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EXECUTIVE SUMMARY
The Bend Hydroelectric Dam is located on the Deschutes River in Bend, Oregon. The water
impounded by the dam forms Mirror Pond, which is a recreational reservoir and destination for
residents and tourists in Bend. The dam was constructed by Bend Water, Light, and Power
Company in 1916 for hydropower generation. The facility is currently owned and operated by
PacifiCorp Energy.
The facility consists of a powerhouse on the right side of the river with retaining structures to the
left consisting of a timber crib dam/spillway section and a non-overflow buttressed concrete wall
section. The condition assessment focused on the condition of the timber crib dam/spillway
section of the facility. The timber crib dam/spillway section is approximately 16 feet high with a
length of approximately 250 feet. The timber crib dam consists of 21 bays approximately 12 feet
in length. Fourteen of the needle bays were originally designed to pass flow though a wooden
channel with adjustable vertical timbers installed through the top of the dam to regulate flow
releases. A concrete sill was subsequently placed over the crest of the dam which rendered the
needle bays non-functional.
PacifiCorp is considering discontinuing operating and generating electricity at the Bend
Hydroelectric Plant and transferring ownership of the dam to another entity. The Bend Parks and
Recreation District (District) has been considered as a candidate for transfer of the dam. This
report was prepared to help the District determine the current condition of the dam and
understand the potential risks and costs associated with maintaining and modifying the dam to
meet current and long-term dam safety standards.
The primary focus of this study was the condition of the timber crib dam/spillway section. This
work included reviewing available engineering data relative to the design, construction,
operation, and monitoring of the dam and appurtenant structures, including previous inspection
reports and studies. Based on the visual evaluation and review of available information, the
condition of the dam and the need for remedial actions were determined.
A site inspection of the facility was performed by Gannett Fleming in early March 2014. At that
time, the dam appeared to be in fair condition considering it is more than 100-years old, and the
fact that it is constructed of timber cribbing and has undergone relatively minor modifications.
The timber crib dam section has experienced deterioration. The facing boards are weathered and
some are missing. Some loss of rock fill within the dam has been observed (PacifiCorp, 2013).
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Leakage was observed through the entire length of the structure, with severe leakage at a failed
needle bay section. Similar failures and leakage at other needle bays have occurred in the past.
Almost all timber crib dams in the United States have been removed, replaced or modified with
more permanent construction materials. It is certain that the current timber crib dam will
continue to deteriorate and exhibit seepage outbreaks that will require repair to maintain the
existing normal pool. The types of temporary repairs currently being implemented at the dam
address only local seepage outbreaks and do not address the overall integrity of the structure. As
the main structural features of the timber crib dam continue to deteriorate, a larger failure of the
timber crib dam such as a loss of one or multiple bays will eventually occur. A failure such as
this will require more extensive and expensive repair methods and will likely result in a loss of
the reservoir for an extended period. Local failures like the ones recently experienced at the
dam, or a more significant failure of the dam could occur at any time, but are most likely to
occur during unusual loading conditions involving flooding or passage of ice flows.
For continued reliable and safe operation of the facility, it is recommended that the timber crib
portion of the dam be completely rehabilitated or replaced. The most reliable option is to replace
the timber crib dam/spillway section with a new roller-compacted concrete (RCC) or
conventional concrete gravity section. The estimated cost to replace the timber crib dam with a
concrete dam is between $2 and $3.5 million.
Although the dam assessment also includes a brief discussion of potential public safety issues at
the site, the inspection documented in this report does not include a complete assessment of site
safety as it relates to operator and public safety. Safety hazards (strainers, hydraulic roller, fall
hazards, slips and trips, etc.) may exist at the site which were not fully evaluated or identified
that should be considered and addressed if there is a transfer of ownership or if significant
modifications are made to the dam.
The observations presented herein represent the condition of the dam on the date of the
inspection. The condition of the dam can change rapidly, particularly with changes in reservoir
level and river flow. It would be incorrect to assume that the present condition of the dam will
continue to represent the condition of the dam at some point in the future. Only through
continued care and inspection can unsafe conditions be detected.
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INTRODUCTION

Gannett Fleming was engaged to perform an engineering inspection of the PacifiCorp
Hydroelectric Project Timber Crib Dam/Spillway located in Bend, Oregon. The objective was to
evaluate the current condition of the structure and develop recommendations and repair methods
for short-term and long-term safe operation of the dam.
PacifiCorp is considering discontinuing operation and the generation of electricity at the Bend
Hydroelectric Plant. Bend Parks and Recreation District (District) has been in communication
with PacifiCorp about possible transfer of the facility and this report was developed to help the
District determine the condition of the dam and understand potential alternatives for maintaining
a safe structure into the future.
The assessment considered aspects of both structural integrity and public safety, and the resulting
conclusions and recommendations pertain to both. As part of the assessment, Gannett Fleming
conducted an on-site inspection of the dam and performed a review of records for the dam
provided by the District. This report details the findings of the inspection and provides
conceptual alternatives and recommendations to improve the safety and longevity of the
structure.

2.

CONDITION ASSESSMENT OF EXISTING DAM

2.1

Dam Description and History

The Mirror Pond Dam is located on the Deschutes River in Bend, Deschutes County, Oregon.
The dam was initially constructed by Bend Water, Light, and Power Company in 1916 for power
generation and is now owned and operated by PacifiCorp Energy. The water impounded by the
dam forms Mirror Pond, which is a destination for residents and tourists in Bend.
2.1.1 Project Features
The project consists of a powerhouse on the right side of the river, with retaining structures to the
left consisting of a timber crib dam/spillway and a non-overflow buttressed concrete wall
section. Figure 1 presents an aerial photo of the site and shows the primary dam and other
project features.
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Figure 1.

Bend Hydroelectric Project Site Layout – Google Earth – Imagery Date
8/12/2012

Timber Crib Dam Spillway - The timber crib dam/spillway consists of timber crib bays formed
by stacking square log timbers side by side and filling the voids within the timber cribs with
large basalt rock. The dam has 21 timber crib bays, each with a width of approximately 12 feet
along the axis of the dam, giving the timber crib dam a total length of approximately 250 feet.
Of the 21 bays, 14 bays were originally constructed as “needle bays” designed to pass flow
through a wood channel opening which could be controlled by adjustment of vertical wood
planks or needles. A table below shows the arrangement and naming convention of the bays
(PacifiCorp, 2013). The timber crib dam was modified shortly after construction with placement
of a concrete sill on top of the dam to allow water to spill over the timber crib section. The
placement of the concrete sill rendered the needle bays non-functional. Wooden stoplogs are
currently used to control flow over the dam.
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Table 1. Timber Crib Dam Spillway Bay Designations
Bay
Needle Bay
Original Needles
Sheetpile Installed
Visible
Upstream
B1-N1
X
B2
B3-N2
X
B4-N3
X
B5
B6-N4
X
B7-N5
X
B8
B9-N6
X
X
X
B10-N7
X
B11
B12-N8
X
X
B13-N9
X
X
X
B14
B15-N10
X
X
B16-N11
X
X
B17
B18-N12
X
X
B19-N13
X
X
B20
B21-N14
X
Note: Adapted from “Bend Timber Crib Spillway Inspection Summary Results” from PacifiCorp 2013 inspection
report. Sheetpile was installed at B12-N8, B13-N9, and B16-N11 after the 2013 inspection.

Non-Overflow Dam – The non-overflow dam section is located between the timber crib dam
spillway and the powerhouse. It consists of a 12-foot high buttressed concrete wall founded on
basalt rock with earth fill placed on the downstream side of the wall.
Powerhouse – The powerhouse is a brick masonry structure with a concrete foundation. Electric
generation is produced by three James Leffel horizontal Francis turbines operating at a gross
head of 14 feet. The combined rated capacity for the turbines is 1,110 kW.
Ice/Debris Sluiceway – An ice/debris sluiceway is located between the timber crib spillway and
the non-overflow section. The sluiceway is used to pass buildup of ice or logs in the river. It
consists of a grouted basalt rock channel with wooden stoplogs.
Regulating Sluiceway – The regulating sluiceway is used to control the release of water and is
located to the right of the powerhouse. The regulating sluiceway was originally designed as a
wooden stoplog structure, but has been modified with two 4-foot by 5-foot slide gates controlled
by an electric powered gate actuator.
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2.1.2 Project Modifications
Limited information was available regarding the early history of maintenance and modifications
to the dam. Information on past dam modifications was obtained from the PacifiCorp December
10, 2013 inspection report.
The timber crib section of the dam was capped with a concrete sill early on in its life to allow
flow to overtop the timber crib section by design and render it a spillway. By capping the dam,
the needle bays which were initially intended to allow controlled flow to pass through fourteen
of the bays became non-functional.
The upstream and downstream facing boards have been replaced at the timber crib dam on more
than one occasion. Records show the most recent replacement of the upstream facing boards was
completed in the early 1990s. There is no record of the latest replacement of the downstream
facing boards. Many of the downstream facing boards are in a deteriorated condition and some
are missing. .
Significant leakage outbreaks have occurred through some of the needle bays within the last ten
years. The leakage has been addressed by installing sheet piles on the upstream face of the dam
at the leaking needle bays. Sheet piles were installed at Needle Bays 6, 12, and 13 in 2008 and
2009. The sheet pile repair included cutting the wood ledger at the upstream face of the dam and
installing vertical wide flange steel sections secured to the upstream face. The sheet piles were
driven along the face of the dam to a depth of two feet into rock or to refusal. The sheet piles
were not grouted into the bedrock. The sheet piles were welded to the wide flange steel sections.
A figure showing the general configuration for the sheet pile repair is provided in Exhibit 1.
Sheet piles are currently being installed at Needle Bay 8, 9, and 11 to address the leakage
observed beginning in October 2013. The sheet piles currently being installed will have the same
configuration as the repairs installed in 2008 and 2009.
Sediment accumulation upstream of the dam has been an issue over the lifetime of the dam.
Mirror Pond was dredged in the 1980s and will likely require sediment removal again in the near
future. Photographs from the site inspection are included in Appendix A, including a photograph
showing the sediment deposits in the pond.
2.2

Field Inspection

Gannett Fleming conducted a site inspection of the dam on March 6 and 7, 2014. The inspection
was performed by Dean B. Durkee, Ph.D., P.E., and Matthew S. Balven, P.E.
The general arrangement of the structure and the upstream and downstream areas were observed
on March 6th from vantages outside the PacifiCorp secured plant area. On March 7th a visual
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inspection of the dam was performed by accessing the timber crib spillway from the wooden
walkway over the spillway, and walking the area downstream of the concrete wall of the nonoverflow dam section and within the powerhouse. Efforts were made to lower the reservoir level
to accommodate the inspection. Due to excessive river flow, the water level was higher than
planned with a stage level of approximately 12 feet on March 6th and 14.5 feet on March 7th.
Normal pool level is 16.5 feet.
The powerhouse and non-overflow dam section appear in good condition and have been well
maintained. The timber crib spillway section has experienced significant deterioration and will
require rehabilitation or replacement to continue safe and reliable operation. A summary of the
inspection observations is provided below.
2.2.1 Dam Crest (Timber Crib Dam/Spillway Section)
The dam crest consists of a concrete sill over the timber crib structure with a wooden walkway
built over the concrete sill. Wood stoplogs were in place over the concrete sill at the upstream
face of the walkway.
The concrete sill was observed via the hinged boards on the upstream side of the wooden
decking for the walkway. The concrete generally appeared in good condition. A joint exists in
the concrete approximately 1-foot from the upstream edge of the concrete slab. Some material
loss and vegetation growth was observed at this joint. The concrete was sounded with a metal
rod and generally appeared solid. Some areas exhibited a hollow sound when struck indicating
possible voids under the concrete slab possibly due to settlement of the underlying timber and
rock structure.
No significant defects were observed in the stoplogs. Some of the boards appeared moderately
weathered. The two upper stoplog boards at Needle Bay 7 were not in place. It is not known if
they were unintentionally missing, or if they were removed to pass flows.
2.2.2 Downstream Face (Timber Crib Dam/Spillway Section)
Leakage appeared to be occurring through the downstream face of the dam across the entire
length of the structure. More significant leakage was observed at Needle Bays 8 and 11, with the
leakage at Needle Bay 11 being greatest. It appears the sheet pile repairs at Needle Bays 6, 11,
and 12 have reduced leakage; however, some leakage was observed occurring between the edge
of the wide flange section/sheet pile and the upstream face of the dam. Small whirlpool
formations were observed upstream of these locations. Photos showing leakage at selected
locations are provided in Figures 2 through 5. A photo at Needle Bay 7 is shown as a typical bay
with minor to moderate leakage. Photos for Needle Bay 8 and Needle Bay 11 show significantly
more leakage.
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Figure 2.

Leakage observed through Needle Bay 7. Typical of bays with minor to
moderate leakage.

Figure 3.

Leakage observed through Needle Bay 8.
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Leakage observed through Needle Bay 11.

Whirlpool

Figure 5.

Whirlpool formation at east edge of sheet pile repair at Needle Bay 6.
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The downstream facing boards were observed from the walkway on the crest of the timber crib
dam. The timber boards appeared to have deteriorated across the length of the timber crib
spillway section, with more severe deterioration and loss of boards at the left end of the structure
(Needle Bays 6 through 14). An example of the degradation of the downstream facing boards is
shown in Figure 6. Minor loss of rock fill was also observed.
The interior crib timbers could not be inspected or physically probed or tested. Based on
observations made from the dam crest, it appears the inspection report prepared by PacifiCorp
provides an accurate assessment of the condition of the timbers. In summary, PacifiCorp’s’
findings indicate the timber boards have not experienced significant rot, but some section loss
has occurred. In particular, section loss has occurred where the timber boards have been exposed
to continuous flowing water.
2.2.3 Upstream Face (Timber Crib Dam/Spillway Section)
Due to the high reservoir level at the time of inspection, the upstream face of the timber crib
dam/spillway section could not be observed beyond the stoplogs. The condition of the stoplogs
is discussed in section “2.2.1 Dam Crest”.

Figure 6.

Degradation and loss of timber facing boards at NB 10.

2.2.4 Ice/Debris Sluice
The ice/debris sluice is located between the timber crib dam/spillway structure and the nonoverflow section. It consists of a grouted rock-lined channel with wooden stoplogs. The
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condition of the rock channel and the contact between the ice/debris sluice
dam/spillway appeared to be in good condition. It is reported that the
Overflow section can become flooded when the ice/debris sluice is opened.
stoplogs were not removed during the inspection. The ice/debris sluice
appears to be functional.

and the timber crib
island at the NonFor this reason, the
is rarely used, but

2.2.5 Non-Overflow Dam Section
The concrete non-overflow dam section was observed from the downstream side. The concrete
appeared to be in relatively good condition. Some spalling and efflorescence was observed on
the concrete surface at several locations. A small amount of leakage was observed in two areas
of the non-overflow structure.
2.2.6 Power House
A limited visual inspection was performed in the power house. The power house appeared well
maintained and no significant leakage or cracking was observed.
2.2.7 Regulating Sluiceway
A regulating sluiceway is located at the right side of the power house. The sluiceway consists of
two wooden slide gates, each 4-foot by 5-foot. The gates are motor driven and the motor and
actuators were recently replaced. The gate function was not tested during the inspection. The
gates were in an open position to lower the reservoir level. Based on discussions with the plant
representatives, the gates are functional, but occasionally become jammed during opening and
closing.

3.

POTENTIAL PUBLIC SAFETY HAZARDS AT LOW-HEAD, RUN-OF-THERIVER DAMS

A “run-of-the-river dam” can be defined as a manmade structure that is built across a river or
stream for the purposes of impounding water where the impoundment at normal flow levels is
completely within the riverbanks and all flow passes directly over the dam structure within the
banks, excluding abutments, to a natural channel downstream. These dams often have hydraulic
characteristics such that at certain flows persons entering the area immediately below the dam
may be caught in the backwash or hydraulic roller.
Based on the shape of the existing timber crib structure, it appears to have the potential to create
a hazardous condition sometimes referred to as a “boil” or “hydraulic roller” at the downstream
toe of the dam under certain flow conditions. When present, a hydraulic roller can be nearly
inescapable for any persons who enter or experience it. This flow condition is illustrated in
Figure 7.
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Schematic showing typical features of a hydraulic roller at the downstream
face of a run-of-the-river dam (Source: P. Schweiger, ASDSO Journal of Dam
Safety, Volume 9, Issue2, 201).

Additionally, due to the significant leakage that occurs through the current timber crib dam, there
is a potential for the dam to act as a “strainer”. This condition occurs when leakage through the
dam creates higher flow velocities in the vicinity of a leak and can potentially suck or trap and
drown a person near the dam against the upstream face of the dam.
Due to the issues described above and other dangers associated with dams in general, security
measures and proper signage and buoys should be maintained at the dam to create an exclusion
zone around the dam and prohibit swimming, wading, fishing and boating within this area.

4.

REHABILITATION ALTERNATIVES

Based on discussions with the District, considerations for selecting a repair alternative for the
dam include:
 the ability to maintain the normal pool level in Mirror Pond,
 safe and reliable operation of the facility,
 construction costs, and
 maintenance costs
Recommendations for short-term and long-term repair alternatives for the dam, based on the
inspection and review of the dam’s history, and the criteria listed above, are discussed and
provided below. A summary of cost estimates for the various alternatives is also provided.
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Short-Term Rehabilitation

Due to the age and type of structure, there are no inexpensive short-term alternatives for
repairing the dam that would provide assurance that the dam would not experience a sudden leak
or failure. In the short-term, the dam could be maintained in the same fashion PacifiCorp has
been maintaining the dam in recent years. This includes plugging leaks as they occur. To date,
significant leakage has occurred in Needle Bays 6, 11, 12, and 13. Sheet pile was placed to
repair Needle Bays 6, 12, and 13 in 2008 and 2009. Sheet pile is currently being installed at
Needle Bays 8, 9, and 11 as well. This represents six of the fourteen needle bays. Similar failure
and leakage at the remaining needle bays should be expected to occur as they have in the past.
The exact time of future leakage outbreaks or failures cannot be predicted due to the unknown
condition of the metal fasteners and various degrees of wood deterioration within the structure;
however, given the age and condition of the timber structure, it could occur at any time, but most
likely during flood events.
Placing sheet piles upstream of the leaking needle bays has been the chosen method for repairing
leaks. This approach can be continued, but should not be considered a long-term solution.
Placement of sheet piles on the upstream face of the dam in the configuration currently used has
been effective in reducing concentrated flow through the failed needle bays. However, the
localized sheet pile repairs cannot be relied upon to increase the long-term stability of the dam.
As the timber structure supporting the steel sheet piling continues to deteriorate, and the
hydrostatic loads on the upstream face of the dam are transferred to a larger section of the timber
crib dam, a sliding type failure or unraveling of the dam will eventually occur unless other
modifications are made to the dam. A stability analysis of the existing structure was not
performed as a part of this study.
4.1.1 Grouted Steel Sheet Pile Rehabilitation (Option A)
A conceptual alternative for rehabilitating the dam while leaving the majority of the current
structure in place is presented in Exhibit 2. The repair alternative consists of placing steel sheet
piles upstream and downstream of the dam, structurally attached to H-piles embedded in
bedrock. The upstream and downstream sheet pile walls would be connected with a tieback
system. Grout or concrete would be placed between the sheet pile walls to fill the void spaces
within the existing structure. A reinforced concrete slab would be constructed over the structure.
The potential cost for this alternative is presented as Option A in Table 1.
4.2

Long-Term Rehabilitation

4.2.1 Removal of Timber Crib Dam/Decommissioning (Option B)
The removal of the timber crib dam or a portion of the dam is a permanent long-term alternative
for the facility. Decommissioning the dam would significantly reduce the liability and
maintenance costs associated with the facility and restore this segment of the river to a more
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natural free flowing condition. However, this alternative does not meet the criteria for
maintaining the normal pool level of Mirror Pond.
The costs for this alternative would include demolition of the existing dam and restoration of the
site to a safe and stable condition. Removal of the reservoir sediment deposits and restoration of
the riverbanks would likely be required.
A significant permitting effort would also be required to decommission the dam. Reports have
previously been prepared by Inter-fluve (2013) and River Design Group, Inc. (RDG) (2014) that
discuss removal of the dam and sediment deposits within the reservoir. The expected permitting
process along with a cost estimate for removal of the dam is provided in the RDG report. We
believe the report provides a reasonable cost estimate to remove the dam and reservoir
sediments; however, we expect the effort and cost necessary could vary widely based on amount
of sediment removal required, the condition of the sediment, the required improvements to the
stream channel, and other unknowns.
Permitting efforts are further discussed in section “5. Permitting Requirements” of this report.
4.2.2 Replacement with RCC or Conventional Concrete Spillway Section (Option C)
The most effective option to meet the desired criteria for long-term rehabilitation of the structure
is replacing the timber crib dam/spillway section with a new roller-compacted concrete (RCC) or
conventional concrete gravity section. A conceptual drawing of a concrete gravity section is
presented in Exhibit 3. The cost for this alternative is presented as Option C in Table 1.
Concrete gravity dams are often selected to replace aging timber crib dams. In the case of this
site and features, a concrete gravity dam is a constructible alternative. The decision to use RCC
versus conventional concrete is typically determined by whether the dam requires a sufficient
volume of RCC to make it more economical than conventional concrete.
This option would most likely require demolition of the existing timber structure and
construction of the new concrete dam at the same location (included in cost estimate). Water
diversion would be necessary during demolition and construction of the new dam. The
conceptual cross section of the spillway presented on Exhibit 3 includes a 1H:1V stepped
downstream face. If it is desired to retain the same or similar appearance of the existing timber
crib dam, a wood facing system could be attached to the exposed surfaces of the new structure.
Maintenance costs associated with a new concrete dam are minimal. The downstream face of the
concrete dam could also be modified to significantly reduce the potential for a hydraulic roller to
develop. Constructing a new concrete dam immediately downstream of the existing timber crib
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dam and allowing the timber crib dam to remain (minus the walkway) could also be explored as
a cost saving option.
4.2.3 Other Options Considered
Other options for replacing the existing timber crib dam were considered and determined to be
impracticable because of their higher capital cost, increased maintenance costs, and complex
operation requirements. They include replacing the timber crib dam with a moveable crest dam,
or installing a shorter moveable crest dam upstream of the existing timber crib dam where the
river is narrower. These options are discussed briefly here for completeness.
Installing a shorter moveable crest dam upstream of the existing timber crest dam where the river
is contracted could be made to work where a fixed-crest concrete dam at the same location would
not be possible due to the reduced stage-discharge capacity of the dam and increased flooding
induced by the structure upstream. A shorter moveable crest dam upstream has the advantage of
being able to be lowered during flood events and allowing the river flow to pass without
increasing flood levels. By lowering a moveable crest dam during high river flows, some
management or passing of the sediment deposits within the reservoir could also be possible.
The effectiveness of using a moveable crest dam to re-suspend and transport the sediment
deposits within the reservoir would depend on how and when the moveable crest dam is
operated. If the moveable crest dam is allowed to remain in the lowered position during flood
events or for a prolonged period, the upstream section of the natural river channel affected by the
dam will eventually be eroded and restored to its natural geometry. Sediment deposited beyond
the banks of the natural river channel would likely not experience flow and would remain.
Two types of inflatable dams can be constructed at this site; a Rubber Dam or an Obermeyer
Hydro Gate Dam. A rubber dam consists of a sealed tube fabricated from a heavy duty, nylon
reinforced rubber attached to a reinforced concrete foundation with metal clamping lines. The
rubber body is inflated with air or water to impound water. The rubber material used for the dam
body is similar to that used for conveyor belts, marine fenders, marine hoses for crude oil
transportation, tires for heavy construction equipment, and tires for aircraft. Since the first
installation in 1956, rubber dams have been installed on rivers in countries all over the world.
Rubber dams are operated by low pressure air. When deflated, the rubber body of the dam lies
completely flat on its concrete foundation, permitting water, sediment, and debris to pass over
the dam unencumbered. The air is supplied by standard air compressors. The rubber dam body
may be raised or lowered (inflated or deflated) manually or by automatic controls. The
automatic control system monitors one or more water level gages and manipulates the air
pressure in the dam to adjust its height and maintain a prescribed water level in the upstream
pool.
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The Obermeyer Hydro Gate System consists of a row of bottom hinged steel gate panels
supported on their downstream side by inflatable air bladders. The individual steel gate panels
are fabricated in widths of 5 to 10 feet. The gaps between adjacent panels are spanned by
reinforced rubber webs clamped to adjacent gate panel edges. By controlling the pressure in the
bladders, the pool elevation maintained by the gates can be finely adjusted within the system
control range (full inflation to full deflation) and accurately maintained at user selected set
points. The air bladders are designed and manufactured by methods similar to those used in the
manufacture of automotive tires. A butyl rubber inner liner provides the air retention
characteristics, while the high tensile strength rubber compounds containing multiple layers of
polyester or Kevlar fiber tire cord reinforcement provide the mechanical strength needed to
contain the internal pressure.
A hydraulically-operated bascule gate dam is fabricated from steel, hinged at the bottom, and
raised and lowered using hydraulic piston rods. The gate would be mounted on a concrete base
slab with an extended downstream apron to prevent sour of riverbed material similar to the
concrete slab required for an inflatable dam. The cost for the hydraulically operated bascule
dam, however, is estimated to be about 2½ to 3½ times higher than the cost of the rubber dam or
Obermeyer Hydro systems. There are also certain characteristics of the hydraulically operated
bascule dam that may not be compatible with a-run-of-the-river dam. During winter months, the
hydraulically operated bascule dam would need to be protected against freeze thaw conditions.
This would require special heating features. Additionally, it is desirable to have the operating
equipment for the gates set on top of piers above the flood stage for the river.
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Figure 8.
Photographs illustrating rubber dams (top), Obermeyer Hydro dams (middle), and
hydraulically operated steel dams (bottom)
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Planning-Level Cost Estimates

Ranges for the potential costs of the alternatives discussed are provided below. These include
the expected costs necessary to design and construct the various alternatives.
The construction cost estimates presented are conceptual level estimates based on engineering
judgment and experience with recent similar projects. Since detailed designs have not been
developed for any of the alternatives, the cost estimates are based on approximate quantities
developed from conceptual sketches and assumed unit prices.

Table 2
Estimated Range of Construction Costs
Option A: Rehabilitation Using Grouted Steel Sheet Pile
Item
1
2
3
4
5
6
7
8
9
10
11
12
13

Description

Low Estimate ($)

Design & Engineering Studies
Permitting

$
$

Mobilization
Access
Care and Diversion of Water
Erosion and Sediment Control
Demolition of Walkway & Stoplogs
Miscellaneous Earthwork
Sheet Pile Walls (w/tieback)
H-piles
Grout Backfill
Reinforced Concrete Slab
Construction Monitoring
Subtotal
Contingency, 30%
Total

$
30,000.00
$
50,000.00
$
200,000.00
$
15,000.00
$
17,500.00
$
12,500.00
$
637,500.00
$
80,000.00
$
330,000.00
$
46,000.00
$
50,000.00
$ 1,618,500.00
$
485,550.00
$ 2,104,050.00
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50,000.00
100,000.00

High Estimate ($)
$
100,000.00
$
300,000.00
$
60,000.00
$
100,000.00
$
350,000.00
$
35,000.00
$
26,250.00
$
25,000.00
$
850,000.00
$
100,000.00
$
495,000.00
$
57,500.00
$
150,000.00
$ 2,648,750.00
$
794,625.00
$ 3,443,375.00
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Table 3
Estimated Range of Construction Costs
Option B: Dam Removal/Decommissioning
Item
1
2
3
4
5
6
7
8

Description

Low Estimate ($)

High Estimate ($)

Design & Engineering Studies
Permitting

$
$

50,000.00
100,000.00

Mobilization
Access
Care and Diversion of Water
Erosion and Sediment Control
Demolition of Spillway Section
Construction Monitoring
Subtotal
Contingency, 30%
Total

$
$
$
$
$
$
$
$
$

50,000.00
50,000.00
50,000.00
15,000.00
117,500.00
30,000.00
462,500.00
138,750.00
601,250.00

$
$
$
$
$
$
$
$
$
$
$

400,000.00
300,000.00
150,000.00
100,000.00
150,000.00
35,000.00
199,750.00
100,000.00
1,434,750.00
430,425.00
1,865,175.00

Note: Stream Channel Restoration and Sediment Removal are determined through a regulatory
process and could add as much as $13 million to overall project costs.

Table 4
Estimated Range of Construction Costs
Option C: Replacement with Concrete Gravity Dam
Item
1
2
3
4
5
6
7
8
9
10

Description

Low Estimate ($)

Design & Engineering Studies
Permitting

$
$

Mobilization
Access
Care and Diversion of Water
Erosion and Sediment Control
Demolition of Spillway Section
Mass Concrete
Conventional Concrete Cap
Construction Monitoring
Subtotal
Contingency, 30%
Total

$
100,000.00
$
50,000.00
$
300,000.00
$
15,000.00
$
117,500.00
$
560,000.00
$
46,000.00
$
100,000.00
$ 1,588,500.00
$
476,550.00
$ 2,065,050.00
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200,000.00
100,000.00

High Estimate ($)
$
450,000.00
$
300,000.00
$
150,000.00
$
100,000.00
$
500,000.00
$
35,000.00
$
199,750.00
$
840,000.00
$
57,500.00
$
250,000.00
$ 2,882,250.00
$
864,675.00
$ 3,746,925.00
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The costs presented in Tables 2 through 4 do not include costs for potential additional project
features that may be required by regulators. Additional costs could include fish passage
facilities, historic preservation requirements, reservoir sediment removal, riverbank stabilization,
etc. Some level of sediment removal may be required regardless of the selected alternative and
the cost for sediment removal will vary depending on the volume of sediment that needs to be
removed and the disposal requirements for the material. Previous studies have estimated costs
for sediment removal in the reservoir to range between $1,800,000 and $18,500,000.
If significant improvements are made to the dam, providing fish passage may be required.
Evaluation of fish passage alternatives is beyond the scope of this study; however, we have
reviewed the “Fish Facilities Design Study” prepared by James M. Montgomery Consulting
Engineers (October 1990). The report recommends a slotted or Denil-type fishway and
considered multiple fishway configurations. The cost estimates presented in the report for the
fish passage alternatives ranged from approximately $140,000 to $300,000 in 1990 dollars. This
range would have a present value of approximately $250,000 to $540,000. Based on our recent
experience designing and constructing Denil fishways, we believe the cost to design and
construct a Denil fishway at this site is on the higher side of this range, and possibly higher if a
fish counting facility is required to confirm the performance of the fishway.
The cost of the repairs performed in 2008 and 2009, as provided by PacifiCorp, was $328,000
for Needle Bays 6, 12, and 13. It is estimated a cost between $150,000 and $200,000 would be
required to temporarily repair similar seepage outbreaks at the remaining needle bays on an
individual basis. A reduction in this unit cost is expected if multiple bays are repaired under the
same mobilization. We estimate a range of costs to place sheet pile on the remaining eight
needle bays would be $500,000 to $1,600,000, depending on the number of bays performed
under the same mobilization. This estimated cost is also included in Table 1. The cost for
constructing an emergency repair for a sudden failure of a larger section of the dam has not been
estimated.

5.

PERMITTING REQUIREMENTS

Whether the dam is rehabilitated, replaced, or ownership is transferred, permitting will be
required. The permitting requirements set forth by the regulatory agencies can have an impact
on the cost and schedule for the project and possibly the requirement of additional features or
considerations for the dam.
Preliminary discussions with the Dam Safety group in the Oregon Water Resources Department
(OWRD) regarding the permitting process associated with rehabilitation of the dam indicate that
the following agencies will likely participate in the permit process and may require special
permits:
18
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United States Army Corps of Engineers (Section 401 and Section 404 Permits)
Oregon Water Resources Department (Dam Construction Permit)
Oregon Division of State Lands (Removal-Fill Permit)
Oregon Department of Environmental Quality (NPDES Permit)
Oregon Department of Fish and Wildlife (Fish Passage)
Oregon State Historic Preservation Office (Memorandum of Agreement)

Additionally, the Federal Energy Regulatory Commission (FERC) may have involvement since
the dam is currently used to generate electricity. However, since the dam is not currently
licensed with FERC, this may not be a requirement if the facility is no longer used to generate
hydropower. There may also be requirements associated with water rights for the dam when the
facility transfers ownership.
As stated previously, a report was prepared by RDG (2014) that discusses removal of the dam
and the expected permitting process. The permitting effort discussed in the RDG report is
reasonable based on our experience and our discussions with the Dam Safety Group of OWRD.
We recommend the District meet with these agencies to discuss any concerns or requirements the
agencies may have with regard to permitting the project prior to accepting ownership of this
facility.

6.

SUMMARY AND CONCLUSION

In summary, it appears that the dam is in fair condition considering it is more than 100-years old
and the fact that it is constructed of timber cribbing with relatively minor modifications. Almost
all timber crib dams in the United States have been removed, replaced or modified with more
permanent construction materials. It is certain that the current dam will continue to deteriorate
and continue to exhibit seepage outbreaks that will require repair to maintain the existing normal
pool. The types of temporary repairs currently being implemented address only local seepage
outbreaks and do not appear to address the overall long-term structural integrity of the structure.
As the main structural features of the timber crib dam continue to deteriorate, a larger failure of
the timber crib dam will eventually occur that will require more extensive and expensive repair
methods. Local failures like the ones recently experienced at the dam or a more significant
failure of the dam could occur at any time, but are most likely to occur during unusual loading
conditions involving flooding or passage of ice flows.
For continued reliable and safe operation of the facility, it is recommended that the timber crib
portion of the dam be completely rehabilitated or replaced. In our opinion the most effective
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option is to replace the timber crib spillway section with a new roller-compacted concrete (RCC)
or conventional concrete dam.
As a next step, we recommend meeting with the regulatory agencies to discuss the project,
potential alternatives, and any requirements they expect will be imposed. An alternatives
analysis should then be performed to evaluate the potential alternatives for rehabilitation of the
dam in more detail.
7.
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EXHIBITS




Exhibit 1 – Existing Dam and Repair Sections
Exhibit 2 – Conceptual Rehabilitation Alternative
Exhibit 3 – Conceptual Replacement Alternative

21

May 2014

Bend Hydroelectric Dam

Condition Assessment Report (Draft)

Appendix A:
Site Inspection Photographs
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Inspection Photograph No. 1 – View of downstream face of timber crib dam from Left
Abutment

Inspection Photograph No. 2 – View of upstream face of timber crib dam from Left Abutment
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Inspection Photograph No. 3 – Looking upstream at timber crib dam from left river bank.

Inspection Photograph No. 4 – View of power house from downstream on left river bank.
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Inspection Photograph No. 5 – View of access to right side of timber crib dam from nonoverflow section. Ice/debris sluiceway is adjacent to the stairs.

Inspection Photograph No. 6 – Access on walkway over timber crib dam, looking left.
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Inspection Photograph No. 7 – View of level instrumentation and upstream side of ice/debris
sluiceway.

Inspection Photograph No. 8 – View of downstream face of timber crib dam from crest at
Needle Bay 1.
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Inspection Photograph No. 9 – View of deterioration and loss of facing boards on downstream
face of timber crib dam at Needle Bay 1.

Inspection Photograph No. 10 – View of downstream face of timber crib dam from crest at
Needle Bay 1, looking left.
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Stoplogs

Inspection Photograph No. 11 – View of concrete sill at Needle Bay 2 through door on crest
walkway. Stoplogs are shown on the upstream face of the walkway structure.

Inspection Photograph No. 12 – View of downstream face of timber crib dam from crest at
Needle Bay 2.
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Inspection Photograph No. 13 – View of concrete sill at Needle Bay 3 through door on crest
walkway. Stoplogs are shown on the upstream face of the walkway structure.

Inspection Photograph No. 14 – View of debris boom upstream of the timber crib dam.
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Inspection Photograph No. 15 – View of downstream face of timber crib dam from crest at
Needle Bay 3.

Inspection Photograph No. 16 – Debris on downstream face of timber crib dam between
Needle Bays 3 and 4.
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Inspection Photograph No. 17 – Downstream face of timber crib dam between Needle Bays 4
and 5.

Inspection Photograph No. 18 – View of downstream face of timber crib dam from crest at
Needle Bay 5.
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Inspection Photograph No. 19 – Sheet pile at upstream face of timber crib dam at Needle
Bay 6. Sheet pile installed in 2008/2009 to stop leakage through the Needle Bay.

Whirlpool

Inspection Photograph No. 20 – View of leakage around right side of sheet pile at Needle
Bay 6. Note small whirlpool adjacent to the sheet pile.
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Inspection Photograph No. 21 – View of downstream face of timber crib dam from crest at
Needle Bay 6.

Inspection Photograph No. 22 – View of downstream face of timber crib dam from crest at
Needle Bay 7.
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Inspection Photograph No. 23 – View of downstream face of timber crib dam from crest at
Needle Bay 8. Note more leakage through Needle Bay 8 that most other Needle Bays.

Inspection Photograph No. 24 – View of downstream face of timber crib dam from crest at
Needle Bay 10.
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Inspection Photograph No. 25 – View of downstream face of timber crib dam from crest at
Needle Bay 11. Most severe leakage occurring through Needle Bay 11.

Whirlpool

Inspection Photograph No. 26 – View of whirlpool formation upstream of Needle Bay 11 due
to heavy leakage.

35

May 2014

Bend Hydroelectric Dam

Condition Assessment Report (Draft)

Inspection Photograph No. 27 – Sheet pile at upstream face of timber crib dam at Needle Bays
12 and 13. Installed in 2008/2009 to stop leakage through the Needle Bays.

Inspection Photograph No. 28 – View of downstream face of timber crib dam from crest at
Needle Bay 12. Note sheet pile installed at upstream face.
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Inspection Photograph No. 29 – View of downstream face of timber crib dam from crest at
Needle Bay 13. Note sheet pile installed at upstream face.

Inspection Photograph No. 30 – View of downstream face of timber crib dam from crest at
Needle Bay 14.
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Inspection Photograph No. 31 – View of deteriorated timbers, facing boards, and loose rock fill
at downstream left abutment contact.

Inspection Photograph No. 32 – Security fence at left abutment contact.
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Inspection Photograph No. 33 – View of timber crib dam section from left abutment looking
right. The sheet pile at forefront of photo is at Needle Bays 12 and 13.

Power House
Non-Overflow
Section

Inspection Photograph No. 34 – Panoramic view of upstream face of timber crib dam from
right bank upstream of dam (1 of 5).
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Ice/Debris Sluiceway

Inspection Photograph No. 35 – Panoramic view of upstream face of timber crib dam from
right bank upstream of dam (2 of 5).

Sheet Pile
at NB 6

Inspection Photograph No. 36 – Panoramic view of upstream face of dam from right bank
upstream of dam (3 of 5).
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Inspection Photograph No. 37 – Panoramic view of upstream face of timber crib dam from
right bank upstream of dam (4 of 5).

Newport Ave
Bridge

Sheet Pile at
NB 12 & 13

Inspection Photograph No. 38 – Panoramic view of upstream face of timber crib dam from
right bank upstream of dam (5 of 5).
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Concrete Wall at
Non-Overflow Section

Inspection Photograph No. 39 – View of non-overflow dam section from grass area looking
upstream and to the left.

Inspection Photograph No. 40 – Spalling on downstream face of concrete wall at non-overflow
dam section.
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Inspection Photograph No. 41 – Spalling on downstream face of concrete wall at non-overflow
dam section.

Inspection Photograph No. 42 – View of downstream face of non-overflow dam section and
powerhouse, looking left to right.
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Inspection Photograph No. 43 – View of left side of power house.

Inspection Photograph No. 44 – View of upstream face of non-overflow dam section and
timber crib dam from power house forebay, looking right to left.

44

May 2014

Bend Hydroelectric Dam

Condition Assessment Report (Draft)

Inspection Photograph No. 45 – View of platform over forebay upstream of power house.

Inspection Photograph No. 46 – View of regulating sluice gates from downstream side.
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Inspection Photograph No. 47 – View of area downstream of regulating sluice gates, from
bridge above gates.

Inspection Photograph No. 48 – View of 1 of 3 turbines in power house.
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Inspection Photograph No. 49 – View of interior of power house, looking towards upstream
wall.

Inspection Photograph No. 50 – View of downstream exterior wall of power house.
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Inspection Photograph No. 51 – View of Mirror Pond upstream of Newport Ave Bridge. Note
the sediment deposits within the reservoir. (Pond level 4.5 feet below normal pool)
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