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1. EXECUTIVE SUMMARY

1.1. The Colville Tribes and Bonneville Power Administration (BPA) requested the services of
the Corps to perform a limited reconnaissance study to evaluate and recommend potential water
sources for a planned fish hatchery (BPA Intergovernmental Contract No. 16123). This
reconnaissance study was conducted to determine if there are water sources that can be
developed and conveyed to the Colville Tribes fish hatchery, provide sufficient quantity and
quality of water in a secure manner that does not pose a risk to dam safety and at minimal cost to
the Government.

1.2. The Colville Tribes hatchery consultants determined the amount of water required from each
potential source to satisfy the total flow and temperature. Sources identified include the
reservoir, relief tunnel, and nearby well sites. Hatchery water requirements were originally
identified the as 22 cfs from the relief tunnel drainage system, 25 to 30 cfs from the reservoir by
way of the irrigation inlets, and 6 cfs from wells for summer/fall Chinook. The relief tunnel and
well water is of particular importance because it is 6 months  out of phase in temperature with
the reservoir water.  Subsequent hatchery design has identified the maximum flow requirement
for temperature averaging as 35.1 cfs combined from the relief tunnel and wells and 42.2 cfs
from the reservoir if spring Chinook are added. The hatchery design is ongoing and the flow
requirements are subject to further revision.

1.3. The water supply study determined the potential to supply 20 cfs from the relief tunnel by
enlarging the existing relief tunnel sump and installing a 450 HP pump and the potential to
supply 45 cfs from the reservoir by opening the irrigation inlet and outlet on the upstream and
downstream faces of the dam and installing a 30-inch diameter metal pipe with an emergency
gate valve, trash rack, fish screen, and stoplogs.

1.4. Conveyance of the relief tunnel water to the hatchery site will require a 20-inch diameter
metal pipe and conveyance of the reservoir water will require a 30-inch diameter metal pipe. The
pipes must be buried for seismic and security considerations and would run approximately 300
feet through the riprap on the embankment and 2,400 feet under the existing road. This will
require demolition and repaving the road and excavating pipe trench 8-feet deep by 11-feet wide.

1.5. The preliminary construction cost estimate for the modifications to the relief tunnel sump,
opening the irrigation inlet, and the pipelines to the Head Box at the hatchery is $3,074,000.

1.6. A potential well field site is identified in the study upstream of the dam seepage blanket in
the vicinity of the State Park and golf course approximately 2 miles from the dam. From
available information potential well field sites at the hatchery do not look promising and a well
field in the vicinity of the relief tunnel is precluded by dam safety considerations.

1.7. Testing of water samples from the relief tunnel and the reservoir forebay at the elevation of
the irrigation indicates generally good water quality at the relief tunnel and forebay locations
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with no exceedances of either Washington Department of Fish and Wildlife (WDFW) or
Washington Department of Ecology (WDOE) criteria. The parameters monitored show little
difference between the relief tunnel and the forebay samples. Water quality samples will be
collected at the relief tunnel, forebay, and hatchery well site in the spring and summer to
determine if any seasonal variations in water quality exist for these source waters. The test
results will be added to this study as supplements.

1.8. A further and more detailed investigation will be needed in the next phase of design to
confirm the assumptions and cost estimates developed in this study and to address dam safety
issues. In view of the more certain potential to supply additional water from the reservoir and the
uncertainty on the location and yield from a well field in the area, it is recommended that the
next phase of deign also investigate mechanical heating and cooling of additional water from the
reservoir to achieve the desired temperatures for rearing fish.
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2. INTRODUCTION

2.1. Background

2.1.1. The Colville Tribes proposed to the Northwest Power Planning Council (NPCC) and
Bonneville Power Administration (BPA) that a fish hatchery be constructed near Chief Joseph
Dam to mitigate the loss of tribal salmon fisheries caused by the construction of Federal
hydropower dams.  On April 30, 2003 the BPA approved funding for preparation of a Step 1
Master Plan for the project, now titled the Chief Joseph Dam Hatchery Project, with funding of
subsequent steps contingent upon approval of the Master Plan.

2.2. Project Description

2.2.1. The Colville Tribes and BPA requested the services of the Corps to perform a limited
reconnaissance study to evaluate and recommend feasible water sources for a planned fish
hatchery (BPA Intergovernmental Contract No. 16123). This reconnaissance study was
conducted to determine if there are water sources that can be developed and conveyed to the
Colville Tribes fish hatchery, provide sufficient quantity and quality of water in a secure manner
that does not pose a risk to dam safety and at minimal cost to the Government. The Corps study
will evaluate several water sources associated with the Chief Joseph Dam and determine if they
are technically and economically feasible and supply the quantity and quality of water required.
The study will include preliminary cost estimates to develop the water sources. The Corps will
conduct reviews of existing information, perform the necessary engineering evaluations, evaluate
potential costs and recommend possible water sources to the Colville Tribes.

2.3. Specific Objectives and Tasks

2.3.1. The following outlines the tasks that need to be conducted in order to evaluate and
recommend water sources for the hatchery.

2.3.1.1. OBJECTIVE 1: Evaluate Potential Water Sources. Evaluate several potential water
sources for the fish hatchery, these include but not limited to, relief tunnel and the irrigation
diversion intake on the right bank.  Determine the engineering feasibility of water conveyance of
each of these sources.  In addition, compare to the constraining factors to determine whether it is
a viable source.

2.3.1.2. OBJECTIVE 2: Evaluate Water Quality. Evaluate the water quality of each of the
potential water sources identified in Objective 1.  This will include review of existing data
collected by the Corps and the Colville Tribes or their consultants and additional water quality
sampling and testing in the winter, spring and summer.

2.3.1.3. OBJECTIVE 3: Prepare Report. Prepare a water supply study that presents the results
of this work and recommend possible water sources.  The study will also recommend possible
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methods of water conveyance from the source to the hatchery and include “conceptual” sketches
at a 10% design level.

2.4. Hatchery Water Supply Requirements

2.4.1. At the project kick off meeting, John McKern of Fish Passage Solutions, a consultant to
the Colville Tribes, identified the hatchery water requirements as 22 cfs from the relief tunnel
drainage system, 25 to 30 cfs from the reservoir by way of the irrigation inlets, and 6 cfs from
wells for summer/fall Chinook. The relief tunnel and well water is of particular importance
because it is 6 months out of phase in temperature with the reservoir water.  Tetra Tech KCM,
the consultant to the Colville Tribes for the hatchery design, subsequently identified the
maximum flow requirement for temperature averaging as 35.1 cfs combined from the relief
tunnel and wells and 42.2 cfs from the reservoir if spring Chinook are included. The hatchery
design is ongoing and the flow requirements are subject to further revision.
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3. WATER SOURCES AND CONVEYANCE

3.1. Review Existing Information

3.1.1. A site visit was conducted to the Chief Joseph Dam on Tuesday, 12 January 2004.  This
visit was conducted to observe the actual site conditions of the right bank abutment in relation to
the development of a water supply source from the right bank or the dam for a proposed fish
hatchery.  This hatchery would be located on the right bank approximately 3,500 feet
downstream of the dam.  The Coleville Tribes will operate the fish hatchery.  The construction of
the hatchery on the right bank is desired by the Tribe since their Reservation lands are on the
north side of the Columbia River.  The Federal Government owns the parcel of land in question.

3.1.2. Summer/fall Chinook flow requirements for the hatchery were identified as 22 cfs from
the relief tunnel, 25 to 30 cfs from the reservoir, and 6 cfs from wells. If spring Chinook are
included, 35.1 cfs combined from the relief tunnel and wells and 42.2 cfs from the reservoir are
the maximum required flows for temperature averaging.

3.2. Development of Alternatives

3.2.1. Right Bank Water Sources.  Consultants for the Coleville Tribes have identified possible
water sources for the hatchery as the relief tunnel, irrigation inlet, and right bank abutment.
Water from the relief tunnel is desired for hatchery operations since this water displays
temperature variations, which are six months out of phase with the temperature of the surface
water.  Therefore, the relief tunnel water will be warm in the winter and cool in the summer
relative to the river or reservoir water.  Similarly, water extracted from the right bank by means
of groundwater wells would also produce water with these temperature variations.   The reservoir
water is desired for rearing of juvenile fish in the hatchery. Reservoir water is suitable for rearing
fish when mixed with waters from the relief tunnel to achieve desired temperatures. The hatchery
design proposes several open tanks for rearing fish and a fish ladder at the river for capturing
adult fish. In addition to the hatchery water requirements, five hundred seventy-five cfs will be
supplied from the river via low head pumps for adequate attraction flow at the fish ladder.

3.2.1.1. Relief Tunnel.  The relief tunnel extends over one thousand feet from the northwest end
of Monolith 1 into right abutment.  Access to the tunnel is by way of galleries in the interior of
the dam.  The tunnel is designed to reduce pore pressure in the soil of the right abutment.  Water
drains into the tunnel through wells located in the floor of the tunnel.  These wells are of wood
stave construction.  Outflow from the tunnel was originally 95 cfs.  The current outflow is 22 cfs.
The tunnel drains into a sump, which connects to a four feet diameter conduit.  This conduit exits
the dam through the spray wall north of spill bay number one. The elevation of the bottom of the
sump is 777 feet.   The tunnel is typically flooded with water since the elevation of the tail water
is typically above the elevation of the relief tunnel outlet at elevation 783 feet.

3.2.1.1.1. The collection of water from the relief tunnel will difficult.   A valve or gate will may
need to be installed in the four feet diameter culvert to prevent the mixing of the tunnel water
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with river water.  Extraction of water from the sump will require the installation of pumps and
piping to transport the water through access galleries to the surface where it may drain by gravity
to the proposed hatchery site.  The rise in elevation required will be at least 175 feet if the water
is pumped to the top of the dam through the existing dam galleries. Alternatively, the relief
tunnel water could be pumped via a pressure pipe from the sump to the hatchery along the
existing road alignment.

3.2.1.1.2. The sump may be intercepted by a bore hole using directional drilling methods.  The
bore hole could be drilled from the surface at the west end of the parking area at the north end of
the dam to install a vertical well to the sump.  Alternatively, an inclined bore hole could be
installed from the paved access road to the toe of the dam on the right bank to the bottom of the
sump.  The water in the vertical well would need to be lifted about 170 feet to the surface and
could drain by gravity to the hatchery.  The water produced from the inclined well would need to
be raised 93 feet to reach the elevation of the Head  Box for the proposed hatchery, which is at
elevation 870 feet.

3.2.1.1.3. The wells in the tunnel may require future cleaning and maintenance, which may
include the cleaning of the wells with weak acids to remove encrusting or biological fouling
materials.  The working and wash water for this operation would not be suitable for hatchery use.
Residual traces of cleaning chemical could remain in the tunnel water for a period of time after
maintenance.  Low concentrations of these chemicals could impact fish development.  The
hatchery would need to have a redundant water source to allow well maintenance.

3.2.1.2. Irrigation Inlet.  The irrigation inlet would require a new gate and construction of
internal walls and decking before use.  Water from the inlet would flow through an open channel
or closed pipe to the hatchery site.  The elevation of the outlet is 920 feet.  The water from the
inlet would drop 50 feet over a distance of 2,700 feet to the proposed hatchery Head Box Control
Structure at elevation 870.  The inlet has two openings that are 4 feet wide and 5 feet high.

3.2.1.2.1. An open channel could be constructed along the slope of the right bank.  This slope is
composed of gravels and sands and has experienced erosion and stability problems in the past
due to surface water running down this slope.  An access road would need to be constructed from
the existing road to the outlet of the irrigation inlet. This road could be placed on top of the
existing rip rap on the abutment slope.  The base of the channel would need to be supported by
bracing or piles across the face of the slope in order for the channel to have an average slope of
2.0%.  The excavation of the channel into the slope is not recommended due to stability issues.
Construction of the channel and possible leakage during operation could be detrimental to the
stability of the right bank slope.  Alternatively, water from the inlet could flow through a
pressurized water pipe to the site.  The pipe could follow the existing access road and be
anchored to the ground along the existing road to the toe of the dam on the right bank.

3.2.1.3. Right Bank Well Field.  A well field could be installed in the right bank to provide water
to the hatchery.  These wells would be vertical wells and a sufficient number of wells would
need to be installed to provide the required hatchery flows.  The wells could possibly improve
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the stability of the right bank abutment by the removal of seepage water and a resulting reduction
of the pore pressure at the north end of the dam.

3.2.1.3.1. The number of wells will need to be determined.  Groundwater will need to be pumped
to the surface and collected in a large holding tank from which it would drain by gravity through
a pipe line to the hatchery.

3.2.1.4. Inclined Wells.  Inclined wells could be drilled into the right abutment from the existing
road to the toe of the dam on the right bank.  These wells would pass under the relief tunnel and
terminate on the poolside of the dam.  The wells would be constructed to take advantage of the
higher hydrostatic pressure on the upstream side of the dam to produce flow of water from the
wells.

3.2.1.4.1. The number of wells and screen lengths will need to be determined to ensure adequate
water supply.  The amount of reduction in pore pressure in the right bank due to the installation
of the wells will need to be evaluated to determine if the wells assist in improving the stability of
the right bank abutment.  Drilling will require special equipment and set up and highly
experienced personnel to install large diameter wells under differential hydrostatic pressure.
Improper drilling or installation methods could pose a hazard of opening a pathway for water to
flow around the dam.  This flow of water could result in the erosion of soil from the right bank
and seriously impact the stability of the right bank and dam structure.  Uncontrolled piping of
water and sediment could result in catastrophic failure of the right bank and extensive
downstream flooding.

3.2.1.5. Horizontal Wells.  Horizontal wells could be installed to provide water for the hatchery.
The collars for these wells would be on the upstream side of the dam.  These wells could be
installed in bore holes that would pass under the relief tunnel but would not exit the face of the
right bank.  The wells could be screened in the area of the relief tunnel or other locations to assist
in the reduction of pore pressure in the abutment.  Large capacity pumps will be required to
pump groundwater to the surface from these wells, where the water would be collected in a large
holding tank.  The water would then drain by gravity to the hatchery.

3.2.1.6.  Vertical Wells at Hatchery Site.   Vertical wells may be installed in the vicinity of the
hatchery site.  Two vertical wells are present under the power line that traverses the site.  These
wells are reported to produce 40 gallons per minute (gpm) and 60 gpm.  The wells are currently
used to provide irrigation water to the open area surrounding the visitor center.  These wells were
reported to produce water with elevated levels of E-coli bacteria.  The bacteria may have entered
the wells due to high pump rates, which pulled river water into the wells.

3.2.1.7. Wells at Hatchery: Wells installed at the hatchery site may not produce sufficient water
for the hatchery needs.  Contamination and temperature of the water are of concern.  The actual
water use requirements for the hatchery will need to be determined as well as the option for the
recycling or recovery of water used in the hatchery.  If a large quantity of water is not required
on a continuous basis, then a large holding tank may be constructed at the site.  This tank could
store water for demand needs and be slowly refilled by pumping of wells installed at the site.
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3.2.1.8. Horizontal Infiltration Gallery.  A horizontal infiltration gallery could be installed at the
proposed hatchery site.   The fill and alluvial material that underlies the site is estimated to be at
least thirty feet thick from the surface to the top of the anticipated groundwater table.  Therefore,
parallel horizontal wells could be installed to create an infiltration gallery, which could provide a
higher amount of water with less drawdown relative to vertical wells.

3.2.1.9. Reservoir Water.  Water could be pumped or transferred by a siphon to the hatchery site
directly from the reservoir.  Reservoir water alone is not desired for hatchery rearing, but it will
be mixed with relief tunnel and well water to insure the best temperature for fish.   Water
treatment equipment such as ultraviolet systems could be installed to eliminate harmful
organisms before use, and fish will be regularly inspected in the hatchery and provided with
treatment should disease outbreaks occur.

3.2.1.10. River Water.  River water could be used for attraction water for the fish ladder.  The
amount of water required for the operation of the ladder is 75 cfs at the top of the ladder and at
least 500 cfs at the outlet.  Several large pumps could be installed directly upstream of the ladder
outlet.  These pumps could lift water from the river to provide the 500 cfs for the outlet attraction
flow.  These pumps could also provide the 75 cfs required at the top of the ladder.  The river
water would not be used for the hatchery operations.

3.2.2. Contamination Issues.  Groundwater obtained from the right bank could be contaminated
with pesticides or other agricultural related chemicals.  Several apple orchards are at the top of
the right bank.  Irrigation water from these orchards could carry these contaminants to the water
table.  Routine ultraviolet treatment systems would not eliminate these contaminants. The
groundwater that may be obtained from the right bank should be tested before selection as a
water source.  This testing should be performed as soon as possible before design efforts
proceed.  The presence of detrimental contaminants  could eliminate groundwater from the right
bank as a water source for the hatchery.  Numerous piezometers are in the right bank.  The
collection of groundwater samples from these instruments is not recommended due to possible
introduction of contamination during installation or monitoring.  The installation of new
groundwater monitoring wells constructed to EPA standards is recommended for the sampling of
the right bank groundwater.

3.2.2.1. Water Temperature.  The temperature of reservoir water could be raised or lowered to
the desired ranges for use.  The water would need to be cooled in the summer and warmed in the
winter.  Heat pump systems or evaporative cooling systems could be installed to perform this
task.

3.2.3. Left Bank Water Sources.  Several potential water sources could be developed on the left
bank.  These sources are from groundwater and reservoir water upstream of the powerhouse and
administration building and from the penstock lay down area, which is downstream of the dam.

3.2.3.1. Powerhouse Water Source.   An extensive area of fill is to the south of the powerhouse
on the southern shore of the reservoir.  This fill was placed as part of the construction of the dam.
Numerous wells could be installed in the fill to provide water to a holding tank.  A water line
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could be constructed from this tank to the hatchery.  The water line would need to run along the
bridge crossing the river to reach the right bank.  The quantity  or quality of water that could be
produced from the fill is not known.

3.2.3.2.. Vertical Wells or Horizontal Infiltration Gallery at Penstock Lay Down Area.  Vertical
wells or a horizontal infiltration gallery could be installed at the penstock lay down area.  These
wells could provide water to the hatchery on the right bank by a pipeline under the existing
roadway bridge or directly to the hatchery if the hatchery were constructed on the left bank at the
lay down area.

3.2.3.3. Reservoir Water.  Reservoir water could be obtained from the west end of the concrete
cut off wall for the powerhouse pool.  An irrigation port is in this wall and provides water for
irrigation to the penstock lay down area.  This port could be modified to produce a higher flow.
The water would need to flow through a pipeline along the bridge crossing the river to reach the
right bank hatchery site. Water treatment equipment such as ultraviolet systems could be
installed to eliminate harmful organisms before use.

3.2.3.4. Groundwater.  A perennial spring is to the west the administration building.  This spring
flows year round and suggests a reliable groundwater source that may be present in this area of
the left bank.  Numerous wells could be installed in the vicinity of the spring and provide water
via a pipeline under the bridge to the right bank hatchery site.

3.2.3.5. Municipal Water.  The visitor site on the right bank is provided with water by a two-inch
diameter pipeline.  The source for this water is the powerhouse, which is also used to supply
water to the administration building.  Depending on the frequency of use, this water source could
be used in its existing condition to supply water to a large holding tank at the right bank hatchery
site.  This option would not be viable if water usage by the hatchery requires continuous flow.

  3.2.4 Alternative Hatchery Location. The hatchery could be located on the left bank at the pen
stock lay down area.  This site is a flat area composed of fill that is on the south side of the river.
Alternatively, the hatchery could be sited on the extensive area of fill behind the powerhouse.  A
fish ladder should need to be constructed from the hatchery to the downstream side of the dam.
This site should be considered since this location will require the minimal amount of behavioral
screen to be placed in the reservoir to direct fish to the hatchery and fish ladder for downstream
migration.  A final option would be to site the hatchery at a location downstream of the dam
where an available and desired water source is available.  This water source would not be
associated with the dam or its operations.

3.3. Evaluation of Recommended Alternatives

3.3.1. Relief tunnel.  The relief tunnel extends over one thousand feet from the northwest end of
Monolith 1 into the right abutment.  Access to the tunnel is by way of galleries in the interior of
the dam.  The tunnel is designed to reduce pore pressure in the soil of the right abutment.  Water
drains into the tunnel through wells located in the floor of the tunnel.  These wells are of wood
stave construction.  Outflow from the tunnel was originally 95 cfs.  The current outflow is 22 cfs.
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The tunnel drains into a sump, which connects to a four feet diameter culvert.  This culvert exits
the dam through the spray wall north of spill bay number one. The elevation of the bottom of the
sump is 777 feet.   The tunnel is typically flooded with river water since the elevation of the tail
water is above the elevation of the tunnel outlet.

3.3.1.1. This water source alternative was selected by the Coleville Tribes due to water
temperature characteristics and assumed quality.  The temperature from the water in the right
bank is approximately 6 months out of phase with the temperature of the Columbia River and
this temperature difference is considered to be beneficial for the rearing of fish.  Therefore, water
provided from the relief tunnel would be warm in the winter and cool water would be obtained
from the tunnel in the summer relative to the river water.  The quality of the relief tunnel water is
assumed to be good due to the filtering effects of the granular media through which the water
flows to the relief tunnel.  This filtration is assumed to remove parasitic organisms that could be
detrimental to the health of juvenile fish.

3.3.1.2. Obtaining water from the relief tunnel will impact Chief Joseph Dam and possible dam
safety impacts will have to be carefully investigated during the next phase of design.

3.3.1.2.1. Structural modifications to the dam would be required to access the relief tunnel. The
existing sump and part of the relief tunnel would have to be demolished and a new larger sump
and weir installed. These modifications could impact the operation and safety of Chief Joseph
Dam.  For example, a gate or valve may be required to prevent river water from entering the
relief tunnel sump.  Pumps would be required to remove the water from the sump and lift this
water to a pipeline that would be connected to the fish hatchery.  Since the rate of pumping
would most likely be less than the flow generated by the relief tunnel, a concern is that failure of
a check gate  could result in water becoming trapped in the tunnel and reduce drainage from the
right bank. This drainage is necessary for the safety of the right bank abutment and slope.
Therefore, the possibility exists that the safety of the right bank could be jeopardized if water is
obtained from the relief tunnel.

3.3.1.2.2. The quantity of water from the tunnel cannot be guaranteed.  The flow from the tunnel
has decreased in the past from 95 cfs.  Therefore, it is possible that the current flow rate of 22 cfs
may decrease in the future and not be sufficient for hatchery needs.

3.3.1.2.3. The quality of water may be impacted by agricultural waste from orchards that are up
gradient of the relief tunnel. Testing of water samples from the relief tunnel in February 2004 for
this study indicates good water quality. Additional samples from the relief tunnel will be tested
in the spring and summer to determine the existence of seasonal variations in water quality.

3.3.1.2.4. Chief Joseph Dam operation will require periodic inspection and maintenance of the
tunnel.  Such activities may impact the uninterrupted delivery of water to the hatchery.  Project
operations and safety will take precedence over hatchery needs.

3.3.1.3. The rehabilitation of the existing wells in the relief tunnel may provide additional yield
of groundwater into the tunnel assuming that the reduction of flow from the wells was not due to
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other causes. Rehabilitation will require performing down hole camera surveys of the wells to
determine the current conditions of the well screens.  These screens are composed of wood
staves held together by wire.  The well yield may have been diminished due to the encrustation
of minerals on the screen or biofouling of the well interior and surrounding filter pack and
formation by iron reducing bacteria. In this event, the wells will require cleaning using weak
acidic solutions and water jetting.  It is possible that the well screens may have deteriorated or
collapsed.  In this case, a new well screen will need to be installed to replace the wood stave
screen. The existing well screens could be removed and replaced with new steel or plastic well
screens.

 3.3.1.4. A test of the increase in well yield should be conducted prior to committing to the
rehabilitation or replacement of all the wells in the relief tunnel. Such a test would involve at
least three wells that would be cleaned and monitored for increased production.  The
rehabilitation or replacement of the well screens will not prevent future maintenance and
cleaning efforts that may impact the quality of the water produced from the relief tunnel.  In
addition, such efforts may have marginal impact on well production, since the reduction in well
flows may have been related to reductions in seepage flowing through the right abutment due to
the seepage blanket rather than deteriorating well performance. Well screen replacement, though
possible, will be difficult due to the limited working space in the relief tunnel, need for special
equipment for well screen extraction and placement, and difficult access to the tunnel through
the dam structure.

3.3.1.5. Access to the sump during construction could be achieved by a vertical shaft through the
existing random and impervious fill. The shaft could be made a permanent feature for
maintenance access to the pump.

3.3.2. Irrigation Inlet.  The irrigation inlet is in Monolith No. 2 on the right side of the dam.  This
inlet was built during the initial dam construction but was never used. The irrigation inlet will
require a new gate and construction of internal walls and decking before use.  Water from the
inlet will flow through a closed pipe to the hatchery site.  The elevation of the outlet is 920 feet.
The water from the inlet would drop 50 feet over a distance of 2,700 feet to the Hatchery Head
Box at elevation 870.  The inlet has two openings that are 4 feet wide and 5 feet high.   The
pipeline to the fish hatchery must be underground for seismic and security considerations to
connect the inlet.  This pipeline would be placed in a trench that would traverse the right bank
slope (See Figure 1).

3.3.2.1. This water source is possible but the following concerns must be addressed.  The right
bank is composed of material that is easily eroded.  In addition, the increase in the moisture in
the soils that compose the right bank could result in a decrease in slope stability.  Any pipeline
constructed in the right bank must be free of leaks and placed in a lined trench that is well
drained. Monitoring instruments, such as open standpipe, will be required along the alignment of
the pipe to allow testing for the presence of pipe leakage or the presence of water in the trench
due to infiltration of precipitation.
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3.3.3. Right Bank Well Field.  A water supply well field may be installed on the right abutment.
This well field would consist of vertical wells drilled upstream of the impermeable seepage
blanket.  The wells would obtain water from the seepage flowing around the right abutment of
the dam.  Electric pumps would lift water from the wells to a large holding tank.  A pipeline
would extend from the holding tank to the hatchery.

3.3.3.1. The construction of a well field near the relief tunnel, whether vertical, inclined, or
horizontal, could impact the safety of the structure and is not recommended.  The amount of
water required for hatchery operations could result in a large area of depressed water levels in the
well field due to water extraction.  This depressed water table in close proximity to the dam
structure would increase the hydraulic gradient between the reservoir and the right bank through
the impermeable seepage blanket, thereby increasing the possibility of the piping of fines from
the blanket and aquifer into the extraction wells.  In addition, high seepage velocities could
develop between the dam structure and the adjacent fill material resulting in the erosion of fines
from the fill.  This piping of fines from the fill material could seriously impact the safety of the
dam.

3.3.3.2. The installation of a well field in the right bank remains a viable option if the location of
the well field is moved to directly north of the proposed hatchery, to the golf course or State Park
upstream of the impermeable seepage blanket on the right bank. The subsurface geology and the
presence of water bearing strata capable of providing the required hatchery flows will determine
the feasibility, size, and design of the well field(s).  In addition, the quality of the water extracted
from the possible well field sites may be contaminated with agricultural wastes and will require
sampling and testing.

3.3.4. Left Bank Water Sources. Possible water sources on the left bank are not considered
practical due to their distance from the proposed hatchery site, possible interference with future
dam expansion, and need for large pipelines to carry the requested amount of water for hatchery
operations.



Chief Joseph Dam Fish Hatchery Water Supply Study 2004

15



Chief Joseph Dam Fish Hatchery Water Supply Study 2004

16

4. GROUNDWATER

4.1. Introduction

4.1.1. The feasibility of obtaining water for the hatchery from a right bank well field was
investigated.  Two general locations were considered: north of or at the hatchery site, and
upstream of the seepage blanket.  The area around or immediately north of the hatchery site does
not appear suitable to provide sufficient water.  Further north there is better potential but land
ownership in this area is not known.  State Park land upstream of the seepage blanket is probably
the most suitable area for a well field.  However, a test well would have to be installed and
pumped to determine if a well field is feasible.  It is estimated that at most an 11/2-mile by 2000
foot area in the park would be suitable for well installation.

4.2. Hatchery Site or North of Hatchery Site

4.2.1. A water supply well field does not appear to be a viable possibility at the hatchery site or
immediately north of the proposed site.  Several test wells have been drilled in this area and had
very poor water production.  A test well was drilled slightly northeast of the hatchery site in 1986
(by the “Colville Tribal Fish Hatchery”).  This well encountered shallow bedrock at 106 feet and
only produced 5 gpm during a test.  The Corps has drilled at least two test wells in this general
area (1988 and 1990) and both had poor test production.  Shallow wells in this area, that tap the
superficial, perched, aquifer are producing on the order of 50 gpm.  It is unlikely that a well field
could be installed in the proposed hatchery area that could produce anywhere close to the
hatchery water requirements.  The only likely location for wells would be well north of the
hatchery site along Jack Wells Road.  This area is probably located in a former river channel, and
is likely to have good water potential, with enough room for a sizable well field.  However,
property status and water rights in this area are unknown.  The extent of contamination from
agricultural activities here is also unknown.  It is known that the city of Bridgeport drilled a well
at the mouth of this valley that produced 500 gpm in a 1950 test.

4.3. Upstream of Seepage Blanket (State Park or Golf Course)

4.3.1. The best potential for groundwater would appear to be the permeable gravel aquifer
located beneath impermeable till.  This material ranges from 30 to 100 feet thick, and extends for
at least 2000 feet shoreward from the reservoir.  The upstream extent of this aquifer is not fully
defined, but is believed to extend to the upstream park boundary.  The presence of these gravels
is the reason for the installation of the impervious seepage blanket and the relief tunnel.  Because
of dam safety concerns, any wells will have to be installed upstream of the seepage blanket.
This means that the wells would have to be installed on State Park property approximately 2
miles upstream of the dam or 2 _ miles upstream of the hatchery Head Box.
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4.3.2. It is certain that such a well field could supply some portion of the required water,
However, several steps would need to be taken to determine the quantity of water potentially
available from this source.

4.3.3. First, the exact downriver boundary of the potential well field needs to be defined.  The
initial discussions concerned the main 2,500-foot impervious blanket that extends upstream to
the vicinity of piezometer 170.  However, there is also an additional seepage blanket that extends
1,500 feet upstream from the primary blanket.  This 3-foot thick blanket of silty fine sand was
installed in 1957 in an attempt to reduce seepage at the time of its construction, and extends
upstream to the vicinity of piezometer 296.  If wells would have to be installed upstream of this
secondary blanket because of dam safety concerns, this would significantly reduce the available
size of the well field.  The upstream limits of the well field would be dictated by property
boundaries, and the possible slope stability constraints on the upstream end (increased
probability of slumping at upstream end of park).  Based on park boundaries and downstream
aquifer mapping, there is at most an1 1/2 mile by 2000 foot area where wells could be installed
within the park.

4.3.4. Second, more information is needed about aquifer parameters to determine   minimum
well spacing and anticipated yields.  Although it’s possible to estimate well performance and
aquifer characteristics based on historical data, this is only available for an area downstream of
the seepage blanket, where recharge to the aquifer has purposely been modified with the blanket
to reduce right bank seepage.  The only way to determine the necessary information for the
unmodified aquifer upstream of the seepage blanket would be to drill a test well and conduct a
pumping test.  If the test well was located reasonably close to the network of piezometers, they
might be used as observation wells for the test.  Data from such a test would provide the
information needed to determine well spacing and ultimately a better estimate for how much
water could be produced from a right bank well field.

4.3.5. Without some actual aquifer testing, it’s difficult to confirm that a well field located
upstream of the seepage blanket could produce all or most of the ground water needed for the
hatchery.  It is interesting to note, though, that a well tested in the state park in 1967 was capable
of producing 1400 gpm.
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5. HYDRAULIC ANALYSIS

5.1. Introduction

5.1.1. This analysis looked at various options for supplying water to the proposed Colville Tribes
Fish Hatchery near Chief Joseph Dam.  The hatchery needs 45 cfs from the reservoir behind the
dam and another 35 cfs from ground water for both summer/fall and spring Chinook. The
different sources of water provide variations in temperature needed for hatchery operations. Two
possible ways to tap these sources include wells and/or the drainage tunnel (known as the relief
tunnel) on the right side of the dam and the irrigation diversion structure that was built into the
right side of the dam.  Comments made regarding these options are from a hydraulic standpoint.

5.2. Review of Existing Information

5.2.1. Various documents, maps and drawings were reviewed to aid in this analysis.  Information
gathered includes:

5.2.1.1. Relief Tunnel Data:  The relief tunnel is an 8-foot tall, 5-foot wide, 1000-foot long
drainage tunnel that extends into the right embankment of Chief Joseph Dam.  The purpose of
the structure is to prevent excessive pore-water pressure from developing in the right
embankment material.  The main tunnel empties into a 10.5-ft long by 4.5-ft wide by 4.5-ft deep
sump.  From the sump, the water is discharged through a 4-ft diameter conduit into the stilling
basin.  It appears the relief tunnel currently generates, on average, 22 to 25 cfs of flow. Evidently
this flow was up around 90 cfs back in the 1960’s, but has declined in the past. Plate 1, at the end
of this section, includes a plot of hourly relief tunnel flow readings between 2000 up through
2003. This plot indicates that there are times when the flow does drop down to the 15 to 17 cfs
range.

5.2.1.2. Irrigation Diversion Structure:  This structure was built into the dam to supply irrigation
water at some point in the future.  It consists of two 4-ft wide by 5-ft height passages through the
right side of the dam with inverts at elevation 920 feet.  This structure has provisions for a stop
log closure and a trashrack.  The intake side is sealed with concrete while the outlet side is sealed
with bricks.  It is unclear at this point exactly how this structure was intended to be used.

5.3. Development of Supply Options

5.3.1. Pumping from Relief Tunnel Sump: From a hydraulic standpoint this appears to be
feasible.  Some assumptions made for this analysis include:

• Delivery point to hatchery is elevation 870 feet
• Full sump elevation is 782 feet
• Flow from tunnel is always a constant 25 cfs
• Steel pipe material is used
• A centrifugal-type pump is used
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• The design river tailwater elevation is 795 feet

5.3.1.1. With these assumptions, it appears that from a hydraulic standpoint, a system could be
constructed.  Assuming a design discharge of 25 cfs, and making some assumptions as to system
hydraulic head losses, the system would include a properly sized centrifugal-type pump and a
22-inch diameter welded steel discharge pipe.  The pump would be designed to run continuously,
therefore making a holding tank at the delivery point unnecessary.  At the delivery point there
would be a gate valve.  To avoid cavitation problems, the pump would need to be located at an
elevation that is not too far above the sump water surface elevation.  Ideally there would be
enough room in the sump access chamber.  For one of the pumps looked at in this analysis, the
estimated maximum vertical distance above the sump water surface was about 24 feet or around
elevation 806-feet.  This pump had a 30-inch diameter suction tube.  Based on standard sump
design methods, the existing sump appears to be too small to support pumping at this rate.
Calculations indicate that, for the design flow, the sump should measure about 22-feet long, 7.5-
feet wide, and 9.5-feet deep.  In order to prevent vortexing and other undesirable hydraulic
conditions, the sump should always maintain a water depth of at least 6-feet.  Ideally, the
incoming water velocity would be 1 ft/sec or less.  Sump designs were made using guidelines
from U.S. Army Corps of Engineers publication EM-1110-2-3105.

5.3.1.2. Figure 1 shows a basic schematic of the system and Figure 2 shows a cross-sectional
view of the sump and needed modifications to the sump and the chamber ceiling.

                                        22 in. dia steel pipe

                     Gate Valve                          Estimated Pipe Length-2700  ft.

El. 870
                                                                                             30 in. dia. Suction tube

                        Pump

Hatchery
               ~24 ft max
                                                                                     El. 782

Sump

 Not to scale
Figure 1. Conceptual Relief Tunnel Pump Schematic
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Figure 2. Conceptual Sump Cross Section for Pumping 25 cfs

5.3.1.3. In addition to the increased sump dimensions, Figure 2 shows other sump chamber
modifications that include raising part of the sump chamber ceiling to keep pumping equipment
in the dry up to the design tailwater elevation and construction of a weir to always insure the
sump is always at a minimum elevation of 784 during low tailwater conditions.  Under this
configuration, as tailwater elevations exceed 795, the area in the chamber where the pump and
motor are located would start to become inundated with water and equipment damage could be
expected.  When comparing Figures 1and 2 it might be noticed that the sump water surfaces
differ by two feet.  This is because the first step was to estimate system head losses and the sump
water surface was initially chosen to be at 782.  As the sump modifications were developed the
elevation was changed to 784.  This difference is not a factor at this point in the conceptual
designs.

5.3.1.4. The velocity of the inflow to the sump is also of concern.  Ideally, this value should be
something on the order of 1 ft/sec or less.  Plate 1 indicates that the velocity is closer to 4 ft/sec
most of the time.  Other structural measures may be needed to make the system function
correctly.  This may be addressed by raising the elevation of the weir to create a backwater that
extends farther into the relief tunnel.  Other disciplines would need to weigh in on problems (for
example right abutment drainage might be impacted) that could arise (possibly hinder the
drainage of the right abutment) from permanently having the relief tunnel flooded to some
elevation.
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5.3.1.5. The main hydraulic issue other than the size of the sump involves pumping at the
maximum relief tunnel flow.  Pumping at the maximum relief tunnel flow would be problematic
if slight variations in relief tunnel flow occur.  During periods of low tailwater, the sump could
easily be pumped dry, causing pump and supply problems, and during periods of high tailwater
elevations (above about elevation 784-785-when the sump chamber would start to flood above
the sump) river water could be sucked into the sump due to a lower water surface in the chamber
then that in the river.  This would cause the pump to supply a mixture of relief tunnel water and
river water.  It is felt that it would be preferable to pump at some rate that is less than the relief
tunnel flow, probably about 20 cfs based on what is known at this point.

5.3.1.6. The chance of river water entering the sump should also be looked at, even if the relief
tunnel is pumped at a rate lower than the flow rate of the relief tunnel. There might be instances
where the tailwater elevation could temporarily exceed that of the sump chamber, causing the
flow to switch from chamber-to-tailwater to tailwater-to-chamber, causing river water
infiltration.  The proposed flow deflectors on the spillway may also have some affect on this
issue.  This could be alleviated with the installation of a one-way valve in the 4-foot drainpipe.
There would be some issues to consider with installation of this valve as well.  There would be
additional installation and O&M costs as well as issues regarding valve failure/plugging and
associated sump chamber/relief tunnel flooding.

5.3.1.7. The current pump capacity of the sump in its current configuration is about 10 to 14 cfs.
Due to the presence of the 4-foot drain at the end of the sump, the installation of a weir structure
similar to that in Figure 2 would be needed to insure that the sump is always full of water.  This
weir would take up space and further cut down pumping capacity.  The other issues discussed
above, such as the tailwater elevation, still would apply.

5.3.1.8. In the event that an unconventional sump design was needed, it is possible that a
physical model study would be required to verify correct operation.

5.3.2. Constructing a Well Field to Supply Groundwater

5.3.2.1. This option would require wells be drilled in the area on the right side of the dam.  These
wells would be tapping groundwater that would most likely have similar characteristics as the
relief tunnel water.  At this point in the conceptual design, the wells would pump into a nearby
storage tank that would in turn supply the hatchery.  Conveyance between the storage tank and
hatchery would be accomplished via a 24-inch welded steel pipe. The pipe size was arrived at
based on estimates of length, number of bends, valves, etc.  Based on the available mapping, the
hatchery delivery point was assumed to be elevation 870, and the minimum tank water surface
was assumed to be 1035.

5.3.2.2. Based on the estimate of well yields (150 gpm), about 100 wells would be needed to
supply the total ground water requirement of 35cfs for both summer/fall and spring Chinook.  In
addition, a storage tank 30-feet in diameter and 20-feet tall would be required.  This amount of
storage would require the well pumps to be running about 90% of the time.  If this value needs to
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be lower, the capacity of the tank would need to be larger.  Figure 3 shows a schematic of the
system.

  El. 1035 ft. Supply
  from

                                                                                                                           well field

                 Gate Valve                                             Gate Valve
Air Vent Valve

El 870

Hatchery

~3500 ft of 2-ft dia. steel pipe

                 not to scale

Figure 3.  Well Field Supply System Schematic

5.3.2.3. More data on the volume of water that could be expected from wells is needed to further
develop this option.  Depending on the cost of various components of the two options for
harvesting groundwater (wells and relief tunnel), it might make sense to use a combination of the
two options to provide the needed supply.

5.3.3. Irrigation Diversion Structure

5.3.3.1. Chief Joseph Dam has a feature built into the right side of the structure that evidently
was to be used as a diversion for agricultural water at some point.  Project drawings do indicate
provisions (but no designs) for a stop log type closure gate on the upstream side as well as a trash
rack.  The diversion has two inlets and outlets measuring four feet wide by five feet tall.  The sill
elevation is at elevation 920 feet.  From the drawings it appears that the inlet entrances are
radiused to minimize entrance head losses.   Currently the inlets and outlets are plugged with
concrete.

5.3.3.2. The hatchery would require a 45 cfs supply of forebay water.  Again, assuming a
delivery point elevation of 870 feet, and using the Chief Joseph minimum operating pool of 930
feet (60 feet of head), calculations indicate that a 30-inch diameter (assumed steel for
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calculations) would supply the required 45 cfs under minimum pool conditions.  Using this
scheme, one of the inlets and outlets would be opened, and the required pipe placed through the
dam and the space between the outside of the pipe and the inlet would be sealed.  The pipe
system would continue on to the hatchery delivery point and terminate with a gate valve.  A trash
rack would need to be fabricated as well as a stop log system.  For safety purposes a gate valve
and an air vent valve (to prevent low pressures that could occur under some conditions) would
also be installed near the intake end of the pipe. The system would be operated with the upstream
gate valve in the fully opened position with flow to the hatchery controlled by the downstream
gate valve.  Figure 4 shows a schematic diagram of the system using the irrigation diversion.

   Dam
    Min. pool

Irrigation Diversion Chamber
     El 930 ft

         Air Vent Valve
Gate valve

            El 920 feet
El 870

                            Gate valve
Hatchery

                                          ~2700 ft. of 30-in. steel pipe
not to scale

Figure 4. Irrigation Diversion Schematic

5.4. Recommendations

5.4.1. Groundwater Supply

5.4.1.1. In light of the lack of well field information, at this point the best option for supplying
groundwater appears to be pumping 20-22 cfs from the relief tunnel (the exact value to be
determined after analysis of relief tunnel flows) and supplying the balance from wells.  This
lower pumping rate would help alleviate the problems with the sump being pumped dry (and
resulting supply problem) and with intrusion of river water.  Figure 5 shows a conceptual sump
chamber cross-section and Figure 6 shows the plan view of the sump. Due to the lower volume
being pumped, theses two figures show a smaller sump than that shown in Figure 2.  The sump
would measure 18-feet long by 6-feet wide by 7 feet deep, compared to 22-feet long by 7.5-feet
wide by 9-feet deep.  As with the concept shown in Figure 2, it would require three additional
feet of length for the weir structure and the weir overflow well.  The volume of material to be
removed for the sump shown in Figures 5 and 6 would be about 417 cubic feet compared to 1287
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cubic feet for the version shown in Figure 2.  As pumping rates are reduced so is the required
sump size.  The diameter of the supply pipeline would also be slightly reduced due to the lower
pumping rate.  Preliminary calculations indicate that a 20-inch diameter steel pipe would be
required as opposed to a 22-inch diameter pipe for a 25 cfs pumping rate.

5.4.1.2. The elevation of the weir crest is important to the amount of excavation required. There
are several factors (discussed below) that would determine this value for a final design.  If the
crest could be located at a higher elevation, the amount of vertical excavation would be less as
long as the required amount of pump intake submergence is met.  While raising the weir crest
would reduce the amount of excavation, it also would back water up into the relief tunnel.  It
would need to be determined what affect this would have on relief tunnel performance.

5.4.1.3. Finally, depending on cost, difficulty, logistics, etc. of excavating the sump, it is possible
that a sump could be designed that incorporates smaller dimensions than discussed above but
provides satisfactory performance for the same pumping rate.  To arrive at an “unconventional”
design would require reviewing details of other sumps that have been constructed, working with
a pump manufacturer(s) and possibly a physical model study.  Depending on the other, non-
hydraulic issues identified by other disciplines, this added effort might make a lot of sense.

Figure 5. Proposed Conceptual Sump Chamber Cross Section
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Figure 6. Proposed Conceptual Sump Chamber Plan

5.4.1.4. Some considerations for further development of this concept:

5.4.1.4.1. Pumping Equipment:  To this point this option was developed using a conventional,
centrifugal-type pump with a motor that would need to operate in the dry.  This created the need
to elevate the sump chamber ceiling to provide this dry area during high tailwater conditions.  An
investigation into motors designed to run in either the wet or the dry might yield one that would
work in this case and reduce or eliminate the distance the ceiling needs to be raised.  A quick call
to a pump manufacturer found a submersible motor that did not produce the required horsepower
for this application.  Possibly, a suitable unit could be found or the sump could be configured to
use two smaller pumping units.  More investigation into the difficulty of raising the ceiling,
pumping equipment availability and sump modification needs to be done.

5.4.1.4.2. Relief Tunnel Flow:  An investigation into flow variation of the relief tunnel needs to
be undertaken to arrive at a pumping rate that will be hydraulically stable.

5.4.1.4.3. Stability of Tailwater:  The amount of variation in the tailwater elevation due to
surging, wave action, flow deflector installation and spillway influences for a given flow needs
to be evaluated.  The results will influence sump weir crest elevation and influence the decision
to install a one-way flow valve in the 4-foot drain.
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5.4.1.4.4. One-way Flow Valve Installation:  In addition to the tailwater issue, factors that need
to be evaluated to determine one-way flow valve suitability are O&M, valve failure and debris
blockage.  Blockage or failure could flood the sump chamber, relief tunnel, and access gallery.
This could in turn cause damage to pumping equipment and possibly abutment stability problems
if the relief tunnel could not effectively reduce pore water pressures due to flooding.  During
periods of high tailwater it would be practically impossible to access the valve for repairs.  From
a hydraulic standpoint, it appears that this valve would not be necessary. The flow from the relief
tunnel should almost always (if not always) maintain an equilibrium sump/tailwater head
differential (sump water surface being higher than tailwater) such that flow would be from the
sump to the tailwater, resulting in the sump almost always containing relief tunnel water only.
Surging and other factors that cause the tailwater to rapidly rise could possibly allow a small
amount of river water to enter the sump chamber for a brief time until the equilibrium head
differential is restored. After a more detailed hydraulic analysis, if there is still concern about
tailwater intrusion, temperature and conductivity data loggers could be placed in the sump for a
period of time (probably when spill is likely to occur) to detect the presence of river water.

5.4.1.4.5. Flow Regime of Relief Tunnel:  The velocity of the flow entering the sump needs to be
analyzed to insure suitable sump operation.  Ideally this should be 1 ft/sec or less.  Plate 1 seems
to indicate that the velocity is higher than 1 ft/sec. Raising the elevation of the sump weir might
also be a means to reduce incoming velocities. Other disciplines would need to provide input as
to the ramifications of doing this. Whether the flow is sub critical or super critical also needs to
be determined.  If it is supercritical, a hydraulic jump might form at the interface of the tunnel
flow and the backwater created by the new weir.  If this happens, then a determination needs to
be made as to what measures, if any, are required.

5.4.1.4.6. Design Tailwater  Elevation:  This value needs to be looked at to determine if it is
realistic for design.  If pumping equipment is used that would be damaged by flooding of the
chamber, then it is important to determine a ceiling elevation that represents the amount of risk
that is acceptable in this respect.  The costs associated with raising the ceiling and/or damaged
equipment would need to be looked at. A tailwater elevation exceedance analysis would be
needed to make this determination.

5.4.1.4.7. Reliability:  Thus far this concept has been developed using just one pump.  Would
some redundancy, such as a backup pump need to be incorporated?

5.4.2. Reservoir Water Supply

5.4.2.1. At this point, modifying the irrigation diversion chamber seems to be the best option for
supplying reservoir water.  Initially a pumping/siphon system was looked at, but due to the
simplicity and reliability of a gravity system it was not developed. A pumping/siphon system
would require an intake structure capable of working with pool elevations down to elevation 930
(this is the minimum operating pool) to always guarantee operation.  For a true siphon, the
maximum elevation differential between the reservoir surface and the maximum pipe elevation is
about 28 feet.  For full pool conditions this requirement would probably be met but for the lower
elevations a pump assist system would likely be needed to make up any head differential in
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excess of 28 feet. Even though it would be a rare occurrence that the pool would get this low
(depending on the routing of the pipeline, it is possible that such a system would be able to
operate in siphon mode most of the time), an assumption was made that the system would always
be functional. Even if a system were to operate only as a siphon, some type of pumping system
would be required to prime it. Also, since the intake structure would be placed in the reservoir,
upstream of the dam, a longer pipeline (and excavation) would be required for a pumping/siphon
system than for the irrigation diversion.  From a hydraulic standpoint the diversion structure
appears to be a good option for supplying reservoir water at this point.

5.4.2.2. With all options, more hatchery design information would be helpful.  Hydraulic systems
within the hatchery (head losses, supply-duration requirements, delivery points, etc) may have an
impact on the assumptions made to develop these options at this stage and could have a bearing
on further development.

 5.4.2.3. It should be noted that these hydraulic designs are very conceptual at this stage.
Assumptions and estimates (pipe materials, number of bends, certain elevations, constructability,
etc.) were made.  As the designs evolve, aspects of them could change.
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                                                                   Plate 1.  Relief Tunnel Flow Plot (2000-2003)
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6. STRUCTURAL REQUIREMENTS

6.1. Dam Intake Diversion Structure

6.1.1. When the dam was constructed provisions were made in Monolith 2 to provide for an
irrigation intake. This passage way through the dam can now be used to provide for water from
the upstream pool to pass in a pipe through the dam to the downstream area  for a proposed fish
hatchery water supply on the right bank. An intake opening from the upstream pool, a room for
mechanical equipment and an exit through the downstream face of the dam with trashrack and
stop log guides at the sides of the upstream opening, were formed when the dam was
constructed.

6.1.2. At present the upstream intake is blocked by a 1-foot thick reinforced concrete wall and
the downstream passage is closed with an 8-inch thick concrete block wall.  A portion of these
walls will have to be removed so that a 30-inch diameter metal pipe can pass through them to
transport the water.

6.1.3. The existing room in Monolith 2 is available for mechanical equipment and this proposed
design calls for a 30-inch gate valve to be installed in the 30-inch diameter metal pipe.  The
metal pipe invert elevation  will be at approximately 920.0 feet.  The Chief Joseph normal pool is
at elevation  956.0 feet.  The room entrance doorway sill is at elevation 930.5 feet.  At this
elevation, a grating floor will be installed with a metal stairway leading down to a platform from
which a person will stand and can turn the wheel to open and close the gate valve (See Figure 1).

6.1.4. A trashrack will have to be designed, fabricated and installed within the existing metal
guides.  The trashrack will be designed to be 3 feet above the maximum pool. This could be done
without a cofferdam.

6.1.5. Stoplogs shall be designed, fabricated and can be installed within  the existing stoplog
metal guides.  The stoplogs can be used as an emergency stoppage of water flow in the pipe and
for stoppage of water to inspect, repair and maintain the gate valve and pipe inside the dam.

6.1.6. A fish screen approximately 5-feet high by 4-feet wide will be installed  at the inlet
between the stoplogs and the entrance of the pipe  to prevent small fish from being trapped and
injured going through and hitting the interior of the pipe at high velocities.

6.1.7. The 30 inch metal pipe will have an elbow at it’s exit at the downstream face of the dam
and will be trenched in  the rock fill and attached to the dam concrete surface with metal straps.
The pipe will continue through the rock fill to the right bank lower roadway  at elevation 843 feet
and then will continue in an 8-feet deep by 11-feet wide trench excavated beneath the roadway.
The pipe will be anchored in concrete thrust blocks every 100-feet and at bends or grade
changes.  The pipe line ends at the Hatchery Head Box Control Structure at approximately
elevation 870 feet.
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6.2. Relief Tunnel Structure

6.2.1. The existing Relief Tunnel extends from the base of Monolith 1 in a Northwest direction
for 1,020 feet.  The inside of the tunnel is 8 feet high by 5 feet wide.  The ceiling concrete is 3
feet thick, concrete walls 1 foot 8 inches and concrete floor 3 feet thick for the first 180 feet from
the sump and then the ceiling, walls and floor are 2 feet, 1 foot 6 inches and 2 feet respectfully
for the remainder of the tunnel.

6.2.2. Relief wells exist beneath the relief tunnel and the water from the downstream right bank
passes into the relief wells and up into the relief tunnel.  The water then travels down the relief
tunnel into a sump at one end of the tunnel.  An existing 4 foot diameter drain hole in the
concrete starts at the sump and exits at the surface base of Monolith 5 with an I.E. of 765.0 into
the downstream pool.  In order for the Hatchery water to be from the relief tunnel and not from
the downstream pool, a flap gate shall be installed at the end of the 4 foot diameter drain hole.
When the upstream pool at Wells Dam, the next downstream dam, is high, the flap gate closes to
prevent water from Chief Joseph’s downstream pool from backing up into the relief tunnel. Back
flow from the downstream pool into the relief tunnel is believed to be a transient phenomenon,
and the new sump may function satisfactorily without the gate.

6.2.3. A new sump room will be required.  Currently the sump is about 10.5 feet long, 4.5 feet
wide and 4.5 feet deep (See Figure 2). The new sump room needs to be 18 feet long by 6 feet
wide by 7 feet deep.  In order to build this room approximately 21 feet of existing tunnel and
sump floor slab has to be removed and replaced with a new floor approximately 7 feet deep and
6 feet wide.  Also approximately 7 feet of one relief tunnel wall has to be removed and replaced
by a new wall which will widen the interior of the room to 6 feet.  The ceiling of the existing
tunnel would remain but an extension of 1 feet of new ceiling would have to be added on to
make the room 6 feet wide by 18 feet long. Approximately 11 feet of the ceiling over the existing
sump would be removed and a new raised ceiling constructed to accommodate the pump
chamber. A new overflow weir will be added in the sump room between the bottom of the pump
intake and the entrance to the 4 foot diameter drain outlet.  In order to construct the new sump
and pump chamber, a large portion of impervious and random fill would have to be removed and
replaced or a shaft would have to be excavated through the fill. The shaft could be made a
permanent feature for access to the pump.
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7.  Water Quality Data

7.1. Introduction

7.1.1. The Seattle District Corps of Engineers Hydrology and Hydraulics Section (COE) is
conducting a baseline water quality assessment of fish hatchery water sources at Chief Joseph
Dam during the 2004 water year.  Potential sources of water identified for this study include the
relief tunnel, the irrigation inlet structure located near the right bank in the forebay, and the
orientation water system wells located along the right bank at the hatchery site.  The fish
hatchery would utilize one or more of these sources of water during the entire year to meet the
quantity and quality of water needed for hatchery operations.

7.1.2. The quality of the proposed hatchery source water is important because water quality can
determine the success or failure of fish hatchery operations.  Physical and chemical
characteristics of the source waters must be properly analyzed and evaluated in order to select a
suitable water source.  Historical sampling conducted in 1989 and 1990 at the relief tunnel and
hatchery site wells detected mercury at concentrations exceeding Washington State Department
of Fish and Wildlife (WDFW) recommended water quality criteria for aquaculture programs.
Recent sampling conducted in 2003 detected mercury at concentrations well below WDFW
recommended criteria but did detect nitrite at concentrations exceeding the WDFW
recommended criteria.  Consequently, the Colville Tribes expressed concerns about the quality
of the relief tunnel and orientation water system wells water for hatchery operations.  To address
these concerns, the COE designed a water study to quantify more precisely the water quality of
all potential water sources for the fish hatchery.

7.2. Purpose and Scope

7.2.1. The purpose of the study is to characterize the quality of the relief tunnel, hatchery site
wells and forebay waters during the winter, spring, summer, and fall to determine if these waters
are of sufficient quality for use at a fish hatchery.   The objective of the monitoring program is to
determine existing water quality conditions of possible hatchery source waters during a water
year.  These objectives will be met using data collection and analysis methods to evaluate surface
water quality and ground water quality at Chief Joseph Dam.

7.2.2. This study is currently being conducted during 2004 and has not been completed.  Data
were collected on February 3, 2003 from one (1) station in the relief tunnel and one (1) station in
the forebay.  Data were not collected at the hatchery site well during the February sampling
event because the well was decommissioned for the winter and was not operational.  Therefore,
the data presented in this section are preliminary and represent only one sampling event out of a
possible four sampling events.   It is anticipated that additional samples, including the hatchery
site well, will be collected in the spring and/or summer.
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7.3. Methods

7.3.1. Site Characterization

7.3.1.1. Chief Joseph Dam is located at river mile 545 on the Columbia River in Washington,
about 51 miles downstream of Grand Coulee Dam (Figure 1).  The dam is a concrete gravity
dam, 230 feet high, with 19 spillway bays which abut the right bank.  The general location of the
irrigation inlet structure, the relief tunnel, and the hatchery site wells are shown in Figure 2.

7.3.1.2. The irrigation inlet structure is located on the face of the dam near the right bank at a
depth of about 30 feet below the forebay water surface under normal pool conditions.  The relief
tunnel extends over 1,000 feet from the northwest end of the spillway into the right abutment.
Access to the tunnel is by way of galleries in the interior of the dam.  The tunnel captures water
seeping from the forebay through the right bank and towards the right abutment.  Water drains
into the tunnel via wood stave wells located in the floor of the tunnel, flows down the tunnel into
a sump located near the foot of the gallery stairs, and ultimately drains to the Columbia River via
a 4-foot conduit.  The hatchery site wells are located on the right bank of the river about 3,500
feet downstream of the dam near the site of the proposed fish hatchery.  These wells are located
at a distance from the river of about 50 feet and an elevation above the river of about 20 feet.

7.3.2. Data Collection

7.3.2.1. Sampling procedures were conducted according to the Preliminary Scope of Work:
Water Quality Sampling at Chief Joseph Dam for the Colville Tribes Fish Hatchery (USCOE
2003), and generally followed Puget Sound Estuary Program (PSEP) protocols (U.S. EPA 1990).
Water quality parameters monitored in the relief tunnel and forebay are shown in Table 1.
Sampling locations are presented in Figure 2.  As previously noted, water quality was not
monitored at the hatchery site wells because they were not operational during the sampling
event.  Prior to the sampling event, all sampling equipment was thoroughly cleaned and
decontaminated following PSEP protocols.  The equipment was scrubbed with a brush and
detergent (1 percent Liquinox), thoroughly rinsed with deionized water, rinsed with a 10 percent
Nitric Acid solution, and given a final rinse with deionized water.

7.3.2.2. Surface water grab samples were collected from the center of the channel in the relief
tunnel and from a depth of 30 feet in the forebay by field technicians wearing new vinyl gloves.
Relief tunnel samples were collected by submerging laboratory-cleaned, prelabled sample
containers below the water surface to a depth of about 1 foot.  Forebay samples were collected
from a depth of 30 feet by submerging a cleaned and decontaminated 2.2 liter (L) polycarbonate
(Lexan) van-dorn style sampler with ultra-clean seals to depth and filling.  All sample containers
were rinsed 3 times prior to filling, capped, and immediately placed on ice in a cooler.
Measurements of field parameters (See Table 1) were performed by submerging a Hydrolab
DataSonde 4
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Figure 1. Location of the study.
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Figure 2. Location of the water quality sampling stations.
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Table 1. Methods and detection limits for water quality analyses.

Matrix Method Number a Detection Limit/Unit

Field Parameters
Temperature Water SM 2550-B 0.1°C
pH Water SM 4500-H –
Conductivity Water SM 2510-B 1 mS/cm
Turbidity Water SM 2130-B 0.1 NTU
Dissolved Oxygen Water SM 4500-O-G 0.1 mg/L

Laboratory Parameters

Total Phosphorus Water AM 4500PB 0.010 mg/L
Total Nitrogen Water EPA 351.2 0.100 mg/L
Nitrate+Nitrite Water EPA 353.2 0.010 mg/L
 Nitrite Water EPA 354.1 0.010 mg/L
Ammonia Water EPA 350.1 0.010 mg/L
Alkalinity Water EPA 310.1 1.00 mg/L
Hardness Water SM182340B 1.00 mg/L
Calcium Water EPA 6010 0.100 mg/L
Magnesium Water EPA 6010 0.100 mg/L
Potassium Water EPA 6010 0.700 mg/L
Sodium Water EPA 6010 0.500 mg/L
Sulfate Water EPA 300 1.00 mg/L
Chloride Water EPA 300 0.50 mg/L
Fluoride Water EPA 300 0.100 mg/L
Aluminum Water EPA 200.8 0.020 mg/L
Arsenic Water EPA 200.8 0.002 mg/L
Barium Water EPA 200.8 0.005 mg/L
Cadmium Water EPA 200.8 0.0002 mg/L
Chromium Water EPA 200.8 0.0020 mg/L
Copper Water EPA 200.8 0.0010 mg/L
Iron Water EPA 200.8 0.020 mg/L
Lead Water EPA 200.8 0.0010 mg/L
Manganese Water EPA 200.8 0.005 mg/L
Mercury Water EPA 1631B 0.0020 µg/L
Nickel Water EPA 200.8 0.0020 mg/L
Selenium Water EPA 200.8 0.0030 mg/L
Silver Water EPA 200.8 0.0010 mg/L
Zinc Water EPA 200.8 0.005 mg/L
Total Dissolved Solids Water EPA 160.1 5.00 mg/L

      Pesticide/PCB Water EPA 8081/8082 0.005 µg/L to 0.1 µg/L

a SM method numbers are from APHA et al. (1992); EPA method numbers are from U.S. EPA (1983, 1984).
mg/L Milligrams per liter
mS/cm Microsiemens per centimeter
NTU Nephelometric turbidity unit
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multiprobe directly into the forebay water or from a sample withdrawn from the relief tunnel.
Equipment used for field measurements was calibrated prior to the sampling event.  One set of
field duplicates was collected at the forebay station to assess both environmental and analytical
variability.  All samples were transported to the laboratory within 24 hours, where they were
analyzed for the parameters shown in Table 1.

7.3.3. Quality Assurance Procedures

7.3.3.1. Quality assurance of water quality samples followed procedures set forth in the
Preliminary Scope of Work: Water Quality Sampling at Chief Joseph Dam for the Colville Tribes
Fish Hatchery (USCOE 2003).  Data were validated according to the sampling and analysis plan,
and quality control data provided by the laboratory were combined with results of field
duplicates to check the precision and accuracy of the data.  Data validation results are presented
in Attachment A at the end of this report.  Values qualified as estimates were used in the
evaluation, and none of the values were rejected.

7.3.4. Water Quality Criteria

7.3.4.1. The Washington Department of Ecology (WDOE) and the Colville Tribes determine
surface water quality criteria for the Columbia River at Chief Joseph Dam in Washington.  The
WDOE has classified the Columbia River above and below Chief Joseph Dam as a Salmon and
Trout spawning non-core rearing and migration aquatic life use water body, while the CCT has
classified the Columbia River as a Class I water body above Chief Joseph Dam and a Class II
water body below the dam.  These criteria are designed for the protection of aquatic life in fresh
surface waters of the state of Washington and the Colville Reservation.  However, at the time of
this report, water quality criteria for regulating source waters intended for aquaculture do not
exist for the state of Washington.  In lieu of aquaculture specific criteria, WDFW has compiled a
list of recommended water quality criteria for source waters intended for aquaculture uses as
shown in Table 2.  For comparative purposes, WDOE surface water chronic criteria are also
shown in Table 2.

7.3.5. Historical Data

7.3.5.1. Historical water quality data for the relief tunnel, forebay, and hatchery site well are
presented in Table 3.   Data collected in 1977 by Koch and Cochran (1977) from the relief tunnel
and forebay are limited and represent only field parameters and conventionals.  Relief tunnel
samples were collected near the lower end of the tunnel, while forebay samples were collected
from the surface about 50 feet upstream of the dam.   Data collected by the COE between 1989
and 2003 represent the most complete data set for these water sources.  Samples from the relief
tunnel, forebay, and hatchery site well were analyzed for field parameters, conventionals, metals
and bacteria.  Relief tunnel samples were collected near the lower end of the tunnel about 15 feet
upstream of the sump while forebay samples were collected from the surface about 50 feet
upstream of the dam.



Chief Joseph Dam Fish Hatchery Water Source Water Quality Study 2004

40

Table 2. Washington State Department of Fish and Wildlife Recommended Water
Quality Criteria for Aquaculture and Ecology Chronic Criteria.

WDFW Recommended Values

Parameter Units Piper Values a U.S. EPA Values a WDOE Values b

Alkalinity (as CaCO3) mg/L 10 – 40 At least 20 æ

Aluminum mg/L < 0.01 æ æ

Ammonia (as NH3) mg/L 0.0125 0.02 0.028c

Arsenic mg/L < 0.05 æ 0.19
Barium mg/L < 5.0 æ æ

Cadmium (Alk > 100 mg/L) mg/L < 0.0004 0.0004 0.0009b

Cadmium (Alk < 100 mg/L) mg/L æ 0.003 æ

Calcium Carbonate mg/L 4 – 160 æ æ

Carbon Dioxide mg/L 0 – 10 æ æ

Chloride mg/L < 4.0 æ 230
Chlorine mg/L < 0.03 0.003 0.011

Chromium mg/L < 0.03 0.03 0.1483b

Copper (Alk > 100 mg/L) mg/L < 0.006 0.006 0.0094b

Copper (Alk < 100 mg/L) mg/L æ 0.03 æ

Fluoride mg/L < 0.5 æ æ

Hardness mg/L 10 – 400 æ æ

Hydrogen Cyanide mg/L < 0.01 æ 0.0052
Hydrogen Sulfate mg/L < 0.0001 0.002 æ

Iron mg/L < 0.15 æ æ

Lead mg/L < 0.03 0.03 0.0020b

Manganese mg/L < 0.01 æ æ

Mercury µg/L < 0.2 0.2 0.012

Nickel mg/L < 0.01 æ 0.1302b

Nitrate mg/L 0 – 3 æ æ

Nitrite mg/L < 0.1 æ æ

Nitrogen % sat < 100 æ 110
      PCBs mg/L < 0.002 0.002 0.00014

pH units 6.5 – 8.0 6.0 – 9.0 6.5-8.5

Potassium mg/L < 5.0 æ æ

Salinity ppt < 5.0 æ æ

Selenium mg/L < 0.01 æ 0.005d

Settleable Solids mg/L < 80 < 80 æ

Silver mg/L < 0.003 æ 0.0024b

Sodium mg/L < 75 æ æ

Sulfate mg/L < 50 æ æ

Total Dissolved Solids mg/L 10 – 1000 æ æ

Total Suspended Solids mg/L < 80 < 80 æ

Uranium mg/L < 0.1 æ æ

Vanadium mg/L < 0.1 æ æ

Zinc mg/L < 0.03 æ 0.0865
a Sources: Piper et al (1982) and U.S. EPA (1973).
b  Dissolved metals chronic criteria for waters with an average hardness of  80 mg/L, except Silver, which is an acute criteria.
c.  Based on a typical pH value of 7.8 and a water temperature of 10°C.
d.  Total recoverable fraction.



Chief Joseph Dam Fish Hatchery Water Source Water Quality Study 2004

May 11, 2004                                                            41 U.S. Army Corps of Engineers

Table 3. Summary of historical water data collected in the relief tunnel, forebay and hatchery well at Chief Joseph Dam.

Historical
Data

Historical
Data

Historical
Data

Historical
Data

Historical
Data

Historical
Data

Historical
Data

Historical
Data

Historical
Data

 

Relief
Tunnel

(1/19/1977)1

Relief
Tunnel

(4/14/1989)2

Relief
Tunnel

(5/26/1989)2

Relief
Tunnel

(1/29/2003)2

Relief
Tunnel

(5/13/2003)2
Forebay

(1/19/1977)1
Forebay

(1/29/2003)2
Forebay

(5/13/2003)2

Hatchery
Well

(9/19/1990)2

Field Parameters
Temperature (°C) _ _ _ _ _ _ _ _ _

PH 87.7 _ _ _ _ 7.67 _ _ _

Conductivity (µS/cm) 162 170 _ 161 _ 141 138 _ 270

Turbidity (NTU) æ 0.4 _ < 0.5 _ æ < 0.5 _ 0.2

Conventionals/Bacteria
Nitrate+Nitrite (mg/L) æ _ _ 0.32 _ æ 0.4 _ _

Nitrate (mg/L) 0.75 0.3 _ 0.16 _ 0.49 0.21 _ 2.5
Nitrite (mg/L) _ _ _ 0.16 _ æ 0.19 _ _

Alkalinity (mg/L) _ _ _ _ _ æ _ _ _

Hardness (mg/L) 88.5 80 _ 72.9 _ 72.7 67.2 _ 120
Calcium (mg/L) 22.3 _ _ 21 _ 20.2 19.5 _ _

Magnesium (mg/L) 5.3 _ _ 4.97 _ 4.3 4.5 _ _

Potassium (mg/L) 1.5 _ _ _ _ 0.65 _ _ _

Sodium (mg/L) 2.4 < 5 _ 2.18 _ 1.5 1.46 _ < 10
Sulfate (mg/L) 9.8 _ _ 8.4 _ 11.5 8.9 _ _

Chloride (mg/L) 0.5 < 5 _ < 0.5 _ 0.5 < 0.5 _ < 5
Fluoride (mg/L) _ < 0.2 _ 0.15 _ æ 0.12 _ < 0.2

Total Dissolved Solids (mg/L) 86.1 _ _ 64 _ 75 382 _ _

Total Coliform Bacteria  (#/100mL) _ _ _ < 2 _ _ < 2 _ _

Fecal Coliform Bacteria (#/100mL) _ _ _ < 2 _ _ < 2 _ _
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Table 3.     Summary of historical water data collected in the relief tunnel, forebay and well at Chief Joseph Dam (Continued).

Historical
Data

Historical
Data

Historical
Data

Historical
Data

Historical
Data

Historical
Data

Historical
Data

Historical
Data

Historical
Data

 

Relief
Tunnel

(1/19/1977)1

Relief
Tunnel

(4/14/1989)2

Relief
Tunnel

(5/26/1989)2

Relief
Tunnel

(1/29/2003)2

Relief
Tunnel

(5/13/2003)2
Forebay

(1/19/1977)1
Forebay

(1/29/2003)2
Forebay

(5/13/2003)2

Hatchery
Well

(9/19/1990)2

Dissolved Metals
Arsenic (mg/L) æ < 0.010 _ < 0.002 _ æ < 0.002 _ < 0.010

Barium (mg/L) æ < 0.250 _ 0.014 _ æ 0.043 _ < 0.250
Cadmium (mg/L) æ < 0.002 _ < 0.0003 _ æ < 0.0003 _ < 0.002
Chromium (mg/L) æ < 0.010 _ < 0.0047 _ æ < 0.0047 _ < 0.010
Copper (mg/L) æ < 0.250 _ < 0.002 _ æ < 0.002 _ < 0.250
Iron (mg/L) æ < 0.100 _ 0.0124 _ æ 0.013 _ < 0.100
Lead (mg/L) æ < 0.002 _ < 0.0005 _ æ < 0.0005 _ < 0.002
Manganese (mg/L) æ <0.010 _ < 0.002 _ æ < 0.002 _ <0.010
Mercury (µg/L) æ 0.6 0.6 < 0.3 0.000171 æ < 0.3 0.000365 0.5
Nickel (mg/L) æ _ _ < 0.010 _ æ < 0.010 _ _

Selenium (mg/L) æ < 0.005 _ < 0.005 _ æ < 0.005 _ < 0.005
Silver (mg/L) æ < 0.010 _ < 0.0047 _ æ < 0.0047 _ < 0.010
Zinc (mg/L) æ < 0.250 _ < 0.020 _ æ < 0.020 _ < 0.250

          

1.  Source:  Koch and Cochran (1977)
2. Source:  USCOE (2004)
mg/L Milligrams per liter
µg/L Micrograms per liter
mS/cm Microsiemens per centimeter
NTU Nephelometric turbidity unit
< Analyte not detected at specified detection limit
æ Not analyzed/not available

0.001 Value Exceeds Washington State Department of Fish and Wildlife Recommended Criteria for Aquaculture (Piper et al. 1982; U.S. EPA 1973)
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7.3.5.2. Little difference in water quality for the relief tunnel, forebay, and hatchery site well was
observed between samples collected in 1977, 1989, 1990, and 2003 except for mercury.
Mercury was detected in the relief tunnel and hatchery site well in 1989 and 1990 at
concentrations exceeding both the WDFW recommended criteria and the WDOE chronic
criteria.  Sampling at both sites on January 29, 2003 had a mercury detection limit above the
WDFW and WDOE criteria, so re-sampling occurred on May 13, 2003 using a lower detection
limit.  The May 13, 2003 samples detected mercury in the relief tunnel and forebay at
concentrations well below the WDFW and WDOE criteria.  The WDFW criteria for nitrite was
exceeded in the relief tunnel and forebay samples on January 29, 2003, with forebay nitrite
concentrations (0.19 mg/L) slightly greater that relief tunnel concentrations (0.16 mg/L).  Nitrate
concentrations were relatively low.  No other exceedances of the WDFW or WDOE water
quality criteria were observed from the historical data.

7.4. Results and Discussion

7.4.1. Water quality results are shown in Table 4.  In general, water quality at the relief tunnel
and forebay locations were good with no exceedances of either the WDFW recommended
criteria for aquaculture or the WDOE chronic criteria.  Field parameters monitored include
temperature, conductivity, pH, dissolved oxygen, and turbidity.  These parameters show little
difference between the relief tunnel sample and the forebay sample except for conductivity and
dissolved oxygen.  Relief tunnel water had a higher conductivity and lower dissolved oxygen
concentration than the forebay, likely reflecting the influence of chemical interactions between
the surface water and the overlying soil and bedrock along the right bank.  Temperature was not
recorded in the relief tunnel.

7.4.2. Conventional parameters data indicate that the relief tunnel water quality is similar in
quality to the forebay water, with only minor differences.  Slightly greater alkalinity, hardness,
calcium, potassium, sodium, and total dissolved solids concentrations in the relief tunnel suggest
that chemical interactions between the forebay water seeping into the right bank and the
overlying soil and bedrock may be occurring.   The overall similarity in water quality between
the relief tunnel and forebay suggest that the major source of water to the relief tunnel is the
forebay.  However, the slightly greater concentrations of several major ions together with the
observed differences in conductivity and dissolved oxygen could also indicate that another
source of water, possibly ground water derived from local precipitation, is influencing the relief
tunnel water quality.

7.4.3. Four forms of nitrogen were sampled, total kjeldhal nitrogen (TKN), nitrate + nitrite-
nitrogen (NO3 + NO2), nitrite (NO2), and ammonia nitrogen (NH4

+ + NH3).  The dissolved
inorganic forms of nitrogen, ammonia and nitrate + nitrite are all readily available for plant
growth.  Total kjeldhal nitrogen includes ammonia plus organic nitrogen, while nitrate + nitrite-
nitrogen represents total oxidized nitrogen, with nitrite being an intermediate state between
ammonia and nitrate.  Nitrate is an essential plant nutrient, while nitrite can be a plant nutrient
but is toxic to animal life and is generally rapidly oxidized to nitrate in oxygenated waters.
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Table 4. Summary of current water data collected in the relief tunnel, forebay
and hatchery well at Chief Joseph Dam.

CHJRT

Relief Tunnel
(2/3/2004)

CHJFB
 Forebay

(2/3/2004)

Field Parameters
Temperature (°C) æ 2.7
PH 7.7 7.8
Conductivity (µS/cm) 157 135
Turbidity (NTU) 0.3 1.0
Dissolved Oxygen (mg/L) 6.9 10.5

Conventionals

Total Phosphorus (mg/L) 0.031 0.016

Total Kjeldahl N (mg/L) < 0.2 < 0.2

Nitrate+Nitrite (mg/L) 0.14 0.15

Nitrate (mg/L) 0.14 0.15

Nitrite (mg/L) < 0.01 < 0.01

Ammonia (mg/L) 0.017 < 0.01

Alkalinity (mg/L) 74 63

Hardness (mg/L) 66 67

Calcium (mg/L) 19.0 18.7

Magnesium (mg/L) 4.61 4.86

Potassium (mg/L) 1.4 0.7

Sodium (mg/L) 2.3 1.8

Sulfate (mg/L) 8.9 9.6

Chloride (mg/L) 0.9 1.0

Fluoride (mg/L) < 0.1 < 0.1

Total Dissolved Solids (mg/L) 99 68

Dissolved Metals
Aluminum (mg/L) < 0.02 < 0.02

Arsenic (mg/L) 0.0011 0.0004

Barium (mg/L) 0.015 0.025

Cadmium (mg/L) < 0.0002 < 0.0002

Chromium (mg/L) < 0.0005 < 0.0005

Copper (mg/L) < 0.0005 0.0006

Iron (mg/L) < 0.02 < 0.02

Lead (mg/L) < 0.001 < 0.001

Manganese (mg/L) < 0.001 < 0.001

Mercury (µg/L) 0.000118 E 0.000256 E

Nickel (mg/L) 0.0005 0.0007

Selenium (mg/L) < 0.005 < 0.005

Silver (mg/L) < 0.0005 < 0.0005

Zinc (mg/L) < 0.006 < 0.006
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Table 4. Summary of current water data collected in the relief tunnel, forebay
and hatchery well at Chief Joseph Dam (Continued).

CHJRT

Relief Tunnel
(2/3/2004)

CHJFB
 Forebay

(2/3/2004)

PCBs (µg/L)
Aroclor 1016 < 0.1 < 0.1
Aroclor 1242 < 0.1 < 0.1
Aroclor 1248 < 0.1 < 0.1
Aroclor 1254 < 0.1 < 0.1
Aroclor 1260 < 0.1 < 0.1
Aroclor1221 < 0.1 < 0.1
Aroclor 1232 < 0.1 < 0.1

Pesticides (µg/L)
alpha-BHC < 0.0062 E < 0.0052 E
beta-BHC < 0.0062 E < 0.0052 E
delta-BHC < 0.0062 E < 0.0052 E
gamma-BHC (Lindane) < 0.0062 E < 0.0052 E
Heptachlor < 0.0062 E < 0.0052 E
Aldrin < 0.0062 E < 0.0052 E
Heptachlor Epoxide < 0.0062 E < 0.0052 E
Endosulfan I < 0.0062 E < 0.0052 E
Dieldrin < 0.012 E < 0.010 E
4,4’-DDE < 0.012 E < 0.010 E
Endrin < 0.012 E < 0.010 E
Endosulfan II < 0.012 E < 0.010 E
4,4’-DDD < 0.012 E < 0.010 E
Endosulfan Sulfate < 0.012 E < 0.010 E
4,4’-DDT < 0.012 E < 0.010 E
Methoxychlor < 0.062 E < 0.052 E
Endrin Ketone < 0.012 E < 0.010 E
Endrin Aldehyde < 0.012 E < 0.010 E
gamma Chlordane < 0.0062 E < 0.0052 E

alpha Chlordane < 0.0062 E < 0.0052 E
Toxaphene < 0.62 E < 0.52 E

mg/L Milligrams per liter
µg/L Micrograms per liter
mS/cm Microsiemens per centimeter
NTU Nephelometric turbidity unit
E Estimated value
< Analyte not detected at specified detection limit
æ Not analyzed/not available

0.001 Value Exceeds Washington State Department of Fish and Wildlife Recommended Criteria for Aquaculture.
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7.4.4. Ammonia nitrogen is largely produced by the deamination of organic nitrogen-containing
compounds and is a plant nutrient that is often utilized before nitrate.  Ammonia is generally
reported as the combined ionized (NH4

+ -ammonium) and unionized (NH3-ammonia) forms of
ammonia.  However, only the unionized form of ammonia (NH3) is toxic to freshwater life and
this form of ammonia has water quality criteria established (See Table 2).  Equations can be used
to estimate the concentration of unionized ammonia fraction from measured values of the pH and
temperature of the water.

7.4.5. Nitrate concentrations were similar between the relief tunnel and forebay, while ammonia
was only detected in the relief tunnel at very low concentrations (0.017 mg/L).  Using an average
unionized ammonia percentage of 1.8 percent in pH 8.0 water at 10 °C (APHA 1992), the
calculated unionized ammonia is 0.00003 mg/L, which is well below WDFW and WDOE
criteria.  In general, chronic ammonia toxicity is not a problem in pH 8.0 water at 10 °C when
ammonia-nitrogen concentrations are less than about 2 mg/L (EPA 2002).  The greater ammonia
concentrations and the slightly lower nitrate concentrations in the relief tunnel versus the forebay
may be due to oxidation-reduction conditions in the ground water favoring the presence of
ammonia.   Nitrite was not detected in the relief tunnel or forebay samples.

7.4.6. Dissolved metals did not exceed the WDFW recommended criteria for aquaculture or the
WDOE chronic criteria during the sampling event.   Concentrations were below the laboratory
detection limits for all metals except barium and mercury, which were detected at very low
concentrations in the relief tunnel and forebay.  Mercury concentrations in the relief tunnel
(0.000118 µg/L) were similar to concentrations detected on May 13, 2003 (0.000171 µg/L) and
well below concentrations detected in 1989 (0.6 µg/L).  Similarly, concentrations in the forebay
(0.000256 µg/L) were similar to concentrations detected on May 13, 2003 (0.000365 µg/L).
These data suggest that mercury concentrations in the relief tunnel water may not be a water
quality concern for the fish hatchery.  However, it is recommended that additional samples be
collected during the spring and summer to determine if any seasonal variations in mercury
concentrations occur in the relief tunnel and forebay.

7.4.7. Polychlorinated biphenyls (PCBs) were not detected at the relief tunnel and forebay on the
sampling date at the laboratory detection limits shown in Table 4.  These detection limits are
below the WDFW recommended criteria for aquaculture but are greater the WDOE chronic
criteria.  Therefore, exceedances of the WDOE chronic criteria may have occurred in non-
detected samples.

7.4.8. Chlorinated pesticides were not detected at the relief tunnel and forebay on the sampling
date at the laboratory detection limits shown in Table 4.  There are no WDFW recommended
criteria for pesticides.  However, these detection limits are below the WDOE chronic criteria,
resulting in no exceedances of the WDOE chronic criteria.

7.5. Conclusions

7.5.1. Water quality samples collected from the relief tunnel and forebay during the February 3,
2004 sampling event were characterized by good water quality with no exceedances of the
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WDFW recommended criteria for aquaculture or the WDOE chronic criteria for surface waters.
It should be noted that the detection limits for PCBs and some pesticides exceeded the WDOE
criteria suggesting that exceedances may have occurred in non-detected samples.  Historical
exceedances of mercury and nitrate measured in the relief tunnel were not seen for the current
sampling event.  Water quality samples were not collected from the hatchery site well during the
February sampling event due to the well being non-operational during the winter months.

7.5.2. It is recommended that water quality samples be collected at the relief tunnel, forebay, and
hatchery well site in the spring and summer to determine if any seasonal variations in water
quality exist for these source waters.  Because mercury and nitrate were historically detected in
these source waters at concentrations exceeding the WDFW recommended criteria for
aquaculture, it is advised to sample water quality more than one time before concluding that
these source waters are acceptable for the fish hatchery.   In addition, the hatchery well site
should be sampled in the spring and summer to determine the existing water quality conditions
of this potential hatchery source water.
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Attachment A

7.7. Quality Assurance Report

7.7.1. This report presents results from the quality assurance review of data collected for the
Libby Dam Ground Water Quality Monitoring Project.  Data assessment procedures used in this
quality assurance review are based on the following eight control elements:

Completeness
Methodology
Holding times
Detection limit
Blanks
Duplicates
Matrix spikes
Control samples.

7.7.2. No major problems were associated with the data collected in connection with this project.
The following sections provide specific details for each of the quality control elements reviewed
and any resultant corrective action required.

7.7.3. Completeness

7.7.3.1. Completeness was assessed by comparing valid sample data values with total number of
sample values.  Because the number of valid sample data divided by the total number of samples
was greater than the quality assurance objective of 95 percent, no corrective actions were
required to address problems related to completeness.

7.7.4. Methodology

7.7.4.1. Methodology was assessed by examining field notebooks, sampling data sheets, and
laboratory reports for deviations from the monitoring plan and quality assurance plan.
Subsequent to this review, it was concluded that there were no significant deviations in
methodology that required corrective action.

7.7.5. Holding Times

7.7.5.1. Holding times were assessed by comparing analytical dates to sample collection dates.
Corrective action was implemented for all values that exceeded the maximum holding times
required by U.S. EPA.  Holding time problems were encountered for pesticide samples collected
on 2/3/04 from all sites because the samples were extracted beyond the required 7-day holding
time.  Data qualified as an estimate (E).
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7.7.6. Blanks

7.7.6.1. Preparation blanks, which are composed of reagent water that is prepared as a sample,
were analyzed with collected samples, and the results were reported in each laboratory report.  If
a blank value exceeded the detection limit, corrective actions were to be implemented for the
associated samples.  Mercury was detected in the method blank, resulting in sample values that
were less than 5 times the detected blank being considered estimates (E).

7.7.7.  Detection Limits

7.7.7.1. Laboratory data were reported with a method detection limit (MDL) and a reporting
detection limit (RDL).  The laboratory MDL represents the minimum concentration of a
constituent that can be detected.  All data values that were below the MDL were qualified as
below detection with a < symbol next to the reported detection limit.

7.7.8. Duplicates

 7.7.8.1. Laboratory duplicates are two aliquots of a sample processed concurrently and
identically.  Corrective action was implemented for all laboratory duplicates with a relative
percent difference (RPD) greater than 20 percent.  No duplicate problems were encountered.

 7.7.9. Matrix Spikes

 7.7.9.1. Matrix spikes are used as an indicator of matrix effects on sample recovery and
precision.  If a percent recovery from a matrix spike was not within 80 to 120 percent for
conventionals and metals or a pre-determined laboratory range for organics, corrective actions
were implemented where necessary.  No matrix spike problems were encountered.

7.7.10. Control Samples

7.7.10.1. Control samples refer to check standards, blank spikes, or standard reference materials.
If the percent recovery for a control standard was not within 80 to 120 percent for conventionals
and metals, and a pre-determined laboratory range for organics, corrective actions were
implemented, where necessary.  All control sample recoveries were within acceptable limits.



________________Chief Joseph Dam Fish Hatchery Water Supply Study 2004

- 51 -

8. Cost Estimate
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9. CONCLUSIONS

9.1. The water supply study determined the potential to modify the existing relief tunnel sump to
provide 20 cfs. This will require excavating through the random and impervious fill and
constructing a permanent shaft, demolishing a portion of the existing relief tunnel and sump,
constructing a new larger sump 18-feet long by 6-feet wide by 7-feet deep and a 7-feet high
overflow weir, and installing a 450 HP pump. The construction cost estimate for the relief tunnel
work is $849,000 plus mobilization and demobilization.

9.2. The study determined the potential to supply 45 cfs from the reservoir. This will require
opening the irrigation inlet and outlet on the upstream and downstream faces of the dam,
installing a 30-inch diameter metal pipe with an emergency gate valve, trash rack, fish screen,
and stoplogs.

9.3. The construction cost estimate for the dam intake diversion structure is $155,000 plus
mobilization and demobilization.

9.4. Conveyance of the relief tunnel water to the hatchery site will require a 20-inch diameter
metal pipe and conveyance of the reservoir water will require a 30-inch diameter metal pipe. The
pipes must be buried for seismic and security considerations and would run approximately 300
feet through the riprap on the embankment and 2,400 feet under the existing road. This will
require demolition and repaving the road and excavating a pipe trench 8-feet deep by 11-feet
wide.

9.5. The pipes will be anchored in concrete thrust blocks every 100 feet and at bends or grade
changes. The construction cost estimate for the water conveyance pipelines is $2,016,000 plus
mobilization and demobilization.

9.6. The total mobilization and demobilization cost is estimated at $53,000 for a total water
supply project cost of $3,074,000. These costs are not related to the operation of Chief Joseph
Dam for hydropower and so would have to be borne by the Fish Hatchery Project along with
operation and maintenance costs of these hatchery features.

9.7. A potential well field site is identified in the study upstream of the dam seepage blanket in
the vicinity of the state park or golf course approximately 2 miles from the dam. From available
information potential well field sites at the hatchery do not look promising and a well field in the
vicinity of the relief tunnel is precluded by dam safety considerations. Additional investigation in
the next phase of design, including test wells, is needed to determine the location, potential yield,
and the number and size of the wells needed to make up the balance of well water required
beyond the 20 cfs from the relief tunnel.

9.8. Water quality samples were taken on 3 February 2004 from the relief tunnel and the
reservoir forebay at the elevation of the irrigation inlet.  In general, water quality at the relief
tunnel and forebay locations were good with no exceedances of either WDFW recommended
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criteria for aquaculture or the WDOE chronic criteria, and the parameters monitored show little
difference between the relief tunnel sample and the forebay sample. Water quality samples will
be collected at the relief tunnel, forebay, and hatchery well site in the spring and summer to
determine if any seasonal variations in water quality exist for these source waters. The test
results will be added to this study as supplements.

9.9. Although this study determined the feasibility of supplying 20 cfs to the hatchery from the
relief tunnel and 45 cfs from the reservoir, and identified a potential location for a well field to
supply the balance of well water required beyond the relief tunnel supply, further and more
detailed investigation will be needed in the next phase of design to confirm the assumptions and
cost estimates in this study and to address dam safety issues. In view of the more certain
potential to supply additional water from the reservoir and the uncertainty on the location and
yield from a well field in the area, it is recommended that the next phase of design also
investigate mechanical heating and cooling of additional water from the reservoir to achieve the
desired temperatures for rearing fish.




