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1  INTRODUCTION 

1.1  PURPOSE 

The purpose of this Project Removal Design Report (Report) is to describe the planned 
removal of the Condit Hydroelectric Project (FERC Project No. 2342) (Project) located on 
the White Salmon River in Skamania County and Klickitat County, Washington, and to 
demonstrate adherence with the forthcoming Federal Energy Regulatory Commission 
(FERC) Surrender Order and the Condit Settlement Agreement.  The overall work scope for 
the Project removal includes other infrastructure modifications and decommissioning 
management plans as identified in this section and further detailed in their respective 
engineering reports and management plans. 

1.2  BACKGROUND  

In 1968, a new license was issued by the Federal Energy Regulatory Commission for a 25- 
year term, which expired on December 31, 1993.  In 1991, PacifiCorp Energy filed an 
application with the FERC for a new license authorizing the continued operation and 
maintenance of the project.  PacifiCorp Energy has since been operating the project pursuant 
to annual licenses, pending determination by the FERC on the status of PacifiCorp Energy’s 
new license issuance.  In 1996, the FERC issued a Final Environmental Impact Statement 
(FEIS) that analyzed the environmental and economic effects of various relicensing 
alternatives for the project.  The FEIS included a recommendation to approve licensing with 
mandatory conditions, including provisions for establishing fish passage facilities at the 
project. 

PacifiCorp Energy evaluated the economic impacts of the FERC recommendations contained 
within the FEIS and determined that the mandatory conditions would render the project 
uneconomic to operate.  In 1997, PacifiCorp Energy requested a temporary abeyance of the 
relicensing procedure in order to investigate the feasibility of various removal alternatives in 
collaboration with project stakeholders.  PacifiCorp Energy and project stakeholders then 
commissioned the consulting firm of R.W. Beck, Incorporated, to evaluate removal 
alternatives.  In 1998, R.W. Beck, Incorporated, prepared a summary report of project 
removal engineering considerations that identified the preferred method and schedule for 
project removal as well as the expected costs and associated environmental and permit issues. 
In 1999, the Condit Settlement Agreement was signed by PacifiCorp Energy and project 
stakeholders to resolve all issues in the proceeding for relicensing the project.  The settlement 
agreement provides for project removal upon the expiration of an extended license term in 
accordance with the preferred method identified in the R.W. Beck, Incorporated, summary 
report.  The settlement agreement was amended in 2005 to extend the dates for project 
removal. 

In 2002, the FERC prepared a Final Supplemental FEIS addressing project removal, which 
updated the 1996 FEIS and fully assessed the effects associated with approval and 
implementation of the Condit Settlement Agreement.  In March 2007, Ecology issued the 
Final Supplemental Environmental Impact statement (FEIS) for the project.  
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In September 2002, the U.S. Fish and Wildlife Service issued a Biological Opinion finding 
no jeopardy to bull trout for ongoing project operations and implementation of the Condit 
Settlement Agreement. In October 2006, the National Marine Fisheries Services issued a  

Figure 1-1  Site Location Map 
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Biological Opinion finding that the proposed dam removal action is not likely to jeopardize 
the continued existence of salmon and steelhead or destroy or adversely modify designated 
critical habitat.  

1.3  EXISTING PROJECT DESCRIPTION  

The Project is located on the White Salmon River at approximate river mile RM 3.3 and 
creates a 92- acre reservoir named Northwestern Lake.  In general, the Project consists of the 
following: 

�  Concrete gravity dam 

�  Wood stave flowline 

�  Concrete surge tank tower with concrete spillway 

�  Two penstocks 

�  Reinforced concrete powerhouse structure 

The Site Location Map is included as Figure 1-1.  Detailed site location maps are included as 
Appendix A that show the general features of the project. 

1.3.1  Dam 

The dam and appurtenances have the following characteristics: 

�  125-foot high gravity dam constructed of approximately 30,000 cubic yards of 
concrete 

�  Two low-level sluiceways located near the base with a centerline elevation1 at 
180.75 feet and closed by cast iron gates located on the upstream face of the 
dam 

�  250-foot long spillway section including: 

�  One vertical lift gate (6-foot wide by 12-foot high) with an ogee crest at 
elevation 283 

�  Five radial gates (10-foot wide by 10-foot high) with an ogee crest at 
elevation 285 

�  Ten rubber fabric Obermeyer gates (10-foot high) with an ogee crest at 
elevation 285 

�  Concrete operating deck at elevation 297.5 located above the radial gate 
section of the spillway 

                                                      
 
1 All elevations in this report are based on PacifiCorp Energy datum.  Add 9.30 feet to 
convert elevations to NAVD 88 datum. 
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�  Water intake left of spillway including five, 9.5-foot square openings 
equipped with individually controlled timber slide gates with gate openings at 
elevation 270 

�  Steel nipple at headworks transition into the wood stave flowline 

1.3.2  Northwestern Lake 

Northwestern Lake is a 92-acre impoundment created by the dam.  Previous investigations 
have indicated the following is located along the bottom of Northwestern Lake: 

�  An estimated 2,296,000 cubic yards of silt, sand, gravel, and cobbles 

�  Large woody debris from historical logging activities and the upstream 
watershed 

�  The original diversion cofferdam, crib dam, diversion tunnel, and diversion 
flume used during the dam construction 

�  Other large debris of unknown characterization 

A bathymetric survey of Northwestern Lake was conducted in 2006 by Finley Engineering 
Company showing the water depths.  This data was compared to contours from the original 
design survey and the difference was used to estimate the amount of sediment within the 
reservoir.  A geophysical survey was conducted in 2008 by Golder Associates to provide data 
on possible debris embedded in the sediment.  Results from the geophysical survey indicated 
that large debris is not present directly in front of the proposed drain tunnel.  Another finding 
from the survey was that the recent sediment deposits are not very thick.  This thin layer of 
loose sediment will be difficult to stabilize during clearing operations, and will flow quickly 
toward the open drain tunnel.   

1.3.3  Flowline 

Water is conveyed from the intake structure at the dam to the surge tank through a flowline.  
The flowline is a 13.5-foot diameter wood stave pipe and is approximately 5,100-feet long 
with a 90-degree bend and concrete thrust block located near the midpoint.  The majority of 
the flowline is supported on mat concrete foundations, but three sections (Sta 13+60 to Sta 
14+10, Sta 19+04 to 20+30, and Sta 21+84 to Sta 23+56)2 are supported by trestles 
constructed of concrete piers and steel/wood beams. 

1.3.4  Surge Tank and Spillway 

An above ground, open surge tank is used to provide hydraulic stability to the generation 
units and transient protection to the penstock and flowline during unit start up and load 
rejections.  The 40-foot diameter, 45-foot high reinforced concrete surge tank limits the 
pressure rise in the conveyance system by returning flows to the river via an internal weir and 
64-foot long covered channel that terminates in a concrete-lined overflow spillway chute. 
                                                      
 
2 Stationing as indicated on project removal drawings included in Appendix C. 
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1.3.5  Penstocks 

Two penstocks, approximately 600-feet long and 9-feet in diameter, convey water from the 
surge tank to the powerhouse.  The right penstock is wood stave pipe supported by concrete 
saddle supports.  The left penstock is a steel pipe that is supported by ring girders placed on 
concrete footings.  Both of these penstocks employ intermittent concrete thrust blocks 
located approximately halfway along the penstock alignments. 

1.3.6  Power Substation and Powerline 

Two, 69 kilovolt transmission lines terminate at the substation located near the powerhouse: 
the existing Condit to Bald Mountain 69 kilovolt line and the Condit to Bingen 69 kilovolt 
line.  In addition, there is a powerline that currently supplies power from the substation to the 
dam, and also supplies the residences near the powerhouse.  Power generated at the project 
feeds the substation and supplies power to the grid through the Bald Mountain and Bingen 69 
kilovolt lines. 

1.3.7  Powerhouse and Tailrace 

A reinforced-concrete powerhouse with an installed capacity of 14,700 kilowatts houses two 
double-runner, horizontal, Francis-type turbine-generator units.  A downstream tailrace is 
separated from the river by a tailrace wall that is approximately 320-feet long. 

1.3.8  Operator’s Buildings 

Two houses and outbuildings are located east of the substation and serve as living quarters 
for the project operators. 

1.4  PROJECT REMOVALS  

The project components to be removed, to be modified, and to remain are summarized in this 
section.  More detailed descriptions of the rationale, construction sequencing, and 
engineering considerations are described in later sections. 

1.4.1  Components to be Removed 

1.4.1.1  Dam 

Dam removal will commence with blasting a tunnel through the dam at its base, draining the 
reservoir, and allowing river erosion to remove sediment deposited upstream of the dam.  
The dam will be removed using large demolition excavators after the reservoir has been 
emptied.  It is possible that drilling and blasting will be performed during some of the dam 
removal activities, but it is not anticipated  

1.4.1.2  Northwestern Lake Bed Debris 

Prior to removing the final concrete plug from the drain tunnel, sediment and woody debris 
will be cleared from a portion of the upstream face of the dam that is located immediately 
above the drain tunnel to facilitate sediment sluicing through the drain tunnel.  The drain 
tunnel approach is intended to provide rapid sluicing of the sediment downstream.  Woody 
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debris salvaged from the lake bed is addressed in the manner specified in the Woody Debris 
Management Plan. 

The original diversion cofferdam, crib dam, and diversion flume used during the dam 
construction will be removed once the reservoir is drained.  The original diversion cofferdam 
and crib dam will be removed from the river as soon as practicable after the breach.  The 
original diversion tunnel between the river diversion point and the diversion flume will be 
plugged to prevent public access.  Other large debris encountered in the lake bed will be 
removed and disposed of as appropriate. 

1.4.1.3  Flowline 

The flowline removal will include the timber framework, wood stave pipe with radial 
reinforcing rods, steel bend, and concrete thrust block.  The concrete footings are mostly 
flush with the ground and will be left in place while the concrete support piers will be 
entirely removed.  The flowline alignment will be utilized after the wood stave pipe and 
associated structures are removed for the disposal of concrete rubble from the dam.  Trestle 
structures may be retained to provide a deck for a temporary roadway to provide access to the 
flowline during placement of the rubble.  Drainage structures (culverts) will be placed to 
convey streamlets across the flowline alignment under the concrete rubble.  The rubble will 
be isolated from the water in the drainage crossings. 

1.4.1.4  Surge Tank 

The concrete surge tank will be removed to rock or 18 inches below the ground surface 
surrounding the surge tank whichever is encountered first. 

1.4.1.5  Penstocks 

The penstocks and intermediate thrust blocks and foundations will be removed up to their 
powerhouse penetration.  The short concrete support piers will be removed or buried in place.  
A short section of steel penstock and wood stave penstock bifurcation immediately upstream 
of the powerhouse is encased in concrete.  This section of encased penstock is buried under 
the powerhouse access road and parking area.  The section will remain in place, but the 
upstream portals will be sealed with concrete bulkheads. 

1.4.1.6  Powerline 

A distribution line connecting the Condit substation to the Condit dam will be removed.  The 
powerlines, poles, guy lines, and transformers will be removed and recycled or disposed of 
off-site.   

1.4.1.7  Tailrace Wall 

The vertical tailrace wall will be removed, and the base slab will remain in place.  The 
tailrace channel will be filled with sediment during breaching of the dam, or by manual 
placement if not completely filled during reservoir draining. 
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1.4.2  Components to be Modified 

1.4.2.1  Surge Tank Spillway 

The concrete surge tank spillway discharge conduit and channel will remain, and the upper 
portions of the spillway will be fenced off to reduce potential falling hazards. 

1.4.2.2  Power Switchyard 

The switchyard will be removed by JR Merit.  Prior to commencing removal, JR Merit will 
complete an environmental site assessment of the switchyard to identify any contamination 
from oils or other hazardous materials that may have occurred in the past. 

1.4.2.3  Powerhouse 

The powerhouse structure will remain in place but will be prepared for long-term storage.  
The powerhouse structure will be preserved and repaired.  The turbine intakes and discharge 
openings will be plugged with concrete and the downstream openings to the draft tubes will 
be blocked with concrete.  The generating equipment within the powerhouse will be left in 
place.  An outside power drop will be provided.   

1.5  OTHER INFRASTRUCTURE MODIFICATIONS  

This section includes a brief discussion of other infrastructure modifications prior to Project 
removal.  These activities are not detailed in the scope of this report. 

1.5.1  Northwestern Lake Bridge 

Northwestern Lake Bridge crosses the White Salmon River downstream of Buck Creek and 
approximately 1.8-miles upstream of Condit dam.  The concrete bridge, which is owned by 
Klickitat County and was constructed in 1958, consists of three spans with two piers located 
in the reservoir.  The return of the White Salmon River to a free-flowing condition may result 
in scour that could threaten the stability of the bridge piers following dam removal.  Bridge 
protective measures will be implemented prior to the dam breach.  

1.5.2  City of White Salmon Water Supply Pipeline 

The City of White Salmon water supply pipeline is a 14-inch diameter water supply line that 
crosses the reservoir and is located approximately 1-mile upstream of the dam.  The 
waterline was laid on the bottom of the reservoir when installed in 1957 to replace a line 
installed in 1937.  Since the existing waterline is bedded in sediment that is above the 
original river bed, draining of the reservoir is likely to impact the existing water line.  
PacifiCorp Energy has executed an agreement with the City of White Salmon under which 
the city will manage the design and construction of the relocation of the pipeline.  The new 
pipeline will cross the river at Northwestern Lake Bridge on supports provided by JR Merit  
as part of the bridge stabilization work. 

1.5.3  Mt. Adams Orchard Water Supply 

Mount Adams Orchard currently operates an orchard directly east of the dam site.  The 
orchard utilizes a water right for 0.7 cubic feet-per-second of irrigation water drawn from the 



PROJECT REMOVAL PLAN REPORT 
CONDIT HYDROELECTRIC PROJECT DECOMMISSIONING (FERC PROJECT NO. 2342) 

 

 Page 8 of 52 March 15, 2011 

White Salmon River at Northwestern Lake.  The water supply intake relocation work will be 
completed after the dam is breached. 

1.6  DECOMMISSIONING MANAGEMENT PLANS 

The decommissioning management plans provide additional detail and requirements for the 
decommissioning project in order to manage potential impacts of project removal.  These 
plans are under separate cover and include the following: 

�  Erosion Control Plan 
�  Spill Prevention, Control, and Countermeasure (SPCC) Plan 
�  Dust Control Plan 
�  Environmental Monitoring Plan 
�  Revegetation and Wetlands Management Plan 
�  Recreation Facility Removal and Improvement Plan 
�  Sediment Assessment, Stabilization, and Management Plan 
�  Aquatic Resources Protection Plan 
�  Woody Debris Management Plan 
�  Quality Control Inspection Program 
�  Public Safety and Traffic Control Plan 
�  Historic Properties Management Plan 

1.7  CONSTRUCTION SEQUENCING  

Below is a general sequence of activities for the safe removal of the dam and appurtenances. 

1.7.1  Phase I - Pre-draining 

�  Complete other infrastructure modifications 
�  Draw down reservoir to elevation 285 and divert river flow through flowline 
�  Maintain continued operation of the powerhouse during flowline diversion for 

flow control 
�  Commence drain tunnel construction and terminate prior to breaking through 

into the reservoir 
�  Remove tailrace wall  
�  Remove spillway gates 
�  Remove floating intake deck, timber deck, Northwestern Lake boat docks, 

boat buoys, and log boom 
�  Clear sediment and debris immediately upstream of drain tunnel 

1.7.2  Phase II - Removal 

�  Remove final drain tunnel plug and commence reservoir sluicing  
�  Maintain river flow through drain tunnel by removing any blockages 
�  Commence concrete dam removal 
�  Remove flowline, surge tank, penstocks, and powerline 
�  Remove diversion cofferdam and crib dam as soon as practicable after the 

breach   
�  Remove other large debris from drained reservoir as needed 
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�  Modify powerhouse and fill tailrace, as required 

1.7.3  Phase III – Restoration and Monitoring 

�  Restore site in accordance with the decommissioning management plans 
�  Monitor environmental conditions and restoration progress 

1.8  PROJECT REMOVALS SCHEDULE  

Time Period Action 

May  Mobilization 

June – September Water line relocation and bridge protection 

August – October  Site layout –  setup and clearing staging areas, set up 
barge in reservoir 

August – September  Construction of access roads including road to spillway 
slab below dam 

September  Construct drain tunnel 

September – October  Remove spillway gates and tailrace wall 

October  Remove reservoir decks, docks, and log boom, clear 
sediment and debris upstream of drain tunnel 

October (Year 1)  Remove final drain tunnel plug and commence reservoir 
sluicing 

October – November (Year 1)  Remove upstream cofferdam 

November (Year 1) Demolish headworks 

November – July (Year 1) Demolish dam 

October – May (Year 1) Remove flowline, surge tank, penstocks, and powerline 

February – April (Year 1) Modify powerhouse and fill tailrace, as required 

August (Year 1) Demobilization for dam removal activities 

(Note: Years noted are sequenced from the time of reservoir drawdown, Year 1 is the 
yearlong period following the drawdown and breaching of the dam.) 
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2  DAM AND APPURTENANT FACILITIES REMOVAL CONCEPT 

2.1  CONCRETE DAM REMOVAL  

The dam removal concept proposed by PacifiCorp Energy in accordance with the Settlement 
Agreement utilizes a tunnel, excavated through the base of the dam with the use of explosive 
charges, through which the reservoir can be quickly drained to rapidly sluice reservoir 
sediment.  Tunneling activities will occur after the reservoir level is lowered to elevation 285 
through normal generating operations, and must be completed prior to the cessation of 
generation operation.  Passing water through normal operations to the lower elevation will 
preclude the need for a complicated and cumbersome river diversion scheme.  By license 
PacifiCorp Energy is required to maintain a flow of 15 cubic feet- per-second in the 1.1 mile 
bypass section below the dam. 

The lowering of the reservoir will provide active storage to allow reaction time for the 
tunneling contractor to remove workers and equipment if tunneling operations are threatened 
by rising water levels.  Lowering of the reservoir water level will also facilitate removal of 
the spillway’s Obermeyer and radial gates, as compared to using a land-mounted crane 
system to remove this equipment after the reservoir is drained. 

The upstream face of the dam at the tunnel entrance location is buried beneath sediment that 
contains woody and miscellaneous debris.  Consequently, clearing of this material from the 
location of the tunnel mouth will be performed immediately before the final explosive 
penetration is made.  The cleared sediment will be released upstream in the reservoir.  
Woody debris cleared from the upstream face of the dam will be managed according to the 
Woody Debris Management Plan, and other debris will be managed appropriately as solid 
waste and hauled offsite for disposal.  

After the reservoir is drained and the river is diverted through the drain tunnel, the remainder 
of the concrete dam, spillway, crest gates, and intake structure will be removed in the dry 
from the top down. 

2.1.1  Drain Tunnel and Breaching 

The invert of the proposed drain tunnel is at elevation 175 at the downstream end.  The 
upstream invert of the tunnel is at elevation 175.45 which provides a 4-foot separation of the 
tunnel to the tendon anchor.  This elevation will lower the reservoir as much as possible 
while: 

�  Requiring only a minimal tailwater cofferdam  
�  Allowing consistent invert geometry 
�  Facilitating the sluicing of the reservoir sediment 

The dam was originally constructed in a natural rock gorge approximately 50-feet wide.  
There are two, 5-foot diameter, wood-lined conduits through this narrow section to serve as 
low level outlets.  It is unknown if these sluices have ever been used.  Flow through these 
outlets is controlled by steel slide gates cast into the upstream face of the dam.  However, 
these intake gates are buried beneath approximately 25 feet of woody debris-laden sediment 



PROJECT REMOVAL PLAN REPORT 
CONDIT HYDROELECTRIC PROJECT DECOMMISSIONING (FERC PROJECT NO. 2342) 

 

 Page 11 of 52 March 15, 2011 

and do not have sufficient size or discharge capacity to sluice sediment and keep the 
reservoir drained for the duration.  While these low level outlets are too small to serve as 
reservoir drains and are susceptible to clogging, they will be used to supplement downstream 
discharge particularly if the drain tunnel is partially clogged as described below.  The final 
drain tunnel alignment should be designed to avoid interference with these adjacent low-level 
outlet conduits. 

The drain tunnel shape consists of an arched crown at a radius of 14 feet over a rectangular 
base with a bottom width of 18 feet and side heights of 10 feet and has been sized to pass a 
maximum flow of approximately 11,600 cubic feet-per-second and drain the reservoir in 
approximately six hours.  The drain tunnel has also been sized to pass the average monthly 
flows ranging from 600 cubic feet-per-second to 1,500 cubic feet-per-second throughout the 
dam removal activities at open channel flow conditions.  Section 4.6 presents the drain tunnel 
hydraulic characteristics. 

The existing narrow rock gorge limits access to the drain tunnel exit located in the 
downstream base of the dam.  Access for drain tunnel construction will be supplied by JR 
Merit.  Once the reservoir is lowered to just below the concrete crest, construction access will 
be permitted to the base of the dam.  Workers and tunneling equipment will be lowered onto 
a temporary work platform that is constructed.  A tailwater cofferdam may be needed to 
maintain a dry work area.  Once in position, the drain tunnel will be excavated through the 
dam using smooth wall drilling and blasting techniques.  If a tailwater cofferdam is used, it 
will be removed prior to the breach.  Section 6 presents the general blasting criteria and 
limitations for the JR Merit. 

Concrete rubble excavated from the tunnel will be removed from the gorge and transported to 
a designated disposal area, recycling area, or off-site.  This will prevent the material from 
being transported into the downstream channel by the breaching flows.  

JR Merit has developed a drain tunnel construction plan (Section 2.1.1.1 and Appendix L).  
The tunnel construction plan will be submitted to the FERC for review and approval.  The 
tunnel construction plan (Section 2.1.1.1) and blasting plan (Appendix L) detail the tunnel 
construction means and design, as well as document the procedures to be used to confirm the 
location of the tunnel face relative to the upstream dam face.  Based on available concrete 
strength, the tunnel plug will likely be 8-feet thick.  The final determination of the tunnel 
plug thickness will be determined from the as-built tunnel dimensions and the strength of the 
concrete encountered during tunnel construction.  The blasting plan (Appendix L) has been 
reviewed by PacifiCorp Energy.  This plan may be revised if field conditions change.  Any 
modifications to the plan will also be reviewed and approved prior to proceeding with 
excavation activities.   

Prior to performing the final penetration, a 4-inch diameter vent shaft will be drilled down 
from the dam crest.  The vent hole will allow aeration of the tunnel during the beginning of 
the draining sequence to reduce the potential for surging that could result in clogging from 
the woody debris.  The vent will also provide access to the roof of the tunnel near its 
upstream entrance for additional explosive charges should the tunnel become partially 
blocked with woody debris as described below. 
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The stability of the dam was improved by the installation of strand anchors in 1973.  The 
excavation of the drain tunnel will pass below the anchors.  The effect of drain tunnel 
construction on dam stability is estimated to be minimal.  Dam stability and location and 
details of the anchors are discussed in more detail in Section 5 of this report. 

2.1.1.1 Drain Tunnel Construction Plan 

The drain tunnel will be constructed utilizing drill and blast techniques as outlined in the 
Blasting Plan (Appendix L)   

Personnel Safety During Drain Tunnel Construction 

Craftsmen at the bottom of the dam, excavating the tunnel, will be exposed to hazards from 
above in the form of falling debris and tools.  Consideration was given to using a portal 
canopy to protect the entrance of the tunnel, but it was determined that the use of such a 
structure would inhibit the work process at the very tight staging area.  A more effective 
solution is to prevent debris and tools from falling. 

To protect workers in and around the tunnel portal, the following measures will be utilized: 

·  Daily safety briefings with all personnel on site will be held to discuss any possible 
safety issues, access, work during the day, and possible outside influences on the 
work. 

·  Personal Protective Equipment (PPE) will be required, and at a minimum includes 
steel-toed boots, safety glasses and hardhats.  Other equipment will be needed for job 
specific applications, such as hearing protection, respirators and gloves. 

·  To prevent debris, equipment or personnel from falling from above the tunnel portal, 
a system of fencing, railings, and toe boards will be installed. 

·  When any personnel are below, work will not be permitted above the tunnel portal. 
·  At any area where fencing is not practical, tools will be secured with lanyards to 

prevent falling. 
·  If any work needs to occur above the tunnel portal, the work will be sequenced to be 

off-shift with the tunneling operation to eliminate the hazard. 
·  Daily inspection and cleaning of upper dam area will be performed to eliminate 

debris. 
·  There will be two clearly identified escape routes from the lower dam area to 

evacuate workers should an emergency develop.  A future submittal will be prepared 
to address this in detail. 

2.1.2  Pre-Breach Sediment Clearing 

The 2008 geophysical survey identified a zone in the reservoir that could contain large 
objects such as boulders, logs, trees, and associated root balls.  This zone extends 
approximately 300-feet upstream from the dam.  Another area approximately 50-feet 
upstream from the right end (looking downstream) of the dam contains coarse-grained 
sediments.  However, techniques used to determine these characteristics are limited; thus, the 
contents of deep deposits are not easy to quantify.  There is the possibility that there are 
substantial deposits of woody debris because the watershed had been extensively logged, and 
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the reservoir was used for a period of time as a receiving pool for a small lumber mill located 
on the left shoreline.  Should woody debris partially clog the drain tunnel, additional blasting 
charges can be lowered down the upstream face of the dam or through the drilled vent hole to 
dislodge the debris.  The blasting plan includes provisions to initiate blasting within two 
hours after monitoring indicates that flow has fallen below 50 percent of the flow anticipated 
for an unblocked tunnel.   

If severe blockage were to occur, the two sluice gates installed in the original dam 
construction will be opened.  The blasting plan includes provisions to place charges at the 
gates before the breach.  Blasting will be used, if the gates prove to be inoperable, to open the 
gates and ensure that flow can be diverted through the gates until the tunnel blockages are 
reduced or removed.   

Prior to removing the final plug from the drain tunnel, sediment and woody debris will be 
removed from the upstream face of the dam immediately above the area of the tunnel 
entrance.  JR Merit has developed a sediment and woody debris clearing plan (Section 
2.1.2.1).  The plan details the means and design to clear the materials, as well as describes the 
procedures to be used to transport the cleared materials to the upstream area of the reservoir.  
The Washington Department of Ecology will also be consulted regarding the proposed 
methods and procedures for clearing, transporting, and storing the cleared materials. The 
removal limits of the clearing are intended to reduce the possibility of clogging the drain 
tunnel during reservoir draining.   

The initial clearing will produce a better understanding of the sediment and its consistency, 
which will be used in determining the final limits of removal prior to performing the final 
tunnel penetration.  The initial plan is to remove sediment up to 40-feet deep (approximate 
elevation of 170 feet) for the entire 50-foot width of the gorge for a distance of 75-feet 
upstream of the face of the dam to a point where the gorge widens.  Upstream from the 
gorge, the sediment will be sloped upward at its natural angle of repose (see Appendix G).  
These initial clearing limits are intended to remove debris that could partially clog the tunnel 
and provide a clear flow path to the tunnel that will reduce the water velocity upstream of the 
tunnel and limit the entrainment of debris into the tunnel.  The clearing of sediment and 
debris from immediately above the drain tunnel will be conducted just prior to dam breach. 

2.1.2.1 Clearing Plan 

Clearing will begin with mobilizing and assembling the barges and other equipment.  Two 
barges will likely be used, an equipment barge and material barge.  The material barge will 
be used to hold cleared material and transport it to various disposal sites located within the 
reservoir.  These disposal sites, upstream from the dam, will be chosen in consultation with 
JR Merit’s Sediment Management consultant.  The objective is to ensure that all cleared 
materials sluice through the tunnel with the existing accumulated sediments. 

With the equipment barge and material barge secured to each other, crews can begin clearing 
operations.  Both mechanical and hydraulic clearing may be used, depending on the 
conditions observed on site.  A channel will be cleared into the existing rock canyon, along 
with all materials above that would tend to fall into the channel.  During the clearing process, 
attention will be paid to large rocks or woody debris that may clog the drain hole, removing 
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as much as possible.  Collected materials will be loaded onto the material barge, which will 
be periodically offloaded at the south boat ramp. 

The barge and crane will also be used to remove docks, debris, the wood deck, the 
Obermeyer gate structures and the radial gates shortly before dam breach. The equipment 
will be removed and demobilized before breach. 

2.1.3  Spillway Gates Removal 

There are three different types of spillway gates on the dam, all of which will be removed 
after tunnel construction but prior to blasting the final tunnel plug and draining the reservoir.  
These gates include: 

�  The 10-foot high by 167-foot long Obermeyer crest gate 
�  The five, 10-foot high by 10-foot wide radial gates 
�  The 6-foot wide by 12-foot high timber sluice gate 

Removal of these gates will be delayed until after the construction of the drain tunnel to 
increase reservoir freeboard available for flood inflow attenuation that can further protect the 
drain tunneling activities.  Final gate removal sequencing will be the responsibility of JR 
Merit and will be approved by PacifiCorp Energy.  Obermeyer gate removal will most likely 
be accomplished by barge-mounted cranes following the tunneling activities when the 
reservoir is still available to provide easy access. 

The radial gates, intake gates, and the Obermeyer operating systems will be removed by a 
crane situated on the power intake deck as dam demolition proceeds. 

2.1.4  Dam Structure Removal 

The selected dam removal concept is a top down approach following the draining of the 
reservoir via the drain tunnel.  The sequencing and methods to be used will be the 
responsibility of JR Merit and are described in Section 2.1.4.1 and illustrated in the 
Demolition Sheets Appendix M).  The difficult access to the crest of the dam and the deep 
rock gorge downstream will limit the available removal means.  The access plan is described 
in Section 2.1.4.1.  

As the reservoir recedes, the river will flow through the drain tunnel within the base of the 
dam in the original rock gorge.  Upstream of the drain tunnel, the reservoir will re-establish 
its original course naturally over a period of time.  Photographs taken during the original 
1912 construction are attached in Appendix D and give an indication of the topography and 
condition of the rock foundation.  

The limits of concrete dam removal will be to the original rock foundation interface.  All 
concrete will be removed with the exception of keyways cut into the foundation rock.  All 
reinforcing steel, dowels, and rock anchors will be removed or cut flush with the foundation 
rock. 

The techniques used for concrete removal below water level and below the drain tunnel are 
described in Section 2.1.4.1 and may include use of a small diversion cofferdam to work in 
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the dry.  An inspection of limits of removal will be required to confirm all concrete and steel 
dowels and rock anchors are removed in accordance with the specifications.   

An alternate approach to removing concrete at the bottom of the spillway could include 
lowering the proposed drain tunnel invert to the concrete/rock interface.  This approach 
would require a larger tailwater cofferdam during drain tunnel construction, but would 
eliminate the need to remove concrete under the tunnel invert once the drain tunnel is put into 
service. The tailwater cofferdam will be removed prior the dam breach.  JR Merit will 
determine which option to use for the elevation of the drain tunnel. 

Previous testing of concrete cores indicated compressive strengths ranging from 2,760 
pounds per square inch to 6,690 pounds per square inch; and averaged 4,250 pounds per 
square inch.  Concrete core test results taken from the dam structures are included in 
Appendix J of this report.  Appendix J also includes foundation rock coring compressive 
strength results taken when the rock anchors were installed in 1973. 

2.1.4.1 Dam Demolition 

Non-reinforced dam concrete will be demolished using several large demolition excavators 
with large hydraulic hammers attached to them.  Non-reinforced concrete dams break apart 
quickly and easily at the 3- to 5-foot concrete cold joints used in the construction of these 
dams.  The process will begin at the top on the east side of the dam.  The dam will be 
demolished in three to four large steps to the bottom of the dam.  It is anticipated that the 
dam will be removed without blasting. 

An approximate 30-foot wide haul road will be chiseled into the dam as demolition begins to 
provide access to the upper level west side concrete removal.  Some of the first step (see 
Demolition Plan Sheets, Appendix M) concrete debris will likely fall down the upstream and 
downstream sides of the dam during this activity, but care will be taken to minimize this 
occurrence.  A protection shield will be constructed over the blasted tunnel to prevent 
concrete from falling into or obstructing the tunnel or river channel.  During the first two 
steps, and to an approximate elevation of 216 feet, where practical and safe, the concrete will 
be loaded directly into off road dump trucks and removed up and out the concrete ramps to 
the east side of the dam for disposal.  The process of “stepping” will be utilized for as long as 
possible, and as long as the off road truck gradient operation envelope allows. 

It is possible that drilling and blasting will be performed during some dam removal activities, 
but it is not anticipated.  Once the drain tunnel has been excavated, JR Merit’s dam 
demolition contractor will evaluate the existing conditions.  If it appears necessary, a Dam 
Removal Blasting Plan will be developed.  This determination will be made approximately 
six-months prior to the start of the demolition, so there will be time for the necessary 
approvals with no change to the schedule. 

Concrete pieces that fall upstream or downstream will be removed as soon as the excavators 
performing loading operations can reach that material.  Once trucking across the dam is no 
longer feasible, concrete debris will be transported from the lower dam site area up the east 
bank using a temporary road constructed on the upstream side of the dam up to the existing 
east parking lot.  Off road trucks will be utilized to perform this activity. 
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Two small cofferdams, or silt curtains will be used during the last several feet of dam 
demolition to perform concrete removal below water level.  The purpose of the cofferdams or 
silt curtains is to isolate the active stream demolition activities as much as feasible.  Once the 
river gorge is exposed and reviewed post-breach, the final plan for cofferdams will be 
developed and submitted for approval.   

Concrete debris at the lower part of the dam may be hoisted out by a crane sitting on, or near, 
the dam spillway.  The determination as to whether or not the demolition contractor will use 
a crane will be made when demolition to elevation 216 is complete.  If it is not feasible to 
construct a roadway down the east bank to the river bed, an aerial cable logging system may 
be used to hoist demolished concrete out rather than using the off road trucks.  If an aerial 
cable logging system will be used, a description of the equipment and approach will be 
prepared and submitted for approval. 

Reinforced concrete components of the dam will also be reduced and demolished using 
hammering or crushing activities.  Reinforcing steel will be removed from the demolished 
concrete for recycling.  The dam spillway is constructed with reinforced concrete and will be 
demolished using bridge demolition techniques using a medium size excavator with a 
hydraulic concrete crusher attachment.  The concrete will be crushed, and the reinforcing 
steel will be separated for recycling.  Concrete will be loaded into an off road truck and 
transported to the flowline for disposal. 

2.2  APPURTENANT FACILITIES REMOVAL CONCEPT 

2.2.1  Upstream Original Diversion Facilities Removal 

As sediments are transported downstream through the dam site, the original diversion tunnel, 
cofferdam, crib dam, and wooden flume used to convey river flows around the construction 
site are expected to be exposed or partially exposed.  The original diversion cofferdam and 
crib dam will be removed from the river as described in Section 2.2.1.1.    

The diversion cofferdam is a timber crib structure partially filled with concrete.  As a result, 
blasting techniques may be used to complete demolition of this structure.  In the event that 
the cofferdam is anchored into the underlying rock, these anchors will be cut flush with the 
rock surface.  Partial removal is planned to be performed prior to the breach as described in 
Section 2.2.1.1, and removal will continue soon after the breach to release surrounding 
sediment during the main period of reservoir sediment mobilization and to reduce impacts on 
upstream fish migration expected after the following May. 

The timber diversion flume upstream of the dam conveyed flows from the cofferdam, located 
at the entrance to the short diversion tunnel, through a rock outcrop to the main diversion 
tunnel beneath the dam’s right abutment (see Appendix B).  The main diversion tunnel has a 
concrete plug that was installed in line with the dam centerline after the project was 
completed.  However, the diversion tunnel and timber flume upstream of the dam centerline 
are reported to have been left in place.  It is understood that these structures are buried by 
sediment.  The timber flume will be removed once it is exposed.  Boulders will be placed in 
front of the tunnels to prevent erosion of the sediment within the tunnels. 
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2.2.1.1 Reservoir Cofferdams Removal Construction Sequencing 

JR Merit intends to partially dismantle the existing diversion cofferdams in the reservoir 
(shown on sheet CL-0501 in the project removal plan sheets) prior to the October 2011 dam 
breach in order to facilitate the mobilization of sediment in the river channel.  Without early 
removal, there is a concern that a significant amount of sediment will remain trapped behind 
the structures and will not mobilize as planned. 
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Figure 2-1 Photo Taken during Construction of Existing Diversion Cofferdams 

 
 

This removal will be accomplished with a barge, clamshell, and grapple equipment.  A 
hydroblasting apparatus will be used to clear sediment in this area to allow the equipment to 
penetrate to the structures.  The equipment will dismantle the bulk of the cofferdams pre-
breach to facilitate mobilization. 

The remaining structures will be removed as soon as possible after the October 2011 breach 
utilizing conventional excavators.  Access will occur using a temporary road from the east 
side parking lot down to the river, and a portable bridge or culverts will be used to get across 
the river.  Another possibility for debris removal is the utilization of skyline logging methods 
to transport a small excavator and the demolished materials across the river.  This possibility 
will be evaluated in more detail once the lake is drained.  All demolished materials will be 
separated for disposal or recycling. Metal will be recycled, and the treated wood will be land 
filled.  Concrete will be transported to the flowline for disposal. 

This work will be accomplished during the time of active sediment mobilization in the 
months immediately after breach; therefore sediment and erosion control measures will not 
be utilized.  Any equipment used in this zone will follow the provisions of the Spill 
Prevention, Control, and Countermeasures Plan. 

Wood debris will be hauled to the Roosevelt Landfill.  Based on historic drawings and 
photographs, it is expected that the cofferdams are constructed of timbers and rock.  Any 
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rock that cannot be utilized for river restoration will be removed and placed with the concrete 
debris from the dam deconstruction. 

Although this removal work is scheduled to occur during November and December, 2011, JR 
Merit recognizes the completion date of May 1, 2012 as critical to reduce impacts to fish 
migration. 

2.2.2  Flowline and Penstocks Removal 

Water is conveyed from the intake structure at the dam to the surge tank through a 13.5-foot 
diameter and 5,100-foot long wood stave flowline.  The flowline is suspended from a timber 
framework by a series of steel rods placed on 10-foot centers.  Small concrete footings placed 
at 10-foot intervals act to support the timber framework columns.  The removal of the 
flowline includes the timber framework and wood stave pipe with circumferential steel rods.  
The small concrete footings are mostly flush with the ground and will be left in place.  

The flowline support system includes three trestles that bridge drainage areas.  The trestles 
incorporate concrete piers and columns, along with concrete, wood, and steel beams to span 
these topographic features.  These crossings are 50-, 126-, and 172-feet long.  The majority 
of the 172-foot long trestle crosses uneven ground and only about 50 feet of length crosses 
over a drainage.  The wood stave pipeline with its support system above the bridging systems 
will be completely removed.  The bridging system deck and concrete piers that support the 
flowline will remain to serve as a temporary access road to facilitate flowline removal and 
rubble placement.  The trestles will be removed following the removal of the flowline and 
placement of rubble.  The flowline also includes a concrete-encased steel, 90-degree elbow 
anchor block.  This elbow/anchor block structure will be completely removed to 18 inches 
below ground surface. 

Two penstocks convey flow from the surge tank to the powerhouse.  One of these penstocks 
is a 9-foot diameter wood stave pipe supported by concrete saddle supports.  The second 
penstock is a 9-foot diameter steel pipe supported by ring girders placed on concrete 
footings.  Both of these penstocks employ intermittent concrete thrust blocks located 
approximately halfway along the penstock alignments.  The aboveground portions of the 
penstocks, along with the concrete thrust blocks, will be completely removed.  The 
penstocks, removal will occur using a combination of small and large excavators.  The 
remaining buried portion of the penstocks will remain and will be sealed with a concrete 
plug.  The concrete footings will either be removed or buried in place.  Penstock metal will 
be sheared with an excavator, and wood will be removed using the same methods utilized in 
flowline removal.  Access for penstock removal will use the existing powerhouse access road 
from below and the existing surge tank access road from above. 

2.2.2.1 Flowline Removal Construction Approach 

Several temporary roads, as indicated in the Erosion Control Plan and Demolition Plan 
Sheets (Appendix M), will be installed to various areas of the flowline for access.  The wood 
flowline pipe will be demolished and separated by conventional excavators working from 
within the flowline alignment.  The flowline materials will be torn apart with the primary 
excavator.  The treated wood and metal components will be separated; metal will be recycled 
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and the treated wood will be land filled.  Concrete will be left in place for burial with the dam 
concrete.  Some wood may be recycled as fence posts, if possible.  The trestle portions of the 
flowline will be disassembled in approximately 8-foot pieces using a skyline cable logging 
system.  The winch will be positioned at the 90 degree elbow of the flowline.  A suitable 
anchor tree, or portable anchor tower, will be installed at the north end of trestle 1.  The 
flowline will be cut into approximately 8-foot sections and hoisted back to the winch area.  
Trestle superstructure materials will be hoisted out the same way.  Trestle concrete will be 
drilled, cracked with cracking agents and also hoisted via a skiff to the elbow area. 

2.2.3  Dam Concrete Disposal 

Approximately 34,000 cubic yards of concrete rubble are estimated to be generated from the 
dam deconstruction.  The flowline offers approximately 4,790 linear feet of storage space 
between the dam and the surge tank not including the trestled segments (Appendix K, 
Figures K-1 through K-7).  For the available linear distance; 34,000 cubic yards of rubble 
could be placed at a thickness of approximately 7 feet with an average width of 28 feet 
(Appendix K, Figure K-8).  The cross-section on Figure K-8 is based on a 35-foot wide 
flowline bench.   

As the flowline is removed, the ground will be prepared to accept off road trucks with 
concrete for disposal.  Also, as described by the Erosion Control Plan, silt fencing will be 
placed along the downhill side of the flowline bench.  The trucks will be loaded in the 
drained reservoir area and will use temporary and existing access roads to haul sediments to 
staging areas that are in close proximity to flowline access points.  Trucks will also be loaded 
with concrete rubble at a staging area in close proximity to the dam and will transport 
materials to flowline access points.  Demolition Plan sheet 2 (Appendix M) identifies 
possible temporary access roads alignments.   

Existing culverts that convey streamlets, small seeps, and other possible water crossings 
along the flowline have been mapped and are shown on Figures K-2 through K-6.  Figure K-
8 illustrates a typical plan view of a streamlet crossing under the rubble.  The rubble will be 
placed to leave an open area on the uphill side of the fill area where water comes off or out of 
the slope.  An impermeable barrier (e.g., plastic sheeting) will be used to provide separation 
between the fill and the water course and culvert used to convey water to the downhill side of 
the fill area.  Culverts will be sized appropriately for the volume of water expected at each 
streamlet crossing.  PacifiCorp Energy will review and approve proposed culvert sizes prior 
to placement.  Culvert drain pipes will be installed as shown in Appendix K.  Protection 
gravel will be installed over the drain pipes and trucked concrete will be able to travel over 
the culverts.   

Concrete debris will be dumped into the flowline area and managed with a 45,000-pound 
excavator and a 40,000- to 50,000-pound CAT.  Care shall be exercised to fill the flowline to 
elevations that blend naturally into the surrounding existing grades.  The concrete will be 
capped with 18 inches of soil cover.  The volume of required soil cover is estimated at 
12,000 cubic yards.  It is anticipated that sediment exposed after the draining of the reservoir 
can be used as the flowline soil cover.  Also, fill materials generated from the original 
flowline excavation may also be used or local overburden material obtained from local 
sources.  Care shall also be exercised to provide a natural looking finish to the cap.  Concrete 
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and dirt capping will be installed according to Sheet K-8 (Appendix K).  The soil cover will 
be revegetated as described in the Erosion Control Plan and the Revegetation and Wetlands 
Management Plan for construction and disturbed areas. 

2.2.4  Surge Tank Removal 

An aboveground open surge tank is used to provide hydraulic stability to the units and 
transient protection to the penstock and flowline during unit startup and load rejections.  The 
40-foot diameter and 45-foot high reinforced concrete surge tank limits the pressure rise in 
the conveyance system by returning flows to the river via a buried wood-lined conduit that 
terminates in a concrete-lined overflow spillway chute.  The upper section of the cylindrical 
surge tank is constructed of highly reinforced concrete walls, while the lower foundation 
encasing the connections to the entering wood stave flowline and exiting wood stave and 
steel penstocks is lightly reinforced mass concrete. 

The Surge Tank will be demolished with a high reach excavator and a normally configured 
excavator.  The high reach will perform demolition from the top down to a 25-foot height.  
The normally configured excavator will perform demolition from 25-foot down.  Both 
machines will be equipped with hydraulic concrete crushers; wood, metal and concrete debris 
will be separated.  Metal will be recycled and treated wood will be land filled.  The surge 
tank structure represents approximately 900 cubic yards of concrete which will require 
disposal after demolition.  The flowline alignment will be utilized after the wood stave pipe 
and associated structures are removed for the disposal of concrete rubble from the surge tank.   

The 65-foot long, 4-foot by 12.5-foot buried concrete conduit that directs spillway flows 
from the surge tank overflow weir to the spillway will remain where it is now currently 
below the ground surface.  The upper portions of the spillway will be fenced off to reduce 
potential falling hazards.   

2.2.5  Powerline and Switchyard Removal 

PacifiCorp Energy will de-energize the distribution line from the switchyard to the dam and 
remove the transformer at the dam.  The remaining de-energized powerlines, poles, and guide 
lines will be removed by JR Merit.  The switchyard and transmission line removals will 
occur using a combination of small and large excavators.  The switchyard will be removed to 
ground level using an excavator.  The transmission line will be removed with a combination 
of small excavators and manual methods.  Only access for individual workers and small 
equipment are considered necessary to complete these tasks so that no temporary roads will 
have to be installed.  Poles and anchors will be cut flush with the ground and removed with 
the conductors.   

2.2.6  Gate House and Pier Demolition 

The Gate House and pier will be demolished using conventional demolition excavators that 
crush concrete, shear steel or pulverize wood.  Human contact with this type of demolition 
process is eliminated.  Metals will be recycled at Metro Metals in Portland, Oregon.  
Concrete will be placed as fill on site in the flowline area.  Treated wood and other non-
recyclable debris will be land filled. 
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2.3  POWERHOUSE AND TAILRACE MODIFICATIONS CONCEPT 

2.3.1  Powerhouse Modifications 

The powerhouse will remain in place but will be prepared for long-term storage.  The 
turbines and generators will remain in place.  Accessible hazardous materials will be 
identified and abated (such as oil storage containers).  Hatches and other access into scroll 
cages and other confined spaces will be secured.  The draft tubes will be sealed with a 
concrete bulkhead at the tailrace.  The standby electrical power systems will be removed and 
the high voltage buses disconnected at the substation.  A new power drop and intrusion alarm 
system will be installed.   

2.3.2  Tailrace Wall Removal 

The powerhouse tailrace training wall is a low concrete structure that reduces tailwater 
effects on the generating units.  The 2-foot wide by 5-foot high reinforced concrete wall will 
be demolished using excavators with hammers and crushers.  The concrete will be removed 
and transported to the flowline area for disposal.  Its 10-foot wide concrete base slab will 
remain in-place.  Steel reinforcing, dowels, and bolts will be cut flush with the top of the 
concrete slab.  An access road will be installed at the west end of the powerhouse into the 
river channel.  An excavator will travel down this access road out on to the gravel bar next to 
the tailrace wall and perform demolition.  Once all the concrete is broken up, it will be 
loaded into an off road dump truck for transport and disposal in the flowline area.  
Demolition debris will be removed from the river channel completely.  This work is planned 
to occur shortly before the mid-October breach, so it is possible that PacifiCorp Energy will 
have ceased operations by this time.  If not, a working-hour powerhouse shutdown will be 
required for three to five days.  The temporary access road will be removed at the completion 
of the project.  The tailrace is expected to fill with rock and sediment during the draining of 
the reservoir.  

2.4  HAZARDOUS MATERIALS ABATEMENT AND BUILDING  / STRUCTURES DEMOLITION  

The services of a State of Washington licensed asbestos abatement firm will be retained to 
review the existing hazardous materials survey documents for this project.  They will 
determine if the existing documentation is accurate and comprehensive.  If it is, JR Merit will 
proceed with abatement activities according to State and Federal Regulations.  If it is not, JR 
Merit will proceed with a thorough survey to determine the presence or absence of any 
hazardous materials.  Once abatement activities are complete, building demolition will be 
performed utilizing excavators designed for that work; recyclable materials will be separated 
for recycling, and remaining debris will be loaded, hauled and disposed of at a landfill 
licensed to receive demolition waste.  All hazardous materials abatement will be performed 
by employees trained and certified in that work and these materials will be handled in 
accordance with regulations and disposed at certified facilities. 
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2.5  RIVER FLOW MANAGEMENT PLAN  

2.5.1  During Drain Tunnel Construction 

Prior to construction of the drain tunnel, JR Merit will create a 2 to 3 foot cofferdam using 
small sandbags at the point where the plunge pool exits to the river.  The final plan for the 
cofferdam will be developed and submitted for approval.  The minimum required 15 cubic 
feet per second of water will be routed from the spillway past the cofferdam via a pipe 
system shortly before commencement of removal activities. 

2.5.2  During Dam Removal 

During removal of lower dam concrete (elevation 180-170), two small sandbag (totes) 
cofferdams, or silt curtains, will be installed at the upstream side of the dam to divert stream 
flows so that isolation of the river from demolition is achieved to the maximum extent 
feasible.  This diversion will be designed and submitted for approval once the river gorge is 
exposed post-breach. 

2.6  DISPOSAL PLAN  

2.6.1  Concrete 

All clean concrete will be disposed of on site within the flowline areas or another on site 
disposal area designated by PacifiCorp Energy. 

2.6.2  Metals 

All metals will be transported to Portland, Oregon to Schnitzer Steel, Calbag Metals or Metro 
Metals for recycling. 

2.6.3  Wood 

All treated wood materials will be recycled as possible or transported and disposed of at the 
Roosevelt Landfill in Klickitat County, Washington, a certified facility to receive such 
materials. 

2.6.4  Solid Waste 

All solid waste, items other than wood, metals, or concrete, will be transported and disposed 
of at the Roosevelt Landfill in Klickitat County, Washington. 

2.6.5  Other Wastes 

Other wastes, such as oils, universal wastes, hazardous materials, or asbestos will be 
carefully separated, handled and disposed of in accordance with a Decommissioning On-Site 
Hazardous Materials Management Plan and applicable regulations. 

2.6.6  Dredged Materials 

2.6.6.1 Sediment 

As outlined in the Dredging Plan (Section 2.1.2.1), sediment will be disposed of at various 
disposal sites located within the reservoir.  These disposal sites, upstream from the dam, will 
be chosen in consultation with JR Merit’s Sediment Management consultant. 
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2.6.6.2 Woody Debris 

Native woody debris dredged from the reservoir will be removed as outlined in the Woody 
Debris Management Plan. 

2.6.6.3 Other Dredged Materials 

Other foreign materials dredged from the reservoir will be analyzed and recycled or disposed 
of as appropriate. 
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3  MANAGEMENT OF PROJECT REMOVAL IMPACTS 

3.1  INTRODUCTION  

The potential impacts of dam removal have been evaluated through numerous studies 
conducted pursuant to the FERC relicensing proceeding for the project as well as the federal 
and state permitting processes for project removal.  These studies have identified the 
anticipated impacts of dam removal on infrastructure, public safety, and environmental and 
cultural resources within the local area.  PacifiCorp Energy has developed management plans 
to address the identified impacts of project removal.  These management plans have been 
developed in close coordination with the overall dam removal plan outlined in this report to 
assure that the decommissioning process does not inadvertently or unnecessarily create 
adverse impacts on environmental and cultural resources.  Management of impacts to 
infrastructure within the project area is discussed in Section 1.5.  

The following section briefly describes each of the management plans and their purpose. The 
reader is referred to these plans for a full description of the management actions developed to 
address the identified impacts and ensure project success.  

Erosion Control Plan.  The Erosion Control Plan provides specific Best Management 
Practices (BMPs) to be implemented during decommissioning to manage surface erosion and 
mitigate potential water quality impacts from construction areas.  The Erosion Control Plan 
includes specifications and plan sheet drawings that will be a part of the decommissioning 
plans and specifications.  The plan also describes erosion control monitoring.  The 
Environmental Monitoring Plan (see below) also specifies water quality monitoring that will 
be implemented to verify that erosion control BMPs are effective. 

Spill Prevention, Control, and Countermeasure Plan and Decommissioning Addendum.  
The Spill Prevention, Control, and Countermeasure Plan and Decommissioning Addendum 
addresses BMPs for spill prevention, containment, cleanup, reporting, training, and 
monitoring.  The plan will be implemented during decommissioning to mitigate potential 
impacts from accidental spills of hazardous liquids. 

Dust Control Plan.  The Dust Control Plan provides BMPs to avoid and minimize the 
generation of dust, minimize the duration of dust, and specifies monitoring requirements to 
assure the measures are being effective.  The Dust Control Plan focuses on decommissioning 
activities particularly demolition, roadways, staging, and temporary storage.  The plan also 
addresses desiccation and BPMs to mitigate dust generation of the former lake bed.  The 
Erosion Control Plan also provides specifications that will help mitigate potential impacts 
from dust during decommissioning while the Revegetation and Wetlands Management Plan 
(see below) provides specifications for mitigating potential impacts from dust after the 
reservoir is drained.  

Environmental Monitoring Plan.   The Environmental Monitoring Plan specifies 
monitoring requirements for both water quality and sediment quality of the White Salmon 
and Columbia Rivers.  The Environmental Monitoring Plan incorporates sediment quality 
monitoring specified by the Project Review Group (PRG) of the Regional Sediment 
Evaluation Team (RSET).  The purpose of the water quality monitoring is to verify that the 
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BMPs used for the decommissioning are effective and to determine when project removal-
related water quality impacts are no longer observed such that active monitoring may cease.  

Revegetation and Wetlands Management Plan.  The Revegetation and Wetlands 
Management Plan delineates a revegetative strategy that will promote the establishment of 
wetland, riparian, and upland forest habitats within the former reservoir area and areas 
disturbed during decommissioning.  The plan spells out specific planting approaches for 
herbaceous and woody revegetation after the reservoir sediment is recontoured to create 
stable slopes and how the revegetation will be monitored to ensure an appropriate level of 
success.  In addition, the plan identifies potential wetland areas that will be monitored after 
the reservoir is drained to assess wetland establishment.  The project has a goal of no net-loss 
of wetland areas, and the plan describes contingency actions that will be implemented if post-
removal wetland establishment goals are not attained.  Finally, the plan addresses noxious 
weed control during and after revegetation activities.  

Aquatic Resources Protection Plan and Spring Creek National Fish Hatchery 
Protection Plan.  The Aquatic Resources Protection Plan and Spring Creek National Fish 
Hatchery Protection Plan addresses impacts to aquatic resources within the White Salmon 
River that will be affected by project removal and impacts to fish hatchery facilities in the 
local area.  High flows during reservoir sluicing and sediment deposition within the 
Bonneville Pool will likely adversely affect aquatic resources within the White Salmon River 
and have the potential to impact hatchery facilities operated by the Spring Creek National 
Fish Hatchery.  These potential impacts and the measures to address those impacts are fully 
described in the plan. 

Recreational Facility Removal and Improvements Plan.  The Recreational Facility 
Removal and Improvements Plan describes modifications to the recreational facilities at the 
project site during decommissioning, particularly impacts to white water rafting and 
Northwestern Park.  The plan also specifies opportunities for recreational and visitor 
enhancement after decommissioning including signage, overlooks, and park improvements.  

Sediment Assessment, Stabilization, and Management Plan.  The Sediment Assessment, 
Stabilization, and Management Plan addresses the management of sediment that is retained 
within the reservoir area after the dam is breached.  When the dam is breached a significant 
volume of reservoir sediment will be released downstream as the White Salmon River returns 
to a natural stream channel configuration.  In addition to natural erosion, additional efforts 
may be required to reduce over-steepened banks and develop areas for revegetation and 
wetland development.  The Sediment Assessment, Stabilization, and Management Plan 
provides specific criteria for identifying areas that need additional sediment management 
efforts, what approaches could be used to recontour slopes, the criteria that will be used to 
determine when slopes are stable and available for revegetation, and how conditions will be 
monitored.  The plan also describes active sediment management measures such as hydraulic 
excavation using river water to stabilize and mobilize sediment within the reservoir area.  

Woody Debris Management Plan.  The Woody Debris Management Plan addresses woody 
debris that will be exposed after the reservoir is drained and stored sediment is eroded.  Some 
of this debris has the potential to enhance fish habitat while some debris may be detrimental 
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to establishing a stable stream channel or may pose a hazard to public safety.  The Woody 
Debris Management Plan provides guidance to evaluate when coarse woody debris may 
impede sediment flow, restricts fish passage, or presents a public safety concern.  The plan 
suggests methods to resolve those problems and specifies how woody debris conditions will 
be monitored and establishes criteria for determining whether woody debris is of sufficient 
quality that it should be made available for stream restoration work. 

Quality Control and Inspection Program.  The Quality Control and Inspection Program 
identifies staff organization, lines of communication, inspection and field practices, 
documentation, training requirements, environmental compliance, and schedule.  The 
purpose of the plan is to ensure that construction and project-related monitoring and 
mitigation actions contain a high degree of quality and conform to the project requirements, 
plans, and specifications. 

Public Safety and Traffic Control Plan.  The Public Safety and Traffic Control Plan 
addresses two areas: public safety and traffic control.  The public safety portion of the plan 
identifies specific measures to minimize risk to the public from breaching of the dam, from 
unauthorized access to the construction site, and from project-related sediment sloughing.  
The plan includes a schedule for implementation of public safety measures. The traffic 
control portion of the plan provides guidance to minimize potential project-related traffic 
accidents and minimize the number and duration of traffic delays.  The plan also provides 
specific traffic control measures that will be implemented and locations for road closures and 
other traffic controls.  

Historic Properties Management Plan.  The Historic Properties Management Plan provides 
historic context for existing structures and the older historic and archaeological features in 
the project area.  The plan also evaluates the impact of decommissioning on historical 
resources and specifies provisions for additional surveys and archaeological monitoring for 
protection of undocumented historical resources that may be discovered during the project. 
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4  HYDROLOGY AND HYDRAULICS 

4.1  INTRODUCTION  

The White Salmon River drains approximately 386-square miles between Mt. Adams and the 
Columbia River.  The river flow has been recorded by the U.S. Geological Survey (USGS) 
gage station 14123500 (White Salmon River near Underwood, WA).  Hydrologic studies of 
the river basin and flood frequency analyses were conducted for the Summary Report 
prepared by R. W. Beck, Incorporated, in May 1998 and the Condit Hydroelectric Project 
Removal Sediment Behavior Analysis Report prepared by G&G Associates in May 2004.  
Results from these previous studies were re-visited and updates were incorporated into this 
report as new flow data has become available since the previous studies were completed.  
The hydraulic data associated with the dam removal activities are also discussed in this 
report.  

In addition, a hydraulic analysis of the proposed drain tunnel was conducted for this report.  
The proposed drain tunnel geometry presented in the May 1998 Summary Report was 12-feet 
vertical by 18-feet horizontal with an invert at approximately 174 feet.  The report also 
indicated that the dimensions of the drain tunnel were adequate to pass approximately 10,000 
cubic feet-per-second.  The purpose of the new hydraulic analysis was to refine the geometry 
of the drain tunnel since new survey information at the dam site became available.  The 
blasting criteria were also taken into account in refining the geometry of the tunnel. This 
study also investigated the flow characteristics of the tunnel. Results of the hydraulic analysis 
are discussed in this section.  

4.2  AVERAGE DAILY FLOWS  

The USGS gage 14123500 is located on the White Salmon River approximately 1,000-feet 
downstream from the Condit powerhouse3.  The gage has been recording flow data on the White 
Salmon River since 1915.  According to the recorded gage data, the mean value of the average 
daily flow for the period from Water Year 1915 to Water Year 2007 is 1,114 cubic feet-per-
second4,5.  All the recorded daily flow data from Water Year 1915 to Water Year 2007 are 
presented in Figure 4-1.  The maximum, minimum, and mean daily flows for each day of the year 
were updated from the Condit Hydroelectric Project Removal Sediment Behavior Analysis Report, 
prepared by G&G Associates, May 2004,  and are presented in Figure 4-2. 
                                                      
 
3 Since the gage station is located downstream from the dam, the flow data obtained at the 
gage may have been affected by gate operations at the dam and may not reflect the natural 
river flow into the reservoir.  It is unknown how much impact gate operations had on the 
river flow downstream of the dam.  Caution must be exercised when making judgments 
based on these flow data.  
 
4 The term "water year" is defined by the USGS as “the 12-month period from October 1, for 
any given year through September 30, of the following year.  The water year is designated by 
the calendar year in which it ends and which includes nine of the 12 months.  Thus, the year 
ending September 30, 1999, is called the "1999" Water Year.” 
 
5 The average daily flow is referred to as daily flow in the rest of this report. 
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Figure 4-1  Daily Flows at USGS Gage 14123500 
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Figure 4-1 shows that most of the daily flow data are below 6,000 cubic feet-per-second during the 
recording period.  The flood of record (15,400 cubic feet-per-second) occurred on  
February 9, 1996.  The second largest flood (14,000 cubic feet-per-second) occurred on January 
16, 1974.  These events have been influenced by project operations and are not representative of 
the natural river flow. 
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Figure 4-2  Maximum, Minimum, and Mean Daily Flows at USGS gage 14123500, White 
Salmon River 
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Table 4-1 summarizes the maximum, minimum, and mean daily flows for the proposed 
construction period of October through April, along with individual months. 

Table 4-1  Maximum, Minimum, and Mean Daily Flows by Month 
 Daily Flow – cubic feet-per-second 
Month(s) Maximum Minimum               Mean 
October ~ April 15,400 158               1,205 
January 14,000 158 1,344 
February 15,400 396 1,522 
March 5,000 489 1,504 
April 4,770 527 1,506 
May 3,360 497 1,503 
June 3,300 486 1,249 
July 2,800 326 880 
August 1,410 270 694 
September 1,310 304 626 
October 3,210 269 628 
November 5,100 278 809 
December 9,200 321 1,143 
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Flow duration curves were also developed for the entire record period and each month.  The 
flow duration curve covering all daily flow records from Water Year 1915 to Water Year 
2007 is shown in Figure 4-3, and the curves for each month are included in Appendix F. 

Figure 4-3  Flow Duration Curve for White Salmon River 

Annual Flow Duration Curve  White Salmon River 1915  to 2007
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4.3  FLOOD FREQUENCY ANALYSES 

A flood frequency analysis was conducted by the USGS in 1985 and then updated by G&G 
Associates using flow data up to Water Year 2001 in the May 2004 Sediment Behavior 
Analysis Report.  These two flood frequency analyses both used the annual maximum daily 
flows of each water year and the Log Pearson Type III (LP III) distribution techniques.  In 
both analyses, the extreme floods that occurred in 1974 and 1996 were used as the annual 
maximum flow of that year.  Since these two floods were caused by out-of-ordinary 
conditions and did not represent the normal flooding condition in the river, using them in the 
flood frequency analyses resulted in very conservative estimates.  A new flood frequency 
analysis was performed by Mead & Hunt, Incorporated, in 2007 using flow data up to Water 
Year 2007.  The new study also used the LP III distribution techniques.  The flow during the 
1974 flood did not exceed the high outlier threshold using equation (7) recommended in the 
Guidelines for Determining Flood Flow Frequency (Bulletin #17B) by U.S. Department of 
the Interior.  Therefore, the flow data from this event was included to make sure that all 
possible flood events were accounted for in the analysis.  Results from the 2007 flood 
frequency analysis are summarized in Table 4-2. 

Table 4-2  Flood Frequency Analyses Results by Month 
(in cubic feet-per-second) 

 Recurrence Interval of Flood 
Month 2 Year 5 Year 10 Year 25 Year 50 Year 100 Year  200 Year 
January 2,233 4,078 5,584 7,805 9,687 11,760 14,052 
February 2,283 3,806 4,942 6,503 7,746 9,045 10,420 
March 2,036 2,901 3,506 4,304 4,922 5,560 6,222 
April 1,875 2,508 2,940 3,500 3,928 4,366 4,816 
May 1,820 2,294 2,576 2,902 3,118 3,342 3,546 
June 1,478 2,023 2,383 2,839 3,178 3,517 3,860 
July 988 1,325 1,559 1,869 2,111 2,360 2,621 
August 786 973 1,088 1,226 1,324 1,419 1,512 
September 729 887 983 1,096 1,177 1,254 1,330 
October 762 991 1,159 1,393 1,583 1,786 2,005 
November 1,278 2,141 2,853 3,928 4,868 5,931 7,137 
December 1,867 3,454 4,861 7,111 9,178 11,606 14,461 
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4.4  PEAK FLOWS 

Figure 4-4 compares the yearly instantaneous peak flow to the daily flow of the same day.  
On average, the instantaneous peak flow exceeds the average daily flow by about 36 percent.  
The figure shows a maximum instantaneous flow of 45,200 cubic feet-per-second in 1996.  
By comparison, the maximum capacity of the drain tunnel is expected to be approximately 
11,600 cubic feet-per-second.  The drain tunnel capacity is discussed later in this section.  

Figure 4-4  Instantaneous Peak Flows Compared to Daily Flows 
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4.5  RESERVOIR AND TIME TO OVERTOPPING DURING DRAIN TUNNEL CONSTRUCTION  

Northwestern Lake has a surface area of 92 acres at the normal pool level of 295 feet and a 
drainage area of about 386-square miles.  The reservoir area and capacity curves are shown 
in Figure 4-5. 

Figure 4-5  Reservoir Area and Capacity6 

 

                                                      
 
6 These curves were part of the application for license dated in December 1991 and are 
included for information only.  The accumulation of sediment within the reservoir since 1991 
has likely changed this data.  
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During the drain tunnel construction period (August through October), the reservoir level 
will be lowered down to 285 feet.  As shown in Table 4-1, on a typical day during the months 
of August through October, the daily flow ranges from 270 to 3,200 cubic feet-per-second.  If 
the flowline shuts down for some reason it is estimated that it would take approximately 2 to 
26 hours for the pool level to rise to the top of the gates at 295 feet.  However, due to 
constant variations of the flow condition in the reservoir, flows should be watched closely 
and monitored continuously during construction.  JR Merit will use their best judgment to 
allow sufficient time for evacuation if such condition would occur.  

4.6  SPILLWAY RATING CURVE AND TAILWATER RATING CURVE 

The spillway rating curve and tailwater rating curve at the powerhouse have been developed 
for previous studies and are shown in Figures 4-6 and 4-7.  

Figure 4-6  Spillway Rating Curve (all gates open) 
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Figure 4-7  Tailwater Rating Curve at Powerhouse 

 

4.7  DRAIN TUNNEL HYDRAULICS  

The geometry of the proposed drain tunnel was modified from the geometry presented in the 
May 1998 Summary Report based on blasting criteria (See Section 6).  The proposed drain 
tunnel has an arched crown at a radius of 14 feet over a rectangular base with a bottom width 
of 18 feet and side heights of 10 feet.  The cross sectional area of the tunnel is about 220 
square feet.  A topographic survey was conducted in 2007 for the project area and showed 
that the tailwater level immediately downstream from the spillway was at approximately 
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elevation 177.  Therefore, the downstream invert of the drain tunnel was set at elevation 175 
in the design to limit the dewatering effort for the tunnel construction area, as well as provide 
a low outlet for sediment sluicing.  The slope of the drain tunnel is set at 0.5 percent in order 
to route water away from the upstream tunnel face during excavation activities.  The 
geometry of the drain tunnel was determined based on the use of smooth wall blasting 
techniques for providing adequate stability of the dam and constructability of the tunnel.  
With the current configuration, the top of the drain tunnel is approximately 4 feet below the 
rock anchors that are located 10 feet from the upstream face of the tunnel in order to provide 
sufficient separation from the tendon anchors (See project removal drawing sheets CL-0521 
and CL-0522 for tunnel profile and cross sectional view).  

A steady-state flow model was prepared to evaluate the flow characteristics through the drain 
tunnel using the computer software HEC-RAS, Version 3.1.3, developed by the U.S. Army 
Corps of Engineers, Hydrologic Engineering Center.  The range of the model extended from 
approximately 150-feet upstream of the dam to approximately 900-feet downstream of the 
dam.  The geometric information for areas upstream from the dam was obtained from the 
original 1912 contours, and the information for areas downstream from the dam was obtained 
from a topographic survey for this project conducted in 2007.  The Manning’s “n” values in 
the lake and river channel were assumed to be 0.050 for the main channel and 0.100 for the 
left and right overbanks based on recent photos taken at the project site.  The main channel 
contains cobbles with large boulders, but no vegetation, and the overbanks contain trees and 
brush on steep banks.  The Manning’s “n” value for the drain tunnel was assumed to be 0.025 
based on the blasting technical information (smooth wall blasting techniques) and the 
aggregate shape (angular, basalt aggregate, 1/16 of an inch to a maximum of 2 inches) 
obtained from the concrete boring logs included in the 1972 Inspection Report.  The drain 
tunnel capacity curve that was developed from a HEC-RAS model is presented in Figure 4-8.   

Figure 4-8  Drain Tunnel Capacity Curve 
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As shown in Figure 4-8, the maximum capacity of the tunnel was estimated to be 
approximately 11,600 cubic feet-per-second at the reservoir drawdown level at elevation 285 
with the maximum flow velocity at about 90 feet-per-second.  A vent hole will be drilled 
from the crest of the spillway to the roof of the drain tunnel which will enhance stability of 
the dam during high pressure flow and expedite the transition from pressure flow to open 
channel flow in the tunnel.  At open channel flow, the drain tunnel has a maximum capacity 
of about 2,500 cubic feet-per-second with the flow velocity at about 11.4 feet-per-second.  
The discontinuity on the curve at approximately 3,500 cubic feet-per-second demonstrates 
the transition from open channel flow to orifice flow when the reservoir water level is 
slightly above the crown of the drain tunnel.  During the construction period of October 
through April, typical river flows (See Figure 4-2 and Table 4-1) range from 150 cubic feet-
per-second to 10,000 cubic feet-per-second with mean flows ranging from 600 cubic feet-
per-second to 1,500 cubic feet-per-second.  When the river experiences high flows during the 
construction period, the reservoir may partially refill.  As shown on the drain tunnel capacity 
curve, as the reservoir level increases, capacity of the drain tunnel also increases and more 
flow can pass through the tunnel.  Since the maximum river flow during the construction 
period (10,000 cubic feet-per-second) is less than the maximum capacity of the drain tunnel 
(11,600 cubic feet-per-second), if the tunnel does not get clogged by debris, the reservoir will 
not refill above elevation 285.  Flow profiles through the dam are presented in Appendix G. 

4.8  FLOW ROUTING DURING DRAIN TUNNEL CONSTRUCTION  

The existing hydraulic capacity of the Condit plant will be used to divert water from the 
reservoir during the construction of the drain tunnel.  The plant capacity and kilowatt/cubic 
feet-per-second (KW/cfs) curves for this project were included in the 1963 License 
Application document and are shown in Figure 4-9.  Based on the plant capacity curve, the 
maximum gross head is approximately 177 feet at the plant’s maximum capacity of about 
14.7 megawatts.  The KW/cfs value at this plant capacity is approximately 11.6 with full 
gate, which corresponds to a flow of about 1,300 cubic feet-per-second.  Therefore, the 
flowline and penstocks are capable of passing 1,300 cubic feet-per-second at the maximum 
turbine capacity.  This flow capacity is higher than most of the two-year floods during the 
months between October and April.  The maximum flow velocity associated with this flow is 
about 9.1 feet-per-second in the flowline and 10.2 feet-per-second in the penstocks.  
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Figure 4-9  Plant Capacity & KW/cfs 

 

With normal pool at elevation 295, the combined hydraulic capacity at the powerhouse is 
approximately 1,340 cubic feet-per-second (700 cubic feet-per-second at unit 1 and 638 
cubic feet-per-second at unit 27).  During the drain tunnel construction period, the reservoir 
level will be drawn down to elevation 285.  As a result, the flow passing through the flowline 
and penstocks will decrease.  Based on the plant capacity curve and the tailrace rating curve, 
the system will be able to pass almost 1,200 cubic feet-per-second with a plant capability of 

                                                      
 
7 This information was obtained from the unit performance tests on both turbines that were 
conducted in March 2000. 
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13 megawatts.  This flow is still higher than most of the two-year floods for the months 
October through April.  Flow velocity associated with this flow is about 8.4 feet-per-second 
in the flowline and 9.4 feet-per-second in the penstocks.  The turbine performance test results 
are presented in Appendix H. 

4.9  SURGE TANK WEIR  

A 20-foot long weir exists inside of the surge tank with a crest elevation at elevation 290 and 
a 4-foot flashboard on the top.  A spillway is located outside of the surge tank to divert flow 
over the weir back into the river.  A possibility of using the weir as a secondary outflow 
structure was investigated for this study in case the penstocks are not functional.  However, 
the crest height of the weir makes it impossible to use the weir as an alternative outflow 
structure in its current configuration without modification.  At an average daily flow of 1,200 
cubic feet-per-second, 7.2 feet of head over the weir would be required to pass all the flow.  
This would require the weir to be cut down more than 12 feet to provide similar capacity as 
the penstocks.  Further, gates would have to be installed at the weir to provide flow control.  
Therefore, using the weir as an alternative outflow structure was not considered a viable 
option and did not present advantages over routing flow through the Condit powerhouse. 
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5  STABILITY 

The stability of the dam was evaluated to confirm that adequate factors of safety remain 
during the removal process.  Several new loading conditions will be present during the 
decommissioning of the structure that have not been considered in past analyses.  This 
section addresses stability of the dam during the decommissioning.  The first stage includes 
drain tunnel construction and the effect loss of mass and dynamic blasting methods may have 
on stability.  The second stage includes the operation of the drain tunnel and possible tunnel 
clogging during the decommissioning process. 

5.1  EXISTING STABILITY ANALYSIS  

Stability analysis of the concrete structures was originally investigated in the Part 12 Safety 
Inspection Report of 1972.  This analysis was conducted by evaluating sliding stability and 
bearing stress at base elevations for nine separate sections and three loading conditions: 
normal, probable maximum flood (PMF), and seismic.  The effective elevation of the base of 
the dam was presumed to be at elevation 227.  The spillway portion below elevation 227 feet 
was constructed within a narrow gorge and is keyed into and confined by the gorge wall 
bedrock, forming a monolithic continuous line of foundation for the dam above.  The 
analysis assumed that the principle stability failure would occur at this plane of analysis. 

The stability analysis review conducted for the 1972 Safety Inspection Report concluded that 
the dam did not have adequate factors of safety for unusual and extreme loading conditions.  
As a result, 22 multi-strand rock anchors were installed in 1973 to provide adequate factor of 
safety for stability. 

The stability analysis was revisited in 1983 due to changes in uplift pressure assumptions in 
accordance with new FERC guidelines.  The updated stability analysis performed in 1983 
resulted in less than desirable factors of safety for PMF loading.  However, a revised 
dambreak analysis indicated that failure of the dam during the PMF would not result in 
incremental damage or loss of life.  Therefore, no remedial action was taken. 

The 1983 stability analysis used two-dimensional gravity analysis methods for evaluating 
stability.  The following three loading conditions assessed in the 1983 stability analysis are 
summarized below: 

Loading condition 1 - Normal  
Headwater Level (HWL) =  295 feet (top of tainter gates) 
Tailwater Level (TWL) =  below plane of analysis 

Loading condition 2 - Unusual – PMF Flood 
HWL =  301 feet (headwater during flood event) 
TWL =  below plane of analysis 

Loading condition 3 - Extreme – Seismic (0.1g) 
HWL =  295 feet 
TWL =  below plane of analysis 
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Table 5-1 table presents the design assumptions and parameters used in previous stability 
analyses. 

Table 5-1  Material Properties Used in Previous Stability Analyses 
Property of Material Assumption 

Concrete Weight (from testing) 147 pcf (1977) & 151 pcf (1983) 
Concrete Strength (unconfined) 2,760 to 6,690 pounds per square inch  

(from concrete core recovered during 
anchor installation) 

Effective Internal Angle of Friction (Phi) 35 degrees  (assumed) 
Cohesion 200 pounds per square inch  (assumed over 

half the base) 
 

Figure 5-1  Plan Showing Different Dam Sections 
 
 
 
 
 
 
 
 
 
 
 
 

 
Stability analysis from the 1972 Safety Inspection Report divided the dam into nine different 
sections (see Figure 5-1) for the purpose of evaluating stability. Dam cross section 5, as 
shown in Figure 5-1, was identified by R.W. Beck, Incorporated, (in the 1998 Summary 
Report) as the best location of the proposed drain tunnel.  All other sections of the dam will 
not be influenced by drain tunnel construction.  Therefore, only the stability results of dam 
cross section 5 are presented in Table 5-2. 

Table 5-2  1983 Stability Analysis Summary 
Condit Dam – Dam Cross Section 5 

Plane of Analysis at Elevation 227 feet 

Loading 
Condition 

Effective Shear 
Area (SF/FT) 

RH 
Kips/FT 

RV 
Kips/FT 

SFF* 

 1. Normal 46.48 145 170 5.44 
 2. Flood 46.48 163 177 4.87 
 3. Seismic 46.48 187 170 4.22 

* Shear Friction Factor 
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5.2  DECOMMISSIONING STABILITY AT ELEVATION 227 

Figure 5-2 illustrates the location of the proposed drain tunnel relative to the existing post-
tensioned rock anchors.  The proposed drain tunnel penetrates the dam at cross section 5 
(Figure 5-2) with an invert elevation of 175.5 feet and a top elevation of 188.8 feet.  This 
places the drain tunnel ceiling 38 feet below the previous stability plane of analysis of 
elevation 227 and 4 feet below the termination of the tendon anchors.  This alignment has 
been chosen to avoid interference with the existing anchors while reducing tailwater 
cofferdam requirements. 

Figure 5-2  Location of Proposed Drain Tunnel 

 
 
Tendon anchors were installed in 1973 near the upstream face of the dam to strengthen the 
potential failure plane at elevation 227.  The separation of the proposed drain tunnel and the 
tendon anchors by at least 4 feet, along with the use of smooth wall blasting techniques, will 
allow the existing post-tensioned rock anchors to retain this function as initially intended and 
not result in a degradation of dam stability. 

Smooth wall blasting techniques require the installation of closely spaced blast holes with 
light charges to control over-break beyond the specified limits.  Smooth wall blasting will 
limit the possibility of damaging the concrete beyond the drain tunnel, increase hydraulic 
efficiency, and reduce the possibility of debris clogging within the tunnel. 

Water levels for normal (pre-decommissioning) loading conditions as summarized in Section 
5.1 are equal to the top of the crest gates, with tailwater below the plane of analysis.  During 
drain tunnel installation, the crest gates will remain closed, but the upper pool will be drawn 
down by 10 feet to the crest of the concrete dam through generation withdrawal to the 
existing powerhouse.  This will create 10 feet of reservoir freeboard during tunneling 
activities.  Should inflows exceed the hydraulic capacity of the powerhouse, the upper pool 
will rise, tunneling activities will cease, and the crest gates will be opened to pass inflows 
with a minimum increase in headwater level.  Therefore, normal hydrostatic loading should 
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not be greater than those assumed in previous stability analyses.  Flood and seismic loading 
conditions will also be the same as assumed in previous analyses. 

Since drain tunnel construction is proposed to occur below elevation 227 and below the 
existing post-tensioned anchors, and the assumed loading conditions are unchanged from 
previous analyses, dam stability at the assumed failure plane of elevation 227 is unchanged 
and is considered acceptable. 

5.3  DECOMMISSIONING STABILITY BELOW ELEVATION 227 

The lower section of the dam was constructed across a narrow gorge about 60-feet deep and 
50-feet wide.  The gorge alignment is about 10 degrees off of the axis of the dam.  Historical 
photographs of the gorge prior to dam construction show irregular rock surfaces with 
significant disparities.  This geometry results in rock/concrete interface as an unlikely failure 
surface.  Past stability analyses have considered the concrete within the narrow gorge to act 
like a shear plug.  It is through this shear plug that the proposed drain tunnel will be 
constructed. 

The concrete shear plug will be affected by the construction of the proposed drain tunnel.  
The proposed drain tunnel will be constructed mostly through the concrete dam structure 
with some of the tunnel intersecting the concrete/rock interface.  Conservatively, assuming 
the entire length of the proposed drain tunnel intersects the concrete/rock interface, 
approximately 15 percent of the shear plug’s contact area could be lost.  This loss in shear-
resisting interface will likely increase the shear loads from 13.4 pounds per square inch to 
15.4 pounds per square inch with the water level at the top of the gates.  This is considerably 
less than the allowable amount of 200 pounds per square inch over one-half the base.  

The intersection of the tunnel with the rock/concrete interface will allow the tunnel to act as 
an uplift relief drain.  Assuming 111 feet of upstream head during tunneling activities, the 
average uplift pressure will be approximately 24 pounds per square inch under the footprint 
of the drainage tunnel.  This uplift pressure is expected to be reduced 50 percent by 
constructing the tunnel through the concrete/rock interface and by installing uplift pressure 
relief holes along the drainage tunnel where it is in close proximity to the interface.  A 
reduction in uplift forces will increase the stability of the dam. 

The proposed drain tunnel alignment has been chosen to limit intersecting the concrete/rock 
interface while maintaining a final upstream penetration completely within the concrete 
mass. This will allow JR Merit a more predictable and uniform material for final plug 
removal.   

Condit dam is located in a region of moderate seismic risk. In accordance with Chapter 14 of 
the FERC Engineering Guidelines for the Evaluation of Hydropower Projects, Chapter 14, 
Monitoring the Performance of Dams, a Potential Failure Mode Analysis was conducted in 
February 2009 for the dam. Among the Category III Failure Modes identified was a failure of 
the spillway section of the dam due to seismic loading. Before any conclusions could be 
made relative to the adequacy of the dam’s stability under seismic loading, an updated 
seismic risk hazard assessment was required to identify the appropriate seismic source and 
associated site ground accelerations. The current seismic stability analysis for the dam was 
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conducted utilizing a PGA of 0.10g. Current knowledge suggests an appropriate PGA for the 
purpose of conducting updated stability analysis of the dam should be in the range of 0.25g 
to 0.30g.  The current USGS 4,975 year PHGA is 0.29g, and the 2,475 year PHGA is 0.25g. 

The construction of the proposed drain tunnel with smooth wall blasting techniques will 
produce very high frequency motion with only around 0.03 inches in displacement.  This 
imparts much less energy into the dam during blasting compared to an earthquake event.  
Therefore, tunnel blasting activities are not considered to significantly affect structural 
stability. 

The drain tunnel will produce maximum flow velocities of about 90 feet-per-second with an 
upstream pool elevation equal to the top of the tainter gates.  This velocity will reduce 
quickly as the upstream pool is lowered.  Velocity through the tunnel will be significant 
enough to generate negative pressure within the tunnel entrance, which can cause concrete 
deterioration during operation.  To reduce the possibility of negative pressure from occurring, 
a vertical venting shaft is proposed to be installed.  The vent will be drilled from the crest of 
the dam and terminate into the plug section of the tunnel.  This plug section is the last section 
of concrete that requires removal for the drain tunnel to begin to operate.  The vent will also 
allow the insertion of small explosive charges should the tunnel become clogged with woody 
debris that may be present in the upper reservoir.  As noted in Section 2.1.1, the blasting plan 
includes provisions to initiate blasting within two hours after monitoring indicates that flow 
has fallen below 50 percent of the flow anticipated for an unblocked tunnel.  These charges 
are also not considered a significant effect on stability.  Even if the drain tunnel were 
clogged, the downstream tunnel portal allows for the release of blast energy.   

In conclusion, the installation of a drain tunnel through the dam near its base will not 
significantly affect the stability of the dam.  The proposed tunnel will be located below the 
assumed failure plane at elevation 227 feet and below the existing post-tensioned anchors.  
The lower portion of the dam was constructed in a narrow gorge that acts as a shear plug.  
The drain tunnel will be constructed through this part of the dam but have only a minor 
reduction in shear area that retards sliding.  The tunnel will also significantly reduce uplift 
forces by acting as a relief drain.  As a result, the stability of the dam is considered 
acceptable during the installation of the proposed drain tunnel (see Appendix I). 

5.4  DEMOLITION STABILITY ANALYSIS  

Stability during the demolition stages for the dam will have improved factors of safety in 
comparison to existing stability analysis results.  When the drainage tunnel is in place, the 
hydrostatic level will be less than 4 feet above the floor of the drainage tunnel once the 
reservoir is completely drained.  The hydrostatic pressure against the dam will be 
significantly below the plane of analysis.  Therefore, no hydrostatic force will be exerted on 
the dam. 

As the dam crest is lowered, stability factors of safety increase, assuming headwater is equal 
to the dam crest.  The dam will be removed from the top down with reduced headwater level 
using standard drilling and blasting techniques after the drainage tunnel is in place.   
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5.5  POWERHOUSE 

The powerhouse is not a water-retaining structure and therefore does not require stability 
analysis.  The removal of the penstocks, plugging the penstock openings to the powerhouse 
with concrete, installing concrete bulkheads at the powerhouse tailrace, and backfilling of the 
tailrace will not negatively affect stability.  These decommissioning tasks will reduce 
overturning and sliding forces and result in enhanced stability. 
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6  BLASTING CRITERIA 

6.1  DESCRIPTION OF BLASTING REQUIRED  

As currently planned, controlled blasting will be used to excavate a tunnel through the base 
of the dam.  Blasting methods may be used for demolition and removal of mass concrete of 
the dam, but it is not anticipated.  JR Merit may also use blasting for the removal of other 
structures of the project, including the surge tank, the flowline, and the penstock thrust 
blocks and foundations.  JR Merit has prepared a Blasting Plan (Appendix L).  The following 
discussion regarding issues related to the blasting was prepared under consultation with  
Mr. Gordon Revey of Revey Associates, Incorporated, (Revey) who has specialized in 
blasting procedures and risk management of blasting activities for 27 years and is part of the 
design team. 

6.2  BLAST-INDUCED VIBRATION  

Blasting used for excavating the tunnel and for demolition will generate vibrations in the dam 
and surrounding ground.  JR Merit is responsible for designing and executing methods that 
assure the integrity of the dam, including the rock-concrete interface and tendon anchors.  
Measures will include limits on charge weights that limit vibration and the use of decoupled 
charges that prevent overbreak.  The nearest occupied, offsite residences during 
decommissioning activities are located at least 1,300 feet from the dam. 

An empirical equation that defines how much vibration energy is transferred to rock and its 
rate of attenuation can be used to establish specified rules for limiting charge weights based 
on the distance to structures of concern and safe vibration limits.  For these predictions, K is 
the rock energy transfer constant, and m is the decay constant. For preliminary design 
purposes, a conservative K factor of 240 and an m factor of -1.6 can be used to predict 
vibration intensities for the basalt and igneous rock formations located in the project area.  
For initial design purposes, it is assumed that all blasting can be done with a maximum 
charge-weight per-delay of 25 pounds.  As defined above, the following equation can be used 
to predict Peak Particle Velocity. 

Peak Particle Velocity=K(D/� W)m 

Where K = Energy Transfer Constant = 240 
 D = Distance (ft) 
 W = Maximum charge-weight per-delay (lb) 
 m = Decay Constant = -1.6 

Using the above equation, with a maximum charge of 25 pounds-per-delay at a distance of 
1,300 feet to the nearest occupied homes, the Peak Particle Velocity would be around 0.03 
inches per second (in/s) [240 (1,300 / 25 1/2) -1.6].  This Peak Particle Velocity level would be 
barely perceptible and would not cause damage to property or undue annoyance to occupants.  
JR Merit will be responsible for providing seismograph monitoring records that document 
compliance with all specified vibration limits. 

Past experience at other dam and tunnel projects with anchoring devices indicate that anchors 
survive very high levels of high-frequency vibration with intensities as high as 100 in/s.  In 
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addition, the anchors at the dam are located at least 4 feet from the top of the tunnel.  By 
specifying the use of cautious smooth wall blasting methods, it is very unlikely that blasting 
will overbreak 4 feet of dam structure and expose or loosen the anchors. 

Damage to the anchors is not expected due to the low displacements caused by the very-high 
frequency elastic motion generated by near-field (<20 feet) charges.  The steel anchors and 
the anchoring point, whether a mechanical toe anchor or a continuous bond of grout, virtually 
move in the same phase as the bolt due to a small point source generated by blasting charges.  
Vibrating particles of concrete or grout bonded to rock or steel do not separate by the amount 
of peak calculated dynamic displacement because there is not enough differential shearing 
displacement to cause any damage or separation.  The anchors installed in the Condit dam are 
continuously grouted and are expected to behave in this fashion. 

Within the blasting plan, JR Merit demonstrates that existing anchors will not be significantly 
affected, rock-concrete interface will not be sacrificed, or any other critical dam features or 
nearby residences or structures will be damaged.  Specific limitations on the size and 
decoupling of charges used for smooth wall tunneling and concrete demolition blasting will 
be the primary controls that assure concrete in the dam is protected from overbreak or 
excessive cracking damage.  A Peak Particle Velocity from the 5 to 20 hertz range will be 
specific to limit motion to the lower frequency range and reduce whole-structure strain. 

6.3  BLAST-INDUCED AIR-OVERPRESSURE 

Air-overpressure from tunnel blasts will occur.  The tunnel blasts are likely to create the 
largest air-overpressure because open uncharged relief holes are used in the initial cut areas 
of tunnel blasts and higher-pressure gas releases will occur in that part of the blast.  However, 
at the Project, the air-overpressure energy from these blasts will be focused downstream, 
away from the closest residences.  For all blasting procedures, JR Merit may reduce the 
intensity of air-overpressure at the source by stemming charged holes. 

Based upon experience and previous tunnel projects completed, the intensity of air-
overpressure exiting the portal of the tunnel will not exceed 150 decibels (dB), 100 feet from 
the portal.  Intensities of air-overpressure at varied distances can be calculated using the 
following extrapolation relationship: 

OPx= OP1-20 log10 (Rx/R1) 

Where  OPx = Over-pressure at distance X (dB) 
 OP1 = Reference over-pressure and distance R1 (dB) 
 R1 = Reference over-pressure distance (ft) 
 Rx = Extrapolated over-pressure distance (ft) 

Using this equation for homes 1,300 feet from the portals, the intensity of blast-induced air-
overpressure will be approximately 118 dB. A maximum of 133 dB is recommended by the 
US Bureau of Mines (Siskind, 1985) and is adopted within the State of Washington blasting 
regulations.  Therefore, predictions indicate air-overpressure will be well below this value.  
Seismographs will be used to measure ground vibration and air overpressure during 
construction.  In addition, JR Merit’s blasting plan predicts air-overpressure and how it can 
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be reduced, such as by covering the blast areas or by inserting clay or other similar materials 
within the collar of the blast. 

6.4  TUNNEL BLASTING  

The tunnel will be constructed near the base of the dam.  The tunnel will be primarily 
through the concrete dam but may require partial excavation of the rock gorge wall.  For 
constructability, the proposed tunnel cross-section incorporates an arching roof.  From a 
constructability perspective, the final shape of the tunnel may be modified a few feet in any 
dimension to accommodate JR Merit’s design. 

The final blast penetration into the reservoir and precautions taken by JR Merit will be 
critical for project safety.  JR Merit’s blasting plan summarizes safety measures that fully 
comply with specified excavation controls that include, but are not limited to, probe drilling 
to verify the breakthrough location and condition of concrete and bedrock prior to the final 
penetration. 

The design of the tunnel will also include an excavated pit, or "rock trap," in the floor of the 
tunnel that will catch blasted material from the final blast.  JR Merit will be required to 
design the rock trap, but generally the volume of the pit is twice the volume of the final blast.  
To reduce debris clogging, the downstream side of the rock trap would be sloped.  Also, to 
reduce the possibility of clogging, protective fish pockets within the tunnel as previously 
specified in the tunnel design will be eliminated. 

A vertical hole with a diameter of 4 inches will also be drilled near the upstream face of the 
dam to allow the placement of suspended concussion charges that would be used to clear 
debris, if required.  JR Merit’s blasting plan: 1) includes the method of delivering charges, 2) 
demonstrates that concussion charges will deploy, 3) describes how flow through the 
drainage tunnel will be monitored, 4) specifies that charges will be deployed within two 
hours after flow has fallen below 50 percent of the flow anticipated for an unblocked tunnel, 
and 5) defines how air-concussion energy generated by debris-clearing-charges will not 
affect the stability of the dam. 

There are two, 5-foot diameter, wood-lined conduits through the dam intended to serve as 
low level outlets.  Flow through these outlets is controlled by steel slide gates cast into the 
upstream face of the dam.  JR Merit’s blasting plan addresses placing charges at the gates 
and the means that will be used to deploy those charges if the gates prove to be inoperable 
and the criteria for a partially clogged drain tunnel is met. 

6.5  DAM REMOVAL  

The controlled concrete demolition concepts described in the 1998 R. W. Beck, Incorporated, 
Summary Report are considered feasible and reasonable.  JR Merit’s methods will vary by 
what types of cranes, yarders, and haulage equipment they plan to use to remove the 
fractured concrete. 
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6.6  BLASTING FOR OTHER FACILITY REMOVALS  

If JR Merit elects to use blasting for removal of other facilities, such as the surge tank and 
flowline and penstock thrust blocks, a blasting plan addendum will be prepared to include 
details for the removal of these structures and vibration and air-overpressure considerations 
for nearby residences. 

6.7  DEBRIS CONTROL  

JR Merit has been required to address drill-dust controls, explosive selection, and other 
aspects to control debris in their blasting plan. 

Prior to tunneling, JR Merit will be required to install all worker safety and debris recovery 
devices required in the approved blasting plan.  This may include canopies over the tunnel 
portal, debris deflectors, and rubble collectors to limit material from entering the river.   
Details of the containment plan stamped by an engineer will be required to be submitted to 
PacifiCorp Energy for review. 

Specialized blasting controls will be required to reduce the amount of broken concrete that is 
lost to the river when concrete is removed beside and below the tunnel.  Decoupled charges 
that do not completely fill blast holes and limits on powder factor and blast size may be used 
for removal of the concrete near or below the river flow to minimize the amount of concrete 
rubble that is washed away.  The larger concrete rubble will then be removed from the river 
by clamshell buckets or backhoes, or other methods proposed by JR Merit. 

6.8  ENVIRONMENTAL IMPACTS  

JR Merit is required to use preventive measures to reduce blasting impacts on wildlife, air 
quality, water quality, and to reduce noise.  Ways to reduce environmental impacts may 
include: 

�  Using only fixed-cartridge or detonating cord explosives instead of liquid 
explosives that could contaminate water 

�  Reducing airborne dust by requiring wet drilling techniques 

�  Using only Fume Class 1 explosives that reduce the amount of toxic gas 
released  

Research conducted by Revey and other researchers (Hall, et al) at the Washington Park Zoo 
during construction of the west side lightrail project tunnel beneath the zoo reported that test 
animals experienced no long-term negative effects from the levels of noise and vibration 
produced by blasting.  Also, based upon experience and work with other species at other 
projects indicate that the very low levels of vibration and moderately low air-overpressure 
expected in the affected area around Condit dam, no significant harm or undue annoyance to 
area wildlife is expected. 
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The environment aspects of the blasting program will be further addressed within the 
following Decommissioning Management Plans: 

�  Dust Control Plan 

�  Environmental Monitoring Plan 
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