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1 INTRODUCTION

1.1 PURPOSE

The purpose of this Project Removal Design Refeport) is to describe the planned
removal of the Condit Hydroelectric Project (FER@jBct No. 2342) (Project) located on
the White Salmon River in Skamania County and KiatkCounty, Washington, and to
demonstrate adherence with the forthcoming Fedgraigy Regulatory Commission
(FERC) Surrender Order and the Condit Settlemeneé&gent. The overall work scope for
the Project removal includes other infrastructuaaifications and decommissioning
management plans as identified in this sectionfarider detailed in their respective
engineering reports and management plans.

1.2 BACKGROUND

In 1968, a new license was issued by the FedergyrRegulatory Commission for a 25-
year term, which expired on December 31, 199319811, PacifiCorp Energy filed an
application with the FERC for a new license authiog the continued operation and
maintenance of the project. PacifiCorp Energydiase been operating the project pursuant
to annual licenses, pending determination by thRE&Bn the status of PacifiCorp Energy’s
new license issuance. In 1996, the FERC issueda Environmental Impact Statement
(FEIS) that analyzed the environmental and econeffécts of various relicensing
alternatives for the project. The FEIS include@@mmendation to approve licensing with
mandatory conditions, including provisions for édithing fish passage facilities at the
project.

PacifiCorp Energy evaluated the economic impacts@FERC recommendations contained
within the FEIS and determined that the mandatond@ions would render the project
uneconomic to operate. In 1997, PacifiCorp Eneegyested a temporary abeyance of the
relicensing procedure in order to investigate treesibility of various removal alternatives in
collaboration with project stakeholders. Pacifi€&nergy and project stakeholders then
commissioned the consulting firm of R.W. Beck, Inpwrated, to evaluate removal
alternatives. In 1998, R.W. Beck, Incorporate@pared a summary report of project
removal engineering considerations that identifrezlpreferred method and schedule for
project removal as well as the expected costs asacated environmental and permit issues.
In 1999, the Condit Settlement Agreement was sidnyedacifiCorp Energy and project
stakeholders to resolve all issues in the procegefdinrelicensing the project. The settlement
agreement provides for project removal upon theratipn of an extended license term in
accordance with the preferred method identifiethenR.W. Beck, Incorporated, summary
report. The settlement agreement was amended® t20extend the dates for project
removal.

In 2002, the FERC prepared a Final Supplementab Fiadressing project removal, which
updated the 1996 FEIS and fully assessed the sffssbciated with approval and
implementation of the Condit Settlement AgreemdntMarch 2007, Ecology issued the
Final Supplemental Environmental Impact statemeRi$) for the project.
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In September 2002, the U.S. Fish and Wildlife Servssued a Biological Opinion finding
no jeopardy to bull trout for ongoing project opgeras and implementation of the Condit
Settlement Agreement. In October 2006, the NatidMeine Fisheries Services issued a

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

1.3 EXISTING PROJECT DESCRIPTION

The Project is located on the White Salmon Rivexpgroximate river mile RM 3.3 and
creates a 92- acre reservoir named Northwestera.Lhkgeneral, 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-ktdied site location maps are included as
Appendix A that show the general features of thoggut.

1.3.1 Dam
The dam and appurtenances have the following ctearstics:

125-foot high gravity dam constructed of approxiehaB0,000 cubic yards of
concrete

Two low-level sluiceways located near the base witienterline elevatidrat
180.75 feet and closed by cast iron gates locatdatdeupstream face of the
dam

250-foot long spillway section including:

One vertical lift gate (6-foot wide by 12-foot highlith an ogee crest at
elevation 283

Five radial gates (10-foot wide by 10-foot high}wan ogee crest at
elevation 285

Ten rubber fabric Obermeyer gates (10-foot highih\&n ogee crest at
elevation 285

Concrete operating deck at elevation 297.5 locabexve the radial gate
section of the spillway

1 All elevations in this report are based on PadfiCEnergy datum. Add 9.30 feet to
convert elevations to NAVD 88 datum.
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Water intake left of spillway including five, 9.%dt square openings
equipped with individually controlled timber sligates with gate openings at
elevation 270

Steel nipple at headworks transition into the wstabe flowline

1.3.2 Northwestern Lake

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

An estimated 2,296,000 cubic yards of silt, samdyel, and cobbles

Large woody debris from historical logging actiggiand the upstream
watershed

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

Other large debris of unknown characterization

A bathymetric survey of Northwestern Lake was caneld in 2006 by Finley Engineering
Company showing the water depths. This data wagaced to contours from the original
design survey and the difference was used to efgitha amount of sediment within the
reservoir. A geophysical survey was conducteddid82by Golder Associates to provide data
on possible debris embedded in the sediment. Bdsain the geophysical survey indicated
that large debris is not present directly in frohthe proposed drain tunnel. Another finding
from the survey was that the recent sediment depase not very thick. This thin layer of
loose sediment will be difficult to stabilize dugielearing operations, and will flow quickly
toward the open drain tunnel.

1.3.3 Flowline

Water is conveyed from the intake structure atids® to the surge tank through a flowline.
The flowline is a 13.5-foot diameter wood staveepgmd is approximately 5,100-feet long
with a 90-degree bend and concrete thrust blocktéocnear the midpoint. The majority of
the flowline is supported on mat concrete foundetjdut three sections (Sta 13+60 to Sta
14+10, Sta 19+04 to 20+30, and Sta 21+84 to Sta&3are 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 prdwdeaulic stability to the generation
units and transient protection to the penstockflovdine during unit start up and load
rejections. The 40-foot diameter, 45-foot higmfeiced concrete surge tank limits the
pressure rise in the conveyance system by retuffong to the river via an internal weir and
64-foot long covered channel that terminates ioreccete-lined overflow spillway chute.

2 Stationing as indicated on project removal drawiimgluded in Appendix C.
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1.3.5 Penstocks

Two penstocks, approximately 600-feet long anded-ifie diameter, convey water from the
surge tank to the powerhouse. The right penstakobd stave pipe supported by concrete
saddle supports. The left penstock is a steelthigieis supported by ring girders placed on
concrete footings. Both of these penstocks emipli@ymittent concrete thrust blocks
located approximately halfway along the penstoanahents.

1.3.6 Power Substation and Powerline

Two, 69 kilovolt transmission lines terminate a $ubstation located near the powerhouse:
the existing Condit to Bald Mountain 69 kilovolbé and the Condit to Bingen 69 kilovolt
line. In addition, there is a powerline that cathg supplies power from the substation to the
dam, and also supplies the residences near therpous2. Power generated at the project
feeds the substation and supplies power to thetigrasigh the Bald Mountain and Bingen 69
kilovolt lines.

1.3.7 Powerhouse and Tailrace

A reinforced-concrete powerhouse with an instatlapacity of 14,700 kilowatts houses two
double-runner, horizontal, Francis-type turbinegyator units. A downstream tailrace is
separated from the river by a tailrace wall thapproximately 320-feet long.

1.3.8 Operator’s Buildings
Two houses and outbuildings are located east asubstation and serve as living quarters
for the project operators.

1.4 PROJECT REMOVALS

The project components to be removed, to be maljifiad to remain are summarized in this
section. More detailed descriptions of the ratiepeonstruction sequencing, and
engineering considerations are described in |&erans.

1.4.1 Components to be Removed

1.4.1.1 Dam

Dam removal will commence with blasting a tunnebtlgh the dam at its base, draining the
reservoir, and allowing river erosion to removeiseoht deposited upstream of the dam.
The dam will be removed using large demolition exatars after the reservoir has been
emptied. It is possible that drilling and blastimndj 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 tlrain tunnel, sediment and woody debris
will be cleared from a portion of the upstream fatéhe dam that is located immediately
above the drain tunnel to facilitate sediment shg¢hrough the drain tunnel. The drain
tunnel approach is intended to provide rapid shgaf the sediment downstream. Woody
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debris salvaged from the lake bed is addressdteimanner specified in the Woody Debris
Management Plan.

The original diversion cofferdam, crib dam, andedsron flume used during the dam
construction will be removed once the reservodraned. The original diversion cofferdam
and crib dam will be removed from the river as sasmracticable after the breach. The
original diversion tunnel between the river diverspoint and the diversion flume will be
plugged to prevent public access. Other largeisl@mcountered in the lake bed will be
removed and disposed of as appropriate.

1.4.1.3 Flowline

The flowline removal will include the timber framevk, wood stave pipe with radial
reinforcing rods, steel bend, and concrete thriestikdo The concrete footings are mostly

flush with the ground and will be left in place \ehthe concrete support piers will be

entirely removed. The flowline alignment will b&lized after the wood stave pipe and
associated structures are removed for the dispbgaincrete rubble from the dam. Trestle
structures may be retained to provide a deck tengorary roadway to provide access to the
flowline during placement of the rubble. Drainageictures (culverts) will be placed to
convey streamlets across the flowline alignmentuiigde concrete rubble. The rubble will

be isolated from the water in the drainage crossing

1.4.1.4 Surge Tank

The concrete surge tank will be removed to rock&mches below the ground surface
surrounding the surge tank whichever is encountiretd

1.4.1.5 Penstocks

The penstocks and intermediate thrust blocks anddations will be removed up to their
powerhouse penetration. The short concrete suppag will be removed or buried in place.
A short section of steel penstock and wood stanstpek bifurcation immediately upstream
of the powerhouse is encased in concrete. Thisoseaf encased penstock is buried under
the powerhouse access road and parking area. etherswill remain in place, but the
upstream portals will be sealed with concrete beidkds.

1.4.1.6 Powerline

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

1.4.1.7 Tailrace Wall

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

1.4.2.1 Surge Tank Spillway

The concrete surge tank spillway discharge corahdtchannel will remain, and the upper
portions of the spillway will be fenced off to remupotential falling hazards.

1.4.2.2 Power Switchyard

The switchyard will be removed by JR Merit. Priocommencing removal, JR Merit will
complete an environmental site assessment of thehsiard to identify any contamination
from oils or other hazardous materials that mayeh@ocurred in the past.

1.4.2.3 Powerhouse

The powerhouse structure will remain in place bilithe prepared for long-term storage.
The powerhouse structure will be preserved andnegharl he turbine intakes and discharge
openings will be plugged with concrete and the dstvaam openings to the draft tubes will
be blocked with concrete. The generating equipmathin the powerhouse will be left in
place. An outside power drop will be provided.

1.5 OTHER INFRASTRUCTURE M ODIFICATIONS

This section includes a brief discussion of otidraistructure modifications prior to Project
removal. These activities are not detailed inst@pe of this report.

1.5.1 Northwestern Lake Bridge

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

1.5.2 City of White Salmon Water Supply Pipeline

The City of White Salmon water supply pipeline is4inch diameter water supply line that
crosses the reservoir and is located approximatetyle upstream of the dam. The
waterline was laid on the bottom of the reservdiewinstalled in 1957 to replace a line
installed in 1937. Since the existing waterlineeslided in sediment that is above the
original river bed, draining of the reservoir ikdly to impact the existing water line.
PacifiCorp Energy has executed an agreement wa&lCtty of White Salmon under which
the city will manage the design and constructiothefrelocation of the pipeline. The new
pipeline will cross the river at Northwestern Lakedge 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 orchaettly east of the dam site. The
orchard utilizes a water right for 0.7 cubic feet4second of irrigation water drawn from the
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White Salmon River at Northwestern Lake. The watgply intake relocation work will be
completed after the dam is breached.

1.6 DECOMMISSIONING M ANAGEMENT PLANS

The decommissioning management plans provide additdetail and requirements for the
decommissioning project in order to manage potemipacts of project removal. These
plans are under separate cover and include theafioly:

Erosion Control Plan

Spill Prevention, Control, and Countermeasure (SPRlan
Dust Control Plan

Environmental Monitoring Plan

Revegetation and Wetlands Management Plan
Recreation Facility Removal and Improvement Plan
Sediment Assessment, Stabilization, and ManageRiant
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 tife semoval of the dam and appurtenances.

1.7.1 Phase | - Pre-draining

Complete other infrastructure modifications

Draw down reservoir to elevation 285 and diveréeriftow through flowline
Maintain continued operation of the powerhouserdufiowline diversion for
flow control

Commence drain tunnel construction and terminate o breaking through
into the reservoir

Remove tailrace wall

Remove spillway gates

Remove floating intake deck, timber deck, Northwast ake boat docks,
boat buoys, and log boom

Clear sediment and debris immediately upstreanmrashdunnel

1.7.2 Phase Il - Removal

Remove final drain tunnel plug and commence reseshaicing

Maintain river flow through drain tunnel by remogiany blockages
Commence concrete dam removal

Remove flowline, surge tank, penstocks, and ponerli

Remove diversion cofferdam and crib dam as sognagicable after the
breach

Remove other large debris from drained reservoiressied
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Modify powerhouse and fill tailrace, as required

1.7.3 Phase lll — Restoration and Monitoring

Restore site in accordance with the decommissiomagagement plans
Monitor environmental conditions and restoratioogress

1.8 PROJECT REMOVALS SCHEDULE

Time Period Action
May Mobilization
June — September Water line relocation and bridgeegtion
August — October Site layout — setup and cleastaging areas, set up

barge in reservoir

August — September Construction of access roatisdimg road to spillway
slab below dam

September Construct drain tunnel
September — October Remove spillway gates anddailall
October Remove reservoir decks, docks, and loghotear

sediment and debris upstream of drain tunnel

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

October — November (Year 1) Remove upstream aidfar

November (Year 1) Demolish headworks

November — July (Year 1) Demolish dam

October — May (Year 1) Remove flowline, surge tagmadnstocks, and powerline
February — April (Year 1) Modify powerhouse and tiilrace, as required
August (Year 1) Demobilization for dam removal aitiies

(Note: Years noted are sequenced from the times#rvoir drawdown, Year 1 is the
yearlong period following the drawdown and breagtonthe dam.)
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2 DAM AND APPURTENANT FACILITIES REMOVAL CONCEPT

2.1 CONCRETE DAM REMOVAL

The dam removal concept proposed by PacifiCorp dgnieraccordance with the Settlement
Agreement utilizes a tunnel, excavated throughtee of the dam with the use of explosive
charges, through which the reservoir can be quidkdyned to rapidly sluice reservoir
sediment. Tunneling activities will occur afteetreservoir level is lowered to elevation 285
through normal generating operations, and musbbgteted prior to the cessation of
generation operation. Passing water through noopedations to the lower elevation will
preclude the need for a complicated and cumbersinerediversion scheme. By license
PacifiCorp Energy is required to maintain a flowl&fcubic feet- per-second in the 1.1 mile
bypass section below the dam.

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

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

After the reservoir is drained and the river isatlted through the drain tunnel, the remainder
of the concrete dam, spillway, crest gates, arakestructure 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 gieval 75 at the downstream end. The
upstream invert of the tunnel is at elevation 13%vhich provides a 4-foot separation of the
tunnel to the tendon anchor. This elevation vaiér 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 naturakrgarge approximately 50-feet wide.
There are two, 5-foot diameter, wood-lined condthitsugh this narrow section to serve as
low level outlets. It is unknown if these sluides/e ever been used. Flow through these
outlets is controlled by steel slide gates cast ihé upstream face of the dam. However,
these intake gates are buried beneath approxinmibeiget of woody debris-laden sediment
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and do not have sufficient size or discharge capéuisluice sediment and keep the
reservoir drained for the duration. While thes& level outlets are too small to serve as
reservoir drains and are susceptible to cloggimgy will be used to supplement downstream
discharge particularly if the drain tunnel is paliti clogged as described below. The final
drain tunnel alignment should be designed to aird&tference with these adjacent low-level
outlet conduits.

The drain tunnel shape consists of an arched cetwarradius of 14 feet over a rectangular
base with a bottom width of 18 feet and side heaiglitlO feet and has been sized to pass a
maximum flow of approximately 11,600 cubic feet4second and drain the reservoir in
approximately six hours. The drain tunnel has bksen sized to pass the average monthly
flows ranging from 600 cubic feet-per-second td0,Bubic feet-per-second throughout the
dam removal activities at open channel flow condis. Section 4.6 presents the drain tunnel
hydraulic characteristics.

The existing narrow rock gorge limits access todfran tunnel exit located in the
downstream base of the dam. Access for drain tuwwamstruction will be supplied by JR
Merit. Once the reservoir is lowered to just beltw concrete crest, construction access will
be permitted to the base of the dam. Workers amaeling equipment will be lowered onto

a temporary work platform that is constructed.afwater cofferdam may be needed to
maintain a dry work area. Once in position, theidtunnel will be excavated through the
dam using smooth wall drilling and blasting techugs. If a tailwater cofferdam is used, it
will be removed prior to the breach. Section Gpres the general blasting criteria and
limitations for the JR Merit.

Concrete rubble excavated from the tunnel will&moved from the gorge and transported to
a designated disposal area, recycling area, aitaf- This will prevent the material from
being transported into the downstream channel éythaching flows.

JR Merit has developed a drain tunnel construgtian (Section 2.1.1.1 and Appendix L).
The tunnel construction plan will be submittedhe FERC for review and approval. The
tunnel construction plan (Section 2.1.1.1) andtbiggplan (Appendix L) detail the tunnel
construction means and design, as well as docutheqrocedures to be used to confirm the
location of the tunnel face relative to the upstretam face. Based on available concrete
strength, the tunnel plug will likely be 8-feetcki The final determination of the tunnel
plug thickness will be determined from the as-bitinel dimensions and the strength of the
concrete encountered during tunnel constructiome Glasting plan (Appendix L) has been
reviewed by PacifiCorp Energy. This plan may based if field conditions change. Any
modifications to the plan will also be reviewed approved prior to proceeding with
excavation activities.

Prior to performing the final penetration, a 4-irdiameter vent shaft will be drilled down
from the dam crest. The vent hole will allow aenmaiof the tunnel during the beginning of
the draining sequence to reduce the potentialuigiisg that could result in clogging from
the woody debris. The vent will also provide ascesthe roof of the tunnel near its
upstream entrance for additional explosive chaspesild the tunnel become partially
blocked with woody debris as described below.
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The stability of the dam was improved by the iratain of strand anchors in 1973. The
excavation of the drain tunnel will pass below éimehors. The effect of drain tunnel
construction on dam stability is estimated to baimal. Dam stability and location and
details of the anchors are discussed in more dat&éction 5 of this report.

2.1.1.1 Drain Tunnel Construction Plan

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

Personnel Safety During Drain Tunnel Construction

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

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

Daily safety briefings with all personnel on sitélWwe held to discuss any possible
safety issues, access, work during the day, ansifjesoutside influences on the
work.

Personal Protective Equipment (PPE) will be reqgljieaad at a minimum includes
steel-toed boots, safety glasses and hardhatser &gaipment will be needed for job
specific applications, such as hearing protectiespirators and gloves.

To prevent debris, equipment or personnel froniniglfrom above the tunnel portal,
a system of fencing, railings, and toe boards balinstalled.

When any personnel are below, work will not be ptad above the tunnel portal.
At any area where fencing is not practical, tooll$ lve secured with lanyards to
prevent falling.

If any work needs to occur above the tunnel potite , work will be sequenced to be
off-shift with the tunneling operation to eliminatee hazard.

Daily inspection and cleaning of upper dam are&lvalperformed to eliminate
debris.

There will be two clearly identified escape rouiesn the lower dam area to
evacuate workers should an emergency develop.tukeisubmittal will be prepared
to address this in detail.

2.1.2 Pre-Breach Sediment Clearing

The 2008 geophysical survey identified a zone @r#servoir that could contain large
objects such as boulders, logs, trees, and assda@dt balls. This zone extends
approximately 300-feet upstream from the dam. Aeoarea approximately 50-feet
upstream from the right end (looking downstreamthefdam contains coarse-grained
sediments. However, techniques used to determasetcharacteristics are limited; thus, the
contents of deep deposits are not easy to quanitifiere is the possibility that there are
substantial deposits of woody debris because thersfeed had been extensively logged, and
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the reservoir was used for a period of time agaiveng pool for a small lumber mill located
on the left shoreline. Should woody debris pdstialog the drain tunnel, additional blasting
charges can be lowered down the upstream faceeafan or through the drilled vent hole to
dislodge the debris. The blasting plan includesigsions to initiate blasting within two
hours after monitoring indicates that flow hasdalbelow 50 percent of the flow anticipated
for an unblocked tunnel.

If severe blockage were to occur, the two sluidegastalled in the original dam

construction will be opened. The blasting plardudes provisions to place charges at the
gates before the breach. Blasting will be usetthdfgates prove to be inoperable, to open the
gates and ensure that flow can be diverted throlglgates until the tunnel blockages are
reduced or removed.

Prior to removing the final plug from the drain heh sediment and woody debris will be
removed from the upstream face of the dam immdgliateove the area of the tunnel
entrance. JR Merit has developed a sediment andywebris clearing plan (Section
2.1.2.1). The plan details the means and desiglety the materials, as well as describes the
procedures to be used to transport the clearediadate the upstream area of the reservoir.
The Washington Department of Ecology will also basulted regarding the proposed
methods and procedures for clearing, transporéind,storing the cleared materials. The
removal limits of the clearing are intended to r@elthe possibility of clogging the drain
tunnel during reservoir draining.

The initial clearing will produce a better undengtang of the sediment and its consistency,
which will be used in determining the final limi$ removal prior to performing the final
tunnel penetration. The initial plan is to rem@egliment up to 40-feet deep (approximate
elevation of 170 feet) for the entire 50-foot widththe gorge for a distance of 75-feet
upstream of the face of the dam to a point whezeggtirge widens. Upstream from the
gorge, the sediment will be sloped upward at itenaangle of repose (see Appendix G).
These initial clearing limits are intended to rera@ebris that could partially clog the tunnel
and provide a clear flow path to the tunnel thdk igduce the water velocity upstream of the
tunnel and limit the entrainment of debris into thenel. The clearing of sediment and
debris from immediately above the drain tunnel Wélconducted just prior to dam breach.

2.1.2.1 Clearing Plan

Clearing will begin with mobilizing and assemblitige barges and other equipment. Two
barges will likely be used, an equipment bargeraaterial barge. The material barge will
be used to hold cleared material and transpastuaitious disposal sites located within the
reservoir. These disposal sites, upstream frond&ne, will be chosen in consultation with
JR Merit's Sediment Management consultant. Thedaihje is to ensure that all cleared
materials sluice through the tunnel with the ergtccumulated sediments.

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

The barge and crane will also be used to removksjaebris, the wood deck, the
Obermeyer gate structures and the radial gatetlysbefore dam breach. The equipment
will be removed and demobilized before breach.

2.1.3 Spillway Gates Removal

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

The 10-foot high by 167-foot long Obermeyer credeg
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 afierconstruction of the drain tunnel to
increase reservoir freeboard available for flodtbim attenuation that can further protect the
drain tunneling activities. Final gate removalwsecing will be the responsibility of JR
Merit and will be approved by PacifiCorp Energybedmeyer gate removal will most likely
be accomplished by barge-mounted cranes follovwhegunneling activities when the
reservoir is still available to provide easy access

The radial gates, intake gates, and the Obermegygrabng systems will be removed by a
crane situated on the power intake deck as dam ldemgroceeds.

2.1.4 Dam Structure Removal

The selected dam removal concept is a top dowrpapprfollowing the draining of the
reservoir via the drain tunnel. The sequencingrasthods to be used will be the
responsibility of JR Merit and are described inti&ec2.1.4.1 and illustrated in the
Demolition Sheets Appendix M). The difficult aceds the crest of the dam and the deep
rock gorge downstream will limit the available rerabmeans. The access plan is described
in Section 2.1.4.1.

As the reservoir recedes, the river will flow thgbuthe drain tunnel within the base of the
dam in the original rock gorge. Upstream of th@mtunnel, the reservoir will re-establish
its original course naturally over a period of tinféhotographs taken during the original
1912 construction are attached in Appendix D and gh indication of the topography and
condition of the rock foundation.

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

The techniques used for concrete removal belownlatel and below the drain tunnel are
described in Section 2.1.4.1 and may include usesohall diversion cofferdam to work in
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the dry. An inspection of limits of removal wilelrequired to confirm all concrete and steel
dowels and rock anchors are removed in accordaitbelve specifications.

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

Previous testing of concrete cores indicated cosgive strengths ranging from 2,760
pounds per square inch to 6,690 pounds per squetnieand averaged 4,250 pounds per
square inch. Concrete core test results taken fh@nadlam structures are included in
Appendix J of this report. Appendix J also inclsifieundation rock coring compressive
strength results taken when the rock anchors wetalled in 1973.

2.1.4.1 Dam Demolition

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

An approximate 30-foot wide haul road will be cheskinto the dam as demolition begins to
provide access to the upper level west side comceshtoval. Some of the first step (see
Demolition Plan Sheets, Appendix M) concrete deWrliklikely fall down the upstream and
downstream sides of the dam during this activityt,dare will be taken to minimize this
occurrence. A protection shield will be constrdoteer the blasted tunnel to prevent
concrete from falling into or obstructing the tuhaeriver channel. During the first two
steps, and to an approximate elevation of 216 ¥aetre practical and safe, the concrete will
be loaded directly into off road dump trucks anshoged up and out the concrete ramps to
the east side of the dam for disposal. The prockEsgepping” will be utilized for as long as
possible, and as long as the off road truck gradiparation envelope allows.

It is possible that drilling and blasting will benfiormed during some dam removal activities,
but it is not anticipated. Once the drain tunreed been excavated, JR Merit's dam
demolition contractor will evaluate the existinghddions. If it appears necessary, a Dam
Removal Blasting Plan will be developed. This deiaation will be made approximately
six-months prior to the start of the demolition tsere will be time for the necessary
approvals with no change to the schedule.

Concrete pieces that fall upstream or downstredhbwiremoved as soon as the excavators
performing loading operations can reach that matefnce trucking across the dam is no
longer feasible, concrete debris will be transgbftem the lower dam site area up the east
bank using a temporary road constructed on theegstside of the dam up to the existing
east parking lot. Off road trucks will be utilizealperform this activity.
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Two small cofferdams, or silt curtains will be usding the last several feet of dam
demolition to perform concrete removal below wéageel. The purpose of the cofferdams or
silt curtains is to isolate the active stream detiool activities as much as feasible. Once the
river gorge is exposed and reviewed post-breaehfinlal plan for cofferdams will be
developed and submitted for approval.

Concrete debris at the lower part of the dam malydigted out by a crane sitting on, or near,
the dam spillway. The determination as to whetmerot the demolition contractor will use

a crane will be made when demolition to elevati@f6 & complete. If it is not feasible to
construct a roadway down the east bank to the bedr an aerial cable logging system may
be used to hoist demolished concrete out ratherakang the off road trucks. If an aerial
cable logging system will be used, a descriptiothefequipment and approach will be
prepared and submitted for approval.

Reinforced concrete components of the dam will Alsoeduced and demolished using
hammering or crushing activities. Reinforcing btedl be removed from the demolished
concrete for recycling. The dam spillway is consted with reinforced concrete and will be
demolished using bridge demolition techniques usingedium size excavator with a
hydraulic concrete crusher attachment. The coaavél be crushed, and the reinforcing
steel will be separated for recycling. Concretk vé 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 Remoal

As sediments are transported downstream througtiairesite, the original diversion tunnel,
cofferdam, crib dam, and wooden flume used to cpmwer flows around the construction
site are expected to be exposed or partially expo3ke original diversion cofferdam and
crib dam will be removed from the river as desatibeSection 2.2.1.1.

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

The timber diversion flume upstream of the dam eyed flows from the cofferdam, located
at the entrance to the short diversion tunnel,ufihca rock outcrop to the main diversion
tunnel beneath the dam’s right abutment (see AgpeéB)d The main diversion tunnel has a
concrete plug that was installed in line with tla@ndcenterline after the project was
completed. However, the diversion tunnel and tinfliene upstream of the dam centerline
are reported to have been left in place. It iseusithod that these structures are buried by
sediment. The timber flume will be removed onds g&xposed. Boulders will be placed in
front of the tunnels to prevent erosion of the seit within the tunnels.
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2.2.1.1 Reservoir Cofferdams Removal Constructionegjuencing

JR Merit intends to partially dismantle the exigtofiversion cofferdams in the reservoir
(shown on sheet CL-0501 in the project removal glagets) prior to the October 2011 dam
breach in order to facilitate the mobilization efisnent in the river channel. Without early
removal, there is a concern that a significant amhofisediment will remain trapped behind
the structures and will not mobilize as planned.
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Figure 2-1 Photo Taken during Construction of Exising Diversion Cofferdams
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This removal will be accomplished with a bargendaell, and grapple equipment. A
hydroblasting apparatus will be used to clear sedinn this area to allow the equipment to
penetrate to the structures. The equipment wslindintle the bulk of the cofferdams pre-
breach to facilitate mobilization.

The remaining structures will be removed as sogooasible after the October 2011 breach
utilizing conventional excavators. Access will ocasing a temporary road from the east
side parking lot down to the river, and a portdiriedge or culverts will be used to get across
the river. Another possibility for debris remov&lhe utilization of skyline logging methods
to transport a small excavator and the demolishatdmals across the river. This possibility
will be evaluated in more detail once the lakeramed. All demolished materials will be
separated for disposal or recycling. Metal willrbeycled, and the treated wood will be land
filled. Concrete will be transported to the floméi for disposal.

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

Wood debris will be hauled to the Roosevelt LahdfBased on historic drawings and
photographs, it is expected that the cofferdamganstructed of timbers and rock. Any
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rock that cannot be utilized for river restoratsii be removed and placed with the concrete
debris from the dam deconstruction.

Although this removal work is scheduled to occunmy November and December, 2011, JR
Merit recognizes the completion date of May 1, 2@%Zritical to reduce impacts to fish
migration.

2.2.2 Flowline and Penstocks Removal

Water is conveyed from the intake structure atds® to the surge tank through a 13.5-foot
diameter and 5,100-foot long wood stave flowlifidne flowline is suspended from a timber
framework by a series of steel rods placed on Dd-denters. Small concrete footings placed
at 10-foot intervals act to support the timber feavork columns. The removal of the

flowline includes the timber framework and woodvstpipe with circumferential steel rods.
The small concrete footings are mostly flush wite ground and will be left in place.

The flowline support system includes three tredties bridge drainage areas. The trestles
incorporate concrete piers and columns, along woticrete, wood, and steel beams to span
these topographic features. These crossings ar&3®-, and 172-feet long. The majority
of the 172-foot long trestle crosses uneven granalonly about 50 feet of length crosses
over a drainage. The wood stave pipeline witlsuggport system above the bridging systems
will be completely removed. The bridging systenaldand concrete piers that support the
flowline will remain to serve as a temporary acaessl to facilitate flowline removal and
rubble placement. The trestles will be removetbiwing the removal of the flowline and
placement of rubble. The flowline also includesoacrete-encased steel, 90-degree elbow
anchor block. This elbow/anchor block structuré e completely removed to 18 inches
below ground surface.

Two penstocks convey flow from the surge tank gbwerhouse. One of these penstocks
is a 9-foot diameter wood stave pipe supporteddmgiete saddle supports. The second
penstock is a 9-foot diameter steel pipe suppdiyedng girders placed on concrete
footings. Both of these penstocks employ inteenitconcrete thrust blocks located
approximately halfway along the penstock alignmefise aboveground portions of the
penstocks, along with the concrete thrust blockl be completely removed. The
penstocks, removal will occur using a combinatibsroall and large excavators. The
remaining buried portion of the penstocks will remand will be sealed with a concrete
plug. The concrete footings will either be remowedburied in place. Penstock metal will
be sheared with an excavator, and wood will be rEdasing the same methods utilized in
flowline removal. Access for penstock removal wile the existing powerhouse access road
from below and the existing surge tank access fima above.

2.2.2.1 Flowline Removal Construction Approach

Several temporary roads, as indicated in the EnoSmntrol Plan and Demolition Plan
Sheets (Appendix M), will be installed to variousas of the flowline for access. The wood
flowline pipe will be demolished and separated bgwentional excavators working from
within the flowline alignment. The flowline matals will be torn apart with the primary
excavator. The treated wood and metal componeiliteevseparated; metal will be recycled
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and the treated wood will be land filled. Concreil be left in place for burial with the dam
concrete. Some wood may be recycled as fence, piogtssible. The trestle portions of the
flowline will be disassembled in approximately &fieces using a skyline cable logging
system. The winch will be positioned at the 90rdegelbow of the flowline. A suitable
anchor tree, or portable anchor tower, will beafistl at the north end of trestle 1. The
flowline will be cut into approximately 8-foot sémbs and hoisted back to the winch area.
Trestle superstructure materials will be hoistetitbe same way. Trestle concrete will be
drilled, cracked with cracking agents and alsotedivia a skiff to the elbow area.

2.2.3 Dam Concrete Disposal

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

As the flowline is removed, the ground will be paegd to accept off road trucks with
concrete for disposal. Also, as described by ttosign Control Plan, silt fencing will be
placed along the downhill side of the flowline blen he trucks will be loaded in the

drained reservoir area and will use temporary aigtiag access roads to haul sediments to
staging areas that are in close proximity to flo@laccess points. Trucks will also be loaded
with concrete rubble at a staging area in clos&iprby to the dam and will transport
materials to flowline access points. DemolitioarPsheet 2 (Appendix M) identifies

possible temporary access roads alignments.

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

Concrete debris will be dumped into the flowlineaaand managed with a 45,000-pound
excavator and a 40,000- to 50,000-pound CAT. Ghadl be exercised to fill the flowline to
elevations that blend naturally into the surrougdmisting grades. The concrete will be
capped with 18 inches of soil cover. The volumeegjuired soil cover is estimated at
12,000 cubic yards. It is anticipated that sedinesiposed after the draining of the reservoir
can be used as the flowline soil cover. Also,filiterials generated from the original
flowline excavation may also be used or local ouedlen material obtained from local
sources. Care shall also be exercised to provigeaal looking finish to the cap. Concrete
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and dirt capping will be installed according to 8hi€-8 (Appendix K). The soil cover will
be revegetated as described in the Erosion Cdnkaol and the Revegetation and Wetlands
Management Plan for construction and disturbedsarea

2.2.4 Surge Tank Removal

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

The Surge Tank will be demolished with a high reaxtavator and a normally configured
excavator. The high reach will perform demolitfoom the top down to a 25-foot height.

The normally configured excavator will perform ddition from 25-foot down. Both
machines will be equipped with hydraulic concretesbers; wood, metal and concrete debris
will be separated. Metal will be recycled and teelavood will be land filled. The surge

tank structure represents approximately 900 cudids/of concrete which will require
disposal after demolition. The flowline alignmewitl be utilized after the wood stave pipe
and associated structures are removed for the shspd concrete rubble from the surge tank.

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

2.2.5 Powerline and Switchyard Removal

PacifiCorp Energy will de-energize the distributiore from the switchyard to the dam and
remove the transformer at the dam. The remainggreergized powerlines, poles, and guide
lines will be removed by JR Merit. The switchyad transmission line removals will

occur using a combination of small and large exttaga The switchyard will be removed to
ground level using an excavator. The transmisknenwill be removed with a combination

of small excavators and manual methods. Only adoesndividual workers and small
equipment are considered necessary to complete tasiss so that no temporary roads will
have to be installed. Poles and anchors will hdlash with the ground and removed with
the conductors.

2.2.6 Gate House and Pier Demolition

The Gate House and pier will be demolished usimyentional demolition excavators that
crush concrete, shear steel or pulverize wood. &fuocontact with this type of demolition
process is eliminated. Metals will be recycled/atro Metals in Portland, Oregon.
Concrete will be placed as fill on site in the flowe area. Treated wood and other non-
recyclable debris will be land filled.
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2.3 POWERHOUSE AND TAILRACE M ODIFICATIONS CONCEPT
2.3.1 Powerhouse Modifications

The powerhouse will remain in place but will bepgaeed for long-term storage. The
turbines and generators will remain in place. Asdae hazardous materials will be
identified and abated (such as oil storage conts)néHatches and other access into scroll
cages and other confined spaces will be secured.dfaft tubes will be sealed with a
concrete bulkhead at the tailrace. The standlptredal power systems will be removed and
the high voltage buses disconnected at the sutastai new power drop and intrusion alarm
system will be installed.

2.3.2 Tailrace Wall Removal

The powerhouse tailrace training wall is a low gete structure that reduces tailwater
effects on the generating units. The 2-foot wigé&doot high reinforced concrete wall will
be demolished using excavators with hammers arshersa. The concrete will be removed
and transported to the flowline area for disposi.10-foot wide concrete base slab will
remain in-place. Steel reinforcing, dowels, antdsowill be cut flush with the top of the
concrete slab. An access road will be installeti@tvest end of the powerhouse into the
river channel. An excavator will travel down tliscess road out on to the gravel bar next to
the tailrace wall and perform demolition. Oncetla# concrete is broken up, it will be
loaded into an off road dump truck for transpo disposal in the flowline area.

Demolition debris will be removed from the riveracimel completely. This work is planned
to occur shortly before the mid-October breacht sopossible that PacifiCorp Energy will
have ceased operations by this time. If not, &imgrhour powerhouse shutdown will be
required for three to five days. The temporaryeasaoad will be removed at the completion
of the project. The tailrace is expected to filllwock and sediment during the draining of
the reservoir.

2.4 HAZARDOUS MATERIALS ABATEMENT AND BUILDING / STRUCTURES DEMOLITION

The services of a State of Washington licensedsésbabatement firm will be retained to
review the existing hazardous materials survey s for this project. They will
determine if the existing documentation is accusasiteg comprehensive. If it is, JR Merit will
proceed with abatement activities according toesdad Federal Regulations. If it is not, JR
Merit will proceed with a thorough survey to detammthe presence or absence of any
hazardous materials. Once abatement activitiesaamplete, building demolition will be
performed utilizing excavators designed for thatkyoecyclable materials will be separated
for recycling, and remaining debris will be loadbduled and disposed of at a landfill
licensed to receive demolition waste. All hazasimaterials abatement will be performed
by employees trained and certified in that work Hrese materials will be handled in
accordance with regulations and disposed at cadticilities.

Page 22 of 52 March 15, 2011



PROJECT REMOVAL PLAN REPORT
CONDIT HYDROELECTRIC PROJECT DECOMMISSIONPRGJEERQO. 2342)

2.5 RIVER FLOW M ANAGEMENT PLAN
2.5.1 During Drain Tunnel Construction

Prior to construction of the drain tunnel, JR Merill create a 2 to 3 foot cofferdam using
small sandbags at the point where the plunge patd ® the river. The final plan for the
cofferdam will be developed and submitted for appto The minimum required 15 cubic
feet per second of water will be routed from thi#wpy past the cofferdam via a pipe
system shortly before commencement of removal itietsv

2.5.2 During Dam Removal

During removal of lower dam concrete (elevation-180), two small sandbag (totes)
cofferdams, or silt curtains, will be installedtla¢ upstream side of the dam to divert stream
flows so that isolation of the river from demolitics achieved to the maximum extent
feasible. This diversion will be designed and siited 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 witthe flowline areas or another on site
disposal area designated by PacifiCorp Energy.

2.6.2 Metals

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

2.6.3 Wood

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

2.6.4 Solid Waste

All solid waste, items other than wood, metalscamcrete, will be transported and disposed
of at the Roosevelt Landfill in Klickitat County, &8hington.

2.6.5 Other Wastes

Other wastes, such as oils, universal wastes, tiazarmaterials, or asbestos will be
carefully separated, handled and disposed of iardance with a Decommissioning On-Site
Hazardous Materials Management Plan and applicalgldations.

2.6.6 Dredged Materials

2.6.6.1 Sediment

As outlined in the Dredging Plan (Section 2.1.2sediment will be disposed of at various
disposal sites located within the reservoir. Thiisposal sites, upstream from the dam, will
be chosen in consultation with JR Merit's Sedinldanagement consultant.
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2.6.6.2 Woody Debris

Native woody debris dredged from the reservoir llremoved as outlined in the Woody
Debris Management Plan.

2.6.6.3 Other Dredged Materials

Other foreign materials dredged from the resemnwdlirbe 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 beeruawadl through numerous studies
conducted pursuant to the FERC relicensing proogddir the project as well as the federal
and state permitting processes for project removhkse studies have identified the
anticipated impacts of dam removal on infrastrugtpublic safety, and environmental and
cultural resources within the local area. PaciffCBnergy has developed management plans
to address the identified impacts of project renhovdese management plans have been
developed in close coordination with the overathdamoval plan outlined in this report to
assure that the decommissioning process does ambtentently or unnecessarily create
adverse impacts on environmental and cultural reesu Management of impacts to
infrastructure within the project area is discusiseSection 1.5.

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

Erosion Control Plan. The Erosion Control Plan provides specific Besingigement
Practices (BMPs) to be implemented during deconmiongsy to manage surface erosion and
mitigate potential water quality impacts from constion areas. The Erosion Control Plan
includes specifications and plan sheet drawingswiibbe a part of the decommissioning
plans and specifications. The plan also descebesion control monitoring. The
Environmental Monitoring Plan (see below) also sEscwater quality monitoring that will
be implemented to verify that erosion control BMi#Ps effective.

Spill Prevention, Control, and Countermeasure Plarand Decommissioning Addendum.
The Spill Prevention, Control, and Countermeasisaa Bnd Decommissioning Addendum
addresses BMPs for spill prevention, containmdegrap, reporting, training, and
monitoring. The plan will be implemented duringcdemissioning to mitigate potential
impacts from accidental spills of hazardous liquids

Dust Control Plan. The Dust Control Plan provides BMPs to avoid amdimize the
generation of dust, minimize the duration of dast] specifies monitoring requirements to
assure the measures are being effective. The@ardtol Plan focuses on decommissioning
activities particularly demolition, roadways, stagy and temporary storage. The plan also
addresses desiccation and BPMs to mitigate dustrggon of the former lake bed. The
Erosion Control Plan also provides specificatidrat tvill help mitigate potential impacts
from dust during decommissioning while the Revetygtaand Wetlands Management Plan
(see below) provides specifications for mitigatpagential impacts from dust after the
reservoir is drained.

Environmental Monitoring Plan. The Environmental Monitoring Plan specifies
monitoring requirements for both water quality aediment quality of the White Salmon
and Columbia Rivers. The Environmental Monitori?ign incorporates sediment quality
monitoring specified by the Project Review GrouR@® of the Regional Sediment
Evaluation Team (RSET). The purpose of the wat@tity monitoring is to verify that the
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BMPs used for the decommissioning are effectivetardktermine when project removal-
related water quality impacts are no longer obskesteh that active monitoring may cease.

Revegetation and Wetlands Management PlanThe Revegetation and Wetlands
Management Plan delineates a revegetative strategill promote the establishment of
wetland, riparian, and upland forest habitats witihie former reservoir area and areas
disturbed during decommissioning. The plan spmilsspecific planting approaches for
herbaceous and woody revegetation after the ressesediment is recontoured to create
stable slopes and how the revegetation will be togd to ensure an appropriate level of
success. In addition, the plan identifies potémitland areas that will be monitored after
the reservoir is drained to assess wetland estaidiat. The project has a goal of no net-loss
of wetland areas, and the plan describes contirygactoons that will be implemented if post-
removal wetland establishment goals are not attiaifénally, the plan addresses noxious
weed control during and after revegetation acsiti

Aquatic Resources Protection Plan and Spring CreeKlational Fish Hatchery

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

Recreational Facility Removal and Improvements Plan The Recreational Facility
Removal and Improvements Plan describes modificatio the recreational facilities at the
project site during decommissioning, particularhpacts to white water rafting and
Northwestern Park. The plan also specifies oppitres for recreational and visitor
enhancement after decommissioning including signagerlooks, and park improvements.

Sediment Assessment, Stabilization, and ManagemeRtan. The Sediment Assessment,
Stabilization, and Management Plan addresses thageanent of sediment that is retained
within the reservoir area after the dam is breach&fthen the dam is breached a significant
volume of reservoir sediment will be released ddveasn as the White Salmon River returns
to a natural stream channel configuration. In @aldito natural erosion, additional efforts
may be required to reduce over-steepened bankdenrsdop areas for revegetation and
wetland development. The Sediment Assessmentilidsion, and Management Plan
provides specific criteria for identifying areaatimeed additional sediment management
efforts, what approaches could be used to recomstopes, the criteria that will be used to
determine when slopes are stable and availablet@getation, and how conditions will be
monitored. The plan also describes active sedim@magement measures such as hydraulic
excavation using river water to stabilize and mabisediment within the reservoir area.

Woody Debris Management Plan.The Woody Debris Management Plan addresses woody
debris that will be exposed after the reservodraned and stored sediment is eroded. Some
of this debris has the potential to enhance fidfithwhile some debris may be detrimental
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to establishing a stable stream channel or may @bdszard to public safety. The Woody
Debris Management Plan provides guidance to evaluben coarse woody debris may
impede sediment flow, restricts fish passage, esgmts a public safety concern. The plan
suggests methods to resolve those problems andispdmow woody debris conditions will
be monitored and establishes criteria for determginvhether woody debris is of sufficient
quality that it should be made available for streastoration work.

Quality Control and Inspection Program. The Quality Control and Inspection Program
identifies staff organization, lines of communioati inspection and field practices,
documentation, training requirements, environmecdahpliance, and schedule. The
purpose of the plan is to ensure that constru@mhproject-related monitoring and
mitigation actions contain a high degree of quadityl 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 trafficrobnhe public safety portion of the plan
identifies specific measures to minimize risk te fublic from breaching of the dam, from
unauthorized access to the construction site, @ project-related sediment sloughing.
The plan includes a schedule for implementatioputflic safety measures. The traffic

control portion of the plan provides guidance tmimize potential project-related traffic
accidents and minimize the number and durationaffi¢ delays. The plan also provides
specific traffic control measures that will be implented 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 th@eolhistoric and archaeological features in

the project area. The plan also evaluates thedhgdalecommissioning on historical
resources and specifies provisions for additionalesys and archaeological monitoring for
protection of undocumented historical resourcesrtiay be discovered during the project.
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4 HYDROLOGY AND HYDRAULICS

4.1 INTRODUCTION

The White Salmon River drains approximately 386asquniles between Mt. Adams and the
Columbia River. The river flow has been recordgdhe U.S. Geological Survey (USGS)
gage station 14123500 (White Salmon River near bnaed, WA). Hydrologic studies of
the river basin and flood frequency analyses werglacted for the Summary Report
prepared by R. W. Beck, Incorporated, in May 1988 tne Condit Hydroelectric Project
Removal Sediment Behavior Analysis Report prepase@&G Associates in May 2004.
Results from these previous studies were re-visitetlupdates were incorporated into this
report as new flow data has become available sheprevious studies were completed.
The hydraulic data associated with the dam remaet@lities are also discussed in this
report.

In addition, a hydraulic analysis of the proposeairdtunnel was conducted for this report.
The proposed drain tunnel geometry presented iMidne1998 Summary Report was 12-feet
vertical by 18-feet horizontal with an invert apapximately 174 feet. The report also
indicated that the dimensions of the drain tunneleradequate to pass approximately 10,000
cubic feet-per-second. The purpose of the newawmranalysis was to refine the geometry
of the drain tunnel since new survey informatiothatdam site became available. The
blasting criteria were also taken into accountimning the geometry of the tunnel. This
study also investigated the flow characteristictheftunnel. Results of the hydraulic analysis
are discussed in this section.

4.2 AVERAGE DAILY FLows

The USGS gage 14123500 is located on the White @aRiver approximately 1,000-feet
downstream from the Condit powerhotis&@he gage has been recording flow data on thea/Nhi
Salmon River since 1915. According to the recorgiege data, the mean value of the average
daily flow for the period from Water Year 1915 toaW®r Year 2007 is 1,114 cubic feet-per-
second®. All the recorded daily flow data from Water Yelr15 to Water Year 2007 are
presented in Figure 4-1. The maximum, minimum, @ean daily flows for each day of the year
were updated from the Condit Hydroelectric Profeemoval Sediment Behavior Analysis Report,
prepared by G&G Associates, May 2004, and areepted in Figure 4-2.

3Since the gage station is located downstream fremlam, the flow data obtained at the
gage may have been affected by gate operatiohg ataim and may not reflect the natural
river flow into the reservoir. It is unknown howueh impact gate operations had on the
river flow downstream of the dam. Caution musekercised when making judgments
based on these flow data.

* The term "water year" is defined by the USGS ae “tB-month period from October 1, for
any given year through September 30, of the follmwear. The water year is designated by
the calendar year in which it ends and which inetudine of the 12 months. Thus, the year
ending September 30, 1999, is called the "1999"eWéear.”

®> The average daily flow is referred to as dailyflm 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 datlzelow 6,000 cubic feet-per-second during the
recording period. The flood of record (15,400 cuieet-per-second) occurred on
February 9, 1996. The second largest flood (14¢@0c feet-per-second) occurred on January

16, 1974. These events have been influenced hggbraperations and are not representative of
the natural river flow.
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Figure 4-2 Maximum, Minimum, and Mean Daily Flowsat USGS gage 14123500, White
Salmon River
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Table 4-1 summarizes the maximum, minimum, and naedg flows for the proposed
construction period of October through April, alomgh individual months.

Table 4-1 Maximum, Minimum, and Mean Daily Flows ty 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 theenecord period and each month. The
flow duration curve covering all daily flow recorttem Water Year 1915 to Water Year
2007 is shown in Figure 4-3, and the curves foheaonth are included in Appendix F.

Figure 4-3 Flow Duration Curve for White Salmon Rver
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4.3 FLOOD FREQUENCY ANALYSES

A flood frequency analysis was conducted by the B%61985 and then updated by G&G
Associates using flow data up to Water Year 200thenMay 2004 Sediment Behavior
Analysis Report. These two flood frequency anaysath used the annual maximum daily
flows of each water year and the Log Pearson ThdePR Ill) distribution techniques. In
both analyses, the extreme floods that occurrd® and 1996 were used as the annual

maximum flow of that year. Since these two floadse caused by out-of-ordinary

conditions and did not represent the normal flogdiandition in the river, using them in the
flood frequency analyses resulted in very consem@astimates. A new flood frequency
analysis was performed by Mead & Hunt, Incorporaie@007 using flow data up to Water
Year 2007. The new study also used the LP llriistion techniques. The flow during the
1974 flood did not exceed the high outlier thredhading equation (7) recommended in the
Guidelines for Determining Flood Flow Frequency I{Biin #17B) by U.S. Department of
the Interior. Therefore, the flow data from thi®et was included to make sure that all
possible flood events were accounted for in thdyaisa Results from the 2007 flood
frequency analysis are summarized in Table 4-2.

Table 4-2 Flood Frequency Analyses Results by Mamt
(in cubic feet-per-second)
Recurrence Interval of Flood
Month 2Year |5Year |10 Year| 25 Year| 50 Yearr 100 Yeg00 Yea
January 2,233 4,078 5,584 7,80b 9,687 11,760 14,052
February 2,283 3,806 4,947 6,508 7,746 9,045 10,420
March 2,036 2,901 3,506 4,304 4,92 5,560 6,2P2
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 5,981 7,137
December 1,867 3,454 4,861 7,111 9,178 11,606 14,46
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4.4 PEaK FLows

Figure 4-4 compares the yearly instantaneous pgeakid the daily flow of the same day.
On average, the instantaneous peak flow exceedssgdrage daily flow by about 36 percent.
The figure shows a maximum instantaneous flow ¢2@& cubic feet-per-second in 1996.
By comparison, the maximum capacity of the drammgl is expected to be approximately
11,600 cubic feet-per-second. The drain tunnehciépis discussed later in this section.

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

Northwestern Lake has a surface area of 92 actég aormal pool level of 295 feet and a

drainage area of about 386-square miles. Theuv@searea and capacity curves are shown
in Figure 4-5.

Figure 4-5 Reservoir Area and Capacity

Lowered Pool
285.0 ft
During Drain Tunnel Construction

® These curves were part of the application fomgeedated in December 1991 and are
included for information only. The accumulationsafdiment within the reservoir since 1991
has likely changed this data.
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During the drain tunnel construction period (Augisbugh October), the reservoir level

will be lowered down to 285 feet. As shown in Te#t1, on a typical day during the months
of August through October, the daily flow rangemir270 to 3,200 cubic feet-per-second. If
the flowline shuts down for some reason it is eated that it would take approximately 2 to
26 hours for the pool level to rise to the topha gates at 295 feet. However, due to
constant variations of the flow condition in theeevoir, flows should be watched closely
and monitored continuously during construction. M&it will use their best judgment to
allow sufficient time for evacuation if such condit would occur.

4.6 SPILLWAY RATING CURVE AND TAILWATER RATING CURVE

The spillway rating curve and tailwater rating caiat the powerhouse have been developed
for previous studies and are shown in Figures Aeb47.

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 rmextiffom the geometry presented in the
May 1998 Summary Report based on blasting cri{&&e Section 6). The proposed drain
tunnel has an arched crown at a radius of 14 fest @ rectangular base with a bottom width
of 18 feet and side heights of 10 feet. The csassional area of the tunnel is about 220
square feet. A topographic survey was conduct@®@y for the project area and showed
that the tailwater level immediately downstreanmirtine spillway was at approximately
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elevation 177. Therefore, the downstream invethefdrain tunnel was set at elevation 175
in the design to limit the dewatering effort foettunnel construction area, as well as provide
a low outlet for sediment sluicing. The slopelaf tirain tunnel is set at 0.5 percent in order
to route water away from the upstream tunnel fagend excavation activities. The
geometry of the drain tunnel was determined basetti® use of smooth wall blasting
techniques for providing adequate stability of daen and constructability of the tunnel.

With the current configuration, the top of the draunnel is approximately 4 feet below the
rock anchors that are located 10 feet from therapst face of the tunnel in order to provide
sufficient separation from the tendon anchors (8egect removal drawing sheets CL-0521
and CL-0522 for tunnel profile and cross sectionav).

A steady-state flow model was prepared to evaltretdlow characteristics through the drain
tunnel using the computer software HEC-RAS, Verddn3, developed by the U.S. Army
Corps of Engineers, Hydrologic Engineering Centéne range of the model extended from
approximately 150-feet upstream of the dam to apprately 900-feet downstream of the
dam. The geometric information for areas upstréam the dam was obtained from the
original 1912 contours, and the information forameownstream from the dam was obtained
from a topographic survey for this project conddate2007. The Manning’s “n” values in
the lake and river channel were assumed to be @dd308e main channel and 0.100 for the
left and right overbanks based on recent photasntak the project site. The main channel
contains cobbles with large boulders, but no vegetaand the overbanks contain trees and
brush on steep banks. The Manning’s “n” valuetti@rdrain tunnel was assumed to be 0.025
based on the blasting technical information (smeah blasting techniques) and the
aggregate shape (angular, basalt aggregate, 1A6Gin€h to a maximum of 2 inches)
obtained from the concrete boring logs includethsn1972 Inspection Report. The drain
tunnel capacity curve that was developed from a HEAS model is presented in Figure 4-8.

Figure 4-8 Drain Tunnel Capacity Curve
River = White Salmon Riv Reach=1 RS=0 Culv
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As shown in Figure 4-8, the maximum capacity ofttiienel was estimated to be
approximately 11,600 cubic feet-per-second at ésemvoir drawdown level at elevation 285
with the maximum flow velocity at about 90 feet4s@cond. A vent hole will be drilled

from the crest of the spillway to the roof of thaid tunnel which will enhance stability of
the dam during high pressure flow and expeditdrdngsition from pressure flow to open
channel flow in the tunnel. At open channel fldiag drain tunnel has a maximum capacity
of about 2,500 cubic feet-per-second with the fl@locity at about 11.4 feet-per-second.
The discontinuity on the curve at approximately0B,5ubic feet-per-second demonstrates
the transition from open channel flow to orificevl when the reservoir water level is
slightly above the crown of the drain tunnel. Dgrithe construction period of October
through April, typical river flows (See Figure 4aRd Table 4-1) range from 150 cubic feet-
per-second to 10,000 cubic feet-per-second withnnfleavs ranging from 600 cubic feet-
per-second to 1,500 cubic feet-per-second. Whemiver experiences high flows during the
construction period, the reservoir may partiallffilke As shown on the drain tunnel capacity
curve, as the reservoir level increases, capactitiysodrain tunnel also increases and more
flow can pass through the tunnel. Since the mawimuer flow during the construction
period (10,000 cubic feet-per-second) is less tharmaximum capacity of the drain tunnel
(11,600 cubic feet-per-second), if the tunnel doasget clogged by debris, the reservoir will
not refill above elevation 285. Flow profiles thgh the dam are presented in Appendix G.

4.8 FLOW ROUTING DURING DRAIN TUNNEL CONSTRUCTION

The existing hydraulic capacity of the Condit plamt be used to divert water from the
reservoir during the construction of the drain &innThe plant capacity and kilowatt/cubic
feet-per-second (KW/cfs) curves for this projecteviecluded in the 1963 License
Application document and are shown in Figure 88sed on the plant capacity curve, the
maximum gross head is approximately 177 feet apliwet’'s maximum capacity of about
14.7 megawatts. The KW/cfs value at this plantcép is approximately 11.6 with full
gate, which corresponds to a flow of about 1,30ficteet-per-second. Therefore, the
flowline and penstocks are capable of passing 1¢80@ feet-per-second at the maximum
turbine capacity. This flow capacity is higherrhaost of the two-year floods during the
months between October and April. The maximum fl@hocity associated with this flow is
about 9.1 feet-per-second in the flowline and 1I8e2-per-second in the penstocks.
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Figure 4-9 Plant Capacity & KW/cfs

With normal pool at elevation 295, the combinedriaytic capacity at the powerhouse is
approximately 1,340 cubic feet-per-second (700 ctémt-per-second at unit 1 and 638
cubic feet-per-second at unit)2 During the drain tunnel construction periode teservoir
level will be drawn down to elevation 285. As auk, the flow passing through the flowline
and penstocks will decrease. Based on the plgatctg curve and the tailrace rating curve,
the system will be able to pass almost 1,200 ciggtper-second with a plant capability of

’ This information was obtained from the unit pemfiance tests on both turbines that were
conducted in March 2000.
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13 megawatts. This flow is still higher than mofsthe two-year floods for the months
October through April. Flow velocity associatedwihis flow is about 8.4 feet-per-second
in the flowline and 9.4 feet-per-second in the peciss. 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 tavikh a crest elevation at elevation 290 and
a 4-foot flashboard on the top. A spillway is lehoutside of the surge tank to divert flow
over the weir back into the river. A possibilitiyusing the weir as a secondary outflow
structure was investigated for this study in cagepenstocks are not functional. However,
the crest height of the weir makes it impossiblage the weir as an alternative outflow
structure in its current configuration without miochtion. At an average daily flow of 1,200
cubic feet-per-second, 7.2 feet of head over thewauld be required to pass all the flow.
This would require the weir to be cut down morenth@ feet to provide similar capacity as
the penstocks. Further, gates would have to lalied at the weir to provide flow control.
Therefore, using the weir as an alternative outfitmucture was not considered a viable
option and did not present advantages over rotliwgthrough the Condit powerhouse.
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5 STABILITY

The stability of the dam was evaluated to confinat tadequate factors of safety remain
during the removal process. Several new loadimglitions will be present during the
decommissioning of the structure that have not loeesidered in past analyses. This
section addresses stability of the dam during #emohmissioning. The first stage includes
drain tunnel construction and the effect loss o§snand dynamic blasting methods may have
on stability. The second stage includes the operaif the drain tunnel and possible tunnel
clogging during the decommissioning process.

5.1 EXISTING STABILITY ANALYSIS

Stability analysis of the concrete structures wagmally investigated in the Part 12 Safety
Inspection Report of 1972. This analysis was cetetliby evaluating sliding stability and
bearing stress at base elevations for nine sepseat®ns and three loading conditions:
normal, probable maximum flood (PMF), and seisniibe effective elevation of the base of
the dam was presumed to be at elevation 227. giheay portion below elevation 227 feet
was constructed within a narrow gorge and is kegrland confined by the gorge wall
bedrock, forming a monolithic continuous line otifmlation for the dam above. The
analysis assumed that the principle stability failwould occur at this plane of analysis.

The stability analysis review conducted for the 2$afety Inspection Report concluded that
the dam did not have adequate factors of safetyriasual and extreme loading conditions.
As a result, 22 multi-strand rock anchors werealhesd in 1973 to provide adequate factor of
safety for stability.

The stability analysis was revisited in 1983 duehanges in uplift pressure assumptions in
accordance with new FERC guidelines. The updatdalsy analysis performed in 1983
resulted in less than desirable factors of sa@ty?MF loading. However, a revised
dambreak analysis indicated that failure of the diaming the PMF would not result in
incremental damage or loss of life. Thereforereraedial action was taken.

The 1983 stability analysis used two-dimensional/gy analysis methods for evaluating
stability. The following three loading conditioassessed in the 1983 stability analysis are
summarized below:

Loading condition 1 - Normal
Headwater Level (HWL) = 295 feet (top of taintateg)
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 (0.19)
HWL = 295 feet
TWL = below plane of analysis
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Table 5-1 table presents the design assumptionpanadheters used in previous stability

analyses.

Table 5-1 Material Properties Used in Previous Stality Analyses

Property of Material

Assumption

Concrete Weight (from testing)

147 pcf (1977) & 15T (1983)

Concrete Strength (unconfined)

2,760 to 6,690 psyadt square inch
(from concrete core recovered during
anchor installation)

Effective Internal Angle of Friction (Phi

35 degre (assumed)

Cohesion

200 pounds per square inch (assumed pver

half the base)

Figure 5-1 Plan Showing Different Dam Sections

Stability analysis from the 1972 Safety Inspecteport divided the dam into nine different
sections (see Figure 5-1) for the purpose of evialgatability. Dam cross section 5, as
shown in Figure 5-1, was identified by R.W. Becigdrporated, (in the 1998 Summary
Report) as the best location of the proposed dteinel. All other sections of the dam will
not be influenced by drain tunnel construction.efdfiore, 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 Effective Shear Ry Ry SFF*
Condition Area (SF/FT) Kips/FT Kips/FT
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 propodedin tunnel relative to the existing post-
tensioned rock anchors. The proposed drain tyrergtrates the dam at cross section 5
(Figure 5-2) with an invert elevation of 175.5 feet a top elevation of 188.8 feet. This
places the drain tunnel ceiling 38 feet below trevjus stability plane of analysis of
elevation 227 and 4 feet below the terminatiorheftendon anchors. This alignment has
been chosen to avoid interference with the existimghors while reducing tailwater
cofferdam requirements.

Figure 5-2 Location of Proposed Drain Tunnel

Tendon anchors were installed in 1973 near thaegust face of the dam to strengthen the

potential failure plane at elevation 227. The sefan of the proposed drain tunnel and the
tendon anchors by at least 4 feet, along with geeaf smooth wall blasting techniques, will
allow the existing post-tensioned rock anchorstain this function as initially intended and
not result in a degradation of dam stability.

Smooth wall blasting techniques require the inatah of closely spaced blast holes with
light charges to control over-break beyond the iigeldimits. Smooth wall blasting will
limit the possibility of damaging the concrete begdhe drain tunnel, increase hydraulic
efficiency, and reduce the possibility of debrisgding within the tunnel.

Water levels for normal (pre-decommissioning) logdconditions as summarized in Section
5.1 are equal to the top of the crest gates, aittvater below the plane of analysis. During
drain tunnel installation, the crest gates will eemclosed, but the upper pool will be drawn
down by 10 feet to the crest of the concrete dawutjh generation withdrawal to the
existing powerhouse. This will create 10 feetexfarvoir freeboard during tunneling
activities. Should inflows exceed the hydraulipaeity of the powerhouse, the upper pool
will rise, tunneling activities will cease, and tbrest gates will be opened to pass inflows
with a minimum increase in headwater level. Thamefnormal hydrostatic loading should
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not be greater than those assumed in previoudistaalyses. Flood and seismic loading
conditions will also be the same as assumed inque\analyses.

Since drain tunnel construction is proposed to pbelow elevation 227 and below the
existing post-tensioned anchors, and the assunaglihlp conditions are unchanged from
previous analyses, dam stability at the assuméarégplane of elevation 227 is unchanged
and is considered acceptable.

5.3 DECOMMISSIONING STABILITY BELOW ELEVATION 227

The lower section of the dam was constructed aa@ossrow gorge about 60-feet deep and
50-feet wide. The gorge alignment is about 10 elegoff of the axis of the dam. Historical
photographs of the gorge prior to dam constructioow irregular rock surfaces with
significant disparities. This geometry resultsank/concrete interface as an unlikely failure
surface. Past stability analyses have considéeeddncrete within the narrow gorge to act
like a shear plug. It is through this shear phat the proposed drain tunnel will be
constructed.

The concrete shear plug will be affected by thestroiation of the proposed drain tunnel.
The proposed drain tunnel will be constructed nydstlough the concrete dam structure
with some of the tunnel intersecting the concret¥iinterface. Conservatively, assuming
the entire length of the proposed drain tunnekggets the concrete/rock interface,
approximately 15 percent of the shear plug’s cdrdega could be lost. This loss in shear-
resisting interface will likely increase the shisds from 13.4 pounds per square inch to
15.4 pounds per square inch with the water leviHatop of the gates. This is considerably
less than the allowable amount of 200 pounds pgairegnch over one-half the base.

The intersection of the tunnel with the rock/comeraterface will allow the tunnel to act as
an uplift relief drain. Assuming 111 feet of ugstm head during tunneling activities, the
average uplift pressure will be approximately 24mds per square inch under the footprint
of the drainage tunnel. This uplift pressure ipepted to be reduced 50 percent by
constructing the tunnel through the concrete/rotkrface and by installing uplift pressure
relief holes along the drainage tunnel where i islose proximity to the interface. A
reduction in uplift forces will increase the stalyilof the dam.

The proposed drain tunnel alignment has been chtodanit intersecting the concrete/rock
interface while maintaining a final upstream peagdn completely within the concrete
mass. This will allow JR Merit a more predictabiel ainiform material for final plug
removal.

Condit dam is located in a region of moderate sieisisk. In accordance with Chapter 14 of
the FERC Engineering Guidelines for the Evaluatbrydropower Projects, Chapter 14,
Monitoring the Performance of Dams, a PotentialufaiMode Analysis was conducted in
February 2009 for the dam. Among the Category adiludfe Modes identified was a failure of
the spillway section of the dam due to seismic ilog.dBefore any conclusions could be
made relative to the adequacy of the dam’s stghihider seismic loading, an updated
seismic risk hazard assessment was required ttifiddre appropriate seismic source and
associated site ground accelerations. The curegsing stability analysis for the dam was
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conducted utilizing a PGA of 0.10g. Current knovgeduggests an appropriate PGA for the
purpose of conducting updated stability analysithefdam should be in the range of 0.25¢g
to 0.30g. The current USGS 4,975 year PHGA isd).28d the 2,475 year PHGA is 0.25g.

The construction of the proposed drain tunnel wittooth wall blasting techniques will
produce very high frequency motion with only aroin@d3 inches in displacement. This
imparts much less energy into the dam during lrigstompared to an earthquake event.
Therefore, tunnel blasting activities are not cdased to significantly affect structural
stability.

The drain tunnel will produce maximum flow veloegiof about 90 feet-per-second with an
upstream pool elevation equal to the top of thet¢éaigates. This velocity will reduce
quickly as the upstream pool is lowered. Velothiyough the tunnel will be significant
enough to generate negative pressure within thestlentrance, which can cause concrete
deterioration during operation. To reduce the ibagy of negative pressure from occurring,
a vertical venting shaft is proposed to be instiall€he vent will be drilled from the crest of
the dam and terminate into the plug section ottdin@el. This plug section is the last section
of concrete that requires removal for the draimgirio begin to operate. The vent will also
allow the insertion of small explosive charges stidkie tunnel become clogged with woody
debris that may be present in the upper resenAsrnoted in Section 2.1.1, the blasting plan
includes provisions to initiate blasting within twours after monitoring indicates that flow
has fallen below 50 percent of the flow anticipai@dan unblocked tunnel. These charges
are also not considered a significant effect ohikty. Even if the drain tunnel were

clogged, the downstream tunnel portal allows ferrdease of blast energy.

In conclusion, the installation of a drain tunrtetough the dam near its base will not
significantly affect the stability of the dam. Theoposed tunnel will be located below the
assumed failure plane at elevation 227 feet anab#le existing post-tensioned anchors.
The lower portion of the dam was constructed im@ow gorge that acts as a shear plug.
The drain tunnel will be constructed through thastf the dam but have only a minor
reduction in shear area that retards sliding. ttiheel will also significantly reduce uplift
forces by acting as a relief drain. As a reshk, $tability of the dam is considered
acceptable during the installation of the propadeih tunnel (see Appendix I).

5.4 DEMOLITION STABILITY ANALYSIS

Stability during the demolition stages for the daith have improved factors of safety in
comparison to existing stability analysis resulfghen the drainage tunnel is in place, the
hydrostatic level will be less than 4 feet aboweftbor of the drainage tunnel once the
reservoir is completely drained. The hydrostat&spure against the dam will be
significantly below the plane of analysis. Therefao hydrostatic force will be exerted on
the dam.

As the dam crest is lowered, stability factorsafesy increase, assuming headwater is equal
to the dam crest. The dam will be removed fromtdipedown with reduced headwater level
using standard drilling and blasting techniquesrdfte drainage tunnel is in place.
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5.5 POWERHOUSE

The powerhouse is not a water-retaining structacetherefore does not require stability
analysis. The removal of the penstocks, plugdmegpenstock openings to the powerhouse
with concrete, installing concrete bulkheads atpgbeerhouse tailrace, and backfilling of the
tailrace will not negatively affect stability. Téee decommissioning tasks will reduce
overturning and sliding forces and result in enleanstability.
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6 BLASTING CRITERIA

6.1 DESCRIPTION OF BLASTING REQUIRED

As currently planned, controlled blasting will bged to excavate a tunnel through the base
of the dam. Blasting methods may be used for diorland removal of mass concrete of
the dam, but it is not anticipated. JR Merit mbspaise blasting for the removal of other
structures of the project, including the surge tdh& flowline, and the penstock thrust
blocks and foundations. JR Merit has preparedastBig Plan (Appendix L). The following
discussion regarding issues related to the blastagyprepared under consultation with

Mr. Gordon Revey of Revey Associates, IncorporatReyey) who has specialized in
blasting procedures and risk management of blasittigities for 27 years and is part of the
design team.

6.2 BLAST-INDUCED VIBRATION

Blasting used for excavating the tunnel and for dlérman will generate vibrations in the dam
and surrounding ground. JR Merit is responsibtad&signing and executing methods that
assure the integrity of the dam, including the rookcrete interface and tendon anchors.
Measures will include limits on charge weights tivait vibration and the use of decoupled
charges that prevent overbreak. The nearest aattugpifsite residences during
decommissioning activities are located at leadd@ f@et from the dam.

An empirical equation that defines how much vilmatenergy is transferred to rock and its
rate of attenuation can be used to establish seéaifiles for limiting charge weights based
on the distance to structures of concern and shfation limits. For these predictions, K is
the rock energy transfer constant, and m is thaydeonstant. For preliminary design
purposes, a conservative K factor of 240 and aactof of -1.6 can be used to predict
vibration intensities for the basalt and igneowskrimrmations located in the project area.
For initial design purposes, it is assumed thablalsting can be done with a maximum
charge-weight per-delay of 25 pounds. As definsala, the following equation can be used
to predict Peak Particle Velocity.

Peak Particle Velocity=K(DMW)™

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

Using the above equation, with a maximum charggsgbounds-per-delay at a distance of
1,300 feet to the nearest occupied homes, the Pasdicle Velocity would be around 0.03
inches per second (in/s) [240 (1,300 A259. This Peak Particle Velocity level would be
barely perceptible and would not cause damagedjeepty or undue annoyance to occupants.
JR Merit will be responsible for providing seismagh monitoring records that document
compliance with all specified vibration limits.

Past experience at other dam and tunnel projetisamichoring devices indicate that anchors
survive very high levels of high-frequency vibratiith intensities as high as 100 in/s. In
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addition, the anchors at the dam are located at feteet from the top of the tunnel. By
specifying the use of cautious smooth wall blastireghods, it is very unlikely that blasting
will overbreak 4 feet of dam structure and expaskeasen the anchors.

Damage to the anchors is not expected due to theikplacements caused by the very-high
frequency elastic motion generated by near-fieRD(feet) charges. The steel anchors and
the anchoring point, whether a mechanical toe anagha continuous bond of grout, virtually
move in the same phase as the bolt due to a soiatl gpource generated by blasting charges.
Vibrating particles of concrete or grout bondeddok or steel do not separate by the amount
of peak calculated dynamic displacement because th@&ot enough differential shearing
displacement to cause any damage or separatiomardhors installed in the Condit dam are
continuously grouted and are expected to behattasriashion.

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

6.3 BLAST-INDUCED AIR-OVERPRESSURE

Air-overpressure from tunnel blasts will occur. eTlannel blasts are likely to create the
largest air-overpressure because open unchargetineles are used in the initial cut areas
of tunnel blasts and higher-pressure gas relealescaur in that part of the blast. However,
at the Project, the air-overpressure energy frasdtblasts will be focused downstream,
away from the closest residences. For all blagihogedures, JR Merit may reduce the
intensity of air-overpressure at the source by sterg charged holes.

Based upon experience and previous tunnel projectgpleted, the intensity of air-
overpressure exiting the portal of the tunnel wit exceed 150 decibels (dB), 100 feet from
the portal. Intensities of air-overpressure atecadistances can be calculated using the
following extrapolation relationship:

OPx= OR-20 log10 (Rx/R)

Where OPx = Over-pressure at distance X (dB)
OP, = Reference over-pressure and distance R1 (dB)
R: = Reference over-pressure distance (ft)
Rx = Extrapolated over-pressure distance (ft)

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

6.4 TUNNEL BLASTING

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

The final blast penetration into the reservoir anecautions taken by JR Merit will be
critical for project safety. JR Merit’s blastintap summarizes safety measures that fully
comply with specified excavation controls that ud#, but are not limited to, probe drilling
to verify the breakthrough location and conditidrconcrete and bedrock prior to the final
penetration.

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

A vertical hole with a diameter of 4 inches wilsalbe drilled near the upstream face of the
dam to allow the placement of suspended concussiarges that would be used to clear
debris, if required. JR Merit’s blasting plan:id¢ludes the method of delivering charges, 2)
demonstrates that concussion charges will deplogie8cribes how flow through the
drainage tunnel will be monitored, 4) specifies itfaarges will be deployed within two
hours after flow has fallen below 50 percent offtbe anticipated for an unblocked tunnel,
and 5) defines how air-concussion energy genetateltbris-clearing-charges will not
affect the stability of the dam.

There are two, 5-foot diameter, wood-lined condthiteugh the dam intended to serve as

low level outlets. Flow through these outletsastrolled by steel slide gates cast into the

upstream face of the dam. JR Merit’s blasting plddresses placing charges at the gates
and the means that will be used to deploy thosegelsaf the gates prove to be inoperable

and the criteria for a partially clogged drain tahis met.

6.5 DAM REMOVAL

The controlled concrete demolition concepts describp the 1998 R. W. Beck, Incorporated,
Summary Report are considered feasible and reaondBR Merit's methods will vary by
what types of cranes, yarders, and haulage equiptmeyplan 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 tier facilities, such as the surge tank and
flowline and penstock thrust blocks, a blastinghpadendum will be prepared to include
details for the removal of these structures andatin and air-overpressure considerations
for nearby residences.

6.7 DEBRIS CONTROL

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

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

Specialized blasting controls will be requirede@duce the amount of broken concrete that is
lost to the river when concrete is removed besrakkeelow the tunnel. Decoupled charges
that do not completely fill blast holes and linits powder factor and blast size may be used
for removal of the concrete near or below the ril@wv to minimize the amount of concrete
rubble that is washed away. The larger concrdiblewwill then be removed from the river
by clamshell buckets or backhoes, or other metpooisosed by JR Merit.

6.8 ENVIRONMENTAL |MPACTS

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

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

Reducing airborne dust by requiring wet drillinghaiques

Using only Fume Class 1 explosives that reducetheunt of toxic gas
released

Research conducted by Revey and other researcaisdt al) at the Washington Park Zoo
during construction of the west side lightrail @] tunnel beneath the zoo reported that test
animals experienced no long-term negative effects the levels of noise and vibration
produced by blasting. Also, based upon experiancework with other species at other
projects indicate that the very low levels of vilwa and moderately low air-overpressure
expected in the affected area around Condit darsjgmificant harm or undue annoyance to
area wildlife is expected.
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The environment aspects of the blasting programbeifurther addressed within the
following Decommissioning Management Plans:

Dust Control Plan

Environmental Monitoring Plan
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