Instrumentation 
 
                USR AA <           > Controls and Instrumentation,                                      0.00      0.00      0.00      0.00  19000.00      19000.00 
                                     Represents electrical allowance     1.00 LS                0.00       0         0         0         0    19,000        19,000  19000.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Controls and Instrumentation        1.00 JOB                          0         0         0         0    19,000        19,000  19000.00 
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                    01 04 03 02-210 . Power and Telemetry 
                                   Power and Telemetry 
 
                USR AA <           > Power and Telemetry, Represents                                    0.00      0.00      0.00      0.00  14250.00      14250.00 
                                     electrical allowance                1.00 LS                0.00       0         0         0         0    14,250        14,250  14250.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Power and Telemetry                 1.00 JOB                          0         0         0         0    14,250        14,250  14250.00 
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                01 04 03 03. Eicher Screen / Penstock Section 
                           Eicher screen with replaceable penstock section 
                    01 04 03 03-005 . Clearing and Grubbing 
                                   Assume clearing vault area of all vegetation and organics 
 
                CIV AA <02109 7310 > Clear & grub, tree rmv, cutting                                    3.00     85.73     46.42      0.00      0.00        132.16 
                                     & chipping, 6" -  12" dia           3.00 EA  CODFB7        2.00       9       257       139         0         0           396    132.16 
 
                AF  AA <02109 9110 > Clear & grub, grub stumps, w/335                                   0.05      1.56      2.66      0.00      0.00          4.22 
                                     HP dozer, to 12" dia                3.00 EA  CODTB10M     31.25       0         5         8         0         0            13      4.22 
 
              L AF  AA <02234 0570 > Hauling, hwy haulers, 12 CY, 10                                    0.18      5.12      7.20      0.00      0.00         12.32 
                                     mile round trip @ base wide rate  200.00 CY  COEIB34B      5.46      37     1,024     1,440         0         0         2,464     12.32 
 
                USR AA <           > Disposal Fee of $3.80/CY used                                      0.00      0.00      0.00      0.00      3.80          3.80 
                                     based on RS Means plus            200.00 CY                0.00       0         0         0         0       760           760      3.80 
                                     escalated cost factor due to 
                                     remote site 
 
                AF  AA <02110 1050 > Clearing, wet, heavy brush &                                      20.59    701.45    809.11      0.00      0.00       1510.56 
                                     trees                               1.00 ACR COMCB88       0.34      21       701       809         0         0         1,511   1510.56 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Clearing and Grubbing               1.00 JOB                         66     1,988     2,396         0       760         5,144   5144.07 
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                    01 04 03 03-010 . Dewatering 
                                   Quoted from Baker Tanks,  Assume 1 month rental 
 
                USR AA <           > (1) Dewatering Boxes                                               0.00      0.00      0.00      0.00   1425.00       1425.00 
                                                                         1.00 MO                0.00       0         0         0         0     1,425         1,425   1425.00 
 
                USR AA <           > (2) 6" Thompson Pump Stations                                      0.00      0.00      0.00      0.00   3800.00       3800.00 
                                                                         1.00 MO                0.00       0         0         0         0     3,800         3,800   3800.00 
 
                USR AA <           > Operation, Fuel and Oil                                            0.00      0.00      0.00      0.00   3800.00       3800.00 
                                                                         1.00 LS                0.00       0         0         0         0     3,800         3,800   3800.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Dewatering                          1.00 JOB                          0         0         0         0     9,025         9,025   9025.00 
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                    01 04 03 03-015 . Erosion Control 
                                   Erosion Control, Assume silt fencing and sand bags for construction site 
 
              B MIL AA <02266 1120 > Erosion control, w/7.5' posts,                                     0.07      1.80      0.00      1.09      0.00          2.89 
                                     silt fence, 3' high,              400.00 LF  ALABCLAB2    30.00      27       721         0       434         0         1,155      2.89 
                                     polypropylene 
 
              B MIL AA <02266 1120 > Remove silt fence                                                  0.07      1.80      0.00      0.00      0.00          1.80 
                                     polypropylene                     400.00 LF  ALABCLAB2    30.00      27       721         0         0         0           721      1.80 
 
                USR AA <           > Sand Bags - RS Means Cost Data                                     0.00      0.00      0.00      0.00      1.90          1.90 
                                                                       130.00 EA                0.00       0         0         0         0       247           247      1.90 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Erosion Control                     1.00 JOB                         53     1,442         0       434       247         2,123   2123.32 
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                    01 04 03 03-020 . Demolition 
                                   Demolition, Assume demolish and dispose of 10-foot diameter penstock 
                                   section, and lamp post 
 
                USR AA <           > 10-foot Diameter Pipe Section -                                    0.00      0.00      0.00      0.00  21850.00      21850.00 
                                     RS Means Cost Data for similar      1.00 LS                0.00       0         0         0         0    21,850        21,850  21850.00 
                                     work 
 
                USR AA <           > Lamp Post Relocation, Cost                                         0.00      0.00      0.00      0.00    950.00        950.00 
                                     considers relocation of lamp        1.00 EA                0.00       0         0         0         0       950           950    950.00 
                                     post and rewiring the power 
 
                USR AA <           > Haul and Dispose - Applied Means                                   0.00      0.00      0.00      0.00   3040.00       3040.00 
                                     Cost Data for Basis of Estimate     1.00 LS                0.00       0         0         0         0     3,040         3,040   3040.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Demolition                          1.00 JOB                          0         0         0         0    25,840        25,840  25840.00 
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                    01 04 03 03-025 . Excavation - Soil 
                                   Excavate soil and dispose of excess 
 
              L MIL AA <02232 0125 > Excavate & load, hydr excavator,                                   0.19      6.47      4.90      0.00      0.00         11.37 
                                     1.5 CY, wet matl                 2500.00 CY  CODEB12B     10.41     481    16,183    12,251         0         0        28,434     11.37 
 
                USR AA <           > Shoring of Vault Excavation,                                       0.00      2.45      2.85     12.04      0.00         17.34 
                                     Sheet Piling 38psf, Cost based    500.00 SF                0.00       0     1,225     1,425     6,022         0         8,672     17.34 
                                     on RS Means plus escalated cost 
                                     factor due to remote site 
 
              L AF  AA <02234 0570 > Hauling, hwy haulers, 12 CY, 10                                    0.18      5.12      7.20      0.00      0.00         12.32 
                                     mile round trip @ base wide rate 2000.00 CY  COEIB34B      5.46     366    10,244    14,400         0         0        24,644     12.32 
 
                USR AA <           > Disposal Fee of $3.80/CY, Cost                                     0.00      0.00      0.00      0.00      3.80          3.80 
                                     based on RS Means plus           2000.00 CY                0.00       0         0         0         0     7,600         7,600      3.80 
                                     escalated cost factor due to 
                                     remote site 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Excavation - Soil                   1.00 JOB                        847    27,652    28,076     6,022     7,600        69,349  69349.05 
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                    01 04 03 03-026 . Excavation - Rock 
                                   Excavate rock and dispose of excess 
 
              B MIL AA <02232 0130 > Excavate & load, hydr excavator,                                   0.59     19.82     15.00      0.00      0.00         34.82 
                                     1.5 CY, modified for rock        2900.00 CY  CODEB12B      3.40   1,706    57,465    43,501         0         0       100,966     34.82 
                                     excavation 
 
              L AF  AA <02234 0570 > Hauling, hwy haulers, 12 CY, 10                                    0.18      5.12      7.20      0.00      0.00         12.32 
                                     mile round trip @ base wide rate 2900.00 CY  COEIB34B      5.46     531    14,854    20,880         0         0        35,734     12.32 
 
                USR AA <           > Disposal Fee of $3.80/CY, Cost                                     0.00      0.00      0.00      0.00      3.80          3.80 
                                     based on RS Means plus           2900.00 CY                0.00       0         0         0         0    11,020        11,020      3.80 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Excavation - Rock                   1.00 JOB                      2,236    72,318    64,381         0    11,020       147,719 147719.33 
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                    01 04 03 03-030 . Fill - Select Granular 
                                   Assume imported engineered fill for foundation and drainage 
 
              M MIL AA <02232 0225 > Load Borrow, wheeled loader, 1.5                                   0.02      0.61      0.31     10.85      0.00         11.77 
                                     CY, select granular              1000.00 CY  CODFB10S     80.00      19       610       307    10,850         0        11,766     11.77 
 
              L AF  AA <02234 0570 > Base Course Hauling, 20 mile                                       0.31      8.75     12.30      0.00      0.00         21.04 
                                     round trip @ base wide rate      1000.00 CY  COEIB34B      3.20     313     8,747    12,296         0         0        21,043     21.04 
 
                MIL AA <02216 5530 > Backfill, strl, 6" lifts,                                          0.02      0.70      0.47      0.00      0.00          1.17 
                                     w/loader, no compaction, around  1000.00 CY  CODFB10N     70.00      21       697       469         0         0         1,166      1.17 
                                     foundation 
 
                MIL AA <02220 7000 > Compaction, struct/trench,  6"                                     0.04      1.08      0.09      0.00      0.00          1.17 
                                     lifts, 2 passes18" wide, vib     1000.00 CY  ULABA1       25.00      40     1,082        87         0         0         1,169      1.17 
                                     plate 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Fill - Select Granular              1.00 JOB                        393    11,135    13,159    10,850         0        35,144  35144.20 
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                    01 04 03 03-032 . Fill - On-Site Material 
                                   Assume acceptable excess excavation from vault will be used as backfill 
 
              M MIL AA <02232 0225 > Spread/Stockpile, wheeled                                          0.02      0.61      0.31      0.00      0.00          0.92 
                                     loader, 1.5 CY, on-site matl      800.00 CY  CODFB10S     80.00      15       488       245         0         0           733      0.92 
 
                MIL AA <02220 7000 > Compaction, struct/trench,  6"                                     0.04      1.08      0.09      0.00      0.00          1.17 
                                     lifts, 2 passes18" wide, vib      800.00 CY  ULABA1       25.00      32       865        70         0         0           935      1.17 
                                     plate 
 
                MIL AA <02220 9010 > Compaction, water, truck, 3000                                     0.01      0.35      0.28      0.22      0.00          0.85 
                                     gal, 6 mile haul                  800.00 CY  COKBB45     180.50       9       280       223       174         0           677      0.85 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Fill - On-Site Material             1.00 JOB                         56     1,633       538       174         0         2,345   2345.20 
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                    01 04 03 03-035 . Road Improvements 
                                   Roadway impovements, base course and asphalt pavement 
 
              M MIL AA <02244 0100 > Base course, crushed 3/4" stone,                                   0.01      0.26      0.28      8.68      0.00          9.22 
                                     compacted, 12"D, large areas      200.00 SY  COFGB36C    625.00       2        52        56     1,736         0         1,844      9.22 
 
              L AF  AA <02234 0570 > Base Course Hauling, 20 mile                                       0.31      8.75     12.30      0.00      0.00         21.04 
                                     round trip @ base wide rate        68.00 CY  COEIB34B      3.20      21       595       836         0         0         1,431     21.04 
 
                RSM AA <02505 0810 > Asphaltic conc pavement,                                           0.14      4.10      1.58     28.03      0.00         33.71 
                                     highway, binder course, 1.5"       16.50 TON COKCB25      78.75       2        68        26       462         0           556     33.71 
                                     thick 
 
                RSM AA <02505 0850 > Asphaltic conc pavement,                                           0.17      4.99      2.30     30.92      0.00         38.21 
                                     highway, wearing course, 1"        11.00 TON COKCB25B     71.88       2        55        25       340         0           420     38.21 
                                     thick 
 
              L AF  AA <02234 0570 > Asphalt Hauling, 20 mile round                                     0.31      8.75     12.30      0.00      0.00         21.04 
                                     trip @ base wide rate              15.00 CY  COEIB34B      3.20       5       131       184         0         0           316     21.04 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Road Improvements                   1.00 JOB                         32       900     1,128     2,539         0         4,567   4566.79 
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                    01 04 03 03-040 . Utility Relocations 
                                   Relocate underground utilities within vault area 
 
                USR AA <           > Relocate Utilities, Allowance                                      0.00      0.00      0.00      0.00    950.00        950.00 
                                     for any utilities in the area       1.00 LS                0.00       0         0         0         0       950           950    950.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Utility Relocations                 1.00 JOB                          0         0         0         0       950           950    950.00 
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                    01 04 03 03-045 . Concrete - Structural Foundation 
                                   Concrete - Structure Foundation includes, vault foundation 
 
                MIL AA <03154 0010 > Forms in place, eqpt                                               0.30     10.36      0.00      2.79      0.00         13.15 
                                     foundations, 1 use                500.00 SF  ACARC2       20.00     150     5,180         0     1,394         0         6,574     13.15 
 
              L MIL AA <03217 0550 > Reinforcing in place, footings,                                   18.18    800.74      0.00    540.33      0.00       1341.07 
                                     #8 to #18                          20.00 TON SIWRRODM4     0.22     364    16,015         0    10,807         0        26,821   1341.07 
 
                RSM AA <03326 0400 > Concrete ready mix, regular                                        0.00      0.00      0.00     79.22      0.00         79.22 
                                     weight, 5000 psi                  390.00 CY  N/A           0.00       0         0         0    30,894         0        30,894     79.22 
 
                MIL AA <03372 4650 > Placing conc, slab on grade,                                       0.35      9.98      3.21      0.00      0.00         13.19 
                                     over 6" thick, pumped             390.00 CY  CLABC20      23.13     135     3,892     1,252         0         0         5,145     13.19 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Concrete - Structural Foundation    1.00 JOB                        649    25,087     1,252    43,095         0        69,435  69434.72 
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                    01 04 03 03-046 . Concrete - Structural Walls 
                                   Concrete - Structure Walls includes, vault walls 
 
                MIL AA <03182 5100 > Forms in place, retaining wall,                                    0.24      8.29      0.00      2.95      0.00         11.24 
                                     smooth curve, plywood, 2 use       12000 SF  ACARC2       25.00   2,880    99,458         0    35,414         0       134,873     11.24 
 
              L MIL AA <03217 0550 > Reinforcing in place, #8 to #18                                   18.18    800.74      0.00    540.33      0.00       1341.07 
                                                                        24.00 TON SIWRRODM4     0.22     436    19,218         0    12,968         0        32,186   1341.07 
 
                RSM AA <03326 0400 > Concrete ready mix, regular                                        0.00      0.00      0.00     79.22      0.00         79.22 
                                     weight, 5000 psi                  400.00 CY  N/A           0.00       0         0         0    31,686         0        31,686     79.22 
 
                MIL AA <03372 5350 > Placing conc, walls, 24" thick,                                    0.53     15.39      4.95      0.00      0.00         20.34 
                                     pumped                            400.00 CY  CLABC20      15.00     213     6,155     1,980         0         0         8,135     20.34 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Concrete - Structural Walls         1.00 JOB                      3,530   124,831     1,980    80,069         0       206,880 206879.70 
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                    01 04 03 03-049 . Roof System 
                                   Roof System includes: Concrete walls, Removeable roof system and Fixed roof 
                                   system 
 
                USR AA <           > Removable Roof Section, Cost                                       0.00      0.00      0.00      0.00     45.60         45.60 
                                     based on engineering judgement   1000.00 SF                0.00       0         0         0         0    45,600        45,600     45.60 
                                     on similar project experience 
 
                USR AA <           > Fixed Roof, Cost based on                                          0.00      0.00      0.00      0.00     14.25         14.25 
                                     engineering judgement on         3100.00 SF                0.00       0         0         0         0    44,175        44,175     14.25 
 
                USR AA <           > Concrete Wall, including forms,                                    0.00      0.00      0.00      0.00    430.00        430.00 
                                     finish, and steel, Cost based      80.00 CY                0.00       0         0         0         0    34,400        34,400    430.00 
                                     on similar project experience 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Roof System                         1.00 JOB                          0         0         0         0   124,175       124,175 124175.00 
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                    01 04 03 03-050 . Fencing 
                                   Security fencing around vault, includes gate 
 
                AF  AA <01534 0100 > Fencing, 11 ga, chain link, 6'                                     0.21      5.77      0.00      3.56     35.00         44.33 
                                     high, includes foundation         288.00 LF  ALABCLAB2     9.38      61     1,662         0     1,025    10,080        12,767     44.33 
 
                USR AA <           > Barbwire Strands, Costs based on                                   0.00      9.50      1.90      8.25      0.00         19.65 
                                     similar project experience        288.00 LF                0.00       0     2,736       547     2,375         0         5,658     19.65 
 
                MIL AA <02832 1310 > Fence, CL, 4' x 6',  transom                                       2.75     74.43     13.98    177.64      0.00        266.05 
                                     gate, single, galv                  2.00 EA  CLABB80A      1.09       6       149        28       355         0           532    266.05 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Fencing                             1.00 JOB                         67     4,546       575     3,755    10,080        18,957  18956.67 
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                    01 04 03 03-055 . Facility Access 
                                   Facility Access includes: stairs, handrails, grating, and ladders within 
                                   the vault 
 
                MIL AA <05518 0010 > Ladder, steel, 20" wide, bolted                                    0.64     30.02      0.80     58.96      0.00         89.79 
                                     penstock, w/cage                   20.00 VLF SIWSE4        6.25      13       600        16     1,179         0         1,796     89.79 
 
              B MIL AA <05542 0622 > Floor grating,stl,1.25" x 3/16",                                   0.21     10.00      0.27     10.85      0.00         21.12 
                                     ptd brg bars @ 15/16" OC, 300 SF   50.00 SF  SIWSE4       18.77      11       500        13       543         0         1,056     21.12 
 
              M MIL AA <05523 0940 > Railing, pipe, steel, 3 rail,                                      0.18      8.53      0.23     32.55      0.00         41.31 
                                     primed, 1.5" dia, on brackets     350.00 LF  SIWSE4       22.00      64     2,985        80    11,393         0        14,458     41.31 
 
                MIL AA <05511 0020 > Stair, stl,grating trd & pipe r,                                   0.91     42.89      1.15    113.93      0.00        157.97 
                                     3'-6" W, saf nosing, stl strg     104.00 EA  SIWSE4        4.38      95     4,461       120    11,848         0        16,429    157.97 
 
                MIL AA <05511 0120 > Stair, grating trd, landing,                                       0.20      9.38      0.25     28.48      0.00         38.12 
                                     steel, grating, framing           420.00 SF  SIWSE4       20.00      84     3,941       106    11,962         0        16,009     38.12 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Facility Access                     1.00 JOB                        266    12,488       335    36,925         0        49,747  49746.76 
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                    01 04 03 03-060 . Drainage System 
                                   Drainage system includes: vault drainage and structure subdrainage 
 
                USR AA <           > Catch Basins, RS Means cost data                                   0.00      0.00      0.00      0.00    475.00        475.00 
                                                                         4.00 EA                0.00       0         0         0         0     1,900         1,900    475.00 
 
              M MIL AA <15155 2570 > Drain Pipe PVC                                                     0.24      9.48      0.00     13.02      0.00         22.50 
                                                                       230.00 LF  MPLUQ2       12.25      56     2,181         0     2,995         0         5,176     22.50 
 
              M MIL AA <15157 2210 > PVC, 90 deg elbow                                                  2.58     99.94      0.00    325.50      0.00        425.44 
                                                                         2.00 EA  MPLUQ2        1.16       5       200         0       651         0           851    425.44 
 
                CIV AA <02250 2140 > Geotextile fabric, 120 mil                                         0.02      0.54      0.10      1.40      0.00          2.04 
                                     thick, non-woven polypropylene     60.00 SY  ULABA2      150.00       1        32         6        84         0           122      2.04 
 
                USR AA <           > Sump Pump, Complete system, RS                                     0.00      0.00      0.00      0.00   5700.00       5700.00 
                                     Means cost data plus                1.00 EA                0.00       0         0         0         0     5,700         5,700   5700.00 
                                     contingency factor 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Drainage System                     1.00 JOB                         63     2,414         6     3,730     7,600        13,749  13749.21 
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                    01 04 03 03-080 . 10-foot Dia Penstock Section 
                                   10-foot Dia Penstock Section, Quote from Mfgr (NW Pipe Co.) 
 
                USR AA <           > Salvaged and Retrofitted 10-foot                                   0.00   3135.00      0.00  25768.75      0.00      28903.75 
                                     Dia Penstock Section,               1.00 EA                0.00       0     3,135         0    25,769         0        28,904  28903.75 
                                     Engineering judgement 
 
                USR AA <           > Flexible Couplings, Quote from                                     0.00    855.00      0.00   4741.45      0.00       5596.45 
                                     Mfgr (Vicaulic Coupling) & RS       2.00 EA                0.00       0     1,710         0     9,483         0        11,193   5596.45 
                                     Means for labor 
 
                USR AA <           > (2) 80 Ton Hydraulic Crane                                         0.00   1520.00   2900.00      0.00      0.00       4420.00 
                                     rental per day - RS Means           1.00 DAY               0.00       0     1,520     2,900         0         0         4,420   4420.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL 10-foot Dia Penstock Section        1.00 JOB                          0     6,365     2,900    35,252         0        44,517  44516.65 
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                    01 04 03 03-090 . Eicher Screen Valve 
                                   Eicher Screen Valve 
 
                USR AA <           > 10-foot Dia Penstock Section,                                      0.00   3135.00     95.00  51537.50      0.00      54767.50 
                                     Quote from Mfgr (NW Pipe Co.) &     1.00 EA                0.00       0     3,135        95    51,538         0        54,768  54767.50 
                                     RS Means for labor 
 
                USR AA <           > Flexible Couplings, Quote from                                     0.00    855.00      0.00   4741.45      0.00       5596.45 
                                     Mfgr (Vicaulic Coupling) & RS       2.00 EA                0.00       0     1,710         0     9,483         0        11,193   5596.45 
                                     Means for labor 
 
                USR AA <           > Screen, Quote from vendor                                          0.00      0.00      0.00      0.00  57000.00      57000.00 
                                     (Hendricks Screen) & RS Means       1.00 LS                0.00       0         0         0         0    57,000        57,000  57000.00 
                                     for labor 
 
                USR AA <           > Screen Pivot Mechanism,                                            0.00      0.00      0.00      0.00  19000.00      19000.00 
                                     Engineering judgement               1.00 LS                0.00       0         0         0         0    19,000        19,000  19000.00 
 
                USR AA <           > Drain Valve, RS Means cost data                                    0.00    950.00      0.00    721.53      0.00       1671.53 
                                                                         1.00 EA                0.00       0       950         0       722         0         1,672   1671.53 
 
                USR AA <           > Access Portals, Engineering                                        0.00      0.00      0.00      0.00   5700.00       5700.00 
                                     judgement                           1.00 LS                0.00       0         0         0         0     5,700         5,700   5700.00 
 
                USR AA <           > Transistion to 24-inch Section,                                    0.00   3135.00      0.00   3092.25      0.00       6227.25 
                                     Engineering judgement               1.00 LS                0.00       0     3,135         0     3,092         0         6,227   6227.25 
 
                USR AA <           > Hydraulic Power Unit &                                             0.00   2850.00      0.00  30922.50      0.00      33772.50 
                                     Cylinders, Engineering              1.00 LS                0.00       0     2,850         0    30,923         0        33,773  33772.50 
                                     judgement 
 
                USR AA <           > Screen Support Frame, Cost based                                   0.00   1900.00     95.00   1546.13      0.00       3541.13 
                                     on $/ton of Steel                  10.00 TON               0.00       0    19,000       950    15,461         0        35,411   3541.13 
 
                USR AA <           > (2) 80 Ton Hydraulic Crane                                         0.00   1520.00   2900.00      0.00      0.00       4420.00 
                                     rental per day - RS Means           1.00 DAY               0.00       0     1,520     2,900         0         0         4,420   4420.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Eicher Screen Valve                 1.00 JOB                          0    32,300     3,945   111,218    81,700       229,163 229162.93 
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                    01 04 03 03-091 . 24-inch Valves 
                                   24-inch Valves 
 
                USR AA <           > 24" Ball Valve, Quote from                                         0.00   4750.00      0.00      0.00  38000.00      42750.00 
                                     vendor (Apco) & RS Means for        1.00 EA                0.00       0     4,750         0         0    38,000        42,750  42750.00 
                                     labor 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL 24-inch Valves                      1.00 JOB                          0     4,750         0         0    38,000        42,750  42750.00 
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                    01 04 03 03-100 . Track System 
                                   Track System includes: rails, motorized gears, and attachments to move the 
                                   penstock section and Eicher screen sections in and out of position 
 
                USR AA <           > Rails, RS Means cost data                                          0.00      0.00      0.00      0.00    152.00        152.00 
                                                                       110.00 LF                0.00       0         0         0         0    16,720        16,720    152.00 
 
                USR AA <           > Attachments to Penstock/Eicher,                                    0.00   4750.00      0.00   1030.75      0.00       5780.75 
                                     Engineering judgement               6.00 EA                0.00       0    28,500         0     6,185         0        34,685   5780.75 
 
                USR AA <           > Motorized Gear Tracks, Quote                                       0.00      0.00      0.00      0.00 142500.00     142500.00 
                                     from Mfgr (Ederer Crane Co.)        1.00 LS                0.00       0         0         0         0   142,500       142,500 142500.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Track System                        1.00 JOB                          0    28,500         0     6,185   159,220       193,905 193904.50 
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                    01 04 03 03-150 . Revegetation 
                                   Assume revegetation of vault area with trees, shrubs and hydro-seeding 
 
                USR LC <           > Hydroseeding 5#/ac - RSM                                           0.60     17.15      1.86     37.98      0.00         56.98 
                                     0292051000 (costworks 2002)        10.00 MSF XLABE        10.00       6       215        23       477         0           715     71.54 
 
                USR LC <           > Rototill, 20Hp tractor 12" deep                                    0.30      8.77      0.69      0.00      0.00          9.46 
                                     RSM 029203406100 (costworks 2002   10.00 MSF CLABB62      10.00       3       110         9         0         0           119     11.88 
 
              L MIL LC <02951 0760 > Mulch, straw, 2" deep, hand                                        0.01      0.22      0.00      0.09      0.00          0.31 
                                     spread arnd planted              2000.00 SF  ALABCLAB1   122.00      16       557         0       218         0           775      0.39 
                                     trees/shrubs 
 
              M MIL LC <02947 0400 > General planting, local                                            0.57     16.53      7.40      5.43      0.00         29.36 
                                     varieties, 2' - 3', shrubs         30.00 EA  COEIB17       7.00      17       623       279       204         0         1,106     36.86 
 
                MIL LC <02947 0200 > General planting, local                                            0.71     20.58      9.21    126.22      0.00        156.00 
                                     varieties, trees, 2' - 3'          10.00 EA  COEIB17       5.63       7       258       116     1,585         0         1,959    195.86 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Revegetation                        1.00 JOB                         50     1,763       426     2,484         0         4,673   4673.34 
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                    01 04 03 03-200 . Controls and Instrumentation 
                                   Controls and Instrumentation 
 
                USR AA <           > Controls and Instrumentation,                                      0.00      0.00      0.00      0.00  14250.00      14250.00 
                                     Represents electrical allowance     1.00 LS                0.00       0         0         0         0    14,250        14,250  14250.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Controls and Instrumentation        1.00 JOB                          0         0         0         0    14,250        14,250  14250.00 
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                    01 04 03 03-210 . Power and Telemetry 
                                   Power and Telemetry 
 
                USR AA <           > Power and Telemetry, Represents                                    0.00      0.00      0.00      0.00  19000.00      19000.00 
                                     electrical allowance                1.00 LS                0.00       0         0         0         0    19,000        19,000  19000.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Power and Telemetry                 1.00 JOB                          0         0         0         0    19,000        19,000  19000.00 
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                01 04 03 04. Pressure Bypass Pipeline 
                           Pressure Bypass Pipeline 
                    01 04 03 04-005 . Clearing and Grubbing 
                                   Assume clearing of all vegetation and organics necessary to place the 
                                   Pressure Bypass Pipeline 
 
                CIV AA <02109 7310 > Clear & grub, tree rmv, cutting                                    3.00     85.73     46.42      0.00      0.00        132.16 
                                     & chipping, 6" -  12" dia           5.00 EA  CODFB7        2.00      15       429       232         0         0           661    132.16 
 
                AF  AA <02109 9110 > Clear & grub, grub stumps, w/335                                   0.05      1.56      2.66      0.00      0.00          4.22 
                                     HP dozer, to 12" dia                5.00 EA  CODTB10M     31.25       0         8        13         0         0            21      4.22 
 
              L AF  AA <02234 0570 > Hauling, hwy haulers, 12 CY, 10                                    0.18      5.12      7.20      0.00      0.00         12.32 
                                     mile round trip @ base wide rate  200.00 CY  COEIB34B      5.46      37     1,024     1,440         0         0         2,464     12.32 
 
                USR AA <           > Disposal Fee of $3.80/CY used                                      0.00      0.00      0.00      0.00      3.80          3.80 
                                     based on RS Means plus            200.00 CY                0.00       0         0         0         0       760           760      3.80 
 
                AF  AA <02110 1050 > Clearing, wet, heavy brush &                                      20.59    701.45    809.11      0.00      0.00       1510.56 
                                     trees                               1.00 ACR COMCB88       0.34      21       701       809         0         0         1,511   1510.56 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Clearing and Grubbing               1.00 JOB                         72     2,162     2,495         0       760         5,417   5416.82 
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                    01 04 03 04-015 . Erosion Control 
                                   Erosion Control, Assume silt fencing and sand bags for construction site 
 
              B MIL AA <02266 1120 > Erosion control, w/7.5' posts,                                     0.07      1.80      0.00      1.09      0.00          2.89 
                                     silt fence, 3' high,              260.00 LF  ALABCLAB2    30.00      17       469         0       282         0           751      2.89 
                                     polypropylene 
 
              B MIL AA <02266 1120 > Remove silt fence                                                  0.07      1.80      0.00      0.00      0.00          1.80 
                                     polypropylene                     260.00 LF  ALABCLAB2    30.00      17       469         0         0         0           469      1.80 
 
                USR AA <           > Sand Bags - RS Means Cost Data                                     0.00      0.00      0.00      0.00      1.90          1.90 
                                                                        87.00 EA                0.00       0         0         0         0       165           165      1.90 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Erosion Control                     1.00 JOB                         35       938         0       282       165         1,385   1384.91 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
LABOR ID: NAT01A    EQUIP ID: NAT99A                                        Currency in DOLLARS                                          CREW ID: NAT01A   UPB ID: UP01EA 



 
 
Wed 27 Aug 2003                                            Tri-Service Automated Cost Engineering System (TRACES)                                              TIME 09:24:53 
Eff. Date  01/01/01                               PROJECT WYNDAM:   WYNOOCHEE DAM, SECTION 1135 - Fish Restoration Project 
DETAILED ESTIMATE                                                      WYNOOCHEE DAM FISH RESTORATION                                                       DETAIL PAGE   33 
                                                                        01. FISH RESTORATION PROJECT 
 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
01 04. DAMS                                                            QUANTY UOM CREW ID     OUTPUT    MHRS       LAB     EQUIP       MAT     OTHER    TOTAL COST UNIT COST 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
 
                    01 04 03 04-020 . Demolition 
                                   Demolition, Assume demolish and dispose of asphalt 
 
                AF  AA <02046 1780 > Site dml, bituminous, pavement                                     0.03      0.86      0.75      0.00      0.00          1.61 
                                     removal, pulverize                 40.00 CY  COKCB73     300.00       1        34        30         0         0            64      1.61 
 
                MIL AA <02232 0310 > Excavate & load, track loader,                                     0.03      0.82      0.55      0.00      0.00          1.37 
                                     1-1/2 CY, wet rock                 40.00 CY  CODFB10N     59.38       1        33        22         0         0            55      1.37 
 
              L AF  AA <02234 0570 > Dispose, hwy haulers, 12 CY, 20                                    0.31      8.75     12.30      0.00      0.00         21.04 
                                     mile round trip @ base wide rate   40.00 CY  COEIB34B      3.20      13       350       492         0         0           842     21.04 
 
                USR AA <           > Disposal Fee of $19/CY used                                        0.00      0.00      0.00      0.00     19.00         19.00 
                                     based on RS Means plus             40.00 CY                0.00       0         0         0         0       760           760     19.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Demolition                          1.00 JOB                         15       417       544         0       760         1,721   1721.16 
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                    01 04 03 04-025 . Excavation - Soil 
                                   Excavate soil and dispose of excess 
 
              L MIL AA <02232 0125 > Excavate & load, hydr excavator,                                   0.19      6.47      4.90      0.00      0.00         11.37 
                                     1.5 CY, wet matl                  120.00 CY  CODEB12B     10.41      23       777       588         0         0         1,365     11.37 
 
                USR AA <           > Shoring of Trench, Cost based on                                   0.00      0.00      0.00      0.00      1.00          1.00 
                                     RS Means plus escalated cost     1000.00 SF                0.00       0         0         0         0     1,000         1,000      1.00 
                                     factor due to remote site 
 
              L AF  AA <02234 0570 > Hauling, hwy haulers, 12 CY, 10                                    0.18      5.12      7.20      0.00      0.00         12.32 
                                     mile round trip @ base wide rate   80.00 CY  COEIB34B      5.46      15       410       576         0         0           986     12.32 
 
                USR AA <           > Disposal Fee of $3.8/CY used                                       0.00      0.00      0.00      0.00      3.80          3.80 
                                     based on RS Means plus             80.00 CY                0.00       0         0         0         0       304           304      3.80 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Excavation - Soil                   1.00 JOB                         38     1,187     1,164         0     1,304         3,655   3654.56 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
LABOR ID: NAT01A    EQUIP ID: NAT99A                                        Currency in DOLLARS                                          CREW ID: NAT01A   UPB ID: UP01EA 



 
 
Wed 27 Aug 2003                                            Tri-Service Automated Cost Engineering System (TRACES)                                              TIME 09:24:53 
Eff. Date  01/01/01                               PROJECT WYNDAM:   WYNOOCHEE DAM, SECTION 1135 - Fish Restoration Project 
DETAILED ESTIMATE                                                      WYNOOCHEE DAM FISH RESTORATION                                                       DETAIL PAGE   35 
                                                                        01. FISH RESTORATION PROJECT 
 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
01 04. DAMS                                                            QUANTY UOM CREW ID     OUTPUT    MHRS       LAB     EQUIP       MAT     OTHER    TOTAL COST UNIT COST 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
 
                    01 04 03 04-031 . Fill - Sand 
                                   Fill - Sand includes trench backfill 
 
              M MIL AA <02232 0225 > Load Borrow, wheeled loader, 1.5                                   0.02      0.61      0.31      4.34      0.00          5.26 
                                     CY, sand                           40.00 CY  CODFB10S     80.00       1        24        12       174         0           210      5.26 
 
              L AF  AA <02234 0570 > Hauling, hwy haulers, 12 CY, 20                                    0.31      8.75     12.30      0.00      0.00         21.04 
                                     mile round trip @ base wide rate   40.00 CY  COEIB34B      3.20      13       350       492         0         0           842     21.04 
 
                MIL AA <02215 1220 > Backfill, trench, front-end                                        0.03      0.98      0.66      0.00      0.00          1.63 
                                     loader, 40 - 60 HP, no             40.00 CY  CODFB10N     50.00       1        39        26         0         0            65      1.63 
                                     compaction 
 
                MIL AA <02220 9010 > Compaction, water, truck, 3000                                     0.01      0.35      0.28      0.22      0.00          0.85 
                                     gal, 6 mile haul                   40.00 CY  COKBB45     180.50       0        14        11         9         0            34      0.85 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Fill - Sand                         1.00 JOB                         15       427       542       182         0         1,151   1151.10 
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                    01 04 03 04-032 . Fill - On-Site Material 
                                   Assume acceptable excess excavation from trench will be used as backfill 
 
              M MIL AA <02232 0225 > Spread/Stockpile, wheeled                                          0.02      0.61      0.31      0.00      0.00          0.92 
                                     loader, 1.5 CY, on-site matl       40.00 CY  CODFB10S     80.00       1        24        12         0         0            37      0.92 
 
                MIL AA <02215 1220 > Backfill, trench, front-end                                        0.03      0.98      0.66      0.00      0.00          1.63 
                                     loader, 40 - 60 HP, no             40.00 CY  CODFB10N     50.00       1        39        26         0         0            65      1.63 
                                     compaction 
 
                MIL AA <02220 9010 > Compaction, water, truck, 3000                                     0.01      0.35      0.28      0.22      0.00          0.85 
                                     gal, 6 mile haul                   40.00 CY  COKBB45     180.50       0        14        11         9         0            34      0.85 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Fill - On-Site Material             1.00 JOB                          2        77        50         9         0           136    135.78 
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                    01 04 03 04-035 . Road Improvements 
                                   Roadway impovements, base course and asphalt pavement 
 
              M MIL AA <02244 0100 > Base course, crushed 3/4" stone,                                   0.01      0.26      0.28      8.68      0.00          9.22 
                                     compacted, 12"D, large areas       50.00 SY  COFGB36C    625.00       0        13        14       434         0           461      9.22 
 
              L AF  AA <02234 0570 > Base Course Hauling, 20 mile                                       0.31      8.75     12.30      0.00      0.00         21.04 
                                     round trip @ base wide rate        16.50 CY  COEIB34B      3.20       5       144       203         0         0           347     21.04 
 
                RSM AA <02505 0810 > Asphaltic conc pavement,                                           0.14      4.10      1.58     28.03      0.00         33.71 
                                     highway, binder course, 1.5"        4.00 TON COKCB25      78.75       1        16         6       112         0           135     33.71 
                                     thick 
 
                RSM AA <02505 0850 > Asphaltic conc pavement,                                           0.17      4.99      2.30     30.92      0.00         38.21 
                                     highway, wearing course, 1"         3.00 TON COKCB25B     71.88       1        15         7        93         0           115     38.21 
                                     thick 
 
              L AF  AA <02234 0570 > Asphalt Hauling, 20 mile round                                     0.31      8.75     12.30      0.00      0.00         21.04 
                                     trip @ base wide rate               3.60 CY  COEIB34B      3.20       1        31        44         0         0            76     21.04 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Road Improvements                   1.00 JOB                          8       220       274       639         0         1,133   1133.36 
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                    01 04 03 04-040 . Utility Relocations 
                                   Relocate underground utilities within trench area 
 
                USR AA <           > Relocate Utilities, Allowance                                      0.00      0.00      0.00      0.00    950.00        950.00 
                                     for any utilities in the area       1.00 LS                0.00       0         0         0         0       950           950    950.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Utility Relocations                 1.00 JOB                          0         0         0         0       950           950    950.00 
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                    01 04 03 04-081 . Steel Casing 
                                   Steel Casing, Costs based on RS Means 
 
                USR AA <           > 26-inch Steel Casing                                               0.00     95.00     47.50     87.88      0.00        230.39 
                                                                       300.00 LF                0.00       0    28,500    14,250    26,366         0        69,116    230.39 
 
                USR AA <           > End Caps                                                           0.00    475.00     48.00    515.38      0.00       1038.38 
                                                                         2.00 EA                0.00       0       950        96     1,031         0         2,077   1038.38 
 
                USR AA <           > Aerial Supports                                                    0.00   4750.00    950.00   5153.75      0.00      10853.75 
                                                                         6.00 EA                0.00       0    28,500     5,700    30,923         0        65,123  10853.75 
 
                USR AA <           > Bridge Supports                                                    0.00   2850.00    950.00   3092.25      0.00       6892.25 
                                                                        10.00 EA                0.00       0    28,500     9,500    30,923         0        68,923   6892.25 
 
                USR AA <           > 80 Ton Hydraulic Crane rental                                      0.00    760.00   1450.00      0.00      0.00       2210.00 
                                     per day - RS Means                  3.00 DAY               0.00       0     2,280     4,350         0         0         6,630   2210.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Steel Casing                        1.00 JOB                          0    88,730    33,896    89,241         0       211,867 211867.25 
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                    01 04 03 04-082 . 24-inch HDPE Pipe 
                                   24-inch HDPE Pipe, RS Means cost data 
 
                USR AA <           > 24-inch HDPE Pipe                                                  0.00     10.50      8.60     41.77      0.00         60.87 
                                                                       540.00 LF                0.00       0     5,670     4,644    22,557         0        32,871     60.87 
 
                USR AA <           > 24-inch HDPE Elbows                                                0.00      0.00      0.00      0.00   1900.00       1900.00 
                                                                         3.00 EA                0.00       0         0         0         0     5,700         5,700   1900.00 
 
                USR AA <           > Access Portals                                                     0.00      0.00      0.00      0.00   2375.00       2375.00 
                                                                         2.00 EA                0.00       0         0         0         0     4,750         4,750   2375.00 
 
                USR AA <           > Thrust Block, Engineering                                          0.00      0.00      0.00      0.00    950.00        950.00 
                                     judgement based on similar          3.00 EA                0.00       0         0         0         0     2,850         2,850    950.00 
                                     project experience 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL 24-inch HDPE Pipe                   1.00 JOB                          0     5,670     4,644    22,557    13,300        46,171  46171.15 
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                    01 04 03 04-091 . 24-inch Valves 
                                   24-inch Valves 
 
                USR AA <           > 24" Ball Valve                                                     0.00   4750.00      0.00      0.00  38000.00      42750.00 
                                                                         1.00 EA                0.00       0     4,750         0         0    38,000        42,750  42750.00 
 
                USR AA <           > Air Release Valve                                                  0.00    285.00      0.00      0.00    950.00       1235.00 
                                                                         1.00 EA                0.00       0       285         0         0       950         1,235   1235.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL 24-inch Valves                      1.00 JOB                          0     5,035         0         0    38,950        43,985  43985.00 
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                    01 04 03 04-150 . Revegetation 
                                   Assume revegetation of the trench area with trees, shrubs and hydro-seeding 
 
                USR LC <           > Hydroseeding 5#/ac - RSM                                           0.60     17.15      1.86     37.98      0.00         56.98 
                                     0292051000 (costworks 2002)         5.00 MSF XLABE        10.00       3       108        12       238         0           358     71.54 
 
                USR LC <           > Rototill, 20Hp tractor 12" deep                                    0.30      8.77      0.69      0.00      0.00          9.46 
                                     RSM 029203406100 (costworks 2002    5.00 MSF CLABB62      10.00       2        55         4         0         0            59     11.88 
 
              L MIL LC <02951 0760 > Mulch, straw, 2" deep, hand                                        0.01      0.22      0.00      0.09      0.00          0.31 
                                     spread arnd planted              2000.00 SF  ALABCLAB1   122.00      16       557         0       218         0           775      0.39 
                                     trees/shrubs 
 
              M MIL LC <02947 0400 > General planting, local                                            0.57     16.53      7.40      5.43      0.00         29.36 
                                     varieties, 2' - 3', shrubs         10.00 EA  COEIB17       7.00       6       208        93        68         0           369     36.86 
 
                MIL LC <02947 0200 > General planting, local                                            0.71     20.58      9.21    126.22      0.00        156.00 
                                     varieties, trees, 2' - 3'           5.00 EA  COEIB17       5.63       4       129        58       792         0           979    195.86 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Revegetation                        1.00 JOB                         30     1,056       167     1,317         0         2,540   2539.69 
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                    01 04 03 04-200 . Controls and Instrumentation 
                                   Controls and Instrumentation 
 
                USR AA <           > Controls and Instrumentation,                                      0.00      0.00      0.00      0.00   9500.00       9500.00 
                                     Represents electrical allowance     1.00 LS                0.00       0         0         0         0     9,500         9,500   9500.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Controls and Instrumentation        1.00 JOB                          0         0         0         0     9,500         9,500   9500.00 
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                    01 04 03 04-210 . Power and Telemetry 
                                   Power and Telemetry 
 
                USR AA <           > Power and Telemetry, Represents                                    0.00      0.00      0.00      0.00   9500.00       9500.00 
                                     electrical allowance                1.00 LS                0.00       0         0         0         0     9,500         9,500   9500.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Power and Telemetry                 1.00 JOB                          0         0         0         0     9,500         9,500   9500.00 
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                01 04 03 05. Multi-Level Discharge 
                           Multi-Level Discharge 
                    01 04 03 05-005 . Clearing and Grubbing 
                                   Assume clearing vault and piping area of all vegetation and organics 
 
                CIV AA <02109 7310 > Clear & grub, tree rmv, cutting                                    3.00     85.73     46.42      0.00      0.00        132.16 
                                     & chipping, 6" -  12" dia           5.00 EA  CODFB7        2.00      15       429       232         0         0           661    132.16 
 
                AF  AA <02109 9110 > Clear & grub, grub stumps, w/335                                   0.05      1.56      2.66      0.00      0.00          4.22 
                                     HP dozer, to 12" dia                5.00 EA  CODTB10M     31.25       0         8        13         0         0            21      4.22 
 
              L AF  AA <02234 0570 > Hauling, hwy haulers, 12 CY, 10                                    0.18      5.12      7.20      0.00      0.00         12.32 
                                     mile round trip @ base wide rate  300.00 CY  COEIB34B      5.46      55     1,537     2,160         0         0         3,697     12.32 
 
                USR AA <           > Disposal Fee of $3.8/CY used                                       0.00      0.00      0.00      0.00      3.80          3.80 
                                     based on RS Means plus            300.00 CY                0.00       0         0         0         0     1,140         1,140      3.80 
 
                AF  AA <02110 1050 > Clearing, wet, heavy brush &                                      20.59    701.45    809.11      0.00      0.00       1510.56 
                                     trees                               1.00 ACR COMCB88       0.34      21       701       809         0         0         1,511   1510.56 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Clearing and Grubbing               1.00 JOB                         91     2,674     3,215         0     1,140         7,029   7029.01 
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                    01 04 03 05-010 . Dewatering 
                                   Quoted from Baker Tanks,  Assume 1 month rental 
 
                USR AA <           > (1) Dewatering Boxes                                               0.00      0.00      0.00      0.00   1425.00       1425.00 
                                                                         1.00 MO                0.00       0         0         0         0     1,425         1,425   1425.00 
 
                USR AA <           > (2) 6" Thompson Pump Stations                                      0.00      0.00      0.00      0.00   3800.00       3800.00 
                                                                         1.00 MO                0.00       0         0         0         0     3,800         3,800   3800.00 
 
                USR AA <           > Operation, Fuel and Oil                                            0.00      0.00      0.00      0.00   3800.00       3800.00 
                                                                         1.00 LS                0.00       0         0         0         0     3,800         3,800   3800.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Dewatering                          1.00 JOB                          0         0         0         0     9,025         9,025   9025.00 
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                    01 04 03 05-015 . Erosion Control 
                                   Erosion Control, Assume silt fencing and sand bags for construction site 
 
              B MIL AA <02266 1120 > Erosion control, w/7.5' posts,                                     0.07      1.80      0.00      1.09      0.00          2.89 
                                     silt fence, 3' high,              450.00 LF  ALABCLAB2    30.00      30       811         0       488         0         1,300      2.89 
                                     polypropylene 
 
              B MIL AA <02266 1120 > Remove silt fence                                                  0.07      1.80      0.00      0.00      0.00          1.80 
                                     polypropylene                     450.00 LF  ALABCLAB2    30.00      30       811         0         0         0           811      1.80 
 
                USR AA <           > Sand Bags - RS Means Cost Data                                     0.00      0.00      0.00      0.00      1.90          1.90 
                                                                       150.00 EA                0.00       0         0         0         0       285           285      1.90 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Erosion Control                     1.00 JOB                         60     1,623         0       488       285         2,396   2395.86 
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                    01 04 03 05-020 . Demolition 
                                   Demolition, Assume demolish and dispose of asphalt 
 
                AF  AA <02046 1780 > Site dml, bituminous, pavement                                     0.03      0.86      0.75      0.00      0.00          1.61 
                                     removal, pulverize                150.00 CY  COKCB73     300.00       4       129       113         0         0           242      1.61 
 
                MIL AA <02232 0310 > Excavate & load, track loader,                                     0.03      0.82      0.55      0.00      0.00          1.37 
                                     1-1/2 CY, wet rock                150.00 CY  CODFB10N     59.38       4       123        83         0         0           206      1.37 
 
              L AF  AA <02234 0570 > Dispose, hwy haulers, 12 CY, 20                                    0.31      8.75     12.30      0.00      0.00         21.04 
                                     mile round trip @ base wide rate  150.00 CY  COEIB34B      3.20      47     1,312     1,844         0         0         3,156     21.04 
 
                USR AA <           > Disposal Fee of $19/CY used                                        0.00      0.00      0.00      0.00     19.00         19.00 
                                     based on RS Means plus            150.00 CY                0.00       0         0         0         0     2,850         2,850     19.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Demolition                          1.00 JOB                         55     1,564     2,040         0     2,850         6,454   6454.35 
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                    01 04 03 05-025 . Excavation - Soil 
                                   Excavate soil and dispose of excess 
 
              L MIL AA <02232 0125 > Excavate & load, hydr excavator,                                   0.19      6.47      4.90      0.00      0.00         11.37 
                                     1.5 CY, wet matl                  720.00 CY  CODEB12B     10.41     138     4,661     3,528         0         0         8,189     11.37 
 
                USR AA <           > Shoring of Vault Excavation,                                       0.00      2.45      2.85     12.04      0.00         17.34 
                                     Sheet Piling 38psf, Cost based   2000.00 SF                0.00       0     4,900     5,700    24,087         0        34,687     17.34 
                                     on RS Means plus escalated cost 
                                     factor due to remote site 
 
              L AF  AA <02234 0570 > Hauling, hwy haulers, 12 CY, 10                                    0.18      5.12      7.20      0.00      0.00         12.32 
                                     mile round trip @ base wide rate  650.00 CY  COEIB34B      5.46     119     3,329     4,680         0         0         8,009     12.32 
 
                USR AA <           > Disposal Fee of $3.8/CY used                                       0.00      0.00      0.00      0.00      3.80          3.80 
                                     based on RS Means plus            650.00 CY                0.00       0         0         0         0     2,470         2,470      3.80 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Excavation - Soil                   1.00 JOB                        257    12,890    13,908    24,087     2,470        53,355  53355.08 
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                    01 04 03 05-026 . Excavation - Rock 
                                   Excavate rock and dispose of excess 
 
              B MIL AA <02232 0130 > Excavate & load, hydr excavator,                                   0.49     16.51     12.50      0.00      0.00         29.01 
                                     1.5 CY, blasted rock              360.00 CY  CODEB12B      4.08     176     5,945     4,500         0         0        10,445     29.01 
 
              L AF  AA <02234 0570 > Hauling, hwy haulers, 12 CY, 10                                    0.18      5.12      7.20      0.00      0.00         12.32 
                                     mile round trip @ base wide rate  360.00 CY  COEIB34B      5.46      66     1,844     2,592         0         0         4,436     12.32 
 
                USR AA <           > Disposal Fee of $3.8/CY is used                                    0.00      0.00      0.00      0.00      3.80          3.80 
                                     for this estimate.                360.00 CY                0.00       0         0         0         0     1,368         1,368      3.80 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Excavation - Rock                   1.00 JOB                        242     7,788     7,092         0     1,368        16,248  16248.42 
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                    01 04 03 05-030 . Fill - Select Granular 
                                   Assume imported engineered fill for foundation and drainage 
 
              M MIL AA <02232 0225 > Load Borrow, wheeled loader, 1.5                                   0.02      0.61      0.31     10.85      0.00         11.77 
                                     CY, select granular                40.00 CY  CODFB10S     80.00       1        24        12       434         0           471     11.77 
 
              L AF  AA <02234 0570 > Base Course Hauling, 20 mile                                       0.31      8.75     12.30      0.00      0.00         21.04 
                                     round trip @ base wide rate        40.00 CY  COEIB34B      3.20      13       350       492         0         0           842     21.04 
 
                MIL AA <02216 5530 > Backfill, strl, 6" lifts,                                          0.02      0.70      0.47      0.00      0.00          1.17 
                                     w/loader, no compaction, around    40.00 CY  CODFB10N     70.00       1        28        19         0         0            47      1.17 
                                     foundation 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Fill - Select Granular              1.00 JOB                         14       402       523       434         0         1,359   1359.00 
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                    01 04 03 05-031 . Fill - Sand 
                                   Fill - Sand includes trench backfill 
 
              M MIL AA <02232 0225 > Load Borrow, wheeled loader, 1.5                                   0.02      0.61      0.31      6.51      0.00          7.43 
                                     CY, sand                           40.00 CY  CODFB10S     80.00       1        24        12       260         0           297      7.43 
 
              L AF  AA <02234 0570 > Hauling, hwy haulers, 12 CY, 20                                    0.31      8.75     12.30      0.00      0.00         21.04 
                                     mile round trip @ base wide rate   40.00 CY  COEIB34B      3.20      13       350       492         0         0           842     21.04 
 
                MIL AA <02215 1220 > Backfill, trench, front-end                                        0.03      0.98      0.66      0.00      0.00          1.63 
                                     loader, 40 - 60 HP, no             40.00 CY  CODFB10N     50.00       1        39        26         0         0            65      1.63 
                                     compaction 
 
                MIL AA <02220 9010 > Compaction, water, truck, 3000                                     0.01      0.35      0.28      0.22      0.00          0.85 
                                     gal, 6 mile haul                   40.00 CY  COKBB45     180.50       0        14        11         9         0            34      0.85 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Fill - Sand                         1.00 JOB                         15       427       542       269         0         1,238   1237.90 
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                    01 04 03 05-032 . Fill - On-Site Material 
                                   Assume acceptable excess excavation from vault will be used as backfill 
 
              M MIL AA <02232 0225 > Spread/Stockpile, wheeled                                          0.02      0.61      0.31      0.00      0.00          0.92 
                                     loader, 1.5 CY, on-site matl       70.00 CY  CODFB10S     80.00       1        43        21         0         0            64      0.92 
 
                MIL AA <02215 1220 > Backfill, trench, front-end                                        0.03      0.98      0.66      0.00      0.00          1.63 
                                     loader, 40 - 60 HP, no             70.00 CY  CODFB10N     50.00       2        68        46         0         0           114      1.63 
                                     compaction 
 
                MIL AA <02220 9010 > Compaction, water, truck, 3000                                     0.01      0.35      0.28      0.22      0.00          0.85 
                                     gal, 6 mile haul                   70.00 CY  COKBB45     180.50       1        25        20        15         0            59      0.85 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Fill - On-Site Material             1.00 JOB                          4       135        87        15         0           238    237.62 
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                    01 04 03 05-033 . Grading 
                                   Grading of area for placement of project features 
 
              L MIL AA <02226 4100 > Grading, fine grade, 3 passes                                      0.13      4.11      2.00      0.00      0.00          6.11 
                                     w/grader                          250.00 SY  COFGB11L     15.17      33     1,027       500         0         0         1,527      6.11 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Grading                             1.00 JOB                         33     1,027       500         0         0         1,527   1526.75 
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                    01 04 03 05-035 . Road Improvements 
                                   Roadway impovements, base course and asphalt pavement 
 
              M MIL AA <02244 0100 > Base course, crushed 3/4" stone,                                   0.01      0.26      0.28      8.68      0.00          9.22 
                                     compacted, 12"D, large areas      450.00 SY  COFGB36C    625.00       4       116       126     3,906         0         4,148      9.22 
 
              L AF  AA <02234 0570 > Base Course Hauling, 20 mile                                       0.31      8.75     12.30      0.00      0.00         21.04 
                                     round trip @ base wide rate       150.00 CY  COEIB34B      3.20      47     1,312     1,844         0         0         3,156     21.04 
 
                RSM AA <02505 0810 > Asphaltic conc pavement,                                           0.14      4.10      1.58     28.03      0.00         33.71 
                                     highway, binder course, 1.5"       38.00 TON COKCB25      78.75       5       156        60     1,065         0         1,281     33.71 
                                     thick 
 
                RSM AA <02505 0850 > Asphaltic conc pavement,                                           0.17      4.99      2.30     30.92      0.00         38.21 
                                     highway, wearing course, 1"        25.00 TON COKCB25B     71.88       4       125        58       773         0           955     38.21 
                                     thick 
 
              L AF  AA <02234 0570 > Asphalt Hauling, 20 mile round                                     0.31      8.75     12.30      0.00      0.00         21.04 
                                     trip @ base wide rate              35.00 CY  COEIB34B      3.20      11       306       430         0         0           737     21.04 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Road Improvements                   1.00 JOB                         71     2,015     2,518     5,744         0        10,277  10277.49 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
LABOR ID: NAT01A    EQUIP ID: NAT99A                                        Currency in DOLLARS                                          CREW ID: NAT01A   UPB ID: UP01EA 



 
 
Wed 27 Aug 2003                                            Tri-Service Automated Cost Engineering System (TRACES)                                              TIME 09:24:53 
Eff. Date  01/01/01                               PROJECT WYNDAM:   WYNOOCHEE DAM, SECTION 1135 - Fish Restoration Project 
DETAILED ESTIMATE                                                      WYNOOCHEE DAM FISH RESTORATION                                                       DETAIL PAGE   56 
                                                                        01. FISH RESTORATION PROJECT 
 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
01 04. DAMS                                                            QUANTY UOM CREW ID     OUTPUT    MHRS       LAB     EQUIP       MAT     OTHER    TOTAL COST UNIT COST 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
 
                    01 04 03 05-040 . Utility Relocations 
                                   Relocate underground utilities within vault area 
 
                USR AA <           > Relocate Utilities                                                 0.00      0.00      0.00      0.00    950.00        950.00 
                                                                         1.00 LS                0.00       0         0         0         0       950           950    950.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Utility Relocations                 1.00 JOB                          0         0         0         0       950           950    950.00 
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                    01 04 03 05-045 . Concrete - Structural Foundation 
                                   Concrete - Structure Foundation includes, vault foundation 
 
                MIL AA <03154 0010 > Forms in place, eqpt                                               0.30     10.36      0.00      2.79      0.00         13.15 
                                     foundations, 2 use                200.00 SF  ACARC2       20.00      60     2,072         0       558         0         2,630     13.15 
 
              L MIL AA <03217 0550 > Reinforcing in place, footings,                                   18.18    800.74      0.00    540.33      0.00       1341.07 
                                     #8 to #18                           2.50 TON SIWRRODM4     0.22      45     2,002         0     1,351         0         3,353   1341.07 
 
                RSM AA <03326 0400 > Concrete ready mix, regular                                        0.00      0.00      0.00     79.22      0.00         79.22 
                                     weight, 5000 psi                   50.00 CY  N/A           0.00       0         0         0     3,961         0         3,961     79.22 
 
                MIL AA <03372 4650 > Placing conc, slab on grade,                                       0.35      9.98      3.21      0.00      0.00         13.19 
                                     over 6" thick, pumped              50.00 CY  CLABC20      23.13      17       499       161         0         0           660     13.19 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Concrete - Structural Foundation    1.00 JOB                        123     4,573       161     5,869         0        10,603  10602.80 
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                    01 04 03 05-046 . Concrete - Structural Walls 
                                   Concrete - Structure Foundation includes, vault walls 
 
                MIL AA <03182 5100 > Forms in place, retaining wall,                                    0.24      8.29      0.00      2.95      0.00         11.24 
                                     smooth curve, plywood, 2 use     3000.00 SF  ACARC2       25.00     720    24,865         0     8,854         0        33,718     11.24 
 
              L MIL AA <03217 0550 > Reinforcing in place, #8 to #18                                   18.18    800.74      0.00    540.33      0.00       1341.07 
                                                                         6.50 TON SIWRRODM4     0.22     118     5,205         0     3,512         0         8,717   1341.07 
 
                RSM AA <03326 0400 > Concrete ready mix, regular                                        0.00      0.00      0.00     79.22      0.00         79.22 
                                     weight, 5000 psi                  104.00 CY  N/A           0.00       0         0         0     8,238         0         8,238     79.22 
 
                MIL AA <03372 5350 > Placing conc, walls, 15" thick,                                    0.53     15.39      4.95      0.00      0.00         20.34 
                                     pumped                            104.00 CY  CLABC20      15.00      55     1,600       515         0         0         2,115     20.34 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Concrete - Structural Walls         1.00 JOB                        894    31,670       515    20,604         0        52,789  52788.67 
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                    01 04 03 05-048 . Concrete - Vault 
                                   Concrete - Vault 
 
                USR AA <           > Manhole Vault, RS Means cost                                       0.00    975.00    285.00   3634.75      0.00       4894.75 
                                     data                                5.00 EA                0.00       0     4,875     1,425    18,174         0        24,474   4894.75 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Concrete - Vault                    1.00 JOB                          0     4,875     1,425    18,174         0        24,474  24473.75 
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                    01 04 03 05-049 . Roof System 
                                   Relocate underground utilities within vault area 
 
                USR AA <           > Removable Roof Section w/ hatch                                    0.00      0.00      0.00      0.00     45.60         45.60 
                                     and anchor bolts, Cost based on   600.00 SF                0.00       0         0         0         0    27,360        27,360     45.60 
                                     engineering judgement on 
                                     similar project experience 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Roof System                         1.00 JOB                          0         0         0         0    27,360        27,360  27360.00 
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                    01 04 03 05-050 . Fencing 
                                   Security fencing around vault, includes gate 
 
                AF  AA <01534 0100 > Fencing, 11 ga, chain link, 6'                                     0.21      5.77      0.00      3.56     35.00         44.33 
                                     high, includes foundations        135.00 LF  ALABCLAB2     9.38      29       779         0       480     4,725         5,984     44.33 
 
                USR AA <           > Barbwire Strands, Costs based on                                   0.00      9.50      1.90      8.25      0.00         19.65 
                                     similar project experience        135.00 LF                0.00       0     1,283       257     1,113         0         2,652     19.65 
 
                MIL AA <02832 1310 > Fence, CL, 4' x 6',  transom                                       2.75     74.43     13.98    177.64      0.00        266.05 
                                     gate, single, galv                  2.00 EA  CLABB80A      1.09       6       149        28       355         0           532    266.05 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Fencing                             1.00 JOB                         34     2,210       284     1,949     4,725         9,169   9168.62 
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                    01 04 03 05-055 . Facility Access 
                                   Facility Access includes: stairs, handrails, grating, and ladders within 
                                   the vault 
 
                MIL AA <05518 0010 > Ladder, steel, 20" wide, bolted                                    0.64     30.02      0.80     58.96      0.00         89.79 
                                     to conc, w/cage                    30.00 VLF SIWSE4        6.25      19       901        24     1,769         0         2,694     89.79 
 
              B MIL AA <05542 0622 > Floor grating,stl,1.25" x 3/16",                                   0.21     10.00      0.27     10.85      0.00         21.12 
                                     ptd brg bars @ 15/16" OC, 300 SF  100.00 SF  SIWSE4       18.77      21     1,000        27     1,085         0         2,112     21.12 
 
              M MIL AA <05523 0940 > Railing, pipe, steel, 3 rail,                                      0.18      8.53      0.23     32.55      0.00         41.31 
                                     primed, 1.5" dia, on brackets      30.00 LF  SIWSE4       22.00       5       256         7       976         0         1,239     41.31 
 
                MIL AA <05511 0020 > Stair, stl,grating trd & pipe r,                                   0.91     42.89      1.15    113.93      0.00        157.97 
                                     3'-6" W, saf nosing, stl strg      52.00 EA  SIWSE4        4.38      48     2,230        60     5,924         0         8,214    157.97 
 
                MIL AA <05511 0120 > Stair, grating trd, landing,                                       0.20      9.38      0.25     28.48      0.00         38.12 
                                     steel, grating, framing           105.00 SF  SIWSE4       20.00      21       985        26     2,991         0         4,002     38.12 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Facility Access                     1.00 JOB                        115     5,372       144    12,745         0        18,261  18261.15 
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                    01 04 03 05-060 . Drainage System 
                                   Drainage system includes: vault drainage and structure subdrainage 
 
                USR AA <           > Catch Basins, RS Means cost data                                   0.00      0.00      0.00      0.00    475.00        475.00 
                                                                         1.00 EA                0.00       0         0         0         0       475           475    475.00 
 
              M MIL AA <15155 2570 > Drain Pipe PVC                                                     0.24      9.48      0.00     13.02      0.00         22.50 
                                                                       200.00 LF  MPLUQ2       12.25      49     1,897         0     2,604         0         4,501     22.50 
 
              M MIL AA <15157 2210 > PVC, 90 deg elbow                                                  2.58     99.94      0.00    325.50      0.00        425.44 
                                                                         2.00 EA  MPLUQ2        1.16       5       200         0       651         0           851    425.44 
 
                USR AA <           > Sump Pump, Complete system, RS                                     0.00      0.00      0.00      0.00   5700.00       5700.00 
                                     Means cost data plus                1.00 EA                0.00       0         0         0         0     5,700         5,700   5700.00 
                                     contingency factor 
 
                CIV AA <02250 2140 > Geotextile fabric, 120 mil                                         0.02      0.54      0.10      1.40      0.00          2.04 
                                     thick, non-woven polypropylene     60.00 SY  ULABA2      150.00       1        32         6        84         0           122      2.04 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Drainage System                     1.00 JOB                         55     2,129         6     3,339     6,175        11,649  11649.07 
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                    01 04 03 05-083 . 24-inch Rotating Pipe Section 
                                   24-inch Rotating Pipe Section - 5 shooter multi-level discharge system 
 
                USR AA <           > 24-inch Rotating 5 Shooter,                                        0.00      0.00      0.00      0.00 128250.00     128250.00 
                                     Quote from Mfgr (Dynamic Air)       1.00 LS                0.00       0         0         0         0   128,250       128,250 128250.00 
 
                USR AA <           > 80 Ton Hydraulic Crane rental                                      0.00    760.00   1450.00      0.00      0.00       2210.00 
                                     per day - RS Means                  2.00 DAY               0.00       0     1,520     2,900         0         0         4,420   2210.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL 24-inch Rotating Pipe Section       1.00 JOB                          0     1,520     2,900         0   128,250       132,670 132670.00 
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                    01 04 03 05-084 . 24-inch Outlet Pipes 
                                   24-inch outlet pipes to gravity flume 
 
                USR AA <           > 24-inch Straight Sections, Costs                                   0.00      0.00      0.00      0.00    118.75        118.75 
                                     based on RS Means data            650.00 LF                0.00       0         0         0         0    77,188        77,188    118.75 
 
                USR AA <           > 24-inch Curved Sections, Costs                                     0.00      0.00      0.00      0.00   9500.00       9500.00 
                                     based on engineering judgement      5.00 EA                0.00       0         0         0         0    47,500        47,500   9500.00 
                                     on breakdown of components of 
                                     work 
 
                USR AA <           > Depend-O-Lok Couplings, Quote                                      0.00    190.00   1045.00    878.85      0.00       2113.85 
                                     from vendor (Victaulic)             5.00 EA                0.00       0       950     5,225     4,394         0        10,569   2113.85 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL 24-inch Outlet Pipes                1.00 JOB                          0       950     5,225     4,394   124,688       135,257 135256.75 
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                    01 04 03 05-150 . Revegetation 
                                   Assume revegetation of vault/trench area with trees, shrubs and 
                                   hydro-seeding 
 
                USR LC <           > Hydroseeding 5#/ac - RSM                                           0.60     17.15      1.86     37.98      0.00         56.98 
                                     0292051000 (costworks 2002)         5.00 MSF XLABE        10.00       3       108        12       238         0           358     71.54 
 
                USR LC <           > Rototill, 20Hp tractor 12" deep                                    0.30      8.77      0.69      0.00      0.00          9.46 
                                     RSM 029203406100 (costworks 2002    5.00 MSF CLABB62      10.00       2        55         4         0         0            59     11.88 
 
              L MIL LC <02951 0760 > Mulch, straw, 2" deep, hand                                        0.01      0.22      0.00      0.09      0.00          0.31 
                                     spread arnd planted              2000.00 SF  ALABCLAB1   122.00      16       557         0       218         0           775      0.39 
                                     trees/shrubs 
 
              M MIL LC <02947 0400 > General planting, local                                            0.57     16.53      7.40      5.43      0.00         29.36 
                                     varieties, 2' - 3', shrubs         20.00 EA  COEIB17       7.00      11       415       186       136         0           737     36.86 
 
                MIL LC <02947 0200 > General planting, local                                            0.71     20.58      9.21    126.22      0.00        156.00 
                                     varieties, trees, 2' - 3'           3.00 EA  COEIB17       5.63       2        77        35       475         0           588    195.86 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Revegetation                        1.00 JOB                         34     1,212       237     1,068         0         2,517   2516.57 
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                    01 04 03 05-200 . Controls and Instrumentation 
                                   Controls and Instrumentation 
 
                USR AA <           > Controls and Instrumentation,                                      0.00      0.00      0.00      0.00  14250.00      14250.00 
                                     Represents electrical allowance     1.00 LS                0.00       0         0         0         0    14,250        14,250  14250.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Controls and Instrumentation        1.00 JOB                          0         0         0         0    14,250        14,250  14250.00 
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                    01 04 03 05-210 . Power and Telemetry 
                                   Power and Telemetry 
 
                USR AA <           > Power and Telemetry, Represents                                    0.00      0.00      0.00      0.00  19000.00      19000.00 
                                     electrical allowance                1.00 LS                0.00       0         0         0         0    19,000        19,000  19000.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Power and Telemetry                 1.00 JOB                          0         0         0         0    19,000        19,000  19000.00 
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                01 04 03 06. Gravity Flume 
                           Gravity Flume 
                    01 04 03 06-005 . Clearing and Grubbing 
                                   Assume clearing gravity flume area of all vegetation and organics 
 
                CIV AA <02109 7310 > Clear & grub, tree rmv, cutting                                    3.00     85.73     46.42      0.00      0.00        132.16 
                                     & chipping, 6" -  12" dia          15.00 EA  CODFB7        2.00      45     1,286       696         0         0         1,982    132.16 
 
                AF  AA <02109 9110 > Clear & grub, grub stumps, w/335                                   0.05      1.56      2.66      0.00      0.00          4.22 
                                     HP dozer, to 12" dia               15.00 EA  CODTB10M     31.25       1        23        40         0         0            63      4.22 
 
              L AF  AA <02234 0570 > Hauling, hwy haulers, 12 CY, 10                                    0.18      5.12      7.20      0.00      0.00         12.32 
                                     mile round trip @ base wide rate  100.00 CY  COEIB34B      5.46      18       512       720         0         0         1,232     12.32 
 
                USR AA <           > Disposal Fee of $3.8/CY used                                       0.00      0.00      0.00      0.00      3.80          3.80 
                                     based on RS Means plus            100.00 CY                0.00       0         0         0         0       380           380      3.80 
 
                AF  AA <02110 1050 > Clearing, wet, heavy brush &                                      20.59    701.45    809.11      0.00      0.00       1510.56 
                                     trees                               1.00 ACR COMCB88       0.34      21       701       809         0         0         1,511   1510.56 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Clearing and Grubbing               1.00 JOB                         85     2,523     2,265         0       380         5,168   5168.39 
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                    01 04 03 06-015 . Erosion Control 
                                   Erosion Control, Assume silt fencing and sand bags for construction site 
 
              B MIL AA <02266 1120 > Erosion control, w/7.5' posts,                                     0.07      1.80      0.00      1.09      0.00          2.89 
                                     silt fence, 3' high,             2800.00 LF  ALABCLAB2    30.00     187     5,048         0     3,038         0         8,086      2.89 
                                     polypropylene 
 
              B MIL AA <02266 1120 > Remove silt fence                                                  0.07      1.80      0.00      0.00      0.00          1.80 
                                     polypropylene                    2800.00 LF  ALABCLAB2    30.00     187     5,048         0         0         0         5,048      1.80 
 
                USR AA <           > Sand Bags - RS Means Cost Data                                     0.00      0.00      0.00      0.00      1.90          1.90 
                                                                      1000.00 EA                0.00       0         0         0         0     1,900         1,900      1.90 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Erosion Control                     1.00 JOB                        374    10,096         0     3,038     1,900        15,034  15034.24 
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                    01 04 03 06-020 . Demolition 
                                   Demolition, Assume demolish and dispose of asphalt 
 
                AF  AA <02046 1780 > Site dml, bituminous, pavement                                     0.03      0.86      0.75      0.00      0.00          1.61 
                                     removal, pulverize                270.00 CY  COKCB73     300.00       7       232       203         0         0           435      1.61 
 
                MIL AA <02232 0310 > Excavate & load, track loader,                                     0.03      0.82      0.55      0.00      0.00          1.37 
                                     1-1/2 CY, wet rock                270.00 CY  CODFB10N     59.38       7       222       149         0         0           371      1.37 
 
              L AF  AA <02234 0570 > Dispose, hwy haulers, 12 CY, 20                                    0.31      8.75     12.30      0.00      0.00         21.04 
                                     mile round trip @ base wide rate  270.00 CY  COEIB34B      3.20      84     2,362     3,320         0         0         5,682     21.04 
 
                USR AA <           > Disposal Fee of $19/CY used                                        0.00      0.00      0.00      0.00     19.00         19.00 
                                     based on RS Means plus            270.00 CY                0.00       0         0         0         0     5,130         5,130     19.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Demolition                          1.00 JOB                         98     2,816     3,672         0     5,130        11,618  11617.83 
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                    01 04 03 06-025 . Excavation - Soil 
                                   Excavate soil and dispose of excess 
 
              L MIL AA <02232 0125 > Excavate & load, hydr excavator,                                   0.19      6.47      4.90      0.00      0.00         11.37 
                                     1.5 CY, wet matl                 2000.00 CY  CODEB12B     10.41     384    12,946     9,800         0         0        22,747     11.37 
 
                USR AA <           > Shoring, Cost based on RS Means                                    0.00      3.80      0.54      2.17      0.00          6.51 
                                     plus escalated cost factor due   1000.00 SF                0.00       0     3,800       540     2,170         0         6,510      6.51 
                                     to remote site 
 
              L AF  AA <02234 0570 > Hauling, hwy haulers, 12 CY, 10                                    0.18      5.12      7.20      0.00      0.00         12.32 
                                     mile round trip @ base wide rate  600.00 CY  COEIB34B      5.46     110     3,073     4,320         0         0         7,393     12.32 
 
                USR AA <           > Disposal Fee of $3.8/CY used                                       0.00      0.00      0.00      0.00      3.80          3.80 
                                     based on RS Means plus            600.00 CY                0.00       0         0         0         0     2,280         2,280      3.80 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Excavation - Soil                   1.00 JOB                        494    19,820    14,660     2,170     2,280        38,930  38929.94 
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                    01 04 03 06-030 . Fill - Select Granular 
                                   Assume imported engineered fill for foundation and drainage 
 
              M MIL AA <02232 0225 > Load Borrow, wheeled loader, 1.5                                   0.02      0.61      0.31     10.85      0.00         11.77 
                                     CY, select granular                50.00 CY  CODFB10S     80.00       1        30        15       543         0           588     11.77 
 
              L AF  AA <02234 0570 > Base Course Hauling, 40 mile                                       0.31      8.75     12.30      0.00      0.00         21.04 
                                     round trip @ base wide rate        50.00 CY  COEIB34B      3.20      16       437       615         0         0         1,052     21.04 
 
                MIL AA <02216 5530 > Backfill, strl, 6" lifts,                                          0.02      0.70      0.47      0.00      0.00          1.17 
                                     w/loader, no compaction, around    50.00 CY  CODFB10N     70.00       1        35        23         0         0            58      1.17 
                                     foundation 
 
                MIL AA <02220 9010 > Compaction, water, truck, 3000                                     0.01      0.35      0.28      0.22      0.00          0.85 
                                     gal, 6 mile haul                   50.00 CY  COKBB45     180.50       1        18        14        11         0            42      0.85 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Fill - Select Granular              1.00 JOB                         18       520       668       553         0         1,741   1741.06 
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                    01 04 03 06-031 . Fill - Sand 
                                   Fill - Sand includes trench backfill 
 
              M MIL AA <02232 0225 > Load Borrow, wheeled loader, 1.5                                   0.02      0.61      0.31      4.34      0.00          5.26 
                                     CY, sand                          600.00 CY  CODFB10S     80.00      11       366       184     2,604         0         3,154      5.26 
 
              L AF  AA <02234 0570 > Hauling, hwy haulers, 12 CY, 20                                    0.31      8.75     12.30      0.00      0.00         21.04 
                                     mile round trip @ base wide rate  600.00 CY  COEIB34B      3.20     188     5,248     7,378         0         0        12,626     21.04 
 
                MIL AA <02215 1220 > Backfill, trench, front-end                                        0.03      0.98      0.66      0.00      0.00          1.63 
                                     loader, 40 - 60 HP, no            600.00 CY  CODFB10N     50.00      18       585       394         0         0           979      1.63 
                                     compaction 
 
                MIL AA <02220 9010 > Compaction, water, truck, 3000                                     0.01      0.35      0.28      0.22      0.00          0.85 
                                     gal, 6 mile haul                  600.00 CY  COKBB45     180.50       7       210       167       130         0           508      0.85 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Fill - Sand                         1.00 JOB                        223     6,409     8,123     2,734         0        17,267  17266.56 
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                    01 04 03 06-033 . Grading 
                                   Grading for gravity flume placement 
 
              L MIL AA <02226 4100 > Grading, fine grade, 3 passes                                      0.13      4.11      2.00      0.00      0.00          6.11 
                                     w/grader                          600.00 SY  COFGB11L     15.17      79     2,464     1,200         0         0         3,664      6.11 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Grading                             1.00 JOB                         79     2,464     1,200         0         0         3,664   3664.20 
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                    01 04 03 06-035 . Road Improvements 
                                   Roadway impovements, base course and asphalt pavement 
 
              M MIL AA <02244 0100 > Base course, crushed 3/4" stone,                                   0.01      0.26      0.28      8.68      0.00          9.22 
                                     compacted, 12"D, large areas       40.00 SY  COFGB36C    625.00       0        10        11       347         0           369      9.22 
 
              L AF  AA <02234 0570 > Base Course Hauling, 20 mile                                       0.31      8.75     12.30      0.00      0.00         21.04 
                                     round trip @ base wide rate        15.00 CY  COEIB34B      3.20       5       131       184         0         0           316     21.04 
 
                RSM AA <02505 0810 > Asphaltic conc pavement,                                           0.14      4.10      1.58     28.03      0.00         33.71 
                                     highway, binder course, 1.5"        3.50 TON COKCB25      78.75       0        14         6        98         0           118     33.71 
                                     thick 
 
                RSM AA <02505 0850 > Asphaltic conc pavement,                                           0.17      4.99      2.30     30.92      0.00         38.21 
                                     highway, wearing course, 1"         2.20 TON COKCB25B     71.88       0        11         5        68         0            84     38.21 
                                     thick 
 
              L AF  AA <02234 0570 > Asphalt Hauling, 20 mile round                                     0.31      8.75     12.30      0.00      0.00         21.04 
                                     trip @ base wide rate               3.00 CY  COEIB34B      3.20       1        26        37         0         0            63     21.04 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Road Improvements                   1.00 JOB                          7       193       243       513         0           950    949.56 
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                    01 04 03 06-040 . Utility Relocations 
                                   Relocate underground utilities along gravity flume path 
 
                USR AA <           > Relocate Utilities                                                 0.00      0.00      0.00      0.00    950.00        950.00 
                                                                         1.00 LS                0.00       0         0         0         0       950           950    950.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Utility Relocations                 1.00 JOB                          0         0         0         0       950           950    950.00 
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                    01 04 03 06-044 . Concrete - Structural Flume Join 
                                   Concrete - Structure Flume Joints 
 
                MIL AA <03182 5100 > Forms in place, retaining wall,                                    0.24      8.29      0.00      2.95      0.00         11.24 
                                     smooth curve, plywood, 1 use     3000.00 SF  ACARC2       25.00     720    24,865         0     8,854         0        33,718     11.24 
 
              L MIL AA <03217 0550 > Reinforcing in place, footings,                                   18.18    800.74      0.00    540.33      0.00       1341.07 
                                     #8 to #18                           3.00 TON SIWRRODM4     0.22      55     2,402         0     1,621         0         4,023   1341.07 
 
                RSM AA <03326 0400 > Concrete ready mix, regular                                        0.00      0.00      0.00     79.22      0.00         79.22 
                                     weight, 5000 psi                   50.00 CY  N/A           0.00       0         0         0     3,961         0         3,961     79.22 
 
                MIL AA <03372 5350 > Placing conc, walls, 15" thick,                                    0.53     15.39      4.95      0.00      0.00         20.34 
                                     pumped                             50.00 CY  CLABC20      15.00      27       769       248         0         0         1,017     20.34 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Concrete - Structural Flume Join    1.00 JOB                        801    28,036       248    14,435         0        42,719  42719.06 
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                    01 04 03 06-047 . Concrete - Pre-Cast 
                                   Concrete - Quote from Concrete Technology Corporation.  Pre-Cast includes 
                                   gravity flume sections 
 
                USR AA <           > Sections                                                           0.00     95.00     47.50    134.00      0.00        276.50 
                                                                      1507.00 LF                0.00       0   143,165    71,583   201,934         0       416,682    276.50 
 
                USR AA <           > Topper                                                             0.00     19.00      9.50     51.54      0.00         80.04 
                                                                       500.00 LF                0.00       0     9,500     4,750    25,769         0        40,019     80.04 
 
                USR AA <           > 80 Ton Hydraulic Crane rental                                      0.00    760.00   1450.00      0.00      0.00       2210.00 
                                     per day - RS Means                 15.00 DAY               0.00       0    11,400    21,750         0         0        33,150   2210.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Concrete - Pre-Cast                 1.00 JOB                          0   164,065    98,083   227,703         0       489,850 489850.48 
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                    01 04 03 06-056 . Flume Accessories 
                                   Flume Topper includes: grating topper for gravity flume 
 
              B MIL AA <05542 0622 > Floor grating,stl,1.25" x 3/16",                                   0.21     10.00      0.27     10.85      0.00         21.12 
                                     ptd brg bars @ 15/16" OC, 300 SF 4000.00 SF  SIWSE4       18.77     853    40,000     1,072    43,400         0        84,472     21.12 
 
                USR AA <           > Flume Coating/Liner                                                0.00      0.95      0.19      0.82      0.00          1.96 
                                                                        10000 SF                0.00       0     9,500     1,900     8,246         0        19,646      1.96 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Flume Accessories                   1.00 JOB                        853    49,500     2,972    51,646         0       104,118 104118.00 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
LABOR ID: NAT01A    EQUIP ID: NAT99A                                        Currency in DOLLARS                                          CREW ID: NAT01A   UPB ID: UP01EA 



 
 
Wed 27 Aug 2003                                            Tri-Service Automated Cost Engineering System (TRACES)                                              TIME 09:24:53 
Eff. Date  01/01/01                               PROJECT WYNDAM:   WYNOOCHEE DAM, SECTION 1135 - Fish Restoration Project 
DETAILED ESTIMATE                                                      WYNOOCHEE DAM FISH RESTORATION                                                       DETAIL PAGE   81 
                                                                        01. FISH RESTORATION PROJECT 
 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
01 04. DAMS                                                            QUANTY UOM CREW ID     OUTPUT    MHRS       LAB     EQUIP       MAT     OTHER    TOTAL COST UNIT COST 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
 
                    01 04 03 06-060 . Drainage System 
                                   Drainage system includes: gravity flume and road drainage, Costs based on 
                                   engineering judgement on similar project experience 
 
              M MIL AA <15107 2480 > Drains/Screen                                                      1.78     66.95      0.00     54.25      0.00        121.20 
                                                                        25.00 EA  MPLUQ1        1.13      44     1,674         0     1,356         0         3,030    121.20 
 
              M MIL AA <15155 2570 > Drainage Pipe PVC                                                  0.24      9.48      0.00     13.02      0.00         22.50 
                                                                       500.00 LF  MPLUQ2       12.25     122     4,742         0     6,510         0        11,252     22.50 
 
              M MIL AA <15157 2210 > PVC, 90 deg elbow                                                  2.58     99.94      0.00     43.40      0.00        143.34 
                                                                        50.00 EA  MPLUQ2        1.16     129     4,997         0     2,170         0         7,167    143.34 
 
                USR AA <           > Perforated Pipe                                                    0.00      1.90      1.90      2.06      0.00          5.86 
                                                                      1500.00 LF                0.00       0     2,850     2,850     3,092         0         8,792      5.86 
 
                CIV AA <02250 2140 > Geotextile fabric, 120 mil                                         0.02      0.54      0.10      1.40      0.00          2.04 
                                     thick, non-woven polypropylene    700.00 SY  ULABA2      150.00      14       377        70       980         0         1,427      2.04 
 
                USR AA <           > Outfall w/ Erosion Protection                                      0.00      0.00      0.00      0.00   4750.00       4750.00 
                                                                         1.00 EA                0.00       0         0         0         0     4,750         4,750   4750.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Drainage System                     1.00 JOB                        310    14,640     2,920    14,108     4,750        36,418  36418.33 
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                    01 04 03 06-150 . Revegetation 
                                   Assume revegetation of vault/trench area with trees, shrubs and 
                                   hydro-seeding 
 
                USR LC <           > Hydroseeding 5#/ac - RSM                                           0.60     17.15      1.86     37.98      0.00         56.98 
                                     0292051000 (costworks 2002)        15.00 MSF XLABE        10.00       9       323        35       715         0         1,073     71.54 
 
                USR LC <           > Rototill, 20Hp tractor 12" deep                                    0.30      8.77      0.69      0.00      0.00          9.46 
                                     RSM 029203406100 (costworks 2002   15.00 MSF CLABB62      10.00       5       165        13         0         0           178     11.88 
 
              L MIL LC <02951 0760 > Mulch, straw, 2" deep, hand                                        0.01      0.22      0.00      0.09      0.00          0.31 
                                     spread arnd planted              5000.00 SF  ALABCLAB1   122.00      41     1,392         0       545         0         1,937      0.39 
                                     trees/shrubs 
 
              M MIL LC <02947 0400 > General planting, local                                            0.57     16.53      7.40      5.43      0.00         29.36 
                                     varieties, 2' - 3', shrubs         50.00 EA  COEIB17       7.00      29     1,038       465       341         0         1,843     36.86 
 
                MIL LC <02947 0200 > General planting, local                                            0.71     20.58      9.21    126.22      0.00        156.00 
                                     varieties, trees, 2' - 3'          15.00 EA  COEIB17       5.63      11       387       173     2,377         0         2,938    195.86 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Revegetation                        1.00 JOB                         94     3,305       686     3,978         0         7,969   7968.97 
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                    01 04 03 06-200 . Controls and Instrumentation 
                                   Controls and Instrumentation 
 
                USR AA <           > Controls and Instrumentation,                                      0.00      0.00      0.00      0.00   9500.00       9500.00 
                                     Represents electrical allowance     1.00 LS                0.00       0         0         0         0     9,500         9,500   9500.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Controls and Instrumentation        1.00 JOB                          0         0         0         0     9,500         9,500   9500.00 
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                    01 04 03 06-210 . Power and Telemetry 
                                   Power and Telemetry 
 
                USR AA <           > Power and Telemetry, Represents                                    0.00      0.00      0.00      0.00   9500.00       9500.00 
                                     electrical allowance                1.00 LS                0.00       0         0         0         0     9,500         9,500   9500.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Power and Telemetry                 1.00 JOB                          0         0         0         0     9,500         9,500   9500.00 
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                01 04 03 07. Transitional Pond to Drop Struct 
                           Supplementation Ponds 
                    01 04 03 07-005 . Clearing and Grubbing 
                                   Assume clearing pond area of all vegetation and organics 
 
                CIV AA <02109 7310 > Clear & grub, tree rmv, cutting                                    3.00     85.73     46.42      0.00      0.00        132.16 
                                     & chipping, 6" -  12" dia           1.00 EA  CODFB7        2.00       3        86        46         0         0           132    132.16 
 
                AF  AA <02109 9110 > Clear & grub, grub stumps, w/335                                   0.05      1.56      2.66      0.00      0.00          4.22 
                                     HP dozer, to 12" dia                1.00 EA  CODTB10M     31.25       0         2         3         0         0             4      4.22 
 
              L AF  AA <02234 0570 > Hauling, hwy haulers, 12 CY, 10                                    0.18      5.12      7.20      0.00      0.00         12.32 
                                     mile round trip @ base wide rate  230.00 CY  COEIB34B      5.46      42     1,178     1,656         0         0         2,834     12.32 
 
                USR AA <           > Disposal Fee of $3.8/CY used                                       0.00      0.00      0.00      0.00      3.80          3.80 
                                     based on RS Means plus            230.00 CY                0.00       0         0         0         0       874           874      3.80 
 
                AF  AA <02110 1050 > Clearing, wet, heavy brush &                                      20.59    701.45    809.11      0.00      0.00       1510.56 
                                     trees                               0.20 ACR COMCB88       0.34       4       140       162         0         0           302   1510.56 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Clearing and Grubbing               1.00 JOB                         49     1,406     1,867         0       874         4,147   4146.53 
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                    01 04 03 07-010 . Dewatering 
                                   Quoted from Baker Tanks,  Assume 1 month rental 
 
                USR AA <           > (1) Dewatering Boxes                                               0.00      0.00      0.00      0.00   1425.00       1425.00 
                                                                         1.00 MO                0.00       0         0         0         0     1,425         1,425   1425.00 
 
                USR AA <           > (2) 6" Thompson Pump Stations                                      0.00      0.00      0.00      0.00   3800.00       3800.00 
                                                                         1.00 MO                0.00       0         0         0         0     3,800         3,800   3800.00 
 
                USR AA <           > Operation, Fuel and Oil                                            0.00      0.00      0.00      0.00   3800.00       3800.00 
                                                                         1.00 LS                0.00       0         0         0         0     3,800         3,800   3800.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Dewatering                          1.00 JOB                          0         0         0         0     9,025         9,025   9025.00 
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                    01 04 03 07-015 . Erosion Control 
                                   Erosion Control, Assume silt fencing and sand bags for construction site 
 
              B MIL AA <02266 1120 > Erosion control, w/7.5' posts,                                     0.07      1.80      0.00      1.09      0.00          2.89 
                                     silt fence, 3' high,             1000.00 LF  ALABCLAB2    30.00      67     1,803         0     1,085         0         2,888      2.89 
                                     polypropylene 
 
              B MIL AA <02266 1120 > Remove silt fence                                                  0.07      1.80      0.00      0.00      0.00          1.80 
                                     polypropylene                    1000.00 LF  ALABCLAB2    30.00      67     1,803         0         0         0         1,803      1.80 
 
                USR AA <           > Sand Bags - RS Means Cost Data                                     0.00      0.00      0.00      0.00      1.90          1.90 
                                                                       250.00 EA                0.00       0         0         0         0       475           475      1.90 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Erosion Control                     1.00 JOB                        133     3,606         0     1,085       475         5,166   5165.80 
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                    01 04 03 07-025 . Excavation - Soil 
                                   Excavate soil and dispose of excess 
 
              L MIL AA <02232 0125 > Excavate & load, hydr excavator,                                   0.19      6.47      4.90      0.00      0.00         11.37 
                                     1.5 CY, wet matl                 1250.00 CY  CODEB12B     10.41     240     8,092     6,125         0         0        14,217     11.37 
 
                USR AA <           > Shoring of Vault Excavation,                                       0.00      2.85      2.85      3.09      0.00          8.79 
                                     Cost based on RS Means drive,    2400.00 SF                0.00       0     6,840     6,840     7,421         0        21,101      8.79 
                                     extract and salvage for Sheet 
                                     Piling 15' deep 
 
              L AF  AA <02234 0570 > Hauling, hwy haulers, 12 CY, 10                                    0.18      5.12      7.20      0.00      0.00         12.32 
                                     mile round trip @ base wide rate  670.00 CY  COEIB34B      5.46     123     3,432     4,824         0         0         8,256     12.32 
 
                USR AA <           > Disposal Fee of $3.8/CY used                                       0.00      0.00      0.00      0.00      3.80          3.80 
                                     based on RS Means plus            670.00 CY                0.00       0         0         0         0     2,546         2,546      3.80 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Excavation - Soil                   1.00 JOB                        363    18,363    17,789     7,421     2,546        46,120  46119.82 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
LABOR ID: NAT01A    EQUIP ID: NAT99A                                        Currency in DOLLARS                                          CREW ID: NAT01A   UPB ID: UP01EA 



 
 
Wed 27 Aug 2003                                            Tri-Service Automated Cost Engineering System (TRACES)                                              TIME 09:24:53 
Eff. Date  01/01/01                               PROJECT WYNDAM:   WYNOOCHEE DAM, SECTION 1135 - Fish Restoration Project 
DETAILED ESTIMATE                                                      WYNOOCHEE DAM FISH RESTORATION                                                       DETAIL PAGE   89 
                                                                        01. FISH RESTORATION PROJECT 
 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
01 04. DAMS                                                            QUANTY UOM CREW ID     OUTPUT    MHRS       LAB     EQUIP       MAT     OTHER    TOTAL COST UNIT COST 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
 
                    01 04 03 07-028 . Fill - RipRap 
                                   Assume imported riprap for outlet weir 
 
                CIV AA <02250 2140 > Geotextile fabric, 120 mil                                         0.02      0.54      0.10      1.40      0.00          2.04 
                                     thick, non-woven polypropylene     70.00 SY  ULABA2      150.00       1        38         7        98         0           143      2.04 
 
              M RSM AA <02270 0100 > Salvaged Rip-rap from vault                                        0.26      8.69      4.62      0.00      0.00         13.31 
                                     excavation, random, machine       120.00 CY  UOEHB12G      7.75      31     1,043       554         0         0         1,597     13.31 
                                     placed for slope protection 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Fill - RipRap                       1.00 JOB                         32     1,081       561        98         0         1,740   1740.08 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
LABOR ID: NAT01A    EQUIP ID: NAT99A                                        Currency in DOLLARS                                          CREW ID: NAT01A   UPB ID: UP01EA 



 
 
Wed 27 Aug 2003                                            Tri-Service Automated Cost Engineering System (TRACES)                                              TIME 09:24:53 
Eff. Date  01/01/01                               PROJECT WYNDAM:   WYNOOCHEE DAM, SECTION 1135 - Fish Restoration Project 
DETAILED ESTIMATE                                                      WYNOOCHEE DAM FISH RESTORATION                                                       DETAIL PAGE   90 
                                                                        01. FISH RESTORATION PROJECT 
 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
01 04. DAMS                                                            QUANTY UOM CREW ID     OUTPUT    MHRS       LAB     EQUIP       MAT     OTHER    TOTAL COST UNIT COST 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
 
                    01 04 03 07-029 . Fill - Quarry Spall 
                                   Assume imported quarry spall for outlet weir 
 
              L AF  AA <02234 0570 > Hauling, hwy , 12 CY, 20 mile                                      0.31      8.75     12.30      0.00      0.00         21.04 
                                     round trip @ base wide rate         5.00 CY  COEIB34B      3.20       2        44        61         0         0           105     21.04 
 
                CIV AA <02250 2140 > Geotextile fabric, 120 mil                                         0.02      0.54      0.10      1.40      0.00          2.04 
                                     thick, non-woven polypropylene     15.00 SY  ULABA2      150.00       0         8         1        21         0            31      2.04 
 
                RSM AA <02270 0100 > Quarry Spall, machine placed on                                    0.26      8.69      4.62     20.41      0.00         33.72 
                                     bottom of channel                   5.00 CY  UOEHB12G      7.75       1        43        23       102         0           169     33.72 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Fill - Quarry Spall                 1.00 JOB                          3        95        86       123         0           304    304.39 
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                    01 04 03 07-030 . Fill - Select Granular 
                                   Assume imported engineered fill for foundation and drainage 
 
              M MIL AA <02232 0225 > Load Borrow, wheeled loader, 1.5                                   0.02      0.61      0.31     10.85      0.00         11.77 
                                     CY, select granular               120.00 CY  CODFB10S     80.00       2        73        37     1,302         0         1,412     11.77 
 
              L AF  AA <02234 0570 > Base Course Hauling, 40 mile                                       0.31      8.75     12.30      0.00      0.00         21.04 
                                     round trip @ base wide rate       120.00 CY  COEIB34B      3.20      38     1,050     1,476         0         0         2,525     21.04 
 
                MIL AA <02216 5530 > Backfill, strl, 6" lifts,                                          0.02      0.70      0.47      0.00      0.00          1.17 
                                     w/loader, no compaction, around   120.00 CY  CODFB10N     70.00       3        84        56         0         0           140      1.17 
                                     foundation 
 
                MIL AA <02220 9010 > Compaction, water, truck, 3000                                     0.01      0.35      0.28      0.22      0.00          0.85 
                                     gal, 6 mile haul                  120.00 CY  COKBB45     180.50       1        42        33        26         0           102      0.85 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Fill - Select Granular              1.00 JOB                         44     1,248     1,602     1,328         0         4,179   4178.54 
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                    01 04 03 07-032 . Fill - On-Site Material 
                                   Assume acceptable excess excavation from vault will be used as backfill 
 
              M MIL AA <02232 0225 > Spread/Stockpile, wheeled                                          0.02      0.61      0.31      0.00      0.00          0.92 
                                     loader, 1.5 CY, on-site matl      580.00 CY  CODFB10S     80.00      11       354       178         0         0           531      0.92 
 
                MIL AA <02215 1220 > Backfill, trench, front-end                                        0.03      0.98      0.66      0.00      0.00          1.63 
                                     loader, 40 - 60 HP, no            580.00 CY  CODFB10N     50.00      17       566       381         0         0           947      1.63 
                                     compaction 
 
                MIL AA <02220 9010 > Compaction, water, truck, 3000                                     0.01      0.35      0.28      0.22      0.00          0.85 
                                     gal, 6 mile haul                  580.00 CY  COKBB45     180.50       6       203       162       126         0           491      0.85 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Fill - On-Site Material             1.00 JOB                         35     1,122       721       126         0         1,969   1968.81 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
LABOR ID: NAT01A    EQUIP ID: NAT99A                                        Currency in DOLLARS                                          CREW ID: NAT01A   UPB ID: UP01EA 



 
 
Wed 27 Aug 2003                                            Tri-Service Automated Cost Engineering System (TRACES)                                              TIME 09:24:53 
Eff. Date  01/01/01                               PROJECT WYNDAM:   WYNOOCHEE DAM, SECTION 1135 - Fish Restoration Project 
DETAILED ESTIMATE                                                      WYNOOCHEE DAM FISH RESTORATION                                                       DETAIL PAGE   93 
                                                                        01. FISH RESTORATION PROJECT 
 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
01 04. DAMS                                                            QUANTY UOM CREW ID     OUTPUT    MHRS       LAB     EQUIP       MAT     OTHER    TOTAL COST UNIT COST 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
 
                    01 04 03 07-033 . Grading 
                                   Grading of pond area 
 
              L MIL AA <02226 4100 > Grading, fine grade, 3 passes                                      0.13      4.11      2.00      0.00      0.00          6.11 
                                     w/grader                         1120.00 SY  COFGB11L     15.17     148     4,600     2,240         0         0         6,840      6.11 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Grading                             1.00 JOB                        148     4,600     2,240         0         0         6,840   6839.84 
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                    01 04 03 07-035 . Road Improvements 
                                   Roadway impovements, base course 
 
                MIL AA <02244 0100 > Base course, crushed 3/4" stone,                                   0.01      0.26      0.28      4.37      0.00          4.91 
                                     compacted, 12"D, large areas       90.00 SY  COFGB36C    625.00       1        23        25       394         0           442      4.91 
 
              L AF  AA <02234 0570 > Base Course Hauling, 20 mile                                       0.31      8.75     12.30      0.00      0.00         21.04 
                                     round trip @ base wide rate        30.00 CY  COEIB34B      3.20       9       262       369         0         0           631     21.04 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Road Improvements                   1.00 JOB                         10       286       394       394         0         1,073   1073.27 
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                    01 04 03 07-040 . Utility Relocations 
                                   Relocate underground utilities within pond area 
 
                USR AA <           > Relocate Utilities, Allowance                                      0.00      0.00      0.00      0.00    950.00        950.00 
                                     for any utilities in the area       1.00 LS                0.00       0         0         0         0       950           950    950.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Utility Relocations                 1.00 JOB                          0         0         0         0       950           950    950.00 
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                    01 04 03 07-044 . Concrete - Structural Flume Join 
                                   Concrete - Structure Flume Joints 
 
                MIL AA <03182 5100 > Forms in place, retaining wall,                                    0.24      8.29      0.00      2.95      0.00         11.24 
                                     smooth curve, plywood, 1 use      750.00 SF  ACARC2       25.00     180     6,216         0     2,213         0         8,430     11.24 
 
              L MIL AA <03217 0550 > Reinforcing in place, footings,                                   18.18    800.74      0.00    540.33      0.00       1341.07 

                MIL AA <03372 5350 > Placing conc, walls, 15" thick,                                    0.53     15.39      4.95      0.00      0.00         20.34 
                                     pumped                             12.00 CY  CLABC20      15.00       6       185        59         0         0           244     20.34 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Concrete - Structural Flume Join    1.00 JOB                        200     7,001        59     3,569         0        10,630  10629.99 
 
 

 

                                     #8 to #18                           0.75 TON SIWRRODM4     0.22      14       601         0       405         0         1,006   1341.07 
 
                RSM AA <03326 0400 > Concrete ready mix, regular                                        0.00      0.00      0.00     79.22      0.00         79.22 
                                     weight, 5000 psi                   12.00 CY  N/A           0.00       0         0         0       951         0           951     79.22 
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                    01 04 03 07-045 . Concrete - Structural Foundation 
                                   Concrete - Structure Foundation includes, Weir foundation 
 
                MIL AA <03154 0010 > Forms in place, eqpt                                               0.30     10.36      0.00      2.79      0.00         13.15 
                                     foundations, 1 use                400.00 SF  ACARC2       20.00     120     4,144         0     1,115         0         5,260     13.15 
 
              L MIL AA <03217 0550 > Reinforcing in place, footings,                                   18.18    800.74      0.00    540.33      0.00       1341.07 
                                     #8 to #18                           2.50 TON SIWRRODM4     0.22      45     2,002         0     1,351         0         3,353   1341.07 
 
                RSM AA <03326 0400 > Concrete ready mix, regular                                        0.00      0.00      0.00     79.22      0.00         79.22 
                                     weight, 5000 psi                   40.00 CY  N/A           0.00       0         0         0     3,169         0         3,169     79.22 
 
                MIL AA <03372 4650 > Placing conc, slab on grade,                                       0.35      9.98      3.21      0.00      0.00         13.19 
                                     over 6" thick, pumped              40.00 CY  CLABC20      23.13      14       399       128         0         0           528     13.19 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Concrete - Structural Foundation    1.00 JOB                        179     6,545       128     5,635         0        12,308  12308.48 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
LABOR ID: NAT01A    EQUIP ID: NAT99A                                        Currency in DOLLARS                                          CREW ID: NAT01A   UPB ID: UP01EA 



 
 
Wed 27 Aug 2003                                            Tri-Service Automated Cost Engineering System (TRACES)                                              TIME 09:24:53 
Eff. Date  01/01/01                               PROJECT WYNDAM:   WYNOOCHEE DAM, SECTION 1135 - Fish Restoration Project 
DETAILED ESTIMATE                                                      WYNOOCHEE DAM FISH RESTORATION                                                       DETAIL PAGE   98 
                                                                        01. FISH RESTORATION PROJECT 
 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
01 04. DAMS                                                            QUANTY UOM CREW ID     OUTPUT    MHRS       LAB     EQUIP       MAT     OTHER    TOTAL COST UNIT COST 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
 
                    01 04 03 07-046 . Concrete - Structural Weirs 

                MIL AA <03182 5100 > Forms in place, retaining wall,                                    0.24      8.29      0.00      2.95      0.00         11.24 

                RSM AA <03326 0400 > Concrete ready mix, regular                                        0.00      0.00      0.00     79.22      0.00         79.22 
                                     weight, 5000 psi                   50.00 CY  N/A           0.00       0         0         0     3,961         0         3,961     79.22 
 
                MIL AA <03372 5350 > Placing conc, walls, 15" thick,                                    0.53     15.39      4.95      0.00      0.00         20.34 
                                     pumped                             50.00 CY  CLABC20      15.00      27       769       248         0         0         1,017     20.34 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Concrete - Structural Weirs         1.00 JOB                      1,177    41,046       248    19,093         0        60,387  60386.63 
 
 

 
 
 
 
 
 
 
 

                                   Concrete - Structure Weirs 
 

                                     smooth curve, plywood, 1 use     4560.00 SF  ACARC2       25.00   1,094    37,794         0    13,457         0        51,252     11.24 
 
              L MIL AA <03217 0550 > Reinforcing in place, #8 to #18                                   18.18    800.74      0.00    540.33      0.00       1341.07 
                                                                         3.10 TON SIWRRODM4     0.22      56     2,482         0     1,675         0         4,157   1341.07 
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                    01 04 03 07-047 . Concrete - Pre-Cast 
                                   Concrete - Quote from Concrete Technology Corporation.  Pre-Cast includes 
                                   gravity flume sections 
 
                USR AA <           > Sections                                                           0.00     95.00     47.50    134.00      0.00        276.50 

                USR AA <           > Topper                                                             0.00     19.00      9.50     51.54      0.00         80.04 

                USR AA <           > 80 Ton Hydraulic Crane rental                                      0.00    760.00   1450.00      0.00      0.00       2210.00 

 
 

 
 
 
 

                                                                       398.00 LF                0.00       0    37,810    18,905    53,331         0       110,046    276.50 
 

                                                                       200.00 LF                0.00       0     3,800     1,900    10,308         0        16,008     80.04 
 

                                     per day - RS Means                  4.00 DAY               0.00       0     3,040     5,800         0         0         8,840   2210.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Concrete - Pre-Cast                 1.00 JOB                          0    44,650    26,605    63,639         0       134,894 134893.51 
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                    01 04 03 07-050 . Fencing 

                AF  AA <01534 0100 > Fencing, 11 ga, chain link, 6'                                     0.21      5.77      0.00      3.56     35.00         44.33 

                MIL AA <02832 1310 > Fence, CL, 4' x 6',  transom                                       2.75     74.43     13.98    177.64      0.00        266.05 

                USR AA <           > Overhead Netting, Over                                             0.00      1.90      0.95      2.06      0.00          4.91 

 
 

                                   Security fencing around ponds includes 2 gates and overhead netting 
 

                                     high, includes foundations        700.00 LF  ALABCLAB2     9.38     149     4,039         0     2,491    24,500        31,030     44.33 
 

                                     gate, single, galv                  2.00 EA  CLABB80A      1.09       6       149        28       355         0           532    266.05 
 

                                     transitional pond and test       1125.00 SF                0.00       0     2,138     1,069     2,319         0         5,525      4.91 
                                     facility only 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Fencing                             1.00 JOB                        155     6,325     1,097     5,166    24,500        37,087  37087.28 
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                    01 04 03 07-054 . Structural Aluminum 
                                   Shoring and False Work includes, sheetpile shoring of roadway and barriers 
                                   to divde traffic 
 
                USR AA <           > Aluminum structural shapes for                                     0.00      1.70      1.10      2.17      0.00          4.97 
                                     test facility, Cost based on RS  1200.00 LBS               0.00       0     2,040     1,320     2,604         0         5,964      4.97 
                                     Means "Structural aluminum 
                                     under 1 ton" 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Structural Aluminum                 1.00 JOB                          0     2,040     1,320     2,604         0         5,964   5964.00 
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                    01 04 03 07-055 . Facility Access 
                                   Facility Access includes: ladders within the pond 
 
                MIL AA <05518 0010 > Ladder, steel, 20" wide, bolted                                    0.64     30.02      0.80     58.96      0.00         89.79 
                                     to conc, w/cage                    20.00 VLF SIWSE4        6.25      13       600        16     1,179         0         1,796     89.79 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Facility Access                     1.00 JOB                         13       600        16     1,179         0         1,796   1795.77 
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                    01 04 03 07-056 . Flume Topper 
                                   Flume Topper includes: grating topper for gravity flume 
 
              B MIL AA <05542 0622 > Floor grating,stl,1.25" x 3/16",                                   0.21     10.00      0.27     10.85      0.00         21.12 
                                     ptd brg bars @ 15/16" OC, 300 SF  620.00 SF  SIWSE4       18.77     132     6,200       166     6,727         0        13,093     21.12 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Flume Topper                        1.00 JOB                        132     6,200       166     6,727         0        13,093  13093.16 
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                    01 04 03 07-060 . Drainage System 
                                   Drainage system includes: vault drainage and structure subdrainage 
 
                MIL AA <15107 2480 > Drains/Screen                                                      1.78     66.95      0.00    280.64      0.00        347.58 
                                                                         1.00 EA  MPLUQ1        1.13       2        67         0       281         0           348    347.58 
 
              M MIL AA <15155 2570 > Drain Pipe PVC                                                     0.24      9.48      0.00     13.02      0.00         22.50 
                                                                        40.00 LF  MPLUQ2       12.25      10       379         0       521         0           900     22.50 
 
              M MIL AA <15157 2210 > PVC, 90 deg elbow,                                                 2.58     99.94      0.00    325.50      0.00        425.44 
                                                                         2.00 EA  MPLUQ2        1.16       5       200         0       651         0           851    425.44 
 
                CIV AA <02250 2140 > Geotextile fabric, 120 mil                                         0.02      0.54      0.10      1.40      0.00          2.04 
                                     thick, non-woven polypropylene     60.00 SY  ULABA2      150.00       1        32         6        84         0           122      2.04 
 
                USR AA <           > Sump Pump                                                          0.00      0.00      0.00      0.00   4750.00       4750.00 
                                                                         1.00 EA                0.00       0         0         0         0     4,750         4,750   4750.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Drainage System                     1.00 JOB                         18       679         6     1,536     4,750         6,971   6970.94 
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                    01 04 03 07-105 . Testing Facilities 

 
 

 
 
 
 
 
 
 
 
 
 

                                   Shoring and False Work includes, sheetpile shoring of roadway and barriers 
                                   to divde traffic 
 
                USR AA <           > Netting, Quote from Vendor                                         0.00      0.00      0.00      0.00   2090.00       2090.00 
                                                                         1.00 LS                0.00       0         0         0         0     2,090         2,090   2090.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Testing Facilities                  1.00 JOB                          0         0         0         0     2,090         2,090   2090.00 
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                    01 04 03 07-150 . Revegetation 
                                   Assume revegetation of pond area with trees, shrubs and hydro-seeding 
 
                USR LC <           > Hydroseeding 5#/ac - RSM                                           0.60     17.15      1.86     37.98      0.00         56.98 
                                     0292051000 (costworks 2002)         5.00 MSF XLABE        10.00       3       108        12       238         0           358     71.54 
 
                USR LC <           > Rototill, 20Hp tractor 12" deep                                    0.30      8.77      0.69      0.00      0.00          9.46 
                                     RSM 029203406100 (costworks 2002    5.00 MSF CLABB62      10.00       2        55         4         0         0            59     11.88 
 
              L MIL LC <02951 0760 > Mulch, straw, 2" deep, hand                                        0.01      0.22      0.00      0.09      0.00          0.31 
                                     spread arnd planted              2000.00 SF  ALABCLAB1   122.00      16       557         0       218         0           775      0.39 
                                     trees/shrubs 
 
              M MIL LC <02947 0400 > General planting, local                                            0.57     16.53      7.40      5.43      0.00         29.36 
                                     varieties, 2' - 3', shrubs        200.00 EA  COEIB17       7.00     114     4,152     1,858     1,362         0         7,372     36.86 
 
                MIL LC <02947 0200 > General planting, local                                            0.71     20.58      9.21    126.22      0.00        156.00 
                                     varieties, trees, 2' - 3'          10.00 EA  COEIB17       5.63       7       258       116     1,585         0         1,959    195.86 

 
 
 
 
 
 
 
 
 
 

                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Revegetation                        1.00 JOB                        142     5,129     1,990     3,403         0        10,523  10522.64 
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                    01 04 03 07-200 . Controls and Instrumentation 
                                   Controls and Instrumentation 
 
                USR AA <           > Controls and Instrumentation,                                      0.00      0.00      0.00      0.00   9500.00       9500.00 
                                     Represents electrical allowance     1.00 LS                0.00       0         0         0         0     9,500         9,500   9500.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Controls and Instrumentation        1.00 JOB                          0         0         0         0     9,500         9,500   9500.00 
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                    01 04 03 07-210 . Power and Telemetry 

                USR AA <           > Power and Telemetry, Represents                                    0.00      0.00      0.00      0.00   9500.00       9500.00 

 
 
 

                                   Power and Telemetry 
 

                                     electrical allowance                1.00 LS                0.00       0         0         0         0     9,500         9,500   9500.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Power and Telemetry                 1.00 JOB                          0         0         0         0     9,500         9,500   9500.00 
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        01 06. FISH AND WILDLIFE FACILITIES 
               Includes earthwork, dewatering, erosion control, demolition and 
               construction costs for the following work:  Supplementation Ponds. 
            01 06 03. Wildlife Facilities & Sanctuary 
                01 06 03 01. Supplementation Ponds 
                           Supplementation Ponds 
                    01 06 03 01-005 . Clearing and Grubbing 
                                   Assume clearing pond area of all vegetation and organics 
 
                CIV AA <02109 7310 > Clear & grub, tree rmv, cutting                                    3.00     85.73     46.42      0.00      0.00        132.16 
                                     & chipping, 6" -  12" dia           1.00 EA  CODFB7        2.00       3        86        46         0         0           132    132.16 
 
                AF  AA <02109 9110 > Clear & grub, grub stumps, w/335                                   0.05      1.56      2.66      0.00      0.00          4.22 
                                     HP dozer, to 12" dia                1.00 EA  CODTB10M     31.25       0         2         3         0         0             4      4.22 
 
              L AF  AA <02234 0570 > Hauling, hwy haulers, 12 CY, 10                                    0.18      5.12      7.20      0.00      0.00         12.32 
                                     mile round trip @ base wide rate   50.00 CY  COEIB34B      5.46       9       256       360         0         0           616     12.32 
 

 

                USR AA <           > Disposal Fee of $3.80/CY used                                      0.00      0.00      0.00      0.00      3.80          3.80 
                                     based on RS Means plus            200.00 CY                0.00       0         0         0         0       760           760      3.80 
                                     escalated cost factor due to 
                                     remote site 
 
                AF  AA <02110 1050 > Clearing, wet, heavy brush &                                      20.59    701.45    809.11      0.00      0.00       1510.56 
                                     trees                               0.25 ACR COMCB88       0.34       5       175       202         0         0           378   1510.56 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Clearing and Grubbing               1.00 JOB                         17       519       611         0       760         1,890   1890.11 
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                    01 06 03 01-010 . Dewatering 

                USR AA <           > (1) Dewatering Boxes                                               0.00      0.00      0.00      0.00   1425.00       1425.00 

                USR AA <           > (2) 6" Thompson Pump Stations                                      0.00      0.00      0.00      0.00   3800.00       3800.00 

                               TOTAL Dewatering                          1.00 JOB                          0         0         0         0     9,025         9,025   9025.00 
 
 
 
 
 

                                   Quoted from Baker Tanks,  Assume 1 month rental 
 

                                                                         1.00 MO                0.00       0         0         0         0     1,425         1,425   1425.00 
 

                                                                         1.00 MO                0.00       0         0         0         0     3,800         3,800   3800.00 
 
                USR AA <           > Operation, Fuel and Oil                                            0.00      0.00      0.00      0.00   3800.00       3800.00 
                                                                         1.00 LS                0.00       0         0         0         0     3,800         3,800   3800.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
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                    01 06 03 01-015 . Erosion Control 

              B MIL AA <02266 1120 > Remove silt fence                                                  0.07      1.80      0.00      0.00      0.00          1.80 

                               TOTAL Erosion Control                     1.00 JOB                         53     1,442         0       434       190         2,066   2066.32 
 
 
 
 

                                   Erosion Control, Assume silt fencing and sand bags for construction site 
 
              B MIL AA <02266 1120 > Erosion control, w/7.5' posts,                                     0.07      1.80      0.00      1.09      0.00          2.89 
                                     silt fence, 3' high,              400.00 LF  ALABCLAB2    30.00      27       721         0       434         0         1,155      2.89 
                                     polypropylene 
 

                                     polypropylene                     400.00 LF  ALABCLAB2    30.00      27       721         0         0         0           721      1.80 
 
                USR AA <           > Sand Bags - RS Means Cost Data                                     0.00      0.00      0.00      0.00      1.90          1.90 
                                                                       100.00 EA                0.00       0         0         0         0       190           190      1.90 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
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                    01 06 03 01-025 . Excavation - Soil 

              L MIL AA <02232 0125 > Excavate & load, hydr excavator,                                   0.19      6.47      4.90      0.00      0.00         11.37 

 
 

 

                                   Excavate soil and dispose of excess 
 

                                     1.5 CY, wet matl                 1200.00 CY  CODEB12B     10.41     231     7,768     5,880         0         0        13,648     11.37 
 
              L AF  AA <02234 0570 > Hauling, hwy haulers, 12 CY, 10                                    0.18      5.12      7.20      0.00      0.00         12.32 
                                     mile round trip @ base wide rate 1400.00 CY  COEIB34B      5.46     256     7,171    10,080         0         0        17,251     12.32 
 
                USR AA <           > Disposal Fee of $3.8/CY used                                       0.00      0.00      0.00      0.00      3.80          3.80 
                                     based on RS Means plus           1400.00 CY                0.00       0         0         0         0     5,320         5,320      3.80 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Excavation - Soil                   1.00 JOB                        487    14,939    15,960         0     5,320        36,219  36218.74 
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                    01 06 03 01-026 . Excavation - Rock 

                USR AA <           > Disposal Fee of $3.80/CY used                                      0.00      0.00      0.00      0.00      3.80          3.80 
                                     based on RS Means plus            400.00 CY                0.00       0         0         0         0     1,520         1,520      3.80 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Excavation - Rock                   1.00 JOB                        269     8,654     7,880         0     1,520        18,054  18053.80 
 

 
 
 
 

 

                                   Excavate rock and dispose of excess 
 
              B MIL AA <02232 0130 > Excavate & load, hydr excavator,                                   0.49     16.51     12.50      0.00      0.00         29.01 
                                     1.5 CY, blasted rock              400.00 CY  CODEB12B      4.08     196     6,605     5,000         0         0        11,605     29.01 
 
              L AF  AA <02234 0570 > Hauling, hwy haulers, 12 CY, 10                                    0.18      5.12      7.20      0.00      0.00         12.32 
                                     mile round trip @ base wide rate  400.00 CY  COEIB34B      5.46      73     2,049     2,880         0         0         4,929     12.32 
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                    01 06 03 01-030 . Fill - Select Granular 

              M MIL AA <02232 0225 > Load Borrow, wheeled loader, 1.5                                   0.02      0.61      0.31     10.85      0.00         11.77 

                                   Assume imported engineered fill for foundation and drainage 
 

                                     CY, select granular               150.00 CY  CODFB10S     80.00       3        91        46     1,628         0         1,765     11.77 
 
              L AF  AA <02234 0570 > Base Course Hauling, 40 mile                                       0.31      8.75     12.30      0.00      0.00         21.04 
                                     round trip @ base wide rate       150.00 CY  COEIB34B      3.20      47     1,312     1,844         0         0         3,156     21.04 
 
                MIL AA <02216 5530 > Backfill, strl, 6" lifts,                                          0.02      0.70      0.47      0.00      0.00          1.17 
                                     w/loader, no compaction, around   150.00 CY  CODFB10N     70.00       3       104        70         0         0           175      1.17 
                                     foundation 
 
                MIL AA <02220 9010 > Compaction, water, truck, 3000                                     0.01      0.35      0.28      0.22      0.00          0.85 
                                     gal, 6 mile haul                  150.00 CY  COKBB45     180.50       2        53        42        33         0           127      0.85 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Fill - Select Granular              1.00 JOB                         55     1,561     2,003     1,660         0         5,223   5223.18 
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                    01 06 03 01-033 . Grading 
                                   Grading of pond area 
 
              L MIL AA <02226 4100 > Grading, fine grade, 3 passes                                      0.13      4.11      2.00      0.00      0.00          6.11 
                                     w/grader                         1000.00 SY  COFGB11L     15.17     132     4,107     2,000         0         0         6,107      6.11 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Grading                             1.00 JOB                        132     4,107     2,000         0         0         6,107   6107.00 
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                    01 06 03 01-035 . Road Improvements 

                MIL AA <02244 0100 > Base course, crushed 3/4" stone,                                   0.01      0.26      0.28      4.37      0.00          4.91 

                MIL AA <02244 1620 > Base course, crushed stone,                                        0.03      0.92      1.09     30.38      0.00         32.40 

 

                                   Roadway impovements, base course 
 

                                     compacted, 12"D, large areas      300.00 SY  COFGB36C    625.00       2        78        84     1,312         0         1,473      4.91 
 

                                     bitum stabilized,macadam base,     50.00 CY  COFGB36E    175.00       1        46        55     1,519         0         1,620     32.40 
                                     large areas 
 
              L AF  AA <02234 0570 > Base Course Hauling, 20 mile                                       0.31      8.75     12.30      0.00      0.00         21.04 
                                     round trip @ base wide rate       150.00 CY  COEIB34B      3.20      47     1,312     1,844         0         0         3,156     21.04 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Road Improvements                   1.00 JOB                         51     1,436     1,983     2,831         0         6,250   6249.62 
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                    01 06 03 01-040 . Utility Relocations 

                USR AA <           > Relocate Utilities                                                 0.00      0.00      0.00      0.00    950.00        950.00 

                                   Relocate underground utilities within pond area 
 

                                                                         1.00 LS                0.00       0         0         0         0       950           950    950.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Utility Relocations                 1.00 JOB                          0         0         0         0       950           950    950.00 
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                    01 06 03 01-046 . Concrete - Structural Walls 

              L MIL AA <03217 0550 > Reinforcing in place, #8 to #18                                   18.18    800.74      0.00    540.33      0.00       1341.07 
                                                                        17.00 TON SIWRRODM4     0.22     309    13,613         0     9,186         0        22,798   1341.07 
 
                RSM AA <03326 0400 > Concrete ready mix, regular                                        0.00      0.00      0.00     79.22      0.00         79.22 
                                     weight, 5000 psi                  280.00 CY  N/A           0.00       0         0         0    22,180         0        22,180     79.22 
 
                MIL AA <03372 5350 > Placing conc, walls, 15" thick,                                    0.53     15.39      4.95      0.00      0.00         20.34 

 
 
 
 
 
 

                                   Concrete - Structure Foundation includes, ponds 
 
                MIL AA <03182 5100 > Forms in place, retaining wall,                                    0.24      8.29      0.00      2.95      0.00         11.24 
                                     smooth curve, plywood, 1 use     6000.00 SF  ACARC2       25.00   1,440    49,729         0    17,707         0        67,436     11.24 
 

                                     pumped                            280.00 CY  CLABC20      15.00     149     4,308     1,386         0         0         5,694     20.34 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Concrete - Structural Walls         1.00 JOB                      1,898    67,650     1,386    49,073         0       118,109 118109.44 
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                    01 06 03 01-050 . Fencing 

                AF  AA <01534 0100 > Fencing, 11 ga, chain link, 6'                                     0.21      5.77      0.00      3.56     35.00         44.33 

                                   Security fencing around ponds includes 2 gates and overhead netting 
 

                                     high, includes foundations        400.00 LF  ALABCLAB2     9.38      85     2,308         0     1,424    14,000        17,731     44.33 
 
                MIL AA <02832 1310 > Fence, CL, 4' x 6',  transom                                       2.75     74.43     13.98    177.64      0.00        266.05 
                                     gate, single, galv                  2.00 EA  CLABB80A      1.09       6       149        28       355         0           532    266.05 
 
                USR AA <           > Overhead Netting                                                   0.00      1.90      0.95      2.06      0.00          4.91 
                                                                      4000.00 SF                0.00       0     7,600     3,800     8,246         0        19,646      4.91 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Fencing                             1.00 JOB                         91    10,057     3,828    10,025    14,000        37,909  37909.38 
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                    01 06 03 01-055 . Facility Access 
                                   Facility Access includes: ladders within the pond 
 
                MIL AA <05518 0010 > Ladder, steel, 20" wide, bolted                                    0.64     30.02      0.80     58.96      0.00         89.79 
                                     to conc, w/cage                    20.00 VLF SIWSE4        6.25      13       600        16     1,179         0         1,796     89.79 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Facility Access                     1.00 JOB                         13       600        16     1,179         0         1,796   1795.77 
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                    01 06 03 01-060 . Drainage System 
                                   Drainage system includes: pond drainage and structure subdrainage 
 
              M MIL AA <15155 2570 > Drain Pipe PVC                                                     0.24      9.48      0.00     13.02      0.00         22.50 
                                                                       120.00 LF  MPLUQ2       12.25      29     1,138         0     1,562         0         2,701     22.50 
 
              M MIL AA <15157 2210 > PVC,  90 deg elbow                                                 2.58     99.94      0.00    325.50      0.00        425.44 
                                                                         2.00 EA  MPLUQ2        1.16       5       200         0       651         0           851    425.44 
 
                CIV AA <02250 2140 > Geotextile fabric, 120 mil                                         0.02      0.54      0.10      1.40      0.00          2.04 
                                     thick, non-woven polypropylene     60.00 SY  ULABA2      150.00       1        32         6        84         0           122      2.04 
 
                USR AA <           > Outfall w/ Erosion Protection                                      0.00      0.00      0.00      0.00   2850.00       2850.00 

 
 
 
 
 
 
 
 
 
 

                                                                         1.00 EA                0.00       0         0         0         0     2,850         2,850   2850.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Drainage System                     1.00 JOB                         36     1,370         6     2,297     2,850         6,524   6523.71 
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                    01 06 03 01-085 . 8-inch Pipe 
                                   8-inch Pipe 
 
                USR AA <           > 8-inch HDPE Pipe                                                   0.00     28.50      9.50     10.31      0.00         48.31 
                                                                      1200.00 LF                0.00       0    34,200    11,400    12,369         0        57,969     48.31 
 
                USR AA <           > 8-inch HDPE Elbows                                                 0.00    285.00     47.50    309.23      0.00        641.72 
                                                                         4.00 EA                0.00       0     1,140       190     1,237         0         2,567    641.72 
 
                USR AA <           > Gas Stabilization Column,                                          0.00    475.00    475.00   3092.25      0.00       4042.25 
                                     Aluminum                            2.00 EA                0.00       0       950       950     6,185         0         8,085   4042.25 
 
                USR AA <           > Supply Header, PVC                                                 0.00      0.00      0.00      0.00   1900.00       1900.00 
                                                                         2.00 EA                0.00       0         0         0         0     3,800         3,800   1900.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL 8-inch Pipe                         1.00 JOB                          0    36,290    12,540    19,790     3,800        72,420  72420.40 
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                    01 06 03 01-092 . 8-inch Valves 

                USR AA <           > 8" Butterfly  Valve                                                0.00    475.00     47.50    515.38      0.00       1037.88 

                               TOTAL 8-inch Valves                       1.00 JOB                          0     1,900       190     2,062         0         4,152   4151.50 
 
 
 

                                   8-inch Valves 
 

                                                                         2.00 EA                0.00       0       950        95     1,031         0         2,076   1037.88 
 
                USR AA <           > 8" Drainage Valve                                                  0.00    475.00     47.50    515.38      0.00       1037.88 
                                                                         2.00 EA                0.00       0       950        95     1,031         0         2,076   1037.88 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
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                    01 06 03 01-115 . Outlet Structure 
                                   Outlet Structure 
 
                USR AA <           > Screen                                                             0.00     95.00     47.50   1030.75      0.00       1173.25 
                                                                         2.00 EA                0.00       0       190        95     2,062         0         2,347   1173.25 
 
                USR AA <           > Stop Log                                                           0.00     95.00     47.50   1030.75      0.00       1173.25 
                                                                         2.00 EA                0.00       0       190        95     2,062         0         2,347   1173.25 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Outlet Structure                    1.00 JOB                          0       380       190     4,123         0         4,693   4693.00 
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                    01 06 03 01-150 . Revegetation 

                USR LC <           > Hydroseeding 5#/ac - RSM                                           0.60     17.15      1.86     37.98      0.00         56.98 

                USR LC <           > Rototill, 20Hp tractor 12" deep                                    0.30      8.77      0.69      0.00      0.00          9.46 

 

 
 
 

                                   Assume revegetation of pond area with trees, shrubs and hydro-seeding 
 

                                     0292051000 (costworks 2002)         5.00 MSF XLABE        10.00       3       108        12       238         0           358     71.54 
 

                                     RSM 029203406100 (costworks 2002    5.00 MSF CLABB62      10.00       2        55         4         0         0            59     11.88 
 
              L MIL LC <02951 0760 > Mulch, straw, 2" deep, hand                                        0.01      0.22      0.00      0.09      0.00          0.31 
                                     spread arnd planted              2000.00 SF  ALABCLAB1   122.00      16       557         0       218         0           775      0.39 
                                     trees/shrubs 

              M MIL LC <02947 0400 > General planting, local                                            0.57     16.53      7.40      5.43      0.00         29.36 
                                     varieties, 2' - 3', shrubs         20.00 EA  COEIB17       7.00      11       415       186       136         0           737     36.86 
 
                MIL LC <02947 0200 > General planting, local                                            0.71     20.58      9.21    126.22      0.00        156.00 
                                     varieties, trees, 2' - 3'           3.00 EA  COEIB17       5.63       2        77        35       475         0           588    195.86 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Revegetation                        1.00 JOB                         34     1,212       237     1,068         0         2,517   2516.57 
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                    01 06 03 01-200 . Controls and Instrumentation 
                                   Controls and Instrumentation 
 
                USR AA <           > Controls and Instrumentation,                                      0.00      0.00      0.00      0.00  23750.00      23750.00 
                                     Represents electrical allowance     1.00 LS                0.00       0         0         0         0    23,750        23,750  23750.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Controls and Instrumentation        1.00 JOB                          0         0         0         0    23,750        23,750  23750.00 
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                    01 06 03 01-210 . Power and Telemetry 

                USR AA <           > Power and Telemetry, Represents                                    0.00      0.00      0.00      0.00   4750.00       4750.00 

                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL FISH RESTORATION PROJECT            1.00 JOB                     21,418 1,207,545   456,686 1,120,798 1,376,396     4,161,426   4161426 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL WYNOOCHEE DAM, SECTION 1135         1.00 JOB                     21,418 1,207,545   456,686 1,120,798 1,376,396     4,161,426   4161426 
 

 
 

                                   Power and Telemetry 
 

                                     electrical allowance                1.00 LS                0.00       0         0         0         0     4,750         4,750   4750.00 
                                                                                                     ------- --------- --------- --------- ---------   ----------- 
                               TOTAL Power and Telemetry                 1.00 JOB                          0         0         0         0     4,750         4,750   4750.00 
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