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EXECUTIVE SUMMARY

Savage Rapids Dam is located in southwestern Oregon, on the Rogue River, 5 miles
upstream from the town of Grants Pass.  The dam, owned by the Grants Pass Irrigation
District (GPID), is 39 feet high and has been diverting irrigation flows since its
construction in 1921.  Fish ladders on the dam are old, do not meet current National
Marine Fisheries Service (NMFS) fisheries criteria, and delay migrating fish.  In addition,
the fish screens on the north side of the dam do not comply with current NMFS fisheries
criteria.  Construction of two pumping plants to deliver irrigation water and removal of
the dam are proposed to alleviate these fish passage problems.  The pumping plants
would be located immediately downstream from the fish ladders to enable GPID to
deliver water to its patrons through the existing irrigation canals.
The process leading to this proposal is documented in a planning report/final
environmental statement (PR/FES) filed on August 30, 1995.  The PR/FES focused
only on salmon and steelhead passage concerns at the dam and associated diversion
facilities.  The Bureau of Reclamation planned to do a detailed sediment study as part of
predesign activities if the Congress approved removal of the dam and provided the
necessary funding.  However, a number of interested government and private entities
agreed that the sediment study should begin before the predesign activities in order to
expedite approval from the Congress.  These entities assisted in acquiring Federal
funding for this sediment evaluation study.
  
The purpose of this study was to determine the potential sediment-related impacts
associated with removing the dam.  Specific information that was developed included
the following:

• An estimate of volume of sediment behind Savage Rapids Dam

• The particle size gradation and spatial distribution of reservoir sediment

• The chemical composition of the reservoir sediment

• The rate at which the reservoir sediment would erode following dam removal

• The expected rate at which eroded reservoir sediment would be transported
downstream

• The location and magnitude of sediment deposition downstream from the dam

Study Reach

The reach of the Rogue River studied in detail for sediment impacts following removal of
the dam was from the upstream end of Savage Rapids Reservoir (near Evans Creek) to
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the confluence with the Applegate River, about 12.5 miles downstream from Savage
Rapids Dam.  Beyond the Applegate River, the steep gradient and additional tributary
inflow will function to easily transport the sediment to the Pacific Ocean, 95 miles
downstream from the Applegate River confluence.  The water surface drops about
100 feet in the12.5-mile study reach and contains 8 pools 10-20 feet deep and 10 pools
less than 10 feet deep.  During periods of low flows, water surface elevations through
pools are relatively flat, and pools tend to slowly fill with sediment.  During periods of
high flows, pool velocities increase, and the water surface elevation through the pools
has a downward slope.  During these times, sediment is rapidly scoured from the channel
bed of pools and transported downstream.

Data Collected

A 2-foot contour map of Savage Rapids Reservoir was developed from a bathymetric
(underwater) survey of the reservoir.  Similar data were also collected along the river
bottom downstream from the dam to the confluence with the Applegate River.  These
data were used to develop river cross sections for computer modeling purposes. 
Additional data were collected to determine the volume, size, and chemical character-
istics of sediment trapped behind Savage Rapids Dam.

Riverflows and Sediment Transport Computer Models

A river hydraulics model, HEC-RAS, developed by the U.S. Army Corps of Engineers, was
applied to the study reach to provide a mechanism of predicting specific hydraulic
parameters, including water surface elevation, average velocity, and water depth for any
given riverflow on the Rogue River.  Model results were used to compare water surface
elevation, average cross section velocity, and water depth for existing reservoir
conditions and for river conditions after the dam is removed.

A sediment transport model, HEC-6t, was applied to the study reach to predict those
hydraulic parameters indicated for the river hydraulics model as well as erosion of
reservoir sediments, sediment transport and deposition downstream, and changes in the
stream channel bed.  Model results were used to analyze the volume of sediment eroded
from the reservoir, the rate of erosion, the rate of sediment transport downstream, and
the temporary deposition along the river channel.

Results

• Reservoir Sediment Volume Estimate – 200,000 cubic yards (100 feet high if placed
on a football field).
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• Reservoir Sediment Sizes and Distribution – 2 percent fines (silt and clay-sized
particles), 71 percent sand, and 27 percent gravel overall; cobbles from 3 to
5 inches in diameter compose up to 20 percent of the deposit found on the north
shore of the reservoir.  A finer-grained bar deposit is present on the south side of
the reservoir but is less than 10 percent of total sediment volume.

• Chemical Composition of Reservoir Sediment – Testing of reservoir sediment
indicated no contaminants with concentrations significantly higher than naturally
occurring background levels.  The chemical composition of reservoir sediment
would not pose any hazard to water quality, fish and wildlife, or human uses if
released downstream.

• Rate and Extent of Reservoir Sediment Erosion – Model results show that virtually
all sediment would be eroded from the reservoir following the removal of Savage
Rapids Dam.  About three-fourths of the sediment would be eroded from the area
immediately upstream from Savage Rapids Dam within the first year.

• Rate of Sediment Transport Downstream – Reservoir sediment would be
transported past the Applegate river confluence within a 1- to 10-year period.  The
specific length of time would depend on the frequency and magnitude of high-
flow events following dam removal.  High and frequent floods following dam
removal would cause reservoir sediment to reach the ocean within a few years.

• Sediment Deposition Downstream – Sediment eroded and flushed from the
reservoir would be transported downstream.  Sediment deposition in pools and
eddies would occur during low-flow periods as it does now.  Maximum deposition
will range from 1 to 8 feet in river pools.  However, no flooding is expected to
occur because pool deposition would not cause an increase in water surface
elevation.  In addition, sediment deposited in pools would subsequently be
scoured out and transported downstream during high-flow periods.  All sediment
would be eroded and eventually reach the ocean.

Sediment-Related Impacts to River Infrastructures

• GPID Pumping Plants – These pumping plants could be affected by the initial
flushing of reservoir sediments.  However, this could be prevented or mitigated by
properly timing dam removal to help control sediment release and placing the
pumping plant intakes to minimize exposure to sediment buildup.
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• City Water Treatment Plant Intake Structures – High rates of sand deposition in
the treatment plant could cause rapid wear on the river intake pumps and
complicate the method of removing sand from the plant’s sedimentation basins. 
This deposition of sand could be lessened by releasing sediments during the
winter months when flows are higher and the treatment plant is operated at a
slower pumping rate and for fewer hours per day.  In addition, excessive
deposition of coarse sediments in front of the treatment plant could plug the
intake structure.  Specific construction remedies could be implemented to lessen
the potential for this impact.

Specific costs and details of mitigation of potential impacts to the pumping plants and
the water treatment plant were beyond the scope of this study.  Such information would
be developed as part of a final design process for dam removal.
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JOSEPHINE COUNTY WATER MANAGEMENT
IMPROVEMENT STUDY, OREGON

SAVAGE RAPIDS DAM

SEDIMENT EVALUATION STUDY

Savage Rapids Dam is located in southwestern Oregon, on the Rogue River, just 5 miles
upstream from the town of Grants Pass (figure 1).  Savage Rapids Dam was built in 1921
to divert riverflows for irrigation.  The dam is 39 feet high and creates a backwater pool 
that extends ½ mile upstream during the nonirrigation season and 2-½ miles upstream
during the irrigation season (figure 2).  The reservoir is relatively narrow, only two
to three times wider than the river.  The annual mean flow of the Rogue River is
3,372 cubic feet per second (ft3/s).  The total drainage area is 2,459 square miles.  The 
mean annual runoff is 19 inches, the highest recorded peak flow was 152,000 ft3/s on
December 23, 1962, and the lowest mean-daily flow recorded was 744 ft3/s.  Although
the dam has fish ladders, these ladders are old, do not meet current fisheries criteria, and
allow only limited fish passage.  Dam removal has been proposed to restore fish passage
to natural conditions.  The dam would be replaced with two pumping plants that would
deliver water to the irrigation canals.  Grants Pass Irrigation District (GPID) requested a
sediment study to model the potential sediment-related impacts of dam removal.

Sediment is defined as unconsolidated solid material that comes from weathering of rock
and is carried by, suspended in, or deposited by water or wind.  Sediment is often
classified by its particle size:  clay (less than 0.005 millimeter [mm]), silt (0.005 to
0.075 mm), sand (0.075 to 4.75 mm), gravel (4.75 to 75 mm), cobble (75 to 300 mm),
and boulder (greater than 300 mm).  All natural rivers transport a certain amount of
sediment.  The amount of sediment transported depends on the amount of sediment
supplied from the upstream watershed and on the velocity and turbulence of the flowing
river.  Fine-grained sediments, such as clay and silt, are typically transported
by the river while suspended in the water (figure 3) and do not compose a significant
portion of the river bed (“wash load”).  A river’s capacity to transport wash load is
typically much greater than the amount supplied.  Riverbed sediments typically consist
of coarse-grained particles such as sand, gravel, and cobble.  Sand-sized particles can be
transported by a river in suspension, if river velocities and turbulence are great enough,
or rolled and bounced along the river bed as “bedload.”  Gravel and coarser-sized
sediment particles are typically transported by a river as bedload. 

Study Purpose

The purpose of this study was to determine the potential sedimentation impacts
resulting from removing Savage Rapids Dam.  Among the many significant concerns with
this project are the volume, particle size gradation, and spatial distribution of
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Figure 1.—Study area location map.
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Figure 2.—View of Savage Rapids Dam, located on the Rogue River in southwestern Oregon,
5 miles upstream from Grants Pass.  Photograph by Tim Randle on February 23, 1999.  The mean-daily

flow on this date was 7,400 ft3/s (U.S. Geological Survey gauge at Grants Pass, Oregon).

sediment accumulated within the reservoir (see Appendix A), the chemical composition of
the reservoir sediment (see Appendix C), and the rate at which the reservoir sediment
would be eroded if the dam is removed (see Appendix B).  Further, this study discusses the
expected rate at which the eroded reservoir sediment would be transported down-stream,
and the location and magnitude of deposition that might result downstream from the dam. 
Specific areas of interest include the potential for sediment deposition at the proposed
GPID pumping plants and at the water intake and treatment operations for the City of
Grants Pass.

Authority for the Study

Authority to conduct this investigation is provided in Public Law (P.L.) 92-199, enacted
December 15, 1971 (85 Stat. 664), which authorizes the Bureau of Reclamation
(Reclamation) to conduct a feasibility study of the Grants Pass Division, Rogue
River Basin Project.

Events Leading to Study Initiation

Prior to 1971, Reclamation's involvement with Savage Rapids Dam and the GPID was
limited to congressionally authorized emergency repairs and various modifications to the
dam in 1953-54 and in 1957-58.  In December 1971, the Congress passed P.L. 92-199, 
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Figure 3.—Coarse sediment (sand and gravel) are transported as bedload along the river channel bottom. 
Fine sediment (silt and clay) are transported in suspension.
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which authorizes the Secretary of the Interior to conduct a feasibility study of the Grants
Pass Division, Rogue River Basin Project, Oregon.  The initial study included fish passage at
Savage Rapids Dam and the need to improve the existing GPID distribution system.  The
two studies were done concurrently.

Reclamation undertook the fish passage study.  Because of the immediate need to improve
fish passage, the intent was to develop an interim solution to fish passage.
All water-related problems and integration of solutions with a permanent solution to fish
passage would be considered in a later phase.  The results of the fish passage study were
published in a special report in 1974.  The Congress authorized the measures proposed in
the report and appropriated funds for construction in P.L. 93-493.  Reclamation completed
the Final Environmental Statement, Anadromous Fish Passage Improvements, Savage Rapids
Dam, Rogue River Basin Project, Grants Pass Division-Oregon (INT-FES 76-26) and made it
available to the public on May 18, 1976.

Not all the interim measures identified in the report were implemented.  Some work was
done on the south fish ladder, but a solicitation for bids to replace the north fish ladder
received only one response, which exceeded available funds.  In November 1979, it was
decided to use the remaining funds to replace the north side fish screens and defer further
work on the fish ladders until a permanent resolution of the fish passage issue could be
achieved.

A plan formulation working document (Reclamation, 1979) provided some information on
the second phase of the study.  Following public review, it was concluded that a Federal
project to improve irrigation should be deferred.  The fisheries part of the study was
continued until 1984, when further work was deferred because of uncertainty regarding
potential development of hydropower at the dam.  It eventually became clear that the State
of Oregon would not amend existing legislation to allow hydropower development at the
dam.  This stopped the Federal Energy Regulatory Commission application and provided
impetus to proceed with finding a permanent solution to fish passage problems.

In early March and April of 1987, Josephine County, GPID, and the City of Grants Pass
solicited the Commissioner of Reclamation and the Oregon congressional delegation to
provide funds for Reclamation to reopen investigations authorized by P.L. 92-199.  The
Congress provided funding in fiscal year 1989 for the current investigation, called the
Josephine County Water Management Improvement Study (JCWMIS), which was initiated at
that time.  The primary objectives of the JCWMIS were to (1) identify a permanent solution
to salmon and steelhead passage problems at Savage Rapids Dam and (2) help resolve
conflicts over water uses in Josephine County.  Reclamation prepared and distributed a
progress report on the fishery portion in May 1992 and a report on GPID water management
in December 1992.

On January 5, 1994, the GPID Board voted to remove Savage Rapids Dam if certain
conditions, including capital and operational funding, water availability guarantees, and
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protection from liability exposures, could be met.  In March 1994, GPID submitted a water
management plan (Newton, 1994) to the Oregon Water Resources Commission.
It was anticipated that any water conservation/management alternatives suggested
in the report would be privately funded.  Accordingly, Reclamation did not prepare a report
on water management options for consideration by the Congress.

A planning report/final environmental statement (PR/FES), filed on August 30, 1995, and
subsequent record of decision (ROD), signed on March 14, 1997, focused only on salmon
and steelhead passage concerns at the dam and the associated diversion facilities.  The
environmental statement (FES) concluded that fish passage and protective facilities at
Savage Rapids Dam were inadequate and caused a significant loss of salmon and steelhead. 
The FES also included a preferred alternative (Pumping Alternative) that included removal
of the existing dam.  This alternative provided the greatest net economic benefits consistent
with protecting the Rogue River fisheries.  Also, it would result in the re-establishment of a
free-flowing reach of river while providing new electrically driven irrigation diversion
pumping facilities.

With the completion of the PR/FES and ROD, Reclamation considered its study of
alternatives to improve salmon and steelhead passage at Savage Rapids Dam and
the evaluation of those alternatives under the National Environmental Policy Act to be
complete.  Reclamation chose not to pursue authorization and funding to implement
the PR/FES Preferred Alternative because of a lack of strong local consensus.

After completion of the PR/FES, the Oregon Legislature passed a law directing estab-
lishment of a task force to review the findings of the report and to make recommenda-tions. 
That task force completed its work and recommended a dam retention option.  The task
force based its recommendation largely on sediment-related concerns which resulted from
documented examples of sediment damage to other North American rivers where dams
were either demolished or breached by high water.  Concerns regarding the accumulated
sediment behind Savage Rapids Dam continued to be expressed by the chairman of the task
force following release of the task force recommendations.  The following sediment-related
issues were discussed by the task force.

(1) The sediment may contain hazardous contaminants from upstream
mining and other human activities.

(2) The sediment might plug pumps or cause elevated maintenance costs
for pumps proposed for construction immediately downstream from
the dam to supply water to the GPID.

(3) Release of the sediment could affect fisheries and fish habitat
downstream from the dam.
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(4) Release of sediment could affect the municipal water supply system of
the City of Grants Pass, which is located 5 miles downstream from the
dam.

(5) Release of the sediment could cause barriers to safe navigation of the
Rogue River downstream from the dam.

Sportfish Heritage funded sampling and testing of the sediment behind the dam in 1998,
and McLaren/Hart conducted the sampling under contract.  McLaren/Hart checked for the
presence of toxic metals and volatile organic compounds (VOCs).  The Environ-mental
Protection Agency reviewed the McLaren/Hart (Sportfish Heritage) report and concluded
that the data contained therein indicated that release of the sediments would present
minimal ecological risk from VOCs or heavy metals contamination.

Reclamation originally planned to do a detailed sediment study as part of predesign
activities if the Congress approved the removal of the dam and provided adequate funding
to do so.  However, GPID, the Oregon Water Resources Department, National Marine
Fisheries Service, WaterWatch, and others agreed that the sediment study should occur
sooner (to accomplish that goal).  These entities assisted in acquiring Federal funding for
this sediment evaluation study.

Description of the Study Area

Savage Rapids Dam and the GPID service area are within the lower part of the middle
Rogue River basin, which includes most of Josephine County and a large part of Jackson
County.  The middle Rogue is surrounded by mountains, and more than three-fourths of the
basin is forest or timberland.  The Rogue River is a designated wild and scenic waterway
from its junction with the Applegate River, just west of Grants Pass, Oregon, downstream to
Lobster Creek Bridge, about 10 miles upstream from the mouth of the river.

Nearly one-half of the total basin area and most of the basin population is contained in the
central valley region.  Medford, Oregon, the largest city in the region, is located about 30
miles southeast of Grants Pass.  Most of the usable land within the valley is well developed
and fully utilized within the limits imposed by climatic conditions, soils, topographic
features, availability of water, and planning and zoning constraints.

Of the total drainage area upstream from Savage Rapids Dam, 30 percent (686 square
miles) is regulated by Lost Creek Reservoir, primarily a flood control reservoir built and 
maintained by the U.S. Army Corps of Engineers (Corps).  A few other reservoirs, such as
Emigrant Lake, may also trap a small amount of sediment that would otherwise be delivered
to the Rogue River.  However, these drainage areas are small relative to that of the Rogue
River, and they were not within the scope of this study.  Lost Creek Reservoir, which began
storage in February 1977, reduces flood peaks at Savage Rapids Dam by storing water
during high flood peaks.  Lost Creek Dam also traps virtually all of the sediment transported



Savage Rapids Dam Sediment Evaluation Study

8

into the reservoir by the Rogue River during these peak flows.  Therefore, virtually no
sediment from the uppermost Rogue River drainage gets past Lost Creek Dam.

The Applegate River enters the Rogue River 12.5 miles downstream from Savage Rapids
Dam.  This tributary contributes large quantities of sediment (sand and gravel) to the Rogue
River.  Just downstream from the confluence with the Applegate River, the Rogue River
enters Hellgate Canyon, a steep, narrow, bedrock canyon that is 65 miles long.  The Rogue
River exits the canyon approximately 30 miles from the ocean, and the slope of the river
flattens out.  The Illinois River enters the Rogue River just downstream from the canyon
mouth and contributes additional water and sediment to the river.

Description of Savage Rapids Dam and Reservoir

Savage Rapids Dam, built in 1921 to divert riverflows for irrigation, is located at
approximate river mile (RM) 107.6 on the Rogue River, at the Jackson and Josephine
County line in southwestern Oregon about 5 miles east of (upstream from) Grants Pass,
Oregon.  The dam is a combination gravity and multiple arch concrete dam with a crest
length of 464 feet and a structural height (total height of the dam from the foundation
to the top of the crest, including the stop logs) of 39 feet (Reclamation, 1997).  The
hydraulic height of the dam (height of the structure from the original channel bed elevation
to the crest of the dam) is 30 feet.  The crest elevation of the dam is 957.6 feet
in the 1988 North American Vertical Datum (NAVD) (elevation 953.0 in the 1929 National
Geodetic Vertical Datum [NGVD]).   The river outlet for the dam consists of two 7- by-16-
foot radial gates with a combined capacity of 6,000 ft3/s.  Fish ladders
are present on both ends of the structure, with the north ladder located on the right
abutment of the dam and the south ladder located on the left, adjacent to the headworks for
the Gravity Canal.

The permanent pool impounded behind the dam extends about ½ mile upstream from the
dam at low flow if the stop logs are removed.  Here, a natural formation in the riverbed
creates a small riffle.  The river flows as a natural stream above the riffle.  The spillway
crest of the dam contains 16 bays that are numbered sequentially from right to left,
beginning at the pumping plant located on the right end of the dam (Russell, 1950). 
"Stoplogs" are placed in these bays during the irrigation season to enlarge the reservoir
pool by raising the hydraulic height 11 feet to elevation 968.6 feet (1988 NAVD) ( eleva-
tion 964.0 in the 1929 NGVD) for irrigation deliveries.  This rise in the reservoir water
surface extends the reservoir about another 2 miles upstream to RM 110.6 (near the
confluence with Evans Creek) for the duration of the irrigation season that typically extends
from about mid-May to about mid-October each year.  The stoplogs are removed at the end
of the irrigation season, which returns the section of the reservoir upstream from Savage
Rapids Park to free-flowing river conditions from the late fall to early spring.
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Savage Rapids Reservoir Sedimentation History

When water enters the reservoir behind a dam, flow velocity and turbulence decrease and
sediment tends to deposit.  The typical water storage volume behind a diversion dam is
small, and the pool behind a diversion dam tends to fill with sediment in the first few years
of operation.  After this initial sediment filling, virtually all sediment transported by the
river into the reservoir passes the dam.  The reservoir probably filled with sediment to its
storage capacity within the first few years of operation, and it is full now.

Nearly all the sediment is naturally transported during periods of high flow on the Rogue
River.  High flow typically occurs during winter floods and the spring snowmelt runoff
when the stop logs are removed.  Because the reservoir pool is lowered and extends only ½
mile upstream during these high flow periods, river conditions exist up-stream from the
public boat ramp at Savage Rapids Park (see figure 10 in Appendix B).  These river
conditions cause high velocities relative to the reservoir velocities behind the dam (but no
higher than downstream from the dam).  High velocities mean the dam does not cause
sediment deposition in the upper 2 miles of the reservoir (from the public boat ramp to
Evans Creek) during this period.  It is possible that a small amount of sediment gets
deposited in the upstream end of the reservoir during the irrigation season.  However, this
sediment would be transported toward the dam during the nonirrigation season, when the
reservoir is drawn down.  Reclamation’s drill crew confirmed the overall pattern of
sedimentation when it collected field samples of the reservoir sediment, and divers visually
confirmed, by observing the bottom, that the dam does not cause sediment to be
permanently deposited in the upper 2 miles of the reservoir.

A riffle existed at the dam site before dam construction.  (See figure 11 in Appendix B.) A
river pool, which is now filled with sediment, existed immediately upstream from the riffle. 
If the dam caused sediment deposition in the upper 2 miles of the reservoir, any other pools
that existed would have quickly filled in with sediment and would also now be buried. 
However, the survey of the reservoir bottom found several pools that exist upstream from
the public boat ramp.  This further supports the belief that the dam does not cause
permanent reservoir sedimentation upstream from the public boat ramp.  Therefore, the
sediment deposition caused by Savage Rapids Dam occurs in the ½-mile reach just
upstream from the dam to the public boat ramp.

Coarse sediment (sand and gravel), which travels as bedload, has deposited in the ½-mile
reach immediately upstream from the dam.  Fine sediment (silt and clay) is easily
suspended in the water column and carried past the dam.  This permanent deposition of
coarse sediment probably occurred within the first few years after the dam was built.  All
sediment entering the reservoir since that time (mostly during high flows) passes the dam. 
Visual observations confirm that even gravel-sized sediment is being transported past the
dam (see figure 13 in Appendix B).
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History of Mining Upstream From Savage Rapids Dam

Two mining areas lie partially within the Rogue River basin (see figure 1 in
Appendix C).  These include the Klamath Mountains and western Cascades mining areas. 
Three subareas within the Klamath Mountains mining area are upstream from Savage
Rapids Dam.  These are the Greenback-Tri-County area (which is located primarily in the
Evans Creek Basin); the Gold Hill-Applegate-Waldo area that includes the Applegate River
Basin downstream from the dam and numerous mines east of the town of Rogue River and
the lower end of Bear Creek; and the Ashland area (which is located in the upper Bear Creek
Basin) south of Medford (see Appendix C).

Most of the mines, other than placer mines, ceased working by 1940.  Therefore, any
materials discharged during active mining would be relatively deep in the reservoir
sediment or not present at all.  Dredging of placer deposits upstream from Savage Rapids
Dam in the main stem of the river and on the lower reaches of many of its larger tributaries
continued through the 1940s, and several continued into the 1950s and 1960s.  There were
also several large hydraulic operations in the basin (Brooks and Ramp, 1968).

Study Reach Evaluated

Sediment that is transported past the confluence with the Applegate River would be
transported all the way to the Pacific Ocean, 95 miles downstream (see figure 1).  Total
stream power is an indicator of the river’s ability to transport sediment (transport capacity). 
The total stream power is higher everywhere downstream from the Applegate River
confluence (RM 95) than in the 12.5-mile reach from Savage Rapids Dam to the Applegate
River confluence (see figure 4 in Appendix B).  Any sediments that get transported past the
Applegate River would keep moving through Hellgate Canyon.  Just downstream from the
mouth of Hellgate Canyon, the Rogue River becomes less steep, which would reduce
sediment transport capacity.  However, tributary flows from the Illinois River maintain the
river’s capacity to transport sediment at a relatively high level.  Therefore, the reach of river
studied in detail for sediment impacts following removal of the dam was from the upstream
end of Savage Rapids Reservoir (near Evans Creek) to the confluence with the Applegate
River.

Characteristics of the Study Reach

The Rogue River is a relatively steep, gravel- and cobble-bed river and consists of a series
of pools, riffles, and rapids.  In the 12.5-mile reach of river between the reservoir and the
confluence with the Applegate River, the drop in water surface is just over
100 feet (see figure 2 in Appendix B).  Eight of the pools in this reach are 10-20 feet deep
(during low flow periods), and the remaining 10 pools are shallow (less than 10 feet deep).
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Pools have greater depths and slower velocities than riffles, which have shallow depths,
high velocities, and greater sediment transport capacity.  During periods of low flows, water
surface elevations through pools are relatively flat, velocities are low, and pools tend to
slowly fill in with sediment (see figure 9 in Appendix B).  During periods of high flows,
such as the spring snowmelt or winter storms, the water surface slope through the pools
increases, velocities increase, and sediment is eroded from the pools.  Sediment is rapidly
scoured from the channel bed of pools and transported down-stream.  This natural process
was observed at the U.S. Geological Survey (USGS) gauge cross section near Grants Pass
(see figure 7 in Appendix B).  During a winter storm in 1996-97, the channel bed at this
section scoured out 6 feet and subsequently filled back in during low flow periods of the
following year.

Types of Data Collected

A 2-foot contour map of Savage Rapids Reservoir was developed based on a sonar survey of
the reservoir completed in July 1999 by Reclamation.  (See attachments A
and B in Appendix B.)  The survey was performed from a raft equipped with a high-
precision global positioning system and depth-sounding equipment.  Using the same
equipment, data were also collected along the river bottom downstream from the dam to
the confluence with the Applegate River.  These data were used to develop river cross
sections for computer modeling purposes.

Additional data were collected to determine the volume, size, and chemical character-istics
of sediments trapped behind Savage Rapids Dam (see figure 2 in Appendix A).  Reclamation
divers visually inspected the reservoir bottom for the presence of sediments in various
parts of the reservoir.  Concurrently, a drill rig was mounted on a barge to measure the
thickness of reservoir sediments and collect samples for size and chemical analysis.  These
data, collected in the year-round reservoir pool, were combined with previous data
collected by McLaren/Hart from adjacent bay deposits and along the margins of the
reservoir.

Reservoir Sediment Volume

Reclamation surveyed 17 cross sections in Savage Rapids Reservoir in 1992 and estimated
the reservoir sediment volume to be 516,000 cubic yards (yds3) (Blanton, 1992).  This study
was performed during the irrigation season (while the stoplogs were in place), and Blanton
assumed that sediments had deposited along the entire 2.5-mile-long reservoir.  Pre-dam
topographic maps of the reservoir basin do not exist, and the 1992 study did not have the
benefit of any measured sediment thicknesses to determine the elevation of the pre-dam
river bed.  Sediment sampling was limited to the collection of five samples along the rim of
the reservoir.  Therefore, the 1992 study estimated a pre-dam river bottom by assuming a
constant slope through the entire reservoir (2.5 miles) based solely on the lowest
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elevations among the 17 surveyed sections.  In view of the general lack of available data
and the assumptions made to estimate the pre-dam river
thalweg (deepest point in the channel), the 1992 estimate was adequate for the appraisal-
level study for which it was originally intended.  However, based on the methods used to
compute the sediment volume, it is apparent that several problems are inherent in this
analysis.  The method did not account for the pool and riffle complex that existed before the
reservoir filling.  Assuming a constant slope for the original river bottom overestimated
sediment deposition in areas that are actually bedrock or riffles and underestimated areas
which were actually pools that had filled with sediment.  Because the reservoir has trapped
sediments only in the ½-mile reach upstream from the dam, the 1992 volume estimate
within the upper portion of the reservoir overestimated the actual sediment volume.  The
1992 study underestimated the sediment volume in the lower reservoir (½-mile reach
immediately upstream from the dam).  Because of limited data and the resulting
assumptions, the sediment volume estimate from the 1992 study was only accurate to the
order of magnitude (hundreds of thousands of cubic yards) but not to the nearest hundred
thousand cubic yards.  Therefore, the volume estimate from the previous 1992 study is not
comparable to the new volume estimate from this study because much more information
was collected for this study.

Following the 1992 Reclamation study, McLaren/Hart collected data on the size and
thickness of reservoir sediments (McLaren/Hart, 1998).  These data were collected
on exposed sediment bars along the margins of the reservoir during the nonirriga-
tion season.  The sediment volume within the sampled area was estimated to be
138,000 yds3.   McLaren/Hart noted that this volume estimate was 2.5 times greater
than Reclamation’s previous estimate of 55,000 yds3 (Blanton, 1992) for the same ½-mile
reach.  The McLaren/Hart data were then extrapolated further upstream to include the same
2 ½-mile full-pool reservoir area as that used in the original Reclamation estimate. 
McLaren/Hart (1998) estimated that:

The total volume of sediment currently impounded. . .upstream of the Savage
Rapids Dam is likely in excess of the 600,000 yds3, and perhaps as much as
1,000,000 yds3, based on the Reclamation estimate. 

Because the McLaren/Hart estimate was based on an extrapolation of the 1992 Reclamation
estimate, this study also did not account for the fact that sediments are not trapped
upstream from the public boat ramp.

Based on the new reservoir sediment data and observations by Reclamation and the
previous data collected by McLaren/Hart, the volume of reservoir sediments is estimated to
be 200,000 yds3 (Appendix A).  If this volume were placed on a football field, it would reach
100 feet high.  This sediment volume is also roughly equivalent to
2 years of sediment load transported by the Rogue River at Grants Pass (Appendix B).
Currently, this sediment load accounts for 70 percent of the transport capacity of the Rogue
River at Grants Pass, assuming 30 percent of the sediment load is trapped upstream, in Lost
Creek Reservoir. 
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Reservoir Sediment Sizes

Reservoir sediment consists mostly of sand and gravel (see figure 2 in Appendix A). 
Increases in turbidity are primarily caused by silt and clay-sized sediments that make
up a very small portion (2 percent) of the reservoir sediment volume.  Cobbles ranging in
size from 3 to 5 inches in diameter and composing an estimated 5 to 20 percent by volume
of the deposit were observed during geologic mapping of sediment exposures along the
north shore of the reservoir.

Samples obtained from a finer-grained bar deposit on the south side of the reservoir show
somewhat higher concentrations of fines (silt and clay) and average about 7.5 per-
cent by weight with a maximum fines content of 20.7 percent noted in one sample
(McLaren/Hart, 1998).  This bar represents less than 10 percent of the total sediment
volume stored behind Savage Rapids Dam.  Downstream impacts from the higher fines
content in the bar should be minimal because the south bar is located on an elevated
bedrock shelf that forms the south rim of the reservoir.  The bar is exposed at low reservoir
elevations such as those anticipated during dam removal and erosion.  Down-
stream transport of the south bar is not expected under low-flow conditions in the Rogue
River.  The south bar can be inundated and a portion of the existing sediment can be eroded
and new sediment can be deposited during periods of high flow such as winter floods or
spring runoff.  But the high volume of riverflows needed to inundate the bar would tend to
dilute the fines content and minimize any potential downstream impacts.

Contaminant Testing of Reservoir Sediment

A large amount of contamination was not expected in Savage Rapids Reservoir sediment
because contaminants typically attach to finer-sized sediments, and these make up only 2
percent of the sediment behind the dam.  Testing of reservoir sediment showed that there
were no contaminants found with concentrations significantly higher than naturally
occurring background levels (Appendix C).  The chemical composition of reservoir
sediment would not pose any hazard to water quality, fish and wildlife, or human uses if
released from the reservoir.

Lower Columbia River screening levels for each chemical have been developed for use in
the Pacific Northwest rivers.  These screening levels provide a maximum concentra-tion of
chemical presence in river sediments that is considered acceptable.  Sediments must be
tested for chemicals-of-concern before they can be released if active sources of
contamination are determined to be present (Corps et al., 1998).  The testing is based on
the Lower Columbia River Interagency Dredge Material Framework.  The sediment behind
Savage Rapids Dam was probably trapped within the first few years following the initial
filling of the reservoir in 1921.  Because a substantial amount of mining was done upstream
from the dam during the early 1900s, reservoir sediment was tested for numerous
chemicals-of-concern to determine if there was any risk in releasing the sediments.
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Reservoir sediments along the channel margins in the ½ mile upstream from the dam were
analyzed for chemicals-of-concern by McLaren/Hart (McLaren/Hart, 1998).  The
McLaren/Hart study found that levels of arsenic, cadmium, mercury, copper, lead, and zinc
were all well below screening levels (compare tables 3 and 5 in Appendix C), except for the
concentration of copper in one sample.  Additional samples collected by Reclamation from
deep in the reservoir pool were also tested for cadmium, arsenic, copper, lead, mercury,
zinc, and iron.  The data show that the chemicals-of-concern are well below screening levels
and in the same range as natural background levels.  While there is no screening level for
iron, comparisons were made to levels downstream from a site where extensive mining has
been done.  These comparisons show that levels of iron in the reservoir sediment are well
below even background levels.

Riverflows and Sediment Transport
River Hydraulics Computer Model

A river hydraulics model, HEC-RAS (Corps), was applied to the study reach (Brunner, 1997). 
This model can predict the following hydraulic parameters for any given discharge on the
Rogue River:  

• Water surface elevation

• Average velocity

• Water depth for any given discharge on the Rogue River

The data needed to create the model were channel geometry in the reservoir, channel
geometry downstream from the dam to the confluence with the Applegate River, channel
roughness (a flow resistance parameter), and water discharge.  This model was calibrated to
measured data to ensure its capability to accurately predict hydraulic parameters (see figure
8 in Appendix B).   Model results were used to compare water surface elevation, average
cross section velocity, and water depth for existing reservoir conditions and for river
conditions after the dam is removed.

Sediment Transport Computer Model

A sediment transport model, HEC-6t (Thomas, 1993), was applied to the study reach.  This
model can predict not only hydraulic parameters but also:

• Erosion of reservoir sediments

• Sediment transport and deposition downstream

• Changes in the channel bed
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In addition to the hydraulic data listed in the previous section, the sediment data required
by the model include the natural sediment supply of the Rogue River upstream
from the dam, the size and thickness of sediment present on the reservoir and river bottom,
and a hydrograph depicting riverflows over a period of time.  Model results were used to
analyze the volume of sediment eroded from the reservoir, the rate of erosion, the rate of
sediment transport downstream, and the temporary deposition along the river channel.

Riverflows Following Dam Removal

The exact riverflows (timing, magnitude, and duration) following dam removal are
unknown, but the historic flows on the Rogue River can be used as an indicator of what can
be expected to happen.  Riverflows have been recorded since 1939 at a USGS gauging
station near Grants Pass, Oregon (see figure 16 in Appendix B).

Flood peaks on the Rogue River typically occur from November to March, with most
occurring in December and January (Appendix D).  The largest mean daily flow recorded on
the Rogue River prior to construction of Lost Creek Reservoir was
124,000 ft3/s (instantaneous peak of 152,000 ft3/s) in December 1964.  Local records and
photographs document the large portions of Rogue River, Oregon, that were inundated and
the numerous homes that were destroyed.  The magnitude of flood peaks has been
significantly reduced following construction of Lost Creek Dam.  The largest flood since
Lost Creek Dam was constructed occurred during January 1997.  The mean daily flow
reached 69,000 ft3/s (instantaneous peak of 90,800 ft3/s) in January 1997.

Riverflows Used to Model Dam Removal

The magnitude of riverflows following dam removal will determine how fast the reservoir
sediment is transported downstream.  The higher the peak flows that occur, the quicker
sediment will be transported to the ocean.  Looking at the historic data since Lost Creek
Dam was constructed (see figure 16 in Appendix B), a period of dry years (where very few
winter storms occurred) started in the late 1980s.  Before and after this period, several wet
years were recorded during which numerous winter storms occurred.  Two possible
extremes were modeled:  (1) dam removal followed by several dry years as occurred in the
late 1980s and (2) dam removal followed by the wettest
year that was recorded (1996-97 water year), followed by subsequent wet years
(Appendix B).  The modeling of both hydrologic extremes assumed two dam removal
scenarios:  (1) the dam would be removed in May (at the beginning of the summer low
flows and the start of the irrigation season); and (2) the dam would be removed in
November (after the irrigation season but at the start of the winter flood season).
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Rate and Extent of Reservoir Sediment Erosion

Savage Rapids Reservoir is only two to three times wider than the natural river channel in
the ½-mile reach just upstream from the dam.  This means that nearly all the reservoir
sediment trapped behind the dam would be eroded by the river rather than stranded
as the water surface elevation of the river quickly decreases following dam removal. 
However, small sediment deposits may permanently remain along the margins of the
reservoir.

An initial flushing of reservoir sediment would occur immediately following removal of the
dam.  This flushing occurs because, as the dam is removed, the river would seek a lower
base level and begin incising through the sediment deposits behind the dam.  This incision
process and sediment flushing would continue until a stable slope is reached upstream
from the dam site.  This flushing would cause sediment concentra-tions1 downstream from
the dam site to significantly increase for a short duration of time immediately following
dam removal (figure 4).  After the initial flushing, successively higher flows would be
required to erode more sediment from the reservoir deposits immediately upstream from
the dam and again increase the sediment load to the downstream river channel.  Sediment
concentrations will be much higher than natural conditions during the first flood following
dam removal.  These high concen-trations will tend to decrease toward natural levels with
each subsequent flood. Between floods, sediment concentrations will be relatively low.

At the present time, no detailed plan has been formulated regarding the timing and
sequence of dam removal.  Various dam removal plans could be considered to evaluate the
following sediment design parameters:

• The amount of sediment that could be sluiced through the radial gates before dam
removal

• The season or month the dam removal would begin in accordance with in-river work
periods

• The length of time over which the dam would be removed

• The length of dam section(s) that would be removed or permanently left in place2

For this study, it was assumed that the dam would be removed in a manner that would
allow all reservoir sediments to begin eroding immediately following dam removal.  Under
this assumption, reservoir sediments would erode during the low-flow summer season
when the transport capacity of the downstream river channel would be at its 
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lowest.  This would result in the maximum amount of deposition in the river channel
downstream (especially pools and eddies).  In contrast, if the reservoir sediment erosion
could begin during the high-flow winter season, the amount of sediment deposition on the
riverbed would be considerably less.

Model results show that if Savage Rapids Dam is removed, virtually all the sediment would
be eroded from the reservoir (see figure 21 in Appendix B).  Regardless of when the dam is
removed and whether a series of dry or wet years follows removal (based on historical
flows), about three-fourths of the reservoir sediment would be eroded from the area
immediately upstream from Savage Rapids Dam within the first year.

Sediment Transport

The sediment that is eroded and flushed from the reservoir would be transported
downstream.  This sediment would temporarily deposit in areas of low velocity, such as
pools and eddies (zones of recirculating flow).  As sediment deposits along the bottom of
pools and eddies (decreasing water depths), river velocities will increase until the
velocities become so high that sediment is transported through the reach rather than
deposited.  Sediment deposition in pools and eddies would occur during low-flow periods,
as it does now.  Sediment would subsequently be scoured out and transported downstream
during high-flow periods.  All the sediment would be eroded and eventually reach the
ocean.

The reservoir sediment would be transported past the Applegate River confluence
(12.5 miles downstream from the dam) within a 1- to 10-year period.  The length of time
would depend on the frequency and magnitude of high-flow events following dam removal
(see figure 22 in Appendix B).  The 1-year period would require an extremely wet year with
several high flows following dam removal, and the 10-year period would result if several
dry years with very few or no high flow peaks followed dam removal.  Maximum deposition
levels would occur at various times following dam removal but not everywhere at once (see
Appendix B, attachment F).  Maximum deposition levels will range from 1 to 8 feet in river
pools.  No flooding as a result of the dam removal is predicted because all deposition
would occur in river pools, and deposition in river pools would not cause an increase in
water surface elevation.  The time required for the sediment to reach the ocean depends on
the frequency and magnitude of high-flow events.  Most sediment transport would occur
during floods.  If flood magnitudes following dam removal are high and floods occur
frequently, the reservoir sediment would reach the ocean within a few years.  If the flood
magnitudes are low or floods occur infrequently, the reservoir sediment would reach the
ocean over a much longer period of time.  Under either scenario, sediment concentration
and transport rates would be relatively low and near natural levels between floods.
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River Channel Following Dam Removal

Prior to the dam, a riffle existed at the dam site, and a pool was formed immediately
upstream from the riffle (see figure 11 in Appendix B).  These river features would be
restored as the reservoir sediment that currently covers them is eroded and transported
downstream.  The water surface elevation in the ½-mile reach upstream from the dam
would be lowered to near the pre-dam elevation if the dam were to be removed (see figure
23 in Appendix B) and would look much different from the way it looks today (Appendix B). 
However, upstream from the public boat ramp, the water surface elevation would look the
same as it now looks during the nonirrigation season when the stoplogs are pulled out and
the reservoir is lowered back to the permanent pool level.

The velocities through the dam site following dam removal were also estimated
(see figure 24 in Appendix B).  Three possible scenarios were evaluated to determine how
removing all the dam versus only a portion of the dam would impact velocities (Appendix
B).  Looking at the cross section immediately downstream from the dam, most of the
channel bottom to the left of bays 10 and 11 (where radial gates now exist) is composed of
bedrock that would still exist after removing the dam.  The results show that by removing
bays 1 through 11, velocities will not exceed 10 feet per second at flows lower than 30,000
ft3/s.  Existing velocities in Pierce Riffle, approximately 1 mile downstream from the dam,
do not typically exceed 8 feet per second.

Sediment-Related Impacts to River Infrastructures as a Result of
Dam Removal

In addition to the environmental impacts resulting from periods of high sediment
concentration and from temporary deposition along the riverbed following dam removal,
there are concerns about the impacts to specific structures located along the Rogue River
downstream from the dam (Appendix B).  Sediment-related impacts are addressed in this
study for the structures listed below:

• Two pumping plants would be constructed (one on each side of the river)
immediately downstream from the dam to enable the GPID to deliver water to its
patrons through the irrigation canals during and after dam removal (see figure 25 in
Appendix B).

• The existing Grants Pass city water treatment plant and intake structures are located
about 5 miles downstream from the dam (see figure 26 in Appendix B).

Irrigation Pumping Plants.—If the dam were removed during the irrigation season and the
reservoir sediment were allowed to erode downstream, sediment concentrations in the river
channel (downstream from the dam) would be higher than normal.  Because the new
pumping plants would be located just downstream from the dam, there is concern that
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sediment would deposit around the fish screens, at the pump intake, and in the intake
channels between the river and pumping plants.  If sand entered the pumping plant, it could
damage the pumps through abrasion and potentially deposit along the irrigation canals. 
Fine sediment (silt and clay) would not damage the pumps or deposit in the canals.  The
best way to eliminate or minimize these potential impacts is to prevent coarse sediment
from depositing around the fish screens or entering the pumping plants.  This would be
accomplished by locating the pumping plants along
the river channel where the river velocities are relatively high and parallel to the fish
screens.  A low-elevation submerged training wall could be constructed in the channel to
divert coarse sediments, which are transported as bed load, away from the fish screens. 
Temporary dredge pumps could also be employed to remove sediment from the fish screens
and pumps, if necessary.

If the reservoir sediment is allowed to erode during the nonirrigation season, it would not
impact the pumps or the irrigation canals because they would not be in operation. Some
sediment may deposit around the fish screens or intake channel, but that sediment could be
removed prior to the beginning of the next irrigation season.

Additional sediment would erode after the initial flushing of the reservoir sediment, but
only during high-flow periods that would most likely occur during the nonirrigation season
when the pumping plants would not be in operation.  Riverflows and natural sediment
loads would tend to be low during the irrigation season.  In fact, very little coarse sediment
would be transported during the low-flow (irrigation) season.  Therefore, sediment impacts
on the pumping plants would be minimal after the initial flushing of reservoir sediment has
occurred following dam removal.

City Water Treatment Plant Intake Structures.—The concentrations of sand being transported
by the river vary with depth and with location across the channel.  Sand concentrations are
much greater near the riverbed than near the water surface and tend to be greater along the
outside of river bends than along the inside of bends.  The intake structure for the city water
treatment plant is located on the outside of a river bend and is relatively deep in the water. 
However, intake structures are normally designed to minimize (to the extent possible) the
entrainment of coarse sediment.  For computa-tional purposes, the concentration of sand
entering the treatment plant was assumed to be equal to the mean concentration in the
river.  Sand transport computations for the river indicate that riverflows have to exceed
21,000 ft³/s before gravel and sand can be transported by the river and sand concentrations
are high enough to enter the treatment plant (Appendix B).

As mentioned above, sediment concentrations would be greatest if the reservoir sedi-ments
are first allowed to erode and be transported downstream during the irrigation season
when riverflows tend to be low.  As sediment is transported downstream by riverflows,
some sediment would deposit in river pools and eddies (especially during low flows).  This
would diminish peak concentrations in the downstream direction.  Because the Grants Pass
city water treatment plant is located 5 miles downstream from the dam and because there
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are several deep pools in this reach, sediment concentrations would be less at the treatment
plant than at the irrigation pumping plants.  

In general, getting suspended fine sediment (silt and clay) to settle out of water diverted
from the river can sometimes be a difficult task for water treatment plants, especially if  the
concentrations are high.  However, the percentage of fine sediment trapped behind Savage
Rapids Dam is very low (2 percent)3, so it should not pose a significant problem for the city
water treatment plant.  Coarse sediment would rapidly settle at the treat-ment plant, but
large settling volumes would require additional dredging and disposal.  This would lead to
increased labor costs.  The reservoir sediment is predominantly sand (71 percent), and the
volume of sand entering the treatment plant during the initial flushing of reservoir
sediment would likely increase.  In general, gravel-sized sediment would be too coarse to
enter the treatment plant.

Water enters the Grants Pass Water Treatment Plant when river water is pumped directly
into the intake structure, which is located on the right bank of the river (looking
downstream).  This water contains a certain concentration of sediment, all of which will
eventually settle out in the plant as part of the treatment process.  The amount of sand that
would be deposited within the treatment plant from water pumped from
the river following dam removal is difficult to predict with certainty.  There are no
measurements of sand transport by the Rogue River in the vicinity of the treatment plant
intake structure.  Also, the concentration of sand entering the treatment plant relative to the
sand concentration in the river is not known.  However, it is known that under existing
conditions the amount of sand that gets pumped into the water treatment plant is generally
between 5 to 15 cubic yards per year (G.A. Geer, City of Grants Pass, written
communication, September 1, 2000), and nearly all of that volume enters during high-flow
periods.  Most of the sand in the existing riverbed is covered by gravel.  Because it takes a
fairly high flow to transport gravel, sand remains trapped at low flows, and the
concentrations of sand transported by the river are near zero.  However, when riverflows
are high enough to transport the gravel on the surface of the riverbed, the sand transport
rates dramatically increase and continue to increase exponentially with additional
increases in riverflow.

The reservoir sediments would begin to erode during the removal of Savage Rapids Dam,
even at low flows, in response to the higher river velocities through the former reservoir
area.  Sand and gravel-sized sediments would be transported downstream, but the volume
would tend to diminish because sediment particles would temporarily deposit in river
pools during periods of low flow.  The river pools would progressively fill (in the
downstream direction) to their sediment storage capacity.  Consequently, a significant
portion of the reservoir sediments would be temporarily stored in these river pools.  The
sand and gravel that is transported past the river pools would eventually reach the intake
structure, and sand concentrations in the river would be temporarily high.  The
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concentrations of sand in the river would reduce as the peak of the sand wave passed the
intake structure during the low-flow period.  Sand concentrations would remain low until
riverflows were high enough to transport the sand that would be temporarily stored in the
river pools.  Sand concentrations would be temporarily very high during high riverflows.

Sediment model results for high-water years following dam removal indicate that
80 cubic yards of sand could deposit in the treatment plant within the first year following
dam removal (see figure 27 in Appendix B).  Peak rates of sand deposition could exceed 10
cubic yards per day for a few days and exceed 30 cubic yards over a 1-week period.  Actual
sand deposition volumes may be much less than the model predictions.  Based on the
assumed hydrology, sand deposition volumes would decrease to 20 cubic yards during the
second year following dam removal.  After that, deposition volumes would be nearly the
same as under existing conditions.  Sand deposition rates in the treatment plant would be
less if dam removal were followed by low-water years, but the duration of impacts would
be extended to several years.

High rates of sand deposition in the treatment plant could cause rapid wear on the river
intake pumps and complicate the method of removing sand from the plant’s three
sedimentation basins.  From the perspective of the city water treatment plant, it would be
best to release sediment from the reservoir during the period November through March. 
This would allow for large portions of the sediment to be quickly transported past the
treatment plant during high-flow periods.  The water treatment plant is operated during
these months at a slower pumping rate and for fewer hours per day (G.A. Geer, City of
Grants Pass, written communication, September 1, 2000).  The combination of a slower
pumping rate and fewer hours of daily operation would lessen the impact of sand-sized
sediment on the pumps and sedimentation basins.

There is concern that excessive deposition of coarse sediments in the vicinity of the water
treatment plant could plug the intake structure.  If this were to occur, a dredge would have
to be employed to remove the coarse sediments.  As a preventive measure, a submerged
guide wall could be constructed in the channel that would force riverflows of high sediment
concentration near the bed to flow past the intake structure.  Water flowing near the river
surface would have a lower sediment concentration than flow near the bed.  This water
would flow over the wall and tend to flush the area around the intake structure.

All the sediment-related impacts at the city water treatment plant can be handled but
at additional cost.  These additional operating costs are difficult to estimate without
knowing the future hydrology and the details of the dam removal plan, but these costs
could be measured through a monitoring program.  The results of this study, relative to the
potential impact of sediment transport and deposition, would have to be addressed in
future analyses detailing when and how the dam would be removed.  Mitigation of adverse
impacts that could occur at the Grants Pass city water treatment plant, or anywhere else,
could be explored as part of the final design process.
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Sediment Monitoring Recommendations.—This study identifies the potential sediment
impacts if Savage Rapids Dam is removed.  If a dam removal plan is implemented, the
following recommendations for data collection would provide necessary information for
monitoring the actual sediment impacts during and following dam removal:

• Detailed mapping of the eight deep river pools between the dam and the Applegate
River

• Sampling bed material of the eight deep river pools between the dam and the
Applegate River

• Continued measuring of discharge at the USGS gauging station

• Measuring bed load and suspended-sediment concentrations at the USGS gauging
station at Grants Pass

• Continuous measuring of turbidity during and after dam removal at three locations: 
(1) the highway bridge at the town of Rogue River, (2) immediately downstream
from Savage Rapids Dam, and (3) the Grants Pass city water treatment plant river
intake
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GEOLOGY

Purpose of Study and Scope of Work

The Bureau of Reclamation's (Reclamation) multidisciplinary evaluation of the sediment
stored behind Savage Rapids Dam included a geologic investigation of the reservoir area
upstream from the dam.  This investigation builds upon earlier work completed in 1998
by ChemRisk, a service of McLaren/Hart, Inc., for Sportfish Heritage of Grants Pass,
Oregon.  Use of the McLaren/Hart data in this report is with the express written
permission of Sportfish Heritage, within the specifications of their letter dated
June 8, 1999.  The purposes of Reclamation’s geologic investigation conducted in 1999
were to:

• Develop a conceptual model of reservoir conditions and the depositional
environment based on geologic mapping of the reservoir rim, underwater
examination of reservoir bottom conditions, and interpretation of bathymetric
surveys of the reservoir bottom

• Estimate the geometry and volume of the reservoir sediment through measurement
of sediment thickness and interpretation of reservoir bathymetric surveys

• Determine the physical properties of the sediment particles, including particle size
distribution, soil plasticity, and particle density, as determined from laboratory
testing of field samples

• Verify the results of the McLaren/Hart (1998) investigation by screening selected
field samples for contamination with heavy metals and other toxins

This appendix of the multidisciplinary report discusses, in detail, the first three of the
above-listed study purposes and the work conducted to accomplish those goals.  The
results of screening for heavy metals and toxin contamination are deferred to the
discussion of water quality issues appearing in Appendix C.

The geologic investigation was conducted in distinct phases, which were directly related
to reservoir operations and the water surface elevation of the reservoir impounded
behind Savage Rapids Dam.  The initial phase consisted of reconnaissance-level geologic
mapping of the entire reservoir area extending upstream from Savage Rapids Dam to the
confluence of the Rogue River with Evans Creek, a primary tributary stream located just
upstream from the upper end of the reservoir, near river mile (RM) 110.6.  The geologic
mapping conducted on May 18, 1999, was timed to coincide with low reservoir levels
resulting from concurrent installation of stoplogs along the crest of the dam.  Installation
of the stoplogs necessitated opening the low-level radial gates of the dam.  The geologic
mapping was performed using both ground observation of exposures and a jet boat
reconnaissance of the entire reservoir length.
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Staff from the Sedimentation and River Hydraulics Group of Reclamation’s Technical
Service Center in Denver, Colorado, conducted bathymetric surveys of the reservoir
bottom in early July 1999.  The bathymetric data were compiled to develop a topo-
graphic map of much of the reservoir bottom from Savage Rapids Dam upstream to near
the confluence with Evans Creek.

From September 20 through October 5, 1999, staff from the Geology, Exploration and
Instrumentation Group of Reclamation’s Pacific Northwest Regional Office in Boise,
Idaho, conducted the main geologic investigation of the sediment stored behind Savage
Rapids Dam.  This work entailed drilling 12 holes from a floating drilling platform
located in the reservoir upstream from the dam.  The total drilling footage completed in
this investigation was 396.6 feet.  Laboratory tests were performed on 25 field samples
to determine standard properties of the reservoir sediments and on 4 samples to screen
for heavy metals content.

The field investigations and the results of the study are presented in the following
sections of this appendix.

Location

Savage Rapids Dam is located approximately at RM 107.3 on the Rogue River at the
Jackson and Josephine County line in southwestern Oregon, about 5 miles east of Grants
Pass (Water and Power Resources Service, 1981).  The dam is located in the SE ¼ of the
SE ¼ of Section 24, Township 36 South, Range 5 West.  Savage Rapids Dam is a
combination gravity and multiple arch concrete dam with a crest length of 464 feet and a
structural height of 39 feet (Reclamation, 1997).  The hydraulic height of the dam (height
of the structure from the original channel bed elevation to the crest of the dam) is 30
feet.  The crest elevation of the dam is 957.6 feet in the 1988 North American Vertical
Datum (NAVD) but 953.0 feet in the 1929 National Geodetic Vertical Datum (NGVD). 
The spillway crest is fitted with 16 stoplog bays which raise the crest 11 feet, to
elevation 968.6 feet (964.0 feet in the 1929 NGVD), for irrigation deliveries.  The stoplog
bays are numbered sequentially from right to left beginning at the pumping plant,
located on the right end of the dam (Russell, 1950).  The river outlet for the dam consists
of two 7-by-16-foot radial gates, with a total capacity of 6,000 cubic feet per second. 
Fish ladders are present on both ends of the structure, with the north ladder located on
the right abutment of the dam and the south ladder located on the left, adjacent to the
headworks for the Gravity Canal.

The permanent pool impounded behind the dam extends about 3,000 feet upstream from
the dam to a point just upstream from the boat launch at Savage Rapids Park, located on
the left rim of the reservoir.  The water surface elevation of the reservoir is raised about
11 feet during the irrigation season by the installation of stoplogs across the crest of the
dam.  This rise in the reservoir water surface extends the reservoir about 15,000 feet
upstream to approximately RM 110.6 for the duration of the irrigation season, which
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typically extends from about mid-May to about mid-October each year.  The stoplogs are
removed at the end of the irrigation season, and the section of the reservoir upstream
from Savage Rapids Park returns to free-flowing river conditions from the late fall to
early spring.

Surveys and Base Map

The geologic investigation of the sediment stored behind Savage Rapids Dam entailed
the integration of newly collected field data with the results obtained from previous
work at the site.  The previous work was conducted using several different survey
datums, and compilation of these various data bases into one consistent datum was
needed before analysis of the sediment type and volume could be undertaken.  A key
element in this compilation was to use the same survey datum as that used in the
hydraulics and sediment transport analyses (see Appendix B).

The following sections describe the field surveys performed in the 1999 sedimentation
study and the processes used to convert previous work to the datums used for this report. 
The last section describes the process used to generate the base map and special
considerations used to fill in gaps in the data and the adjustments made to fit data
collected in earlier studies.

1999 Field and Bathymetric Surveys

The 1999 Reclamation field surveys were collected using the 1983 North American
Datum (NAD), Oregon South Zone state plane horizontal grid.  Vertical positions were
obtained using the NAVD of 1988.  The bulk of the survey work was performed for the
hydraulic and sediment transport studies.  The work included bathymetric surveys of the
reservoir and portions of the Rogue River downstream from the dam (from Pierce Riffle
to the confluence with the Applegate River) and land surveys to tie into existing survey
control points and various features of Savage Rapids Dam.  These surveys are described
in greater detail in the discussion of stream hydraulics and sediment transport (see
Appendix B).  The following discussion addresses the application of the survey data to
the geologic analyses of the sediment character and volume.

Reclamation staff conducted the bathymetric surveys using a cataraft equipped with a
small out-board motor, a Raytheon sonar depth sounder, and a survey-grade Trimble
global positioning system (GPS) receiver set up with a radio link to the boat to record the
position of each depth sounding.  Note that the bathymetric survey did not extend into
the forebay area immediately upstream from the dam because flows in the Rogue River
were being passed through bays 1 through 4 on the right end of the dam at the time of
the survey in early July 1999.  The resulting current made it unsafe to enter the forebay
with the cataraft.  Staff from the Sedimentation and River Hydraulics Group of
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Reclamation’s Technical Service Center in Denver, Colorado, compiled the depth
soundings and prepared a bathymetric map of the reservoir bottom at a scale of 1 inch
equals 100 feet and a contour interval of 2 feet.  This map was then used to interpret
reservoir conditions on the basis of the bottom morphology and to select locations for
subsequent drilling and sampling of the reservoir sediments.  The bathymetric map has
been used as the base map for the geologic investigation (see drawing 448-100-17 in
attachment A), as is discussed in the following section.  This base map was used to
prepare a series of geologic cross sections through the reservoir area for calculation of
the volume of the sediment stored behind Savage Rapids Dam.

Upon completion of the drilling program, Ms. Roberta Robles of the Rogue Valley
Council of Governments in Central Point, Oregon, performed additional surveying to
obtain final locations for the drill holes.  Ms. Robles used a Trimble survey-grade
GPS receiver.  This survey also used the 1983 NAD and the 1988 NAVD to maintain
consistency with the earlier work conducted for the hydraulic and sediment transport
analyses.  Note that three drill holes (AP-99-1, -3, and -12) were not surveyed.  The
marker buoys placed after completion of holes AP-99-1 and 99-3 were stolen or
displaced by vandals prior to the survey.  Hole AP-99-12 was drilled over the weekend,
following completion of the survey.  Field locations for these holes were taken using a
recreational-grade Garmin 12 GPS receiver, but these locations have not been used on
the base map because the GPS locations have too large an error.  The locations shown on
the map are based on triangulated field positions using landmarks along the shoreline,
but they are more accurately located than were the Garman 12 GPS locations.  The
locations of these three holes appearing on the respective geologic logs in attachment B
have been measured from the plotted locations on the base map.

Conversion of Earlier Work to 1999 Survey Datums

Use of the 1983 NAD and the 1988 NAVD provided consistency between the geologic and
hydraulic portions of the 1999 sedimentation study but required conversion of all
previous work at the dam to the more recent datums.  The processes used to convert the
older data to the current survey datums are discussed in the following sections.

The as-built plan of Savage Rapids Dam (drawing 712-D-9) is based on the original 1922
plan of the dam (file drawing 256C or Reclamation drawing 712-100-58) and has no
reference to a horizontal coordinate system.  Vertical positioning of the dam is tied to the
1929 NGVD, based on a U.S. Geological Survey (USGS) monument (brass cap NGS J257,
1954) on the left end of the dam.  The elevation shown on the brass cap (elevation 968
feet) agrees closely with the crest elevation of the dam shown on drawing 712-D-9
(elevation 968.0 feet).  Note that the reservoir water surface gauge on the pumping plant
on the right end of the dam also is tied to the 1929 NGVD.

The plan of the dam was converted to the 1983 NAD/1988 NAVD using land surveys
conducted at the dam as part of the bathymetric survey of the reservoir.  The land survey
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tied in brass cap NGS J257 to the 1983 NAD datum and obtained positions for several
prominent features of the dam, including the corners of the right abutment pumping
plant.  These points were used to position the plan of the dam on the base map within
the 1983 NAD horizontal grid (Oregon South Zone).  Conversion of the 1929 NGVD to
the more recent 1988 NAVD was accomplished by surveying several locations along the
crest of the structure, including the brass cap, and comparing them to the older
elevations.  This comparison showed that the 1988 NAVD was 4.6 feet higher than the
1929 NGVD, and a conversion factor of plus 4.6 feet was added to all elevations derived
from the 1929 datum, including reservoir elevations measured at the right abutment staff
gauge during the drilling program.

The conversion of the hole locations from the McLaren/Hart (1998) investigation to the
1983 NAD/1988 NAVD involved a more detailed process.  A private surveying contractor,
Max H. Hull Surveying, of Grants Pass, Oregon, located these holes for Sportfish
Heritage, Inc., and the survey data is used in this report with the express permission of
Sportfish Heritage.  Vertical control in that survey was based on a local coordinate grid
system using U.S. Coastal and Geodetic Survey brass cap 968 J 2571934 (elevation
968.785 feet), located near the left end of the dam (Max H. Hull Surveying, personal
communication).  Two parallel processes were used to convert these hole locations to
the 1983 NAD and 1988 NAVD for inclusion on the base map.  A graphical analysis was
performed in which the outline of the dam and hole locations were digitized from
figure 2-1 of the McLaren/Hart report (1998) and then overlaid onto the same outline on
drawing 448-100-17 (the base map) in attachment A.  This process worked well, except
for holes SB-4 and -5, which had been truncated off the right margin of figure 2-1 in the
Pacific Northwest region file copy of the McLaren/Hart report.  While this graphical
analysis achieved a suitable best fit for horizontal locations of the drill holes, spatial
control of vertical elevations for the drill holes could not be obtained through this
process.

Max H. Hull Surveying used a local grid based on a brass cap monument located on the
left end of the dam to survey the 1998 McLaren/Hart drill holes.  Vertical elevations
reported for the holes are based on the elevation for the brass cap, which appears to be
in the 1929 NGVD.  Horizontal coordinates were converted to the 1983 NAD by plotting
the surveyed locations of the drill holes, brass cap, and points taken on the dam onto the
base map prepared for this study (drawing 448-100-17).  The 1998 surveyed hole
locations were then compared to the digitized locations appearing in the McLaren/Hart
report and adjusted to a best fit.  The surveyed locations provided by Max H. Hull
Surveying were used to plot the McLaren/Hart drill holes on drawing 448-100-17 in all
instances where survey date were available.

Surveyed locations were not reported for drill holes NB-15 and -16, and the locations
shown on the base map are those obtained from the graphical analysis of the location
map in the 1998 McLaren/Hart report.  Because vertical elevations are also not available
for holes NB-15 and -16, the top of each hole was arbitrarily fitted to match the reservoir
bottom elevation appearing in the 1999 bathymetric surveys.  Note that the surveyed
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elevations of the 1998 McLaren/Hart drill holes do not coincide with the reservoir
bottom surface, as determined from Reclamation’s 1999 bathymetric surveys, and are
typically 2 to 3 feet higher than the corresponding bathymetric data.  This discrepancy in
elevation may result from a datum error in conversion of the local survey, which is
assumed to be the 1929 NGVD system, to the 1988 NAVD elevations.  A comparison of
the elevations for the brass caps used in both the 1998 and 1999 field surveys shows a
vertical difference of 0.785 foot, which would not account for all of the 2- to 3-foot
discrepancies noted between the 1998 elevations and the 1999 bathymetry.  Possible
discrepancies in elevation cannot be further resolved without additional field work to
locate all brass cap survey monuments, verify their identification, and resurvey their
locations.  This work could be conducted as part of final design data collection efforts, if
deemed necessary.

Lacking any positive indication of a significant survey datum bust, the drill holes have
been plotted at their surveyed collar elevations on the geologic sections prepared for this
study.  Alternately, this difference in elevation may be related to scouring of the reservoir
bottom during large floods experienced during the 1998-99 winter season.  The sediment
within the reservoir rises to nearly the top of the concrete portion of the dam,
particularly on the right side, and significant scouring of the upstream bar deposit could
have occurred during large flood events.

Compilation of Bathymetric Base Map

The base map developed for this study is a compilation of data from a number of
different sources.  The outline of the dam and appurtenant structures has been digitized
from Reclamation drawings 1313-D-1 and -2, which are based on 1972 surveys at the
dam.  The outline of the dam was fitted to the 1983 NAD Oregon South Zone state plane
coordinate system using the physical features of the dam, as discussed in the previous
section.  Contours of the reservoir bottom have been developed from Reclamation’s
1999 bathymetric survey.  The base map has been prepared with a contour interval of
2 feet and has a scale of 1 inch equals 100 feet.  The base map includes the locations of
all holes drilled by both McLaren/Hart, Inc., in 1998, and by Reclamation in 1999, using
the processes described in the previous section.

Bathymetric data were not collected in the forebay immediately upstream from the dam
because of safety considerations.  The four stoplog bays were open on the extreme right
end of the dam at the time of the 1999 survey, and this resulted in strong currents. 
Where available, older contours (1972), shown on drawings 1313-D-1 and -2, have been
digitized for the forebay area.  These contours are spaced on an approximate interval of
5 feet.  A conversion to the 1988 NAVD was required to complete the forebay portion of
the contour map because the 1972 contours were surveyed in the 1929 NGVD.  The
conversion factor of 4.6 feet, determined from 1999 field surveys of the dam (see
previous section), was rounded to 5 feet to simplify the process of converting the
1972 contours to the newer datum.  The converted 1972 contours have been highlighted
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using a dashed line on the base map to distinguish them from the newer contours based
on the 1999 bathymetric data, which are shown with a solid contour line.

Geologic Investigations

This section summarizes previous geologic investigations and related work conducted at
Savage Rapids Dam.  Copies of all referenced reports are maintained in the technical
files of the Geology, Exploration and Instrumentation Group in Boise, Idaho.  Also
described in this section are the investigation strategy, field methodology, and
laboratory testing procedures used in the current Reclamation investigation of the
reservoir sediments stored behind the structure.

Previous Investigations

1950 Reclamation Investigation.—Reclamation undertook a geologic reconnaissance of
Savage Rapids Dam in 1950 in preparation for rehabilitation and betterment of the
structure that was subsequently completed between 1953 and 1955 (Reclamation, 1997). 
The reconnaissance included geologic mapping of the exposed foundation of the dam
and its abutments.  Note that exploratory drilling of test holes was not conducted as part
of this study.  A geologic map and cross section were developed from field mapping and
from construction drawings and field notes of the dam dating from original con-struction
in 1921 and 1922.  The original drawings and notes were found in the files of the Grants
Pass Irrigation District (GPID).  The results of the reconnaissance are presented in a
geologic report by Russell (1950).  Subsequently, the construction drawings have been
microfilmed by Reclamation.

1981 Reclamation Safety Evaluation of Existing Dams Examination.—An engineering
geological evaluation of Savage Rapids Dam was conducted in 1981 as part of
Reclamation’s Safety Evaluation of Existing Dams (SEED) program.  A certified
engineering geologist (D.H. Jepsen), retained by Goodson and Associates, Inc., under
contract to Reclamation, performed this evaluation.  This evaluation addressed
foundation conditions and performance based on an onsite examination and a review of
existing documentation, including Russell’s earlier report (1950).  The evaluation also
examined local seismicity and reservoir rim stability for Savage Rapids Dam.  Based on
information available at the time of the evaluation, there were no dam safety deficiencies
identified for the foundation other than an operations and maintenance issue concerning
continued scouring of the cemented gravel downstream from the spillway apron on the
right end of the dam.  The review of reservoir rim stability did not document the
presence of any landslides upstream from Savage Rapids Dam.  An engineering
geological report by Goodson and Associates (1981) presented the findings of the
evaluation.
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1992 Reclamation Reservoir Survey.—Reclamation performed a reservoir
sedimentation study of the Rogue River upstream from Savage Rapids Dam in 1992.  This
study consisted of the survey of 17 unmonumented cross sections between the dam and
RM 110, under full reservoir conditions, and the collection of 5 surface sediment
samples obtained from the exposed shoreline between Savage Rapids Dam and Savage
Creek.

Because no pre-dam topography exists for the reservoir, the pre-dam thalweg of the river
was estimated using the base elevation of the dam.  The elevation is as shown on con-
struction drawings and on 1923 USGS topography and river profiles located upstream
from the reservoir area.  Pre-dam cross sections were then extrapolated from the
estimated thalweg and compared to the measured 1992 cross sections to arrive at an
estimate of the sediment stored behind Savage Rapids Dam.  A volume of 320 acre-feet
(i.e., 516,267 cubic yards [yd3]) of stored sediment was calculated, assuming full
reservoir pool conditions behind the dam.  A memorandum report documenting the
reservoir surveys and sediment volume calculations was completed in 1992 (Blanton,
June 12, 1992).

GPID staff collected the surface sediment samples from the exposed shoreline along the
reservoir prior to stoplog installation and filling of the reservoir in April 1992.  The
samples were transferred to the Reclamation office in Denver, Colorado, and tested for
standard properties, including gradation, and screened for trace elements.  Trace
elements were within baseline ranges for the elements tested.  The results of the
laboratory testing are discussed in a second memorandum report (Blanton,
November 20, 1992).

1998 McLaren/Hart, Inc., Investigation.—ChemRisk, a service of McLaren/Hart, Inc.,
under contract to Sportfish Heritage of Grants Pass, Oregon, undertook additional
investigation of the reservoir area upstream from Savage Rapids Dam in 1998.  This
investigation entailed drilling 13 sample holes along the exposed surface of an extensive
bar deposit along the north bank (i.e., right bank when looking in the downstream
direction) of the reservoir and 5 additional holes along a finer-grained sediment bar on
the south bank.  Laboratory testing was performed on 50 field samples and included
testing for both standard engineering properties and over 40 chemical analytes,
including pesticides and heavy metal contaminants.  While elevated levels were
measured for some of the analytes, none of the detected levels was high enough to
trigger a more detailed Tier II contaminant evaluation, as established by the Dredged
Material Evaluation Framework (U.S. Army Corps of Engineers [Corps] et al., 1998).

The McLaren/Hart report (1998) also reviewed the earlier reservoir sediment volume
estimated by Reclamation (Blanton, June 12, 1992) and recalculated the volume based
on the additional data obtained from their exploratory drilling.  These data were then
extrapolated further upstream from the test drilling to include the same full-pool
reservoir area as that used in the original Reclamation estimate (i.e., through reservoir
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cross section 17 near RM 110).  The McLaren/Hart sediment analysis derived a range of
volume estimates varying from over 600,000 to as much as 1,000,000 yd3.

Current Investigation

The current Reclamation investigation of the reservoir sediments impounded behind
Savage Rapids Dam built upon the previous work by McLaren/Hart, Inc. (1998), by
expanding exploration of the sediments to the permanently submerged portion of the
reservoir through use of a floating drilling platform.  In addition to further defining the
geometry of the north bank sediment bar in the central part of the reservoir, most of the
drill holes extended sampling upstream through the permanent reservoir pool
impounded by the concrete crest of the dam.  This permanent reservoir pool extends
about 3,000 feet upstream from the dam above the mouth of Savage Creek at Savage
Rapids Park.  Geologic mapping, drilling, testing, and sampling collection conducted for
this investigation were performed by staff from the Geology, Exploration and
Instrumentation Group of Reclamation’s Pacific Northwest Regional Office, Boise, Idaho.

Geologic Mapping.—Reconnaissance-level geologic mapping was conducted for the
reservoir area extending upstream from Savage Rapids Dam to the confluence of the
Rogue River with Evans Creek, a primary tributary stream located just upstream from the
upper end of the reservoir, near RM 110.7.  The geologic mapping was conducted on May
18, 1999, and was timed to coincide with low reservoir levels resulting from concurrent
installation of stoplogs along the crest of the dam, which necessitated opening of the
low-level radial gates at the dam.  The geologic mapping for the entire reservoir length
was conducted using a locally procured jet boat from Hellgate Excursions, Inc., of Grants
Pass, Oregon.  Additional mapping included ground observation of exposures adjacent to
and immediately upstream from the dam, which was accomplished following completion
of the jet boat reconnaissance.

A suitable base map for the reservoir could not be located, other than the Rogue River,
Oregon, 7.5-minute provisional quadrangle map published by USGS.  Color, laminated
photocopies were made from 1996 aerial photographs of the reservoir area obtained
from the United States Bureau of Land Management office in Medford, Oregon, and used
as a base for the reconnaissance mapping.  The results of the reconnaissance-level
mapping appear on the geologic map of the reservoir, figure 1.  (See "Site Geology,"
below.)

Drilling and Sampling Methods.—

Drilling Equipment.—Exploratory drilling was conducted using an Ingersoll-Rand
A200 skid-mounted drill, operating from a custom-built drilling platform floating on
pontoons.  The assembled platform measured approximately 21 feet wide by 20 feet 
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Photograph 1.—Savage Rapids Dam, Rogue River Basin Project, Oregon.  View downstream showing
Reclamation’s custom built, floating drilling platform in operation on drill hole AP-99-10.  Drilling
equipment consists of a skid-mounted Ingersoll-Rand T200 rotary drill, which was used to advance 10-
inch outside diameter, hollow-stem flight augers to a bottom depth of 27.8 feet below the lake surface
in this hole.  The spillway and pumping plant portions of Savage Rapids Dam are present in the
background of this photograph.  (Reclamation photograph by Richard Link; September 30, 1999.)

long by 3.5 feet high.  The platform included an 8-by-10-foot deck extension which
projected out from the midpoint of the platform and functioned as a work area for the
drill crew to stack drill rods and accessory tools.  An outboard motor was used to propel
the platform.  The drill rig and platform were hauled to the site in sections on transport
trucks and assembled at Savage Rapids Park with the aid of an overhead crane provided
by R.A. Cook Crane Service of Grants Pass, Oregon.  When fully loaded, the drilling
platform weighed about 21,000 pounds and drafted about 30 to 36 inches of water. 
Photograph 1 shows the drilling platform in operation at Savage Rapids Dam.

Drilling and sampling of the reservoir sediments was conducted using nominal10-inch
outside diameter (6.25-inch insider diameter) hollow-stem flight augers.  Flight augers
were selected as the primary drilling technique to minimize disturbance of the lake
bottom.  Their use resulted in minimal induced turbidity of the reservoir water.  Rotary
drilling techniques were available as a backup procedure at Savage Rapids Reservoir in
the event that drilling with hollow-stem flight augers proved unsuccessful. 
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There was concern that the large gravel and cobble material known to exist in the gravel
bar on the right abutment of the dam and in the upstream reservoir might prevent
advancement of the drill tools or the collection of field samples.  Drilling with the
hollow-stem flight augers was successful, and the backup rotary drilling tools were never
employed in the field investigation.

Testing and Sampling.—Drive samples were collected using split-tube barrels
measuring 2.75, 3, and 3.5 inches in diameter and 2 feet long, mounted on Nw Mobilok
drill rods.  Samples were collected by driving the spilt-tube barrel into the lake bottom
with a 350-pound safety hammer dropped a vertical distance of about 30 inches.  The
hammer was raised using a cathead and manila rope.  The sample interval typically
varied from 1.5 to 2.0 feet, depending on the resistance of the sediment being sampled. 
Field notes maintained during sampling included the number of hammer blows delivered
through the sample interval and any irregularities noted during testing, such as
settlement of the drill string under the weight of the hammer and excess slough in the
sample tube.  Sample recovery was poor in the first two drill holes (AP-99-1 and -2), and
a number of methods were experimented with until a suitable technique was developed
to obtain adequate sample recovery.  The most satisfactory method employed a 3-inch
inside diameter split-tube fitted with a basket catcher with very closely spaced fingers. 
The sample barrel interior was sprayed with PAM aerosol vegetable cooking coating, and
a baffle of plastic wrap was installed behind the basket catcher.  In addition, the sampler
was allowed to rest at the bottom of each sample interval for a minimum of 10 to 15
minutes to improve adhesion of the sample to the inside of the sample tube before the
sample was retrieved from the bottom of the hole.  This last measure proved to be the
most effective in improving sample recovery.

Field samples were logged in the field and classified as to soil type using the Unified
Soil Classification System (USCS), as defined in Designation USBR 5005-86, Procedure
for Determining Unified Soil Classification - Visual Method (Reclamation, 1990).  Select
samples were also photographed in the field to further document physical properties of
the reservoir sediment, including particle size distribution, stratification, and other
internal structures.  Samples were labeled in the field and stored in ziploc freezer bags
for subsequent laboratory testing.

Contaminant Sampling and Procedures.—Reclamation’s investigation of the reservoir
sediments impounded behind Savage Rapids Dam included contaminant screening of
select field samples to verify the earlier results obtained by McLaren/Hart (1998) and to
extend testing into the upstream portions of the reservoir that were not included in the
previous work.  Contaminant sampling required special sampling equipment and
handling procedures to obtain valid samples and laboratory test results.  The special
equipment and procedures are discussed in the following paragraphs, along with
modifications to the methodology made onsite during field sampling. 
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Contaminant sampling was conducted near the end of the field investigation after the
bulk of the conventional sampling for standard engineering properties had been
completed.

Contaminant sampling was initially conducted using a 2.75-inch id split-tube, stainless
steel barrel measuring 2.0 feet long.  Initial sampling at Savage Rapids using con-
ventional sampling equipment had demonstrated that samples could not be recovered
without the use of a basket catcher and a plastic-wrap baffle placed behind the catcher. 
Use of flapper valves had been attempted but proved totally ineffective.  A teflon-coated
basket was installed in the stainless steel barrel for contaminant sampling.  A gallon of
de-ionized water mixed with about 1.25 fluid ounces of Liqui-Nox detergent was used to
decontaminate the stainless steel barrel for each sample interval.  The barrel was then
rinsed in a spray of de-ionized water.  The de-ionized water was obtained from the
Reclamation water quality laboratory in Boise, Idaho.  A complete record of barrel
decontamination and contaminant sample handling was maintained onsite during the
field investigation, and the log book has been placed in the technical files of the
Geology, Exploration and Instrumentation Group in Boise, Idaho.

Repeated attempts to sample with the stainless steel barrel failed to recover any
reservoir sediment, and it became evident that the fingers of the teflon-coated basket
catcher were too widely spaced to retain the sample inside the barrel.  After consultation
with the technical staff at Reclamation’s Technical Service Center in Denver, Colorado, it
was decided to conduct the contaminant sampling with the same equipment that had
already proven successful in the collection of the conventional samples.  Decontamina-
tion procedures were identical to those described above.  This change in methodology
entailed the use of a nonstainless steel sample barrel and an uncoated steel basket
catcher.  A sample of the wash water was retained for testing to evaluate potential
background contaminant levels of the nonstainless steel barrel and basket.

Even with the change to the conventional sampling equipment, generally poor recovery
continued in the contaminant sample intervals.  As a final measure to improve recovery
to acceptable levels, the interior of the barrel was sprayed with PAM aerosol vegetable
cooking coating.  This coating proved to be very effective in improving sample recovery
and should not have adversely affected the results of the laboratory contaminant testing.

Conventional sampling in the reservoir behind Savage Rapids Dam established the
presence of a large pothole in the river bottom, about 1,800 feet upstream from the dam,
which had been infilled with reservoir sediment.  Drilling demonstrated that the pothole
extended at least 10 feet below the base elevation of the dam, suggesting that the
pothole would have acted as a trap for any contaminants migrating downriver from
upstream mining districts.  The bulk of the contaminant sampling was concentrated in
this area in drill hole AP-99-12, although one sample taken at the upstream end of the
permanent reservoir pool at Savage Rapids Park was also collected for testing.  Due to
the thickness of sediment present in the pothole, contaminant sampling was alternated
with conventional sampling to expedite drilling.  The pre-dam river bed was encountered
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in a conventional sampling interval with a sample barrel that had not been
decontaminated.  However, as this sample represented the material directly on the old
river bed and had the highest likelihood of containing contaminants, the sample was
submitted to the lab with appropriate notes about the history and condition of the
sample and its test equipment.

All contaminant samples were stored in sterilized samples jars and placed on ice until
shipping to Reclamation’s laboratory at the Technical Service Center in Denver,
Colorado.  The samples were shipped with appropriate chain-of-custody documentation
and field notes on decontamination and sampling procedures.  The results of the
laboratory testing are discussed in Appendix C.

Hole Abandonment.—All the holes drilled in Savage Rapids Reservoir were
decommissioned and abandoned upon completion, without installation of instrumenta-
tion.  Reverse circulation of the auger string was used to backfill all holes with cuttings
removed during drilling operations.  This hole abandonment procedure was in
accordance with the directions of the Oregon Division of State Lands, as expressed
during the process of obtaining Reclamation’s remove-and-fill permit.  The permit was
obtained as part of the National Environmental Policy Act compliance for the field
investigation.

Laboratory Testing.—Field samples were evaluated on the basis of percent recovery
and mass of retained material in the sample tube.  Then, 25 samples were submitted for
laboratory testing to determine standard physical and engineering properties.  Included
in the laboratory testing program were (1) particle size distribution, including
hydrometer for the minus No. 200 sieve fraction; (2) soil plasticity, or Atterberg limits;
(3) fall diameter of sand-size and finer material; and (4) specific gravity of the minus
No. 4 fraction.  Initial testing of the sediment samples showed extremely low
concentrations of the silt and clay fractions, and the requirement for the hydrometer,
Atterberg limits, and fall diameter were canceled because sample mass was insufficient
to perform these tests.  The laboratory testing was performed under contract with
Materials Testing and Inspection, Inc., a private, certified testing laboratory in Boise,
Idaho.  All test procedures conformed to Reclamation standard laboratory test
designations, as described in The Earth Manual, Part 2 (Reclamation, 1990).  At the
recommendation of Mr. Mark Siipola of the Corps in Portland, Oregon, the test procedure
for particle size distribution was modified to include the addition of the No. 230 sieve
(i.e., 0.063-millimeter [mm] particle diameter).  This diameter corresponds to the
demarcation between very fine sand and silt, and high concentrations of material passing
the No. 230 sieve have been shown to be detrimental to fish.  The concentrations passing
the No. 230 sieve are shown in the center columns of the respective geologic logs of the
12 holes drilled for this investigation.
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Laboratory soil classifications were developed for each sample interval using the
USCS, as defined in Designation USBR 5000-86, Procedure for Determining Unified Soil
Classification - Laboratory Method (Reclamation, 1990).  Geologic logs have been
prepared for each drill hole and include both the visual and laboratory soil
classifications for
the samples.  These logs appear in attachment B of this appendix.  The results of the
laboratory tests are also reported on the gradation test plots appearing in attachment C
of this appendix.  All samples have been retained for future reference at the Pacific
Northwest Regional Office in Boise, Idaho.

Site Geology

The following discussion of the site geology for Savage Rapids Dam and Reservoir is
based on published geologic mapping of the area, supplemented by site-specific
observations reported in various Reclamation documents for the dam.  Published
geologic mapping specific to the dam and reservoir is not available, although both areas
are included on the geologic maps of central Jackson (Beaulieu and Hughes, 1977) and
Josephine (Ramp and Petersen, 1979) Counties and on larger-scale maps by the USGS
(Smith and others, 1982).  These maps form the primary references for the site geology at
Savage Rapids Dam.  Site-specific observations reported by Russell (1950) and Goodson
and Associates (1981) discuss the immediate vicinity of the dam, while field observa-
tions of the reservoir area were made specifically for this study.  The McLaren/ Hart
report (1998) also discusses the reservoir geology immediately upstream from the dam.

Bedrock Units

The foundation bedrock of Savage Rapids Dam and its reservoir consists of variably
metamorphosed volcanic and sedimentary rocks of the Applegate Group, which is
generally accepted to range from Paleozoic to Triassic in age (Beaulieu and Hughes,
1977; Ramp and Petersen, 1979; Smith et al., 1982).  Geologic mapping of the unit has
identified two distinct rock sequences within the Applegate:  (1) a dominantly volcanic
sequence of altered lava, pillow lava, flow breccia, pyroclastics, and tuff with minor
sedimentary interbeds and (2) an altered sequence of predominantly sedimentary rocks,
including tuffaceous argillite, chert, siltstone, sandstone, conglomerate, and limestone
with minor interbeds of volcanics.  Deposition of the Applegate occurred under marine
and volcanic island arc conditions adjacent to the continental margin.  The age of the
Applegate has been established as Early Permian to Late Triassic on the basis of fossils
recovered from the metasedimentary sequence (Ramp and Petersen, 1979).

Thrust faults have been mapped in the Applegate Group, and these thrusts are repeatedly
truncated by high-angle faults.  Both the volcanic and sedimentary sequences have been
variably metamorphosed, probably in conjunction with the intrusion of igneous plutons
and associated dikes into the formation.  Several plutons composed of diorite have been
mapped in the area, including one in the nearby Evans Creek drainage, at the upper end
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of the reservoir, and one very large pluton, down-stream, near the town of Grants Pass. 
Heavily mineralized zones occur in association with the plutons and dikes, and much of
the early history of the Rogue River Valley involved extraction of ores from these
deposits.  Lava flows are commonly altered to greenstone and greenschist (Smith and
others, 1982), while the metasedimentary sequence includes argillite, shale, schist, and
marble.  Donati and others (1996) studied the Applegate Group farther to the south, near
the California border, and have established the timing of the deformation and
metamorphism as the Middle Jurassic, around 173 Ma, based on radiometric dates.

Metavolcanic Rocks (TrPzmv).—Outcrops of metavolcanic rocks of the Applegate
Group are exposed on the left abutment of Savage Rapids Dam, extending about
1,100 feet upstream and 300 feet downstream from the structure.  Most of the south
ladder is also founded on the metavolcanics, as are the headworks for the Gravity Canal
on the south end of the dam.  Russell (1950) demonstrated that the metavolcanics extend
northward out into the river channel beneath the dam to the south end of spillway bay 5
(the numbering of the bays begins with bay 1 on the north end of the dam and progresses
to bay 16 on the south end).  Russell based his description on his geologic mapping at
the dam site and a review of construction records on file at the office of the GPID. 
Construction of the low-level radial gate outlets in spillway bays 10 and 11 required rock
excavation through the metavolcanics to approximate elevation 938.6
(i.e., elevation 934.0 in the 1929 NGVD).  Bedrock outcrops were visible on the right
abutment of spillway bay 10 when the low-level outlet was opened for stoplog
installation in May 1999.  Mapping of reservoir geology and site conditions in 1999
located hard outcrops of metavolcanics along the south bank of the Rogue River at
RM 109.0, at the Have A Nice Day R.V. Park and campground, as shown in photo-
graph 2.  Subsequent examination of the area by Reclamation divers confirmed
submerged outcrops of the metavolcanics extending about 50 feet out into the river from
the south bank (see attachment D for the dive team report).  The manager of the R.V. park
indicated that the outcrops exposed along the riverbank had appeared after heavy
scouring of the area during the November 1998 flood.  This flood had inundated the R.V.
park and nearly overtopped State Highway 99 at that location.

Russell (1950) describes the foundation rock as dark gray-green diabase dikes and
greenstone, with bands of serpentine.  He noted that the diabase and greenstone were
hard and resistant to erosion, while the serpentine was softer and suffered from "etching
out." Subsequent review of the site by Goodson and Associates (1981) showed that the
bulk of the metavolcanics consisted of greenstone with a generally fine-grained
groundmass with neither prominent crystals nor inclusions.  Thin dikes and stringers
of quartz were noted in the metavolcanics on the left abutment, upstream from the dam,
during the 1999 Reclamation investigation.

Outcrops of the metavolcanics are generally hard (H3), requiring a heavy hammer blow
to break off corners of the exposures (Reclamation, 1998).  The degree of weathering was 
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Photograph 2.—Savage Rapids Dam, Rogue River Basin Project, Oregon.  View upstream showing
metavolcanic bedrock outcrops of the Applegate Group exposed along the south shoreline of Savage Rapids
Reservoir at the Have A Nice Day RV Park and campground near RM 109.0.  These outcrops were exposed by
scouring during flooding which occurred in November 1998 and project about 50 feet out into the reservoir
from the left bank, as documented in a later underwater traverse performed at this site by divers from the
Pacific Northwest Region Dive Team.  (Reclamation photograph by Richard Link; May 18, 1999.)

difficult to evaluate on the basis of surface exposures and the fine-grained groundmass. 
The condition of the rock was logged as slightly weathered (W3) where corners of 
outcrops were broken off with a rock hammer.  Oxidation was generally limited to the
surface of the exposure, and the hammer rang when striking heavy blows to the outcrop. 
Weathering probably extends into the moderately weathered range where more intensely
metamorphosed materials are present in the foundation.  The metavolcanics are slightly
to very slightly fractured (FD2), with fracture surfaces typically spaced from about 1 to 4
feet apart.  Fractures commonly occurred in two prominent joint sets that are near
vertical and subhorizontal, imparting a very blocky appearance to the outcrops.

Prominent bedrock shelves or benches were observed forming along subhorizontal
fracture surfaces at several locations on the left abutment, upstream from the dam. 
Localized zones of intense to very intense fracturing were noted at scattered locations on
the abutment.
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Metasedimentary Rocks (TrPzms).—During the course of the 1999 Reclamation field
investigation, outcrops of metasedimentary rocks of the Applegate Group were observed
within the reservoir area upstream from Savage Rapids Dam.  While retrieving drilling
equipment at the site of hole AP-99-1, the Reclamation dive team reported a submerged
outcrop of metaconglomerate on the reservoir bottom.  This site is about 1,300 feet
upstream from the dam, near RM 107.60.  (See drawing 448-100-17 for location.)  The
dive report describes the outcrop as "a bold exposure of in situ conglomerate."  (See
attachment D for the dive team report.)  Additional outcrops of the metasedimentary
rocks probably occur in the reservoir upstream from RM 109.0, where the Rogue River
intercepts the trend of a prominent band of metasediments mapped by Beaulieu and
Hughes (1977) and by Smith and others (1982).  If outcrops are present in this area, they
are submerged and have not been noted in spot observations by the divers.

Surficial Materials

Surficial deposits at Savage Rapids Dam and upstream along the reservoir consist of
several distinct units of alluvium that are Quaternary in age.  The alluvium is dominated
by older terraces that flank both sides of the reservoir and underlie the north end of the
dam.  Younger alluvium within the channel of the Rogue River is largely submerged by
the reservoir impounded by Savage Rapids Dam.  Included in the surficial deposits are
the reservoir sediments that have accumulated behind the dam since completion of
construction in 1922.  Each of these alluvial units is described in the following
paragraphs.

Terrace Gravels and Older Alluvium (Qtg).—Prominent terraces of older river channel
alluvium (Qtg) flank both sides of the Rogue River within the reservoir area and form the
right abutment of the dam.  Mapping by Beaulieu and Hughes (1977) shows that these
older alluvial deposits extend upstream along both banks of the Rogue River for the
entire length of the reservoir.  Russell (1950) researched construction-era drawings and
notes on file in the GPID Office and reported that cemented gravels form the foundation
of the dam beginning at spillway bay 5 and extending north to the right abutment
beneath the existing pumping plant.  His report noted that outcrops of bedrock were
observed protruding through the alluvium in the foundation of bays 4 and 5 and
suggested that the alluvium cover overlying bedrock was very thin in this portion of the
foundation.  The thickness of the cemented gravel probably increases toward the right
abutment, but no exploratory drilling has been performed in this area to determine the
depth to the underlying Applegate Group metavolcanics.

The older terrace gravels (Qtg) are best known from exposures on the right abutment of
the dam.  Russell examined these outcrops in 1950 and described them as gravel and
cobbles ranging from 25 to 150 mm (1 to 6 inches) in diameter, with scattered boulders
from 300 to 600 mm (1 to 2 feet) in size.  The matrix of the deposit was a mixture of
sand, silt, and clay.  The terrace gravels are only crudely stratified, and prominent
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bedding planes are generally lacking.  Upstream from the dam, discontinuous interbeds
and lenses of sand and fine-grained silt and clay were noted along the shoreline during
the 1999 field investigation.

Downstream from the dam, Russell (1950) noted that the terrace gravels (Qtg) were
cemented with a fine-grained white material, possibly clay or silica.  These exposures
formed near vertical slopes and had experienced very little erosion since construction of
the dam 30 years earlier.  Inspection of these outcrops in 1999 confirmed Russell’s
observation.  Goodson and Associates (1981) noted that the cementation appears to
weaken when saturated and exposed, allowing the terrace gravel to yield more rapidly to
erosion.  This weakening of the cementation probably resulted in the erosion of a deep
pothole along the downstream toe of the dam during the first 30 years of operation.

This pothole was backfilled and covered with a reinforced concrete apron during
Reclamation’s rehabilitation of Savage Rapids Dam from 1953 to 1955 (Goodson and
Associates, 1981).  Reclamation’s Pacific Northwest Dive Team continues to perform
periodic underwater examinations of the apron and adjacent area to monitor scouring
and erosion of the cemented gravel foundation.  Upstream from the dam, the degree of
cementation within the terrace gravel is much more variable, and many areas appear to
have little or no cementation.  Russell (1950) noted that the terrace gravel is very
compact and very difficult to dislodge with a pick, even where little or no cementation is
present.  The 1999 reservoir reconnaissance confirmed this observation and noted many
areas along the shoreline where wave action had severely undercut the bank, resulting in
very steep to overhanging banks, particularly along the north rim of the reservoir (see
photograph 3).  Exposures along the south shoreline are more limited because of the
large number of structures along the water’s edge, including revetments, retaining walls,
docks, and slope protection.

Russell (1950) noted that the terrace gravels (Qtg) are overlain by a bed of alluvium
upstream from the dam.  This bed included scattered large boulders.  This upper bed has
not been differentiated for this study and is included within the terrace gravels.  A review
of published literature suggests that this upper bed may represent deposits left by the
floods of 1861 and/or 1964.  Beaulieu and Hughes (1977) mapped the extent of the
floods based on limited field observations and data from a 1965 Corps study and show
that extensive flooding occurred along the reservoir margin in both events.  They report
that the 1861 flood approximated a 100-year flood event, while the 1964 flood was on
the scale of a 50-year event.

Younger Alluvium (Qal).—The younger alluvium (Qal) consists of alluvial materials
deposited within the active channel of the Rogue River.  These materials are primarily
gravel, cobbles, and boulders mixed with lesser volumes of sand and very minor fines. 
In addition to channel deposits along the thalweg and active channel, the younger
alluvium includes numerous bar deposits of chiefly gravel and cobbles, with sand and
finer-grained bars of sand and silt along the margins of the active channel.  The younger
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Photograph 3.—Savage Rapids Dam, Rogue River Basin Project, Oregon.  View upstream toward the
north bank of the reservoir near RM 107.0 showing exposures of the cemented terrace gravels and older
alluvium.  Wave action has eroded more weakly cemented materials near the base of the slope, forming a
prominent overhang which is highlighted by a deep shadow in this photograph.  Note the large volume of
cobbles and boulders exposed along the shoreline in this section of the terrace gravels and older alluvium. 
(Reclamation photograph by Richard Link; May 18, 1999.)

alluvium is best exposed along the banks of the Rogue River downstream from Savage
Rapids Dam and upstream from the reservoir.  Included within the younger alluvium are
small alluvial fan/delta deposits within the main river channel occurring at the
confluence of larger tributary streams.

The younger alluvium (Qal) is not present within the footprint of Savage Rapids Dam.
Mapping and research of archival records by Russell (1950) suggest that the foundation
was cleared of all loose material prior to construction of the dam.  A pre-construction era
photograph of Savage Rapids (see photograph 4), obtained from the Josephine County
Historical Society in Grants Pass, Oregon, shows that the river channel at and upstream
from the dam site consisted of a long riffle composed chiefly of cobbles, boulders, and
bedrock knobs.  Finer-grained deposits of gravel and sand may have been present
upstream from the riffle but are not visible in the photograph.
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Photograph 4.—Savage Rapids Dam, Rogue River Basin Project, Oregon.  A pre-dam view of Savage
Rapids prior to construction of the dam in 1921 and 1922.  The riffle seen in the photograph was named after
the Savage family, who owned a homestead on the south or left bank of the Rogue River in this vicinity. 
Outcrops of metavolcanic rock of the Applegate Group are present in the foreground, while cemented terrace
gravels and older alluvium form the north bank, seen in the distance.  (Photograph courtesy of the Josephine
County Historical Society, Grants Pass, Oregon.)

Reservoir Sediments (Qrs).—The reservoir sediments (Qrs) consist of sediment
impounded in the Rogue River behind Savage Rapids Dam since construction of the dam
in 1921 and 1922.  Because the primary focus of the 1999 Reclamation field
investigation was the characterization of the materials composing the reservoir
sediments and the determination of their distribution and extent, only a brief summary
of these materials is presented here.  The reservoir sediments are described in detail in
the "Geology of Reservoir Sediments" section.

Test drilling conducted in the reservoir area by McLaren/Hart in 1998 and by
Reclamation in 1999 established the presence of a very hard river bottom throughout
the permanent reservoir pool, extending about 3,000 feet upstream from the dam. 
Complete refusal of the flight augers occurred during drilling wherever this river bottom
was encountered.  This refusal zone is assumed to represent the top of the pre-dam
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riverbed for the purposes of this report.  All materials overlying this hard river bottom
have been incorporated within the reservoir sediments (Qrs), including any finer-grained
younger alluvium (Qal) that may have been present in the Rogue River channel prior to
construction of Savage Rapids Dam.

Geology of Reservoir Sediments

This section describes the physical character and extent of the sediments impounded
behind Savage Rapids Dam, based on field samples and laboratory test data collected
during Reclamation’s investigation of the site in 1999.  Data obtained in earlier studies
of the site are incorporated in this discussion.  A conceptual model has been developed
to provide a framework for deposition of the sediments within the reservoir area.

Conceptual Model of Depositional Environment

A conceptual model for sediment deposition in the reservoir area is presented in this
section to illustrate the logic used in the analysis of the sediment volume, discussed later
in this report.  (See "Sediment Volume.")  This conceptual model is based on the
observations made in the field during low reservoir level conditions in May 1999, the
1999 bathymetric surveys of the reservoir bottom, the borehole data collected during the
field investigation, underwater observations, and a review of reservoir operations.

Reservoir Operation Summary.—The operation of the reservoir behind Savage Rapids
Dam plays a key role in the accumulation of sediment upstream from the structure and
must be accounted for in any model of sediment deposition.  The concrete spillway
section of the dam has a crest elevation of 957.6 (elevation 953.0 feet in the
1929 NGVD), which results in a permanent reservoir pool extending about 3,000 feet
upstream from the dam to about RM 107.95, based on field observations of the upstream
reservoir area made in May 1999.  The permanent reservoir pool extends to just
upstream from Savage Rapids Park, which is located on the south bank of the Rogue
River at the confluence with Savage Creek.

The reservoir water surface is raised about 11.0 feet, to elevation 968.6 feet (elevation
964.0 feet in the 1929 NGVD), through the installation of stoplogs in the 16 bays along
the spillway crest.  This water surface increase results in a temporary pool which extends
the reservoir approximately 15,000 feet farther up the Rogue River, to about RM 110.6,
for the duration of the irrigation season.  Stoplog installation typically occurs in about
mid-May in a normal water year, but can vary, depending on the projected water supply
from snow pack and the amount of spring precipitation supplying moisture to the
irrigated farm land in the area (Dan Shepard, personal communication; September
1999).  In 1992, the Rogue River Basin experienced drought conditions which required
an earlier filling of the reservoir, permitting Reclamation to conduct its initial
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survey of the reservoir under full reservoir pool conditions from April 21 through 24
(Blanton, June 12, 1992).  To meet the downstream demand of the GPID, the reservoir is
maintained at the full pool elevation for the duration of the irrigation season, which
typically extends to about mid-October each year.  As with installation, the timing for
removal of the stoplogs varies, depending on the downstream water user needs and fall
precipitation in the area.  The stoplogs must be removed prior to the onset of the winter
flood season to prevent damage to the stoplog brackets and loss of stoplog sections. 
Backwater effects of flooding with the stoplogs in place include inundation of private
property along the upstream reservoir margin.  The winter flood season commonly starts
about November 1 of each year.  With the removal of the stoplogs, the Rogue River is
returned to free-flowing, riverine conditions upstream from Savage Rapids Park
(upstream from approximate RM 107.95).

Sediment deposition within the reservoir impounded by Savage Rapids Dam occurs in
response to the operational level of the reservoir pool.  Operation of the reservoir water
surface varies on a seasonal basis and results in two distinct and separate locales for
sediment deposition:

• Deposition in the permanent pool immediately upstream from the dam during the
irrigation off-season

• Deposition within the upper reservoir during the irrigation season

Each of these depositional locales is discussed separately in the following sections.

Deposition in the Permanent Reservoir Pool.—Sediment is deposited in the permanent
reservoir pool upstream from Savage Rapids Dam following removal of the spillway
stoplogs, permitting accumulation of sediment in the reach extending about 3,000 feet
upstream from the dam to just above Savage Rapids Park, near RM 107.95.  This
sediment accumulation occurs from about mid-October to about mid-May each year and
is associated with winter and early spring floods and the onset of the spring runoff
within the river basin.

Reclamation’s 1999 bathymetric survey of the Rogue River showed that the permanent
reservoir pool is generally broad and flat bottomed, particularly in the reach from about
RM 107.6 to the upper end of the permanent pool upstream from Savage Rapids Park,
near RM 107.95.  A contour map of the reservoir bottom for this reach of the river
developed from the bathymetric survey appears on drawing 448-100-17.  This reservoir
bottom morphology strongly suggests sediment accumulation in this river reach.  Test
drilling completed by Reclamation in 1999 verified the sediment deposition suggested
by the bathymetry and identified the presence of a buried pothole or pool at RM 107.91. 
The test drilling determined the bottom elevation of this pool to be at about elevation
924.0, which is 6.6 feet deeper than the deepest point of the dam foundation.  Russell
(1950) shows the lowest point in the foundation occurs at about elevation 930.6
(elevation 926.0 in the 1929 NGVD) near the junction of spillway bays 4 and 5 on his
cross section of the dam.  This cross section is based on original construction notes he
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located in the files of the GPID.  Since completion of the dam, sediment has completely
filled this deep pool.  Contaminant sampling conducted during the 1999 Reclamation
field investigation was concentrated in this buried pool because it would have acted as a
natural trap for any heavy metals and other contaminants migrating down the Rogue
River from upstream mining districts.  The results of the contaminant testing are
discussed in Appendix C.

The Rogue River makes a prominent bend to the northwest at about RM 107.6, and the
reservoir bottom morphology becomes more complex downstream from the bend.  The
south reservoir shoreline consists of continuous outcrops of metavolcanics from the
Applegate Group (TrPzmv), and a prominent channel has formed along the contact
between the bedrock and the reservoir sediments (Qrs).  This channel extends down-
stream to the low-level outlet for the dam in spillway bays 10 and 11 and likely has
formed in response to the annual opening of the outlet to permit installation of the
stoplogs in the spillway bays.  Opening of the low-level radial gates develops a high-
velocity flow which likely scours the loose reservoir sediments upstream from the dam,
forming the prominent channel seen in the bathymetry.  The south side of the channel is
lined with bedrock, while the north side consists of reservoir sediments which form a
prominent bar along the north side of the reservoir, as shown in photograph 5.  This bar
has developed in response to lower velocities and current eddies on the inside curve of
the bend in the river channel and extends downstream to Savage Rapids Dam (see the
reservoir bathymetry on drawing 448-100-17).  This bar, termed the north bar in this
report, was the target of much of the drilling and testing conducted by McLaren/Hart in
1998.  Drilling in the 1999 Reclamation field investigation was limited to a few holes to
determine the configuration of the bar deposit as it tapers to the bedrock outcrops on the
south side of the reservoir.  This north bar and the sediments present upstream in the
flat-bottomed reach of the permanent pool, discussed above, compose the bulk of the
sediments that have accumulated behind Savage Rapids Dam.

A second bar deposit occurs on the south bank of the reservoir about 2,500 feet upstream
from Savage Rapids Dam.  This deposit, referred to as the south bar in this report, has
formed over a prominent bedrock shelf along the water’s edge.  This bar appears to have
accumulated in an eddy area of low velocity because most of the sediment in the deposit
is fine sand and silt, with varying proportions of minor gravel and clay.  McLaren/Hart
conducted five explorations (SB-1 through -5, inclusive) in the south bar during their
1998 field investigation.  The 1999 study by Reclamation did not further examine the
south bar because the results of the earlier McLaren/Hart report (1998) appeared to
adequately cover the extent of the deposit.  The very shallow depth of water overlying
the south bar also precluded access for Reclamation’s floating drilling platform.

The storage capacity for additional sediment within the permanent pool behind Savage
Rapids Dam is very limited because much of the reservoir has been infilled nearly to the
crest elevation of the spillway.  The infilling of the permanent pool is most visible on the
north end of the dam, where the downstream end of the north bar laps onto the



Savage Rapids Dam Sediment Evaluation Study

A-24

Photograph 5.—Savage Rapids Dam, Rogue River Basin Project, Oregon.  View upstream showing the
permanent pool upstream from the dam, drawn down for stoplog installation.  This photograph illustrates the
geology of the permanent pool, with bedrock outcrops of the Applegate Group present in the foreground along
the south shoreline.  These outcrops are buried by fine sand and
silt forming the south bar in the distance.  The north bar is exposed at the base of the opposite bank and is
composed of variably mixed sand and gravel with cobbles which also compose much of
the reservoir floor beneath the channel, shown in the center of the photograph.  (Reclamation photograph by
Richard Link; May 18, 1999.)

spillway crest, as shown in photograph 6.  This photo was taken in May 1999 at low pool
conditions during installation of the stoplogs in the spillway bays.  It clearly illustrates
how the north bar sediments onlap the spillway section of the dam.  Continued sediment
storage is practical at only two locations within the permanent reservoir pool—the
channel upstream from the low-level radial gate outlets, discussed above, and the intake
to the pumping plant on the right end of the dam.  The channel upstream from the radial
gates represents the largest area available for additional sediment accumulation, but
annual opening of the gates to permit stoplog installation under low pool conditions
probably restricts the volume of significant permanent deposition within the channel. 
The high velocities generated within the reservoir when the low-level gates are opened
probably flush any sediment accumulated in the channel and move it downstream from
the dam on an annual basis.  A small, conical depression in the configuration of the
north bar was also observed immediately upstream from the pumping plant on the north
end of the dam at the plant intake structure, as shown in photograph 7.  This depression
likely forms in response to operation of the plant during the irrigation season and,
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Photograph 6.—Savage Rapids Dam, Rogue River Basin Project, Oregon.  View across Savage Rapids
Dam toward the north bank showing the reservoir drawn down for installation of stoplogs across the spillway of
the dam.  Sediment has infilled the reservoir to the point that the north bar is lapping onto the concrete
spillway, as can be seen in the distance, adjacent to the pumping plant.  The bedrock outcrop forming the right
abutment of the low-level radial gate outlet is exposed near the center of the photograph.  (Reclamation
photograph by Richard Link; May 18, 1999.)

similarly to the low-level radial gates, the velocity of the water entering the pumping
plant helps restrict the accumulation of sediment at this location.  The depression at the
plant intakes is small and represents a very small portion of the total volume of the
permanent reservoir pool.

Based on these observations, the sediment storage space of the reservoir behind Savage
Rapids Dam is essentially full and has been full for several decades.  Therefore, the
sediment loads being transported downstream from the dam are essentially equal to the
loads being supplied to the reservoir from upstream.  Currently, the sediment load of the
Rogue River at Savage Rapids is less than the natural conditions because a significant
portion of the natural sediment load is being trapped upstream in Lost Creek Reservoir.

Deposition in Temporary Reservoir Pool.—Deposition occurs in the temporary reservoir
pool in response to installation of the stoplogs across the crest of the spillway. 
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Photograph 7.—Savage Rapids Dam, Rogue River Basin Project, Oregon.  View toward the north
abutment of the dam and the pumping plant showing the conical depression formed in the surface of the north
bar as a result of operation of the plant intakes.  The reservoir is drawn down below the normal operational
level to permit stoplog installation.  Much of the surface of the north bar consists of a thin veneer of fine sand
and silt which is similar to that observed upstream on the left shoreline at the south bar.  (Reclamation
photograph by Richard Link; May 18, 1999.)

Deposition in the temporary reservoir is associated with the waning of the spring runoff,
scattered summer thunderstorm flood events, and low flow periods on the Rogue River. 
Riverflows are regulated by the Corps at Lost Creek Dam, upstream from Savage Rapids. 
The temporary reservoir area is returned to free-flowing river conditions in the fall, when
the stoplogs are removed from the spillway crest.

Bathymetric surveys show a change in the morphology of the reservoir bottom upstream
from Savage Rapids Park, beginning at about RM 107.95.  The river bottom transitions at
this point from the generally broad, flat-bottomed profile, seen in the permanent
reservoir area, to a series of steep riffles alternating with pools of varying depth.  (See
the reservoir bathymetry contour map included in attachment B.)  This riffle-and-pool
morphology of Appendix B appears to be characteristic of the temporary reservoir
bottom.  Prominent pools are observed in the reservoir bathymetry at RM 108.20,
108.87, 109.27, 109.67, and 110.22.  The riffle-and-pool morphology observed in the
temporary reservoir area is comparable to that observed in the 1999 Reclamation
surveys of the Rogue River, downstream from Savage Rapids Dam to the confluence with
the Applegate River.  The bathymetric data suggest that sediments in the
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temporary reservoir have not accumulated to the point that the pool sections have filled,
as was observed downstream at RM 107.91 in test drilling conducted in the permanent
reservoir area.

During the 1999 Reclamation field investigation, the Pacific Northwest Region Dive
Team examined the temporary reservoir bottom to confirm that bottom conditions were
as suggested by the bathymetry.  Dive traverses were conducted at RM 108.72, 109.00,
and 109.63, along with three spot observations in the permanent reservoir area.  Their
report is included as attachment D of this appendix.  At RM 109.63, the reservoir bottom
was composed chiefly of hard, subrounded cobbles, with bedrock outcrops present along
the south bank.  The outcrop continued underwater into the reservoir itself.  The cobbles
varied from 100 to 250 mm (i.e., 4 to 10 inches) in diameter and included minor gravel
with very little sand.  The coarse-grained character of the reservoir bottom continued
downstream to the next traverse, located at RM 109.0.  The divers reported a mix of
cobbles and gravel at this traverse, with most of the material occurring as 75- to 200-mm
(3- to 8-inch) diameter cobbles.  They noted a maximum dimension of 300 mm
(12 inches) in this traverse.  As at RM 109.63, the traverse at RM 109.00 disclosed
bedrock outcrops along the south bank of the river.  The outcrops extended 50 feet north
into the reservoir.  The gravel and cobble deposit lapped onto the bedrock outcrop of
hard metavolcanics at that point in the traverse.  The traverse at RM 108.72 noted that
the reservoir bottom consisted of hard, subrounded gravel and cobbles generally less
than 125 mm (5 inches) in diameter.  A maximum particle dimension of 250 mm (10
inches) was observed during the traverse.

These dive traverses document a very coarse-grained bottom in the temporary reservoir
area upstream from Savage Rapids Dam and are consistent with the riffle-and-pool
morphology observed in the bathymetric surveys.  Photograph 8 shows coarse-grained
gravel and cobble bars observed at a riffle near RM 109.6 during low reservoir pool 
conditions in May 1999.  The dive observations indicate a trend of declining particle size
with distance downstream, transitioning from predominantly cobbles in the upstream
portion of the temporary reservoir at RM 109.63 to a finer-grained mix of gravel and
cobbles at RM 108.72.  These observations also suggest that significant sediment
deposition does not occur in much of the temporary reservoir area when the reservoir
water surface is elevated for the irrigation season.  The coarse-grained materials
observed in the dive traverses are high-energy deposits which accumulate in active river
channels.  Deposition of these materials cannot occur under elevated reservoir water
surface conditions because the slack water of the reservoir lacks the energy required to
transport the material.  The coarse gravel and cobbles probably are deposited on a
limited scale at the upper end of the reservoir, near RM 110.6, where the Rogue River
enters Savage Rapids Reservoir.  The low-velocity environment of the reservoir prevents
any further movement of the material downstream until the end of the irrigation season,
when the stoplogs are removed from the dam and the temporary reservoir is returned to
free-flowing conditions.  Material which has accumulated near RM 110.6 can then be
moved downstream by winter storm events and spring runoff.  This transport of coarse
gravel and cobbles is generally restricted to storm events and high streamflows.
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Photograph 8.—Savage Rapids Dam, Rogue River Basin Project, Oregon.  View upstream showing a
prominent riffle exposed near RM 109.0.  Reservoir pool elevation is lowered for stoplog installation.  The bars
exposed at this elevation consist chiefly of coarse gravel and cobbles indicative of a high-energy depositional
environment.  This portion of the reservoir is returned to free-flowing river conditions when the stoplogs are
removed from the crest of the dam at the end of the irrigation season.  These bars represent river channel
deposition and are analogous to bar deposits seen elsewhere on the Rogue River upstream and downstream
from Savage Rapids.  (Reclamation photograph by Richard Link; May 18, 1999.)

Low-flow periods are common during the irrigation off-season, and little transport of
coarse materials can occur under these conditions.  Many of the very large cobble sizes 
observed in the dive traverses, such as the 10- to 12-inch diameter material, probably are
moved only during infrequent, large storm events where sufficient velocities can be
generated to mobilize the coarse riverbed.  The coarse-grained bed material observed in
the dive traverses is better classified as river alluvium (i.e., younger alluvium - Qal,
described earlier) than as reservoir sediment and is probably very similar to alluvial
deposits present in the free-flowing portions of the Rogue River both upstream and
downstream from Savage Rapids Reservoir.

Medium- and fine-grained sediment is deposited on a limited basis in the temporary
reservoir area when the water surface is raised for the irrigation season.  Operation of
Savage Rapids Dam during the irrigation season includes flow over the dam through
spillway bays 1 through 4, which is intended to attract migrating anadromous fish to 
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the north and south fish ladders (Dan Shepard, personal communication; September
1999).  This flow is accomplished by leaving the topmost stoplogs out of each of the
bays, resulting in a low-velocity current in the upstream reservoir.  Although incapable
of moving the coarse-grained bed material described above, the current does permit
downstream transport of sand and fines into the reservoir.  These finer-grained deposits
occur mainly as a thin, discontinuous veneer on the reservoir bottom or as scattered
small bars of sand and fines, as reported by the dive team.  The dive traverse at RM
109.63, near the upstream end of the reservoir, did not observe any deposits of finer-
grained material at that location.  Mapping at the next downstream traverse, at RM 109.0,
noted scattered, small bars composed of fine to medium sand.  These small bars were
localized and were less than 12 inches thick.  Additional deposits of medium to coarse
sand were observed at RM 108.72, where the sand occurred as irregular accumulations
generally less than 15 feet in the longest dimension.  These irregular deposits covered
about 15 percent of the reservoir bottom at this location.

The finer-grained deposits were also noted at spot observations made farther down-
stream, within the permanent reservoir pool downstream from Savage Rapids Park.  At
RM 107.69, the divers noted a thin veneer of soft silt and organic debris covering the
surface of the reservoir bottom.  The veneer was from 4 to 6 inches thick.  The surficial
veneer continued downstream to RM 107.67, where the divers noted about 5 to 10 per-
cent organic material in the veneer.  The layer was about 2 to 9 inches thick and was
underlain by a second layer of soft, medium- to fine-grained sand about 18 inches thick.  
The soft veneer of silt and organics was also described at the most downstream spot
observation, RM 107.60.  The thickness of the silt layer was measured to vary from about
1 to 2 inches thick at this spot observation.

Deposition of the finer-grained material in the temporary reservoir area is a transient
process, active only while the water surface is elevated for the irrigation season, from
about mid-May to about mid-October each year.  Removal of the stoplogs returns the
Rogue River to free-flowing conditions upstream from Savage Rapids Park.  The finer-
grained deposits are then flushed out of the temporary reservoir area by the higher
velocity riverine environment, augmented by high-volume winter floods and spring
runoff during the nonirrigation portion of the year.  Mapping of the surface of the north
bar, immediately upstream from the dam, during stoplog installation in May 1999 did
not disclose any fine-grained deposits on the bar, suggesting that the winter floods are
also capable of flushing the thin veneer seen in the permanent reservoir pool,
particularly during large flood events.  These fine-grained deposits are probably carried
over the dam and downstream into the Rogue River during flood events.

Sediment Characterization

This section describes the physical properties and the soil types of the reservoir
sediment based on field samples and laboratory testing conducted as part of the 1999 
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Reclamation evaluation of reservoir sedimentation.  These data are then compared with
results from previous studies at Savage Rapids Dam.  A summary of the materials
composing the south bar is included to complete this discussion of the reservoir
sediments, although no new explorations were conducted at that site.

Summary of Physical Properties.—The following discussion of the physical properties
of the sediments trapped in the reservoir behind Savage Rapids Dam is based on field
observations of samples retrieved from the material and on laboratory tests conducted
on representative field samples.  Field descriptions and laboratory classifi-cations of the
individual samples appear on the geologic logs of the drill holes
in attachment B of this appendix.

Geologic mapping, observation of field samples, and laboratory testing indicate that the
reservoir sediments at Savage Rapids Dam fall into one of three broad categories of
materials:

• Mixed sand and gravel with 15 percent or greater gravel concentrations

• Sand with minor (less than 15 percent) gravel

• Sand with silt and minor clay

The mixed sand and gravel category constitutes the bulk of the reservoir sediment at
Savage Rapids Dam, including both the floor of the permanent reservoir pool and the
north bar.  Samples collected in this area typically contain 15 to 56 percent gravel, by
weight, and 30 percent is the average.  Cobbles are also present in this material, as
indicated by geologic mapping of the surface of the north bar and conditions
encountered during drilling, including sampler refusal and infrequent recovery of
particle sizes greater than 75 mm (3 inches) in diameter.  Mapping of the surface of the
north bar during low water conditions in May 1999 disclosed a variable cobble content
ranging from about 20 percent, by volume, at the upstream end of the bar, gradually
decreasing to about 5 percent at the downstream end, where the north bar lapped onto
the spillway section of the dam, as shown on photograph 9.  The maximum particle size
observed on the bar was 250 mm (5 inches).  The largest particle recovered from test
drilling measured 110 mm (4.4 inches).  Fines (very fine sand, silt, and clay passing the
No. 200 sieve) occur in very low concentrations within the mixed sand and gravel
category, ranging from 1 to 4 percent by weight and averaging 2 percent.

Sand with minor gravel occurs mainly within the buried pothole or pool at RM 107.91
(drill hole AP-99-3) and as apparently discontinuous lenses and layers in the north bar
(AP-99-8).  The gravel content in this group is significantly lower than in the mixed sand
and gravel category, ranging from 5 to 13 percent by weight, with an average value
of 8 percent.  The maximum particle size recovered from these samples was 60 mm
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Photograph 9.—Savage Rapids Dam, Rogue River Basin Project, Oregon.  View downstream toward
Savage Rapids Dam showing the exposed surface of the north bar during stoplog installation on the spillway
crest.  This photograph shows the coarse-grained character of the sediments composing the north bar, which
consists of variably mixed sand and gravel with cobbles.  The volume of cobbles was field estimated at about
20 percent by volume at the upstream end of the bar, grading to about 5 percent at its downstream terminus
at the spillway.  This photograph shows the surface conditions near the approximate midpoint of the north bar. 
(Reclamation photograph by Richard Link; May 18, 1999.)

(2.4 inches).  No cobbles were present in the limited number of samples collected from
this category.  The fines content was very similar to that observed in the mixed sand and
gravel category, varying from 1 to 3 percent by weight of the sample, with an average
concentration of 2 percent.

Discussions held between Reclamation staff and peer reviewers while planning the field
investigation determined that the fraction of soil particles finer than 0.063 mm in
diameter (i.e., silt and clay particles passing the No. 230 sieve) was particularly
detrimental to anadromous fish.  This sieve size is not normally included in the standard
Reclamation sieve set used to determine soil gradations but was included in this study to
specifically address potential adverse impacts to the fisheries in the Rogue River. 
Results for individual samples are reported in the center column of the respective
geologic logs in attachment B.  Measured values for the minus 230 fraction are very low,
as can be expected from the low concentrations for fines discussed above.  The silt and
clay particles compose only from 0.01 to 1.1 percent, by weight, of the samples of both
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the mixed sand and gravel and the sand with minor gravel categories.  The average silt
and clay concentration for the samples was 0.2 percent.

Additional laboratory testing was conducted to determine the specific gravity of sand-,
silt-, and clay-sized soil particles (i.e., those particles passing the No. 4 sieve) present in
the field samples.  The measured specific gravity of the mixed sand and gravel category
ranged from a minimum of 2.666 to a maximum of 2.884, with an average of 2.729. 
Samples collected from the sand with minor gravel group had similar values, ranging
from 2.685 to 2.740, and an average specific gravity of 2.719.

A qualitative assessment of the in-place conditions of the reservoir sediments can
be made on the basis of field logging of soil samples and observation of downhole
conditions during drilling operations.  The density of the reservoir sediments ranges
from low to moderate, as indicated by a generally rapid penetration rate of the auger
string during drilling.  Hard spots were noted in most holes, but these areas probably
indicate the presence of cobbles within the deposit.  Shallow refusal was attained in hole
AP-99-4, where a large rock or buried log was encountered about 1.9 feet into the
reservoir sediments.  This hole was sited near the north shoreline of the reservoir and
likely intercepted a section of riprap armor which had been dumped along the reservoir
rim at this location.  Refusal was also uniformly attained at the base of the reservoir
sediments at or near the contact with the pre-dam bed of the Rogue River.  The large
diameters of the sample barrels used in this investigation precluded the use of the
standard penetration test, but blowcounts were informally recorded for most sample
intervals to attain a relative gauge of the in-place density of the sediments.  Blowcounts
ranged from a minimum of 3 blows per foot (bpf) to a maximum of 33 bpf in the 25 test
intervals where penetration was recorded.  The average blowcount for these tests was 17
bpf.  These data further suggest that the reservoir sediments have a low to moderate in-
place density and that the deposits would be readily susceptible to erosion under free-
flowing river conditions in the event that Savage Rapids Dam is removed.  Note that
higher blowcounts were obtained where the sample intervals intercepted the pre-dam
riverbed, but these intervals are not included in the statistics presented above.  The
refusal intervals were commonly characterized by the sample barrel rebounding with no
penetration under the weight of the 350-pound hammer falling a distance of about 30
inches.  Testing was uniformly discontinued once sampler refusal was achieved.

The reservoir sediments are massive to crudely stratified, and bedding planes were
generally lacking in most samples.  Most of the samples were field logged as hetero-
geneous (27 of 32 samples), while 1 was described as homogeneous.  Four samples were
logged as stratified, with the thickness of individual layers varying from 90 to 500 mm
(0.3 to 1.7 feet).  Note that the entire thickness of the individual layers was not
recovered, and these reported thicknesses are minimum values.  Only the top and bottom
of each layer were sampled, and generally a gap of at least 1 foot was left between
samples.

The reservoir sediments present on the reservoir floor and in the north bar probably
have a relatively high permeability, based on the gradations obtained during laboratory
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testing and the very small concentration of fines present in the material.  This
interpretation is supported by field observation of the north bar during low water
conditions while stop-logs were being installed in May 1999.  The sand and gravel
composing the north bar drained rapidly with lowering of the reservoir pool.  The bar
surface was mapped within 3 to 4 hours of exposure of the bar as the reservoir lowered
and much of the area drained.  The bar surface supported foot traffic during mapping and
had drained sufficiently so that footprints did not form on the bar, except in the more
sandy materials at the downstream end of the bar.  Because of the relatively low in-place
density of the deposit, the bar surface probably would not have supported heavy
equipment travel without prolonged exposure.

The third category of materials present in the reservoir behind Savage Rapids Dam
consists of sand with silt and minor clay.  These materials form the south bar along the
left reservoir rim and also occur as a surficial layer in the immediate proximity of the
surface depression at the pumping plant intake structure on the right end of the dam. 
These materials were not encountered in the 1999 field investigation conducted by
Reclamation, and present knowledge of the materials is based on the data collected by
McLaren/Hart (1998).   Field descriptions of these materials indicate the deposit consists
chiefly of sand and silt, as shown on the borehole logs included in their report.  Gravel
concentrations were estimated in the field at up to 10 percent in several of the samples. 
Photograph 10 shows the exposed surface of the south bar during low reservoir pool
conditions while stoplogs were being installed across the spillway crest in May 1999.

Distribution of Soil Types.—Reclamation’s 1999 field investigation collected a total of
32 samples of the reservoir sediments stored behind Savage Rapids Dam.  Of these
samples, 25 were deemed representative of the deposit based on sample recovery and
were submitted for laboratory testing to determine standard physical properties.  The
samples were assigned soil types based on the USCS (Reclamation, 1990, Designation
USBR 5000-86) derived from analysis of sieve data obtained in the laboratory tests.  The
laboratory data have been reported on the respective geologic logs of the drill holes 
appearing in attachment B and have been compiled on gradation test charts which have
been included in attachment C. 

Table 1 lists the laboratory soil classifications of the reservoir sediment and the
computed fraction of the deposit represented by each soil type, based on the total
number of samples collected.

Table 1.—Distribution of reservoir sediment soil types at Savage Rapids Dam

Soil type SP (SP)g (SW)g (GP)s (GW)s

Number of samples 5 13 3 3 1

Percent of deposit 20 52 12 12 4
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Photograph 10.—Savage Rapids Dam, Rogue River Basin Project, Oregon.  View upstream showing
the surface of the south bar as exposed while the reservoir pool was low during stoplog installation.  The south
bar consists of fine sand and silt, based on earlier explorations by McLaren/Hart (1998) and is underlain by
bedrock of the Applegate Group at depths ranging from 6.5 to 14.8 feet in five test borings drilled at this site. 
(Reclamation photograph by Richard Link; May 18, 1999.)

In the "Sediment Characterization" section of this appendix, reservoir sediments were
subdivided into three broad categories of materials, only two of which were encountered
during the 1999 Reclamation field investigation.  The mixed sand and gravel category
consists of materials having the following laboratory classifications from table 1:  poorly
graded sand with gravel (SP)g, well-graded sand with gravel (SW)g, poorly graded gravel
with sand (GP)s, and well-graded gravel with sand (GW)s.  The sand with minor gravel
category is represented by poorly graded sand (SP) in table 1.  

Average gradations were computed for both the mixed sand and gravel and the sand with
minor gravel categories for use in computer modeling of erosion and downstream
transport of the reservoir sediments in the event that Savage Rapids Dam is removed.
Figure 2 also includes derived laboratory soil classifications for each average gradation
and tabulates the percentages of gravel, sand, and fines.
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Figure 2.—Computed average gradations for reservoir sediments at Savage Rapids Dam.
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The laboratory test data were analyzed for both the mixed sand and gravel and the sand
with minor gravel categories to assess the variation in mean particle diameter, or D50, in
the field samples (table 2).  This diameter is useful in evaluating erosion and transport
of the reservoir sediments under a dam removal scenario. 

Table 2.—Variation of D501 (in mm) in reservoir sediments
at Savage Rapids Dam

Soil category D50max D50min D50avg

Mixed sand and gravel 6.20 0.51 2.35

Sand with minor gravel 1.10 0.61 0.84

     1 The mean particle diameter, or D50, is an expression of the average particle size of a
sediment obtained graphically by locating the diameter associated with the midpoint of the
particle-size distribution; the D50 is the middlemost diameter that is larger than 50 percent
of the particle size distribution for a given sample and smaller than the other 50 percent;
the mean particle diameter is commonly expressed in millimeters.  The D50max is the largest
D50 diameter observed in all gradation tests for a soil category, while the D50min is the
smallest D50 diameter; the D50avg is the computed average for all D50 diameters
calculated for a soil category.

Reclamation’s 1999 field investigation was conducted to expand upon earlier work that
was performed by McLaren/Hart (1998) at the site.  Comparison of the data collected by
Reclamation with field descriptions of the reservoir sediments appearing on the geologic
logs of boreholes in the McLaren/Hart report shows a close correlation of materials in
the reservoir area and in the north bar.  A comparison of laboratory test data for the
reservoir sediment was also planned, but the records for the earlier work could not be
located (Edward Fendick, personal communication; October 1999) and have not been
incorporated into the discussions presented in this report.  Table A2-1 of the McLaren/
Hart report (1998) does include a list of the percent of silt and clay particles passing the
No. 230 sieve.  Table 3 compares the data from the McLaren/ Hart report with that
obtained in 1999 by Reclamation.  The Reclamation data collected from the reservoir
floor and the north bank correlate well with the McLaren/Hart data, as can be seen in
table 2.  Data for the south bank obtained by McLaren/Hart are also included in the table
because this area provided the highest concentration of silt and clay observed at Savage
Rapids.  The south bar was not tested in the Reclamation program, and no new data are
available.

Sediment Volume

One of the objectives of the 1999 Reclamation field investigation was to develop a more
refined estimate of the volume of reservoir sediments stored behind Savage Rapids
Dam.  The estimate was based on the bathymetric surveys of the reservoir basin and the
measured thicknesses of sediment determined from test drilling.  This section discusses 
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Table 3.—Summary of reservoir sediment silt/clay content at Savage Rapids Dam

Percent fines
(% passing 

No. 230 sieve)

Reservoir floor and north bar South bar

McLaren/Hart (1998) Reclamation (1999) McLaren/Hart (1998)

Minus No. 230max 2.5 1.1 20.7

Minus No. 230min 0.1 0.01 0.2

Minus No. 230avg 0.7 0.2 7.5

the methodology used to develop the estimate, presents the results of the volumetric
analysis, and provides further discussion of the volume of material per soil type present
in the reservoir sediments.

Method.—The estimate of the volume of reservoir sediment stored behind Savage
Rapids Dam was prepared using a series of 20 geologic cross sections drawn through the
permanent reservoir pool, extending upstream from the dam to about RM 107.95.  The
locations of the cross sections are shown on the bathymetric map of the reservoir on
drawing 448-100-17 in attachment A of this report.  The individual cross sections appear
on drawings 448-100-18 and -19.  The topography of the reservoir bottom shown on the
cross sections is drawn from Reclamation’s 1999 bathymetric survey.  The geometry of
the sediment prism was approximated using the measured thickness of the sediments as
determined from exploratory drilling, including both the earlier work by McLaren/Hart
(1998) and the 1999 explorations completed by Reclamation.  The lateral limits of the
sediment prism were approximated by projecting the side slopes of the reservoir down
until the bottom elevation of the drill hole was intercepted, as illustrated on
sections A-A’ and L-L’ (see drawings 448-100-18 and -19, respectively).  The end area of
the sediment prism on each cross section was then computed using AutoCad version 14. 
Note that the computed end areas for the sediment prisms are shown on each cross
section.  Volume segments were then calculated by projecting each end area half the
lateral distance upstream and downstream to the next available cross section.

Additional cross sections were drawn where large distances separated individual drill
hole data.  The bottom of the reservoir sediments was then approximated by averaging
the base elevations of drill holes on adjacent sections upstream and downstream (see
section P-P’ on drawing 448-100-19 as an example).

In many cross sections, the projection of one or both of the reservoir side slopes
intercepted the drill holes above the bottom elevation of the hole, indicating that the
reservoir side slopes must steepen at some unknown point below the surface of the
sediments.  The sediment prism was adjusted by arbitrarily selecting a distance midway
between the drill hole stick log on the cross section and the assumed contact of the
reservoir side slope with the top of the reservoir prism.  The base elevation of the drill
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hole was then extended laterally to this arbitrary point and the side slope was connected
to the arbitrary point to define the side of the sediment prism, as shown on cross section
B-B’.  Several cross sections required adjusting both sides of the sediment prism to reach
the base elevation of the drill hole.  This system effectively averages the difference in
observed elevations of the sediment prism and is repeatable from section to section but
may introduce some error into the end area computations.  A review of the affected cross
sections indicates that this adjustment is conservative and probably overestimates the
calculated end areas in most instances.  Further definition of the sediment prism
geometry can be accomplished only with additional exploration at the site and is
probably not warranted based on (1) the  limited improvement to the volume estimate
that could be attained through this work and (2) the anticipated costs that would be
incurred for the investigation.

Cross section A-A’ is the first section drawn upstream from the dam and requires
additional explanation.  The base of the sediment prism is shown deeper than the depth
of refusal recorded for drill hole NB-2 (McLaren/Hart, 1998).  The base elevation was
adjusted to the bottom of the dam reported by Russell (1950) to account for that portion
of the reservoir sediment between the cross section and the dam which is deeper than
hole NB-2.  This adjustment overestimates the volume of sediment present upstream
from the cross section, but accounts for sediment downstream of the cross section that
would otherwise have been left out of the estimate.  Savage Rapids Dam includes a series
of seven inclined concrete arches beneath spillway bays 1 through 7, which extend
upstream from the dam and slope downward to intercept the old river bed about 50 feet
upstream from the structure.  The volume computation for cross section A-A’ does not
take these arches into account, and the volume of the arches has been included with that
calculated for the reservoir sediments.  The volume of the concrete arches is relatively
small compared to that computed for the reservoir, and its inclusion does not
significantly impact the volume estimate.

The volume estimate also includes computation of the materials composing the south
bar, based on the drill hole data obtained by McLaren/Hart (1998).  This volume was
estimated using the methodology described above.  The south extent of the deposit is
poorly constrained because the south bar extends into the shoreline, and portions of the
deposit lie beyond the reservoir margin and outside the bounds of the bathymetric
survey.  The southern extent of the deposit was approximated from aerial photographs
and field notes taken during reconnaissance of the reservoir.  The surface of the deposit
was extended to the left on cross sections H-H’ and I-I’ to account for the presence of
materials beyond the present reservoir limits, as indicated by dashed ground lines on the
cross sections.  The volume estimate for the south bar probably contains the highest
potential error of any of the computations for Savage Rapids because of the uncertainty
of the southern limits of the deposit.

Volume Estimate.—The end areas, projected lateral distances, and computed volume
segments described in the preceding section were compiled in an Excel spreadsheet to
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obtain an estimate of the total sediment volume present in the reservoir upstream from
Savage Rapids Dam.  These data are summarized in table 4.  The total volume of
reservoir sediment present behind Savage Rapids Dam is estimated at approximately
200,000 yd3, including the south bar.

This estimate differs from the previous Reclamation volume estimate (Blanton, June 12, 
1992) in a key area.  The previous study assumed sediment accumulation for the entire
length of the temporary reservoir pool for computation of the volume of sediment stored
behind Savage Rapids Dam and did not account for the seasonal operation of the
reservoir.  Bathymetric data collected in 1999 shows that the reservoir bottom in the
temporary pool consists of a series of riffles and pools.  This reservoir bottom
morphology is not consistent with significant sediment accumulation which would result
in infilling of the pool reaches, as presented in the conceptual model of sediment
deposition.  Dive traverses conducted in the temporary pool in 1999 demonstrate that
the reservoir bottom consists chiefly of coarse-grained gravel and cobbles which are
representative of high-energy river channel conditions, not the slack-water environment
expected in a reservoir.  These coarse-grained deposits are analogous to alluvial deposits
present in the river upstream from the reservoir and to those that were probably present
in the Rogue River prior to construction of Savage Rapids Dam.

These observations do not support significant reservoir sediment accumulation in the
temporary reservoir pool from RM 107.95 to the upstream end of the reservoir near
RM 110.6.  Limited sediment deposition occurring while the reservoir is elevated to the 
temporary pool level is most likely eroded out and moved downstream once that section
of the reservoir is returned to free-flowing river conditions at the end of the irrigation
season and the temporary pool area is exposed to winter floods and the spring runoff.

Additional discrepancy in the sediment volume resulted from the method that Blanton
(June 12, 1992) was forced to use.  The method normally used to compute sediment
volume relies on having the pre-dam topography, which is not available for Savage
Rapids. Lacking any pre-dam topography of the reservoir area, drill hole data, dive
examinations, or geomorphic investigations, Blanton averaged the slope or gradient of
the Rogue River through the reservoir to define the pre-dam elevation of the riverbed. 
He used 1923 USGS contour data to establish the upstream end point above the reservoir
and site topography for Savage Rapids Dam to define the riverbed elevation at the
downstream end.  Comparing this estimated slope with the 17 measured cross sections
he obtained in 1992, Blanton assumed that any 1992 data with elevations higher than
his estimated pre-dam riverbed slope represented sediment accumulation within the
reservoir.  Field data collected in 1999 for the present study, including the bathymetric
surveys and dive observations, demonstrate that the Rogue River channel consists of a
series of relatively steep riffles alternating with generally flat pool sections rather than
the gently sloping gradient estimated by Blanton.  The effect of the sloping gradient is to
overestimate the sediment volume because relatively extensive high spots in the river
channel formed by cobble and boulder armoring or bedrock outcrops that 
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Table 4.—Estimated volume of reservoir sediments at Savage Rapids Dam
Reservoir floor and north bar South bar

Geologic
  section

End area
(ft2 )1

Length u/s2

(feet)
Length d/s3

(feet)
Volume

(ft3 )4
End area

(ft2 ) 
Length u/s

(feet)
Length d/s

(feet)
Volume

(ft3 ) 
A-A' 3,042 25.9 79.9 321,844 0 0 0 0
B-B' 2,611 30.5 25.9 2,611 0 0 0 0
C-C' 2,123 62.7 30.5 197,864 0 0 0 0
D-D' 1,919 69.4 62.7 253,500 0 0 0 0
E-E' 2,319 71.4 69.4 326,515 0 0 0 0
F-F' 2,003 75.3 71.4 293,840 0 0 0 0

G-G' 2,311 75.5 75.3 348,499 0 0 0 0
H-H' 2,625 52.3 75.5 335,475 137 72.4 92.3 22,564
I-I' 2,087 59.6 52.3 233,535 715 72.3 72.4 103,460
J-J' 2,109 55.4 59.6 242,535 447 74.1 72.3 65,441
K-K' 1,011 46.6 55.4 103,122 418 58 74.1 55,218
L-L' 1,000 78.2 46.6 124,800 696 94.6 58 106,210

M-M' 1,993 71.6 78.2 298,551 635 83.4 94.6 113,030
N-N' 1,365 83.5 71.6 211,712 0 0 0 0
O-O' 1,995 108.8 83.5 383,639 0 0 0 0
P-P' 2,199 109.5 108.8 480,042 0 0 0 0

Q-Q' 1,930 102.6 109.5 409,353 0 0 0 0
R-R' 547 104.8 102.6 113,448 0 0 0 0
S-S' 262 97.4 104.8 52,976 0 0 0 0
T-T' 149 97.4 97.4 29,025 0 0 0 0

Subtotal (ft3 ) 4,762,885 465,923
Total volume (ft3 ) 5,228,808
Total volume (yd3) 193,660

     1 Square feet.
     2 Upstream from geologic section.
     3 Downstream from geologic section.
     4 Cubic feet.
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are resistant to erosion are included in the sediment computations.  Blanton (June 12,
1992) estimated a volume of 320 acre-feet (516,267 yd3) for the sediments stored behind
Savage Rapids Dam, which is more than double the quantity estimated in the present
study.

McLaren/Hart (1998) measured the thickness of the reservoir sediment at the north and
south bars and prepared a volume estimate based on that data.  Their calculated volume
for that portion of the reservoir was 138,000 yd3 of sediment.  A comparison with the
earlier study by Blanton (June 12, 1992) showed that McLaren/Hart’s volume calcula-
tion was about 2.5 times that of Blanton’s estimate for the same portion of the reservoir. 
Based on this difference in volumes, McLaren/Hart estimated that the total sediment
volume for the entire reservoir, including the temporary pool area, could vary from
600,000 to 1,000,000 yd3.  The volume estimate prepared for the present Reclamation
study agrees well with that of McLaren/Hart for the portion of the reservoir encom-
passing the north and south bars (i.e., cross sections A-A’ through M-M’, inclusive, in
table 4).  The total volume calculated in the present study is slightly less than
137,000 yd3 for the same reach of the reservoir that was examined by McLaren/Hart.  The
primary difference between the McLaren/Hart study and the present study is that the
McLaren/Hart estimates used Blanton’s (June 12, 1992) assumption that sediment
deposition occurred within the entire length of the reservoir, including the temporary
pool area.  Data collected for the present study do not support significant sediment
accumulation in the temporary pool upstream from Savage Rapids Park, as discussed
above.  These data indicate that sediment deposition is only significant in the permanent
pool which extends from Savage Rapids Dam upstream to the park, and this difference
results in a considerably smaller sediment volume than in either of the previous two
studies.

Volume per Soil Type.—Using the total estimated volume of sediment present in the
reservoir at Savage Rapids calculated in table 4, an additional analysis was performed to
evaluate that volume distributed among the various soil types identified within the
reservoir sediment.  This analysis used the distribution of reservoir sediment soil types
shown in table 1 and estimated the volume of each type.  The soil types present in the 
south bar have been approximated based on field descriptions of the materials reported
on the respective geologic logs for drill holes SB-1 through -5 in McLaren/Hart (1998)
and the laboratory test data available for the minus No. 230 fraction of the samples. 
These materials are listed as silty sand (SM) and sandy silt s(ML) in table 5.

Table 5.—Distribution of reservoir sediment volume per soil type

SP (SP)g (SW)g (GP)s (GW)s SM & s(ML) 1

Volume (yd3) 36,352 94,516 21,811 21,811 7,271 17,256

     1 Estimated composition of south bar materials based on field descriptions in McLaren/Hart (1998).
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Conclusions and Recommendations

The reservoir sedimentation investigation conducted by Reclamation in 1999 included
bathymetric mapping to determine the geometry of the reservoir bottom, recon-naissance
geologic mapping of the reservoir rim during low reservoir pool elevation, drilling of 12
exploration holes to measure the thickness of reservoir sediments and determine their
composition, and underwater mapping to document reservoir bottom conditions,
particularly in the upper reach of the reservoir.  This investigation demonstrates that the
reservoir sediments are predominantly a variable mixture of coarse-grained sand and
gravel with cobbles.  Fines consisting of very fine sand, silt, and clay are present in very
low concentrations in the dominantly coarse-grained deposit.  These data agree well with
previous investigations conducted at the dam by McLaren/Hart in 1998.  Finer-grained
deposits of silty sand and sandy silt are present at the south bar on the left reservoir rim
upstream from the dam and as a thin veneer at the intake of the pumping plant located
on the right abutment of the dam.  These materials compose less than 10 percent of the
total volume of sediment present behind Savage Rapids Dam.

The total volume of sediment stored behind Savage Rapids Dam is estimated at
approximately 200,000 yd3, based both on data collected in this investigation and on
previous investigations at the site.  Data and field observations obtained for this study
do not support significant sediment accumulation in the temporary reservoir pool
formed between RM 107.95 and RM 110.6 when the stoplogs are installed across the
crest of the dam.  While discontinuous bars of sand and silt were observed on the
reservoir bottom in this reach, these deposits probably do not survive exposure to winter
floods and spring runoff when the stoplogs are removed and the reservoir is returned to
free-flowing river conditions at the end of the irrigation season.  Under-water
examination of the bottom conditions of the temporary pool area show the reservoir
floor is chiefly coarse-grained gravel and cobbles which are too large to be transported
in the low-energy, slack-water conditions prevalent in the reservoir.  These deposits are
more analogous to the river channel deposits present in the Rogue River upstream and
downstream from the reservoir pool.

Because the current study indicates that upon removal of Savage Rapids Dam there
would be less sediment released than originally anticipated, all downstream effects
would be less than indicated in the Planning Report/Final Environmental Statement
(PR/FES), Fish Passage Improvements, Savage Rapids Dam, Josephine Water Management
Improvement Study, completed in 1995.

The bathymetric surveys show that the permanent reservoir pool, extending about 
3,000 feet upstream from the dam to RM 107.95, near Savage Rapids Park, has very little
capacity to store additional sediment.  The reservoir at Savage Rapids is essentially full
and has been full for several decades.  Sediment loads transported by the Rogue River 
downstream from the dam are essentially equal to the upstream supply.  The present
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upstream supply to the reservoir is less than the natural historic load because a
significant portion of the natural sediment load is being trapped upstream in Lost Creek
Reservoir.

Additional exploration of the pumping plant sites proposed as the preferred alternative
to replace Savage Rapids Dam should be considered.  Investigations of Savage Rapids
Dam (Russell, 1950) show that the north end of the dam foundation consists of variably
cemented gravel and cobbles which historically have been susceptible to scouring and
erosion.  Site explorations should be conducted to determine if these cemented gravels
are present in the foundations of the pumping plants and to evaluate the depth beneath
the gravels to competent bedrock.
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HYDRAULIC AND SEDIMENT TRANSPORT ANALYSIS

AND MODELING FOR

SAVAGE RAPIDS DAM SEDIMENT STUDY

Introduction

This report provides documentation for the analysis and modeling of the sediment
impacts on the Rogue River that would result from the potential removal of Savage
Rapids Dam, located 5 miles upstream from Grants Pass, Oregon (figure 1).  A conceptual
model of the Rogue River was developed during and after data collection. Formulating a
conceptual model helps in understanding the natural processes of the Rogue River and
how these natural processes will be affected by the removal of Savage Rapids Dam. 
Next, field data were collected in Savage Rapids Reservoir and in the
12.5-mile river reach downstream from Savage Rapids Dam to the confluence with the
Applegate River.  For the analysis, hydraulic and sedimentation models were used to
estimate the expected rate at which reservoir sediments would be eroded and trans-
ported downstream following a dam removal and the location and magnitude of
deposition that might result downstream from the damsite.  In addition, the hydraulic
properties at the dam site and the potential sediment impacts to downstream water
intake infrastructures following dam removal were evaluated.

Data Collection
Hydraulics and Sedimentation Study Reach

The Rogue River is a relatively steep, gravel- and cobble-bed river consisting of a series
of pools, riffles, and rapids.  For the hydraulics and sedimentation study, the modeled
reach extends from the upstream boundary of the full Savage Rapids Reservoir pool
(river mile [RM] 110.6) to the confluence with the Applegate River (RM 95)12.5 miles
downstream from Savage Rapids Dam (RM 107.6).  (See figure 2.)  In the 12.5-mile reach
downstream from the dam, the drop in channel bed is nearly 100 feet.  Eight of the river
pools that exist between Savage Rapids Dam and the confluence with the Applegate
River are 10-20 feet deep, but most are shallow pools followed by steep riffles or rapids.

Observations in the field noted that there is a large, unmeasured influx of sediment at the
confluence with the Applegate River.  The Applegate River was chosen as the
downstream boundary because it would be nearly impossible to distinguish the
transport of sediment eroded from an upstream dam removal versus the influx of
sediment from the Applegate River.  Also, the sediment transport capacity of the Rogue
River increases downstream from the confluence through Hellgate Canyon.
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Figure 1.—Savage Rapids Dam is located on the Rogue River in Oregon, 5 miles upstream from the town of Grants Pass.
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Figure 2.—The Rogue River is a steep, gravel- and cobble-bed river consisting of a series of pools, riffles, and rapids.  This profile
represents the reach of river from the upstream end of the full Savage Rapids Reservoir pool (RM 110.6) to the confluence with the
Applegate River, 12.5 miles downstream from Savage Rapids Dam.  The full reservoir pool (shown in red) exists during the irrigation
season when stoplogs are used to raise the water surface elevation of the reservoir 11 feet.  This extends the backwater pool from
½ mile (near the public boat ramp) to nearly 3 miles at the confluence with Evans Creek.



Savage Rapids Dam Sediment Evaluation Study

B-4

Sediment Transport Capacity

Sediments that are transported past the confluence with the Applegate River would be 
transported all the way to the Pacific Ocean, another 95 miles downstream (see figure 1). 
The slope of the Rogue River is generally steep, but the river slope is less steep in the
reach between Grants Pass, Oregon, and the head of Hellgate Canyon (figure 3).  The
river slope remains steep through Hellgate Canyon, where it averages 0.0024.  Just
downstream from the mouth of Hellgate Canyon, the slope of the Rogue River flattens
out to an average of 0.0008, which would typically reduce sediment transport capacity. 
However, tributary flows from the Illinois River maintain the river’s capacity to transport
sediment at a relatively high level.  The high transport capacity of the Rogue can be
illustrated by looking at the total stream power of the river (water discharge multiplied
by channel slope) (figure 4).  Because the stream power is higher everywhere
downstream from the Applegate River confluence (RM 95 to 0) than between Savage
Rapids Dam and the Applegate River (RM 107.6 to 95), any sediments that get
transported past the Applegate River will eventually get transported to the Pacific Ocean.

Savage Rapids Reservoir Cross Sections

The Bureau of Reclamation (Reclamation) completed a bathymetric survey of Savage
Rapids Reservoir in July 1999 (see map in attachment A).  The survey extends from the
dam (RM 107.6) upstream to the confluence with Evans Creek (RM 110.6).  The survey
was performed from a cataraft equipped with global positioning system (GPS) and depth-
sounding equipment (figure 5).  The channel depths measured in the reservoir were
converted to channel bottom elevations by subtracting the depths from the
corresponding measured water surface elevations.  A 2-foot contour map was then
produced for the reservoir bottom using the survey data (see attachment B).

Using the bathymetric data, cross sections were interpreted in the 3,000-foot-long
permanent reservoir pool.  These cross sections (labeled A through T) were used in the
hydraulic and sedimentation model as input data (see attachment A).  Additional cross
sections were developed in the temporary pool to extend the model another
2.5 miles upstream to the confluence with Evans Creek.  Immediately upstream from
the dam, several areas of bedrock exist along the left side (looking downstream), and
data could not be collected because of safety and access concerns.  For this area, a
contour map developed for proposed rehabilitation of the dam was used to interpret
channel bottom elevations (Reclamation, 1997).

Rogue River Cross Sections Downstream from Savage Rapids Dam
to the Applegate River

Survey data of the Rogue River channel bottom were needed downstream from Savage
Rapids Dam to document the existing river channel conditions.  At the start of the study,
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Figure 3.—A longitudinal profile shows the increase in slope downstream from the Applegate River confluence as the Rogue River passes
through Hellgate Canyon.  In the 30-mile river reach from the mouth of the canyon to the Pacific Ocean, the slope of the Rogue River flattens
out.
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Figure 4.—Total stream power is an indicator of the sediment transport capacity on the Rogue River.  Total stream power is computed by
multiplying discharge by channel slope.

study, a set of data from
 a 1991 Flood 
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Figure 5.—A cataraft equipped with GPS survey equipment and a
depth sounder was used to survey Savage Rapids Reservoir and
the river bottom downstream from the dam to the Applegate River
(12 miles).

a set of data from a 1991 Flood Insurance Study was known to exist that provided 
cross sections perpendicular to the flow from the dam site downstream to the con-
fluence with the Applegate River. To supplement this data, hydrographic data defining 
the water surface and channel bottom were collected in July 1999 from Pierce Riffle
(1 mile downstream from the dam at RM 106.5) to the confluence with the Applegate
River (RM 95). 

For the first mile downstream from Savage Rapids Dam, the water is shallow and
turbulent and has limited boat access.  For this reason, survey data were not collected
in this reach.  However, water surface elevations just downstream from the dam and at
the top and bottom of Pierce Riffle were collected to approximate the channel slope in
this reach and the drop through Pierce Riffle.  Pierce Riffle, surveyed on June 7, 2000, 
has a measured drop in water surface elevation of 5 feet (discharge of 3,560 cubic feet
per second [ft3/s]).
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To perform the survey, a boat ramp just downstream from Pierce Riffle was used to
launch a cataraft equipped with a depth sounder and GPS survey equipment.  The depth
sounder records the channel depth at the same time the GPS equipment records the
water surface elevation and horizontal position of each measurement.  Because of the
high banks and vegetative cover on either side of the channel, it would be difficult to run
cross section lines from the boat and maintain a GPS signal (to satellites in the sky)
along the shorelines of the river.  Even by staying in the center of the channel, a GPS
signal lock could not be maintained near the bridges at Grant’s Pass.  Instead of using
GPS, traditional total station surveying could be combined with the sonar measurements
on the survey boat, but it would be very time consuming to clear vegetation and difficult
to obtain property access permission.  Instead, a longitudinal profile along the deepest
part of the channel (thalweg) was run with the cataraft to record the water surface and
channel bottom slope.  These data were to be combined with the U.S. Army Corps of
Engineers (Corps) and Federal Emergency Management Agency (FEMA) cross section
data.

Unfortunately, after careful evaluation of the available river cross section data, it
was determined that the data could not be used because it was outdated, poorly
documented, and contained little detail in the study reach.  The cross sections were
surveyed in 1979 for a Flood Insurance Study by the FEMA.  The cross sections were
provided in HEC-2 format, a hydraulic computer program developed by the Corps.  In
addition, longitudinal plots of both channel bottom and water surface profiles were
provided as part of the FEMA report.

Both sets of FEMA channel bottom elevation data were plotted against the Reclamation
channel bottom and water surface elevations measured in 1999 to determine if the FEMA
data were feasible to use (figure 6).  While the average slope of the river channel was
similar, in many places the old channel bottom measurements plotted above the existing
water surface, and riffles were located on top of pools.  Although one possible
explanation is that the channel bottom may have changed, it is more likely that there is a
problem in matching up the locations of the data sets or that there are inaccuracies
within the previous data.  The previous data had little explanation on where cross
sections were located, other than at a few places, such as bridges and the dam.  In
addition, there were only two cross sections per river mile in the study reach, and only
half of the sections had detailed bathymetric data in the river channel.  However, the
cross sections did provide out-of-water topography (based on a contour map developed
from September 30, 1978, aerial photographs), which was not done in the July 1999
survey.

Based on the limited data available, cross section input data for the models were
developed by calibration with the water surface elevations measured in 1999.  The
data collected in 1999 document the channel thalweg and water surface elevation
corresponding to a discharge of 3,870 ft3/s.  In the pool just upstream from the Applegate
River, the depth sounder broke, but water surface elevations and visual observations
were recorded.  The FEMA cross sections document the out-of-water 
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Figure 6.—Survey data collected by Reclamation downstream from Savage Rapids Dam in 1999 was compared to two sets of channel bottom
data from a 1979 FEMA flood profile study.  In many places, the FEMA channel bottom plots above the existing water surface, and the two sets
of FEMA data are not consistent.  The FEMA data were not able to be used for this sedimentation study because of the inaccuracies in the data
sets, the limited documentation on the development of the data, and because only one cross section per river mile contained detailed
underwater data in the river channel.
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topography downstream from the dam.  In this reach of river, the out-of-water
topography consists of steep banks and cliffs that would not have changed since 1978,
the year the photographs were taken that were used to develop this portion of the data. 
In addition, the width of the river channel was digitized from the U.S. Geological Survey
(USGS) quadrangle maps to interpret wetted channel width at locations where depth
measurements were taken in 1999.  Because the banks on the Rogue River are steep,
water depth increases much more rapidly than the wetted width during floods. 
Therefore, the wetted width interpretations from the quadrangle maps are accurate for
modeling purposes.  Finally, cross section shapes were evaluated based on the model
calibration and cross section measurements documented at the USGS gauge site down-
stream from the dam (RM 102).  It was noted that the pool cross section at the USGS
gauging station had a triangular shape (figure 7).

Two types of cross sections were needed to represent the river channel downstream
from the dam.  Based on the longitudinal profile survey of 1999, the river channel
consists of alternating pools and riffles (figure 3).  The largest factors influencing the
hydraulics of a pool section are the wetted width and water depth.  Based on data
collected for channel depth, wetted width at the water’s surface, channel shape, and
general out-of-water topography, cross sections were developed at each of the locations
where a measurement was taken in 1999.  Once the sections were developed, they were
calibrated to adjust the only portion of the section not measured, the bottom width.  A
roughness coefficient of 0.035 was used in the river channel and was not changed
during the calibration.  Using the Corps' Hydrologic Engineering Center’s River Analysis
System (HEC-RAS) model version 2.2 (Brunner, 1997), the bottom width at each section
was adjusted until the computed water surface elevation matched the measured water
surface elevation for a discharge of 3,870 ft3/s (discharge recorded during the 1999
survey).  A table of computed river hydraulics for the calibrated cross sections and
Savage Rapids Reservoir cross sections for the discharge during the survey is presented
in attachment C.

To model the hydraulics through riffles and rapids, trapezoidal cross sections were
developed.  One cross section was always located at the top of the rapid (upstream end),
representing the hydraulic control for the upstream pool, and the other at the bottom of
the rapid (downstream end), representing the start of the next pool downstream.  The
drop in water surface elevation through the riffles and rapids was measured during the
1999 survey.

The methodology used to develop the cross sections downstream from the dam for
model input did require some approximation of channel geometry.  However, the
channel thalweg, water depth, and wetted width were measured, so the only estimation
remaining was the bottom width of each section.  Because the bottom width was
calibrated using a known water surface elevation, the hydraulic parameters computed
through each section are accurate for the detail required in this study.  Although a more
detailed survey of the river channel downstream from the dam would be useful, the
logistics of this type of survey would be difficult.  Because the Rogue River is con-
strained by high cliffs and tree cover, survey capability with GPS equipment from bank 
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Figure 7.—Measured cross section profiles of the USGS gauging station were compared for a flood that occurred during the winter of
1996-97.
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to bank would be limited.  Traditional total station surveying techniques could be used
but would be time consuming and, therefore, more expensive.  However, it would be
both beneficial and efficient to choose river pools between the dam and the Applegate
River to survey in more detail.  This survey data could be used to verify the calibrated
cross sections and document the river channel geometry prior to releasing the reservoir
sediments and for monitoring purposes.

Hydraulic and Sedimentation Model Analyses

Hydraulic Model

A Corps' river hydraulics model, HEC-RAS Version 2.2 (Brunner, 1998), was applied to
the study reach.  HEC-RAS is a one-dimensional, steady flow backwater model that
computes hydraulic parameters for any given cross section at any discharge.  The data
needed to create the model were channel geometry in the reservoir, channel geometry
down-stream from the dam to the confluence with the Applegate River, channel
roughness (parameters that increase flow resistance), and water discharge.  The model
was calibrated to measured water surface elevation data to ensure its capability to
accurately predict hydraulic parameters at any discharge of interest (figure 8).  Model
results were used to compare water surface elevation, average velocity, and water depth
for existing river and reservoir conditions to conditions after the dam is removed.

For this analysis, a combination of subcritical flow in the pool cross sections and critical
flow through the riffles and rapids were modeled.  A downstream boundary condition
(necessary for subcritical flow regime computations) of critical depth was used at the
cross section farthest downstream.  For pool cross sections, a roughness coefficient of
0.035 was used.  During low flow periods, every pool water surface elevation is
relatively flat and is a function of the water surface elevation at the top of the rapid
immediately downstream from each pool, also referred to as hydraulic control.  The
water depth at these hydraulic control sections is at the minimum specific energy
(critical depth) and can be computed directly because it is a function of only the channel
geometry and discharge (not channel roughness).  Therefore, the hydraulics in one pool
are independent of another.  During high flow periods, the slope of the water surface 
through many of the shallow pools (typically less than 10 feet deep) becomes steeper
because at high flows, many of the smaller riffles get drowned out and no longer function
as hydraulic controls (figure 9).

Dam Removal Sedimentation Model

A sediment transport model, HEC-6t (Thomas, 1996), was applied to the study reach to
simulate the removal of Savage Rapids Dam.  The 15-mile reach of river modeled was
from the upstream end of the reservoir to the confluence with the Applegate River.   The 
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Figure 8. - The hydraulic model was calibrated to the measured water surface elevation data to ensure its capability to accurately predict hydraulic
parameters at any discharge of interest. Calibration results show that the computed water surface elevation match very closely to the measured
data.

820

840

860

880

900

920

940

960

980

94 96 98 100 102 104 106 108 110 112
River Miles

E
le

v
a

ti
o

n
(f

e
e

t)

Measured Water Surface

Computed Water Surface

Measured Depths

Modeled Channel Bottom

Savage Rapids

Dam

Savage Rapids

Reservoir

Grants Pass

Applegate River



S
a
va

g
e
 R

a
p
id

s D
a
m

 S
e
d
im

e
n
t E

va
lu

a
tio

n
 S

tu
d
y

B
-3

8

Figure 25
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Figure 9. - During low-flow periods, pool water surface elevations are relatively flat and are controlled by the top of each riffle or rapid immediately
downstream. During high-flow periods, the slope of the water surface through many of the pools becomes steeper, and smaller riffles get drowned
out and no longer function as hydraulic controls.
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additional data needed for the sediment model were the size and thickness of sediment
present on the reservoir and river bottom, the natural upstream sediment supply of the
Rogue River at the dam, and a hydrograph depicting riverflows over a period of time. 
Model input files are stored at Reclamation’s Denver Office.

Model results were used to analyze the rate of erosion, the volume of sediments eroded
from the reservoir, and the rate of transport of these sediments downstream.  At this
time, a specific dam removal study that details the timing and sequence of dam removal
has not been initiated.  Alternatives for removing the dam range from removing it very
quickly, over a period of months, to removing it gradually, over a period of years.   For
this study, it was assumed the dam had just been removed, and all the reservoir
sediments could immediately begin eroding downstream.   

The use of steady-flow models is considered appropriate for this study because the dam
would be removed in a controlled way that would not generate a flood wave.  Also, the
shape (duration and peak) of natural flood waves that would typically occur on the
Rogue River probably would not change much as they flowed through the 12-mile study
reach.  For the hydraulic model, the assumption of steady flow is entirely adequate for
the calibration of the cross-section geometries.  For the sediment transport model, a
series of short-duration, steady flows were used to simulate naturally occurring flood
waves.

Filling of Savage Rapids Reservoir

The purpose of diversion dams is to divert water, so these dams are typically small
compared to dams used for flood control or water storage.  Therefore, the pool behind
a diversion dam tends to fill with sediment in the first few years of operation.  After
filling, virtually all sediment transported by the river into the reservoir passes the dam. 
Therefore, Savage Rapids Dam, built in 1921, would be expected to have filled with
sediment long ago.

On the Rogue River, nearly all the sediment is naturally transported during periods of
high flow.  High flow typically occurs during winter floods and the spring snowmelt
runoff.  Because the reservoir pool is lowered and extends only a ½ mile upstream
during these high-flow periods, river conditions exist upstream from the public ramp
(figure 10).  These river conditions cause high velocities, and high velocities mean the
dam does not cause sediment deposition in the upper 2 miles of the reservoir (from the
public boat ramp to Evans Creek).  Observations made by divers, who traversed the
channel bottom, and visual observations made above water while the reservoir pool was
lowered for stoplog installation, confirmed that no sediment is being stored in the upper
2 miles of the reservoir.

Also, before the dam was built, a riffle existed at the dam site and a river pool, which is
now buried with sediment, existed just upstream at RM 107.91 (figure 11).  If the dam 
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Figure 10. - After the stoplogs are removed following the irrigation season, riverine conditions exist upstream from the public boat ramp in Savage
Rapids Reservoir.
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Figure 11. - This photograph shows the pre-dam river channel at the current location of Savage Rapids Dam. Prior to the construction of the dam, a
riffle existed at the dam site, which created a pool immediately upstream.



Savage Rapids Dam Sediment Evaluation Study

B-18

caused sediment deposition in the upper 2 miles of the reservoir, any other pools that
existed would have quickly filled in with sediment and would also now be buried. 
However, the survey of the reservoir bottom found several pools that exist upstream
from the public boat ramp.  This further supports the concept that sediment does not
deposit upstream from the public boat ramp.  Therefore, the sediment deposition caused
by Savage Rapids Dam occurs in the ½-mile reach just upstream from the dam.

Coarse sediment (sand and gravel), which travels as bedload, has deposited in this
½-mile reach (figure 12).  Fine sediment (silt and clay) is easily suspended in the water
column and carried past the dam.  This permanent sediment deposition probably
occurred within the first few years after the dam was built.  Since that time, all the
sediment entering the reservoir, mostly during high flows, passes the dam.  Visual
observations during a reservoir drawdown confirm that even gravel-sized sediment is
being transported past the dam (figure 13).

Inflowing Sediment Load

In addition to predicting the transport and deposition of reservoir sediment following
a dam removal, the sediment model must also account for the transport of the natural
upstream sediment supply of the river.  Because most of the sediment supply carried by
the Rogue River consists of sand and gravel, most sediment is transported as bedload. 
Unfortunately, there are no bedload measurements downstream from Savage Rapids
Dam.  To estimate what the natural sediment load is, the HEC-6t model was used to
determine the sediment transport capacity.

While the typical process of scour and fill occurs along the channel bed during and
following high flow periods, the Rogue River (upstream from the Applegate River) does
not have excessive amounts of sediment stored along the channel margins.  This is not
a result of sediment being trapped behind Savage Rapids Dam, because the year-round
reservoir filled long ago and has been passing the river's sediment through for several
decades.  In addition, Lost Creek Reservoir (located 50 miles upstream from Savage
Rapids Dam) traps sediment from 30 percent of the Rogue River watershed that is
upstream from Grants Pass, Oregon.  A few other reservoirs, such as Emigrant Lake, may
also trap a small amount of sediment that would otherwise be delivered to the Rogue
River.  However, these drainage areas are small relative to that of the Rogue River, and
they were not within the scope of this study.  This implies that the transport capacity of
the river is larger than the amount of sediment currently supplied at Grants Pass. 
Therefore, it would be reasonable to assume that the present-day sediment load
is equal to 70 percent of the total sediment transport capacity.  The transport capacity
was computed for a variety of flows to develop a relationship between discharge and
present-day sediment load for input to the HEC-6t model (figure 14).

Based on the computed sediment-discharge rating curve for incoming sediment load, the
average annual sediment load of the Rogue River was computed and used as the input
boundary conditions for the sediment model.  Mean daily flows since 1977 (when Lost
Creek Dam was completed) were used to compute the present-day average annual
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Figure 12.—Coarse sediment (sand and gravel) are transported as bedload along the river channel bottom.  Fine sediment (silt and clay)
are transported in suspension.



S
a
va

g
e
 R

a
p
id

s D
a
m

 S
e
d
im

e
n
t E

va
lu

a
tio

n
 S

tu
d
y

B
-3

8

Figure 25

S
a
va

g
e

R
a
p
id

s
D

a
m

S
e
d
im

e
n
t
E
va

lu
a
tio

n
S
tu

d
y

B
-
2
0

Figure 13. - Upstream face of Savage Rapids Dam - During a reservoir drawdown in May 1999, gravel-sized sediment was observed on the crest of
the dam, indicating that sediment is transported past the dam during spillway releases.



H
yd

ra
u
lic a

n
d
 S

e
d
im

e
n
t T

ra
n
sp

o
rt A

n
a
lysis a

n
d
 M

o
d
e
lin

g

B
-3

9

Figure 26

B
-
2
1

H
yd

ra
u
lic

a
n
d

S
e
d
im

e
n
t
Tra

n
sp

o
rt

A
n
a
lysis

a
n
d

M
o
d
e
lin

g

Figure 14. - the sediment transport capacity was computed using the HEC-6t sediment model for a variety of flows to develop a relationship
between discharge and incoming sediment load of the Rogue River near Grants Pass, Oregon.
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sediment load, approximately 100,000 cubic yards (yds3).  The sediment load accounts
for 70 percent of the transport capacity.  While there is no true average year on a river,
the 200,000 yds3 of reservoir sediments trapped behind the dam is roughly equivalent to
two average years of sediment load carried by the Rogue River at Grants Pass.  This
volume quickly diminishes in scale as the river travels downstream past the confluences
with the Applegate and Illinois Rivers, both large contributors of sediment to the Rogue
River.

To ensure that the calculation of average annual sediment load was not overestimated or
underestimated as a result of using mean daily flows rather than hourly flows (higher
peak values), a comparison was made using hourly data from a winter 1996-97 storm
(figure 15).  Because two separate flow peaks occurred, the mean daily load actually
overestimated the load computed with hourly values by 3 percent.  In general, the mean-
daily load would approximate sediment load values very well for the Rogue River, based
on this comparison.  

Modeled Hydrograph of Riverflows Following Dam Removal

The riverflows following dam removal are an unknown, but the historic flows on the
Rogue River can be used as an indicator of what can be expected to happen in the future. 
Riverflows have been recorded since 1939 at a USGS gauging station near
Grants Pass, Oregon (figure 16).  Flood peaks on the Rogue River typically occur from
November to March, with most occurring in December and January.  The largest mean
daily flow recorded on the Rogue prior to construction of Lost Creek Reservoir was
124,000 ft3/s (instantaneous peak of 152,000 ft3/s) in December 1964.  Local records
and photographs document that large portions of Rogue River, Oregon, were inundated,
and numerous homes were destroyed.  Following the construction of Lost Creek Dam, the
frequency of flood peaks has declined significantly, as seen in the winter flood of 1996-
97 (figure 17).  The largest flood since Lost Creek Dam was constructed occurred during
January 1997, when the mean daily flow reached 69,000 ft3/s (instantaneous peak of
90,800 ft3/s).  

The Rogue River naturally transports sediments during high flows, when velocities and
water depths increase, thus increasing the capacity of the river to transport material.  
Larger particles, such as sand and gravel, which are common particle sizes in the Rogue
River, are transported along the channel bed and are therefore called "bed material." 
Smaller particles, such as silt and clay, are transported in suspension and are called
"suspended material."  The amount of sediment transported depends on both the size of
the sediment and the unit stream power (velocity times slope) of the river.  As flows
recede and transport capacity is reduced, sediment is temporarily deposited along the
channel bed in slow velocity zones, such as pools or eddies (areas of recirculating flow). 
This cycle is a natural process along the Rogue River.  During wet years consisting of
numerous high flows, more sediment is transported and reworked downstream than
during dry years when very few high flows occur.
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Figure 15. - A comparison between predicted sediment load using mean daily flows versus hourly flow data was done for the largest flood that has
occurred on the Rogue River at Savage Rapids Dam since Lost Creek Dam was constructed in 1977. The results showed that both sediment load
computation methods produced similar results. In this particular flood, there were 2 peaks, which causes the sediment load computations using the
mean daily flow values to be greater since the mean daily flows (shown in yellow) essentially lump the two flood peaks (shown in dark blue) into one
flood.
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Figure 16. - Riverflows have been recorded on the Rogue river at the USGS gauging station at Grants Pass, Oregon, since 1939. In February 1977,
storage in Lost Creek Reservoir (a flood control reservoir located 50 miles upstream from Savage Rapids Dam) began resulting in a reduction of
flood peaks at Grants Pass. Since Lost Creek Dam was built, the largest flood occurred during the winter of 1996-97. Several years during the late
1980s and early 1990s had very few peak flows during the winter flood season.
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Figure 17. - Following the construction of Lost Creek Dam, the frequency of flood peaks at Grants Pass have been significantly reduced. However,
during large peak flows, such as the one depicted in the winter 1996-97 hydrograph above, flows at Grants Pass are still large in magnitude even
with the regulation at Lost Creek Reservoir.
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Riverflows following dam removal will determine how fast the reservoir sediment
is transported downstream.  The more frequent the peak flows and the greater their
magnitude, the quicker sediments will be transported to the ocean.  Looking at the
historic data since Lost Creek Dam was constructed (see figure 16), a period of dry years
(where very few winter storms occurred) started in the late 1980s.  Before and after this
period, several wet years were recorded when numerous winter storms occurred.  Two
possible extremes were modeled:  (1) dam removal followed by several dry years, as 
occurred in the late 1980s, and (2) dam removal followed by the wettest year that was
recorded (winter of 1996-97), followed by subsequent wet years.  Both scenarios used
the period of record data (in chronological order) since 1977 because these are realistic
flow values that actually occurred on the Rogue River.  

The first scenario represents the extreme of starting the dam removal and reservoir
sediment erosion at the beginning of the dry years on the Rogue River, as seen in the
historical data.  The hydrograph starts at the first year of the dry cycle in 1987 and ends
with the wet year cycle (figure 18).  When the end of the period of record was reached in
year 2000, the hydrograph data were wrapped to include the 1977 to 1987 data.  The
second scenario represents the other extreme of starting the dam removal in a year with
the highest recorded mean-daily flow, 69,000 ft3/s (winter 1996), followed by several
wet years (1997-2000) and ending with the drought that started in the late 1980s
(figure 19).  Both hydrologic extremes modeled a possible dam removal in May (the
summer low flows and the irrigation season start in May) and in November (after the
irrigation season but at the start of the winter flood season).

Model Priming

The manual for HEC-6 states that if the calculated sediment model results do not follow
the observed trends, the user must "prime" the model (Corps, 1993).  There are eight
downstream river pools between Savage Rapids Dam and the Applegate River that are
prone to significant sediment deposition because of their relatively low sediment
transport capacity.  The initial sediment model results showed that these eight river
pools would fill to capacity as a result of the release of reservoir sediments following a
dam removal (attachment D).  However, measured data indicate that the annual sediment
load currently getting past the dam during high flows has not caused these pools to fill
up.  If this model result were true, these pools would have filled long ago from the
natural sediment load of the river.  Priming the model allows the user to stabilize the
model for natural conditions (estimated incoming sediment load), and then model only
the net change from a significant event, such as the removal of a dam.

Although the initial results could not be used to model the dam removal until model
priming is done, the results can be used to approximate the maximum sediment storage
capacity of these eight pools (table 1).  This capacity of 280,300 yds³ accounts for 61
per-cent of the total storage capacity downstream from the dam and is nearly 1.5 times
the reservoir sediment volume.  The remaining 39 percent of sediment storage capacity is
in the 10 shallow pools and several eddies that exist throughout the reach.
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Figure 18. - Hydrograph A represents one possible scenario of riveflows following dam removal. This hydrograph begins with a dam removal
followed by a dry period where very few peak flows occur during the winter flood season. This hydrograph was created using actual USGS data at
the gauging station at Grants Pass since 1977 when Lost Creek was established.
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Figure 19. - Hydrograph B represents one possible scenario of riverflows following dam removal. This hydrograph begins with a dam removal
followed by a wet period where several peak flows occur during the winter flood season. This hydrograph was created using actual USGS data at
the gauging station at Grants Pass since 1977 when Lost Creek was established.
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Table 1. — Maximum sediment storage capacity of deep river pools downstream from Savage Rapids
Dam

River mile
location

(middle of
pool)

Maximum sediment
storage capacity 

(yds³)

Cumulative
sediment storage

capacity 
(yds³) 

Cumulative % of
total storage
downstream

(Dam to Applegate
River)

Savage Rapids Dam 107.60 — —

Pool 1 106.04 69,600 69,600 15

Pool 2 105.58 32,600 102,200 22

Pool 3 105.37 35,600 137,800 30

Pool 4 105.00 300 138,100 30

Pool 5 103.06 14,900 153,000 33

Pool 6 102.06 28,000 181,000 39

Pool 7 98.78 25,300 206,300 45

Pool 8 96.79 74,000 280,300 61

Applegate River 95.00 — —

To prime the model, a flow hydrograph was created that consisted of approximately
1-½ years of a constant flow of 8,000 ft3/s, followed by the period of flow record in
chronological order from 1977 to the present (24-½ years).  A constant flow of 8,000
ft3/s was chosen to start the priming run because it allows the model to initially stabilize
at a flow that is large relative to typical low flows but smaller than typical peak flows on
the Rogue River.  After modeling a series of several floods, deposition from the natural 
Rogue River sediment load occurred mainly in the eight river pools with depths greater
than 10 feet (attachment E).  The final geometry from the model priming run was used as
the input geometry for modeling the various dam removal scenarios.

Study Results and Discussion

Erosion of Reservoir Sediments

Savage Rapids Reservoir is only 2 to 3 times wider than the surrounding river channel. 
This means most of the reservoir sediment trapped behind the dam would be eroded
by the river rather than stranded as the water surface elevation of the river quickly
decreases following dam removal.  Small sediment deposits may permanently remain
along the margins of the reservoir.

An initial flushing of reservoir sediment would occur immediately following removal of
the dam.  This flushing occurs because, as the dam is removed, the river would begin
incising through the sediment deposits behind the dam.  This incision process and
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1  Sediment concentration refers to the mass of sediment transported by the river per unit volume of
water.  Sand-sized sediment is transported in suspension through riffles, rapids, and short pools where velocities
and turbulence are high.  Coarse-sized sediment (gravel and cobble) is transported as bed load.
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sediment flushing would continue until a stable slope is reached upstream from the dam
site.  This flushing would cause sediment concentrations1 downstream from the dam to
significantly increase for a short duration immediately following dam removal (figure
20).  After the initial flushing, successively higher flows would be required to again
increase the sediment load to the downstream river channel.  As the reservoir sediments
were transported past the Applegate, the concentration levels as a result of removing the
dam would gradually diminish over time.  Sediment concentrations will be much higher
than natural conditions during the first flood following dam removal.  These high
concentrations will tend to decrease toward natural levels with each subsequent flood. 
Between floods, sediment concentrations will be relatively low.

Model results show that if Savage Rapid Dam is removed, virtually all the sediment
would be eroded from the reservoir (figure 21).  Regardless of when the dam is removed
and what magnitudes of flows occur, about three-fourths of the reservoir sediment will
be eroded within the first year after dam removal.

Transport of Reservoir Sediments Downstream from Dam

The volume of reservoir sediment stored behind Savage Rapids Dam is about
200,000 yds³, and the sediment storage capacity of the reservoir is essentially full
(Appendix A).  Therefore, most of sediment that enters the reservoir from upstream is
transported through the reservoir, and net sediment volume in the reservoir never
significantly changes.  The river pools downstream from the dam temporarily store a
portion of the sediment during low flow periods, but this sediment tends to be flushed
(scouring the pools) by high river velocities during floods.  This natural process was
observed at the USGS gauge cross section near Grants Pass (see figure 7).  During a
winter storm in 1996–97, the channel bed at this section scoured out 6 feet and sub-
sequently filled back in during low-flow periods in the following year.  The channel bed
in this river pool was scoured 6 feet during the first peak flood in December, 41,200 ft³/s
(a second peak flood, in January, reached 69,000 ft³/s).  During the following year, this
pool slowly filled back in with sediment to its pre-flood conditions.

The sediment that is eroded and flushed from the reservoir (following a dam removal)
would be transported downstream.  This sediment would temporarily deposit in pools
and eddies (zones of recirculating flow).  As sediment deposits along the bottom of pools
and eddies (decreasing water depths), river velocities would increase until the velocities
become so high that sediment would be transported through the reach rather than
deposited.  Sediment deposition in pools and eddies would most likely occur during
low-flow periods.  Subsequently, the sediment would be scoured out and transported
downstream during high-flow periods.  Eventually, all the sediment would be eroded and
reach the ocean.
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Figure 20. - Conceptual depiction of the relationship of water discharge and sediment transport in the downstream river channel folloing removal
of a dam.
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Figure 21. - This plot shows the volume and rate of sediment eroded from the reservoir following each of the four dam removal scenarios.
Regardless of the hydrology in the first few months following dam removal, at least three-fourths of th reservoir sediment will be eroded in the first
year. The time period before the remaining reservoir sediment would be eroded depends on the frequency and magnitude of peak flows following
dam removal.
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The reservoir sediment would be transported downstream from the Applegate River
within a 1- to 10-year period, depending on the frequency and magnitude of high-flow
periods following dam removal (figure 22).  The 1-year timeframe represents the dam
removal followed by an extremely wet year with several high flows, and 10 years would
be a dam removal followed by several dry years with very few or no high flows.  Most
sediment transport would occur during floods.  If flood magnitudes following dam
removal are high and floods occur frequently, the reservoir sediment would reach the
ocean within a few years.  If the flood magnitudes are low or floods occur infrequently,
the reservoir sediment would reach the ocean over a much longer period of time.  Under
either scenario, sediment concentration and transport rates would be relatively low and
near natural levels between floods.

As the sediment wave moves downstream, maximum deposition levels will occur at
various times following dam removal, but not all at once.  To show exactly how the
sediment wave moves through the river system, a series of model results at selected time
periods following dam removal was generated.  The results for the dam removal in May
followed by several dry years (very few high flows) is presented as individual hard copy
plots (attachment F). 

Attachment F includes longitudinal plots of the first 5 miles downstream from the dam
showing channel bottom elevation, water surface elevation for reference, and the 
sediment deposition at each particular time period.  The results indicate that deposition 
levels will range from 1 to 8 feet in river pools.  Even during maximum deposition, pools
that exist today will continue to exist following dam removal.  Therefore, no flooding as
a result of the dam removal is predicted to occur because all of the deposi-tions will
occur in river pools, which will not cause any increases in water surface elevation.  Areas
downstream from the dam that are currently high-velocity areas, such as riffles or very
shallow pools, would be subject to only minor deposition.  Reservoir sediment would be
transported fairly quickly through these areas during high-flow periods.

As indicated by the Rogue River stream power figure (figure 4), once the sediment passes
the confluence with the Applegate River, it would be transported all the way to the
Pacific Ocean.  A study completed by the Corps documents that most of sediment found
at Gold Beach, near the mouth of the Rogue, is sand and gravel-sized sediment,
indicating that the sediment behind Savage Rapids Dam would be easily transported to
the ocean (Corps, 1997).  As the sediment travels through Hellgate Canyon, some
temporary deposition could occur, but because of the steep slope of the canyon and
narrow widths, sediment transport capacity would be very high, and sediment would
probably travel through quickly (see figure 3).  The amount of time for the sediments
to reach the ocean depends on the frequency and magnitude of high-flow events.  If
several high flows were to occur immediately following dam removal, reservoir
sediments would reach the ocean within a few years.  However, if a long period of low
flows occurs following dam removal, it could take decades for all the reservoir sediment
to reach the ocean.  As the sediment reaches the Pacific Ocean, the reservoir sediment 
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Figure 22. - This plot shows the volume of reservoir sediment deposited in river pools in the 12.5-mile reach of river downstream from the dam for
each of the four dam removal scenarios. Based on these results, the reservoir sediment will temporarily deposit in river pools but will be transported
downstream from the Applegate River within a 1- to 10-year period.
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load would diminish in size relative to the natural sediment load carried in by the Rogue
River and its two main tributaries (Applegate and Illinois).

Predicted River Channel in Savage Rapid Reservoir Following
Dam Removal

Prior to the dam, a riffle existed at the dam site, and there was a pool immediately
upstream (see figure 11).  These river features would be restored as the sediment that
currently buries them is eroded and transported downstream.  If the dam were to be
removed, the water surface elevation in the ½-mile reach upstream from the dam would
be lowered to near the pre-dam elevation (figure 23) and would look much different
from the way it looks today.  However, upstream from the public boat ramp, the new
water surface elevation would be essentially the same as it is today during the non-
irrigation season when the stoplogs are pulled out and the reservoir is lowered to the
permanent pool level.

The velocities through the dam site following a dam removal were also estimated (figure
24).  Three possible scenarios were evaluated to determine if removing the entire dam
versus only a portion of the dam would impact velocities.  Most of the river
channel south of bays 10 and 11 (where radial gates now exist) is bedrock that would
still exist after removing the dam.  The results show that if bays 1 through 11 were
removed, velocities would never exceed 10 feet per second at flows lower than
30,000 ft3/s.  Existing velocities in Pierce Riffle, approximately 1 mile downstream, do
not typically exceed 8 feet per second.

Sediment-Related Impacts to River Infrastructures as a Result of
Dam Removal

In addition to the environmental impacts resulting from periods of high sediment
concentration (weight or volume of sediment transported by a stream in a unit of time)
and from temporary deposition along the riverbed following dam removal, there are
concerns about the impacts to specific structures located along the Rogue River
downstream from the dam (attachment B).  Sediment-related impacts are addressed
in this study for the structures listed below:

• Two pumping plants would be constructed (one on each side of the river)
immediately downstream from the dam to enable the Grants Pass Irrigation
District to deliver water to its members through the irrigation canals during and
after dam removal (figure 25).

• The existing Grants Pass city water treatment plant and intake structures are
located about 5 miles downstream from the dam (figure 26).
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Figure 23. - This plot shows the channel bottom and water surface elevation for Savage Rapids Reservoir for both existing conditions and following
dam removal. The water surface elevation and channel bottom will change significantly in the ½-mile reach upstream from the dam that is currently
the permanent reservoir pool. However, upstream from the public boat ramp, the river would be essentially the same as it is today during the
nonirrigation season in the fall and winter.
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Figure 24. - This plot shows the predicted velocities at the dam site for a series of discharges for three possible dam removal options. The three
options estimated were a dam removal of only bays 1-7 (in order from river right), removal of bays 1-11 (including the existing radial gates in bays
10 and 11), and removal of the entire structure.
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Figure 25. - Looking downstream from Savage Rapids Dam at the proposed location of the two pumping plants which would supply water for the
Grants Pass Irrigation District. One plant would be constructed on each side of the river.
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Figure 26a (left) and 26b (right. - Looking at two views of the intake structure for the city of Grants Pass. The structure is located 5 miles down-
stream from Savage Rapids Dam on river right (looking downstream).
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Irrigation Pumping Plants.—If the dam were removed during the irrigation season and
the reservoir sediment were allowed to erode downstream, sediment concentrations
(weight or volume of sediment transported by a stream in a unit of time) in the river
channel (downstream from the dam) would be higher than normal.  Because the new
pumping plants would be located just downstream from the dam, there is concern that
sediment would deposit around the fish screens, at the pump intake, and in the intake
channels between the river and pumping plants.  If coarse sediment (sands and gravels)
entered the pumping plant, it could damage the pumps, through abrasion, and
potentially deposit along the irrigation canals.  Fine sediment (silt and clay) would not
damage the pumps or deposit in the canals.  The best way to eliminate or minimize these
potential impacts is to prevent coarse sediment from depositing around the fish screens
or entering the pumping plants.  This would be accomplished by locating the pumping
plants along the river channel where the river velocities are relatively high and parallel
to the fish screens.  A low-elevation submerged training wall could be constructed in the
channel to divert coarse sediments, which are transported as bed load, away from the
fish screens.  Temporary dredge pumps could also be employed to remove sediment from
the fish screens and pumps, if necessary.

If the reservoir sediment is allowed to erode during the nonirrigation season, it would
not impact the pumps or the irrigation canals because they would not be in operation.
Some sediment may deposit around the fish screens or intake channel, but that sediment
could be removed prior to the beginning of the next irrigation season.

After the initial flushing of the reservoir sediment, additional sediment would erode only
during high-flow periods that would most likely occur during the nonirrigation season,
when the pumping plants would not be in operation.  During the irrigation season,
riverflows and natural sediment loads would tend to be low.  In fact, very little coarse
sediment would be transported during the low-flow (irrigation) season.  There-fore,
sediment impacts on the pumping plants would be minimal after the initial flushing of
reservoir sediment has occurred following dam removal.

City Water Treatment Plant Intake Structures.—As mentioned above, sediment
concentrations would be greatest if the reservoir sediments are first allowed to erode
and be transported downstream during the irrigation season, when riverflows tend to be
low.  As sediment is transported downstream by riverflows, some sediment would
deposit in river pools and eddies (especially during low flows), and peak concentrations
would reduce in the downstream direction.  Because the Grants Pass city water treat-
ment plant is located 5 miles downstream from the dam, and there are several deep
pools in this reach, sediment concentrations would be less at the treatment plant than at
the irrigation pumping plants.  

In general, getting suspended fine sediment (silt and clay) to settle out of water diverted
from the river can sometimes be a difficult task for water treatment plants, especially if 
the concentrations are high.  However, the percentage of fine sediment trapped behind
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Savage Rapids Dam is very low (2 percent), so it should not pose a significant problem
for the city water treatment plant.  Coarse sediment would rapidly settle in the treat-ment
plant, but large settling volumes would require additional dredging and disposal, and
this would lead to increased labor costs.  The reservoir sediment is predominantly sand
(71 percent), and the volume of sand entering the treatment plant during the initial
flushing of reservoir sediment would likely increase.  In general, gravel-sized sediment
would be too coarse to enter the treatment plant.

The amount of sand deposition within the treatment plant resulting from dam removal is
difficult to predict with certainty.  There are no measurements of sand transport by the
Rogue River in the vicinity of the treatment plant.  Also, the concentration of sand
entering the treatment plant, relative to the sand concentration in the river, is not known. 
However, it is known that, under existing conditions, the amount of sand that enters the
water treatment plant is generally between 5 to 15 yds3 per year (G.A. Geer, City of
Grants Pass, written communication, September 1, 2000), and nearly all of that volume
enters during high-flow periods.  Most of the sand in the existing riverbed is covered by
gravel.  Because it takes a fairly high flow to transport gravel, sand remains trapped at
low flows, and the concentrations of sand transported by the river are near zero. 
However, when riverflows are high enough to transport the gravel on the surface of the
riverbed, the sand transport rates dramatically increase and continue to increase
exponentially with additional increases in riverflow.

During the removal of Savage Rapids Dam, the reservoir sediments would begin to
erode, even at low flows, in response to the higher river velocities through the former
reservoir area.  Sand and gravel-sized sediments would be transported downstream as
a long wave, but this wave would tend to diminish because sediment particles would
temporarily deposit in river pools during periods of low flow.  The river pools would
progressively fill (in the downstream direction) to their sediment storage capacity,
resulting in a significant portion of the reservoir sediments being temporarily stored in
these river pools.  The sand and gravel that is transported past the river pools would
eventually reach the intake structure, and sand concentrations in the river would be
temporarily high.  The concentrations of sand in the river would reduce as the peak
of the sand wave passed the intake structure during the low-flow period.  Sand
concentrations would remain low until riverflows were high enough to transport the
sand that would be temporarily stored in the river pools.  During high riverflows, sand
concentrations would be temporarily very high, but the river velocities near the intake
structure would be very large relative to the velocities entering the treatment plant.  This
would tend to limit the concentrations of sand entering the treatment plant, thus
reducing potential settling volumes.

The concentrations of sand being transported by the river vary with depth and with
location across the channel.  Sand concentrations are much greater near the riverbed
than near the water surface and tend to be greater along the outside of river bends than
along the inside of bends.  The intake structure for the city water treatment plant is
located on the outside of a river bend and is relatively deep in the water.  However,
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intake structures are normally designed to minimize (to the extent possible) the
entrainment of coarse sediment.  For computational purposes, the concentration of sand
entering the treatment plant was assumed to be equal to the mean concentration in the
river.  Sand transport computations for the river indicate that riverflows have to exceed
21,000 ft³/s before gravel and sand can be transported by the river and sand concentra-
tions are high enough to enter the treatment plant.  The computed relationship between
sand transport and riverflow (figure 14) was applied to the historical flow records to
predict the sand concentration of the river and the concentration entering the treatment
plant under existing conditions.  Because this relationship does not account for the fact
that the riverbed sand is covered by gravel, computed sand transport rates were set at
zero when the riverflows were less than 21,000 ft³/s.  This procedure yielded a mean
annual sand deposition rate in the treatment plant of 10 yds3 per year, which matches the
deposition rate experienced by the city.

Sediment model results for high-water years following dam removal indicate that
80 yds3 of sand could deposit in the treatment plant within the first year following dam
removal.  Peak rates of sand deposition could exceed 10 yds3 per day for a few days and
exceed 30 yds3 over a 1-week period (figure 27).  Actual sand deposition volumes may be
much less than the model predictions.  Based on the assumed hydrology, sand
deposition volumes would decrease to 20 yds3 during the second year following dam
removal.  After that, deposition volumes would be nearly the same as under existing
conditions.  Sand deposition rates in the treatment plant would be less if dam removal
were followed by low-water years, but the duration of impacts would be extended to
several years.

High rates of sand deposition in the treatment plant could cause rapid wear on the
pumps and complicate the method of removing sand from the plant’s three sedimenta-
tion basins.  From the perspective of the city water treatment plant, it would be best to
release sediment from the reservoir during the period November through March.  This
would allow for large portions of the sediment to be quickly transported past the
treatment plant during high-flow periods.  During these months, the water treatment
plant is operated at a slower pumping rate and for fewer hours per day (G.A. Geer, City of
Grants Pass, written communication, September 1, 2000).  The combination of a slower
pumping rate and fewer hours of daily operation would lessen the impact of both fine
and coarse sediment on the pumps and sedimentation basins.

There is concern that excessive deposition of coarse sediments in the vicinity of the
water treatment plant could plug the intake structure.  If this were to occur, a dredge
would have to be employed to remove the coarse sediments.  As a preventative measure,
a submerged guide wall could be constructed in the channel that would force riverflows
of high sediment concentration near the bed to flow past the intake structure.  Surface
flows of lower sediment concentration would flow over the wall and tend to flush the
area around the intake structure.
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Figure 27. - Estimated deposition of sand at Grants Pass city water treatment plant following dam removal based on an assumed hydrology.
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All the sediment-related impacts at the city water treatment plant can be handled, but
at additional cost.  These additional operating costs are difficult to estimate without
knowing the future hydrology and the details of the dam removal plan but could be
measured through a monitoring program.  The results of this study, relative to the
potential impact of sediment transport and deposition, would have to be addressed in
future analyses detailing when and how the dam would be removed.  Mitigation of
adverse impacts that could occur at the Grants Pass city water treatment plant, or
anywhere else, could be explored as part of the final design process.

Sediment Monitoring Recommendations.—This study identifies the potential sediment
impacts if Savage Rapids Dam is removed.  If a dam removal plan is imple-mented, the
following recommendations for data collection would provide necessary information for
monitoring the actual sediment impacts during and following dam removal:

• Detailed mapping of the eight deep river pools

• Sampling bed material of the eight deep river pools

• Continued measuring of discharge at the USGS gauging station

• Measuring bed load and suspended-sediment concentrations at the USGS
gauging station at Grants Pass

• Continuous measuring of turbidity during and after dam removal at three
locations:  (1) the highway bridge at the town of Rogue River, (2) immediately
downstream from Savage Rapids Dam, and (3) at the Grants Pass city water
treatment plant river intake

Conclusions

This appendix describes what would happen to the sediment trapped behind Savage
Rapids Dam if the dam were removed and the impacts to the river channel through the
reservoir and downstream.  Since the construction of Savage Rapids Dam, sediment has
been trapped in Savage Rapids Reservoir.  Nearly all this sediment has deposited in
the ½-mile reach of the permanent reservoir pool just upstream from the dam.  The
sediment storage of the permanent reservoir pool is at full capacity, and likely became
full within a few years after the dam was built.  The volume of sediment that is trapped
within the reservoir is 200,000 yds3  (see Appendix A).  This volume is roughly
equivalent to two years of average annual sediment load for the Rogue River at Grants
Pass, Oregon.  Nearly 98 percent of sediment trapped with the reservoir is sand and
gravel.  

Because the reservoir contains all the sediment it can hold, sediment entering the
reservoir from upstream passes through the reservoir and is transported to the
downstream river reach.  Both upstream and downstream from the reservoir, the river-
bed surface is composed primarily of bedrock, boulders, gravel, and sand.  The sand and
gravel is transported primarily during winter floods and the spring snowmelt.  Gravel-
sized sediment is transported along the river bed (as bedload).  Sand-sized sediment can
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be transported either as bed load or in suspension (suspended load).  The reservoir is
drawn down to the ½-mile-long permanent reservoir pool during the nonirrigation
season to avoid flooding along the reservoir margins.  During the nonirrigation season,
river (rather than reservoir) conditions exist upstream from the permanent pool.  During
periods of high flow, velocities and turbulence increase, and the natural sediment loads
of the river are transported through this reach.  This is why the pools in the temporary
reservoir reach have not filled with sediment.

Gravel and sand-sized sediment that is transported through the reservoir can deposit in
downstream pools during low-flow periods.  This coarse sediment is subsequently
eroded and transported further downstream during floods.  This cycle of erosion and
deposition was documented at a USGS gauging station that is located in a river pool
about 5 miles downstream from the dam.  About 6 feet of erosion occurred along the
channel bottom during a winter storm.  The channel was gradually filled back in as
sediment deposited during the low-flow period during the following year.  The Applegate
River, 12 ½ miles downstream of the dam, is the next significant contributor of sediment
and water to the Rogue River.  Downstream from the confluence with the Applegate
River, the Rogue River passes through Hellgate Canyon, a steep, high- velocity, turbulent
reach (average slope of 0.0024) that has high sediment transport capacity. 

The Hec-6t (Thomas, 1996) sediment transport model was used to predict the rate at
which the reservoir sediment would erode from the reservoir and the location and
magnitude of deposition that might result downstream from the dam.  This model was
applied to the 2 ½-mile reach of reservoir and the 12 ½-mile reach of river downstream
from the dam.  At this time, a specific dam removal plan has not been determined. 
Therefore, model simulations were performed for the period immediately following dam
removal.  The river flows that would occur after dam removal are unknown; therefore,
historic flow measurements since 1977 were used to simulate future conditions.  Lost
Creek Reservoir, built in 1977, regulates floods for a portion of the upstream watershed. 
This flood control regulation was assumed to continue in the future.  Four different
hydrologic scenarios were modeled based on flows measured by the USGS gaging station
at Grant Pass, Oregon.  The largest flood modeled was the flood that occurred in January
1997.  It had a mean daily flow of 69,000 ft3/s.  Two scenarios assumed the dam would
be removed in May, at the beginning of the irrigation season, and a series of either high-
magnitude flow years or of low-magnitude flow years would follow the removal.  The
other two scenarios assumed the dam would be removed in November, at the start of the
winter flood season, and either high-flow years or low-flow years would follow removal
of the dam.  

Savage Rapids Reservoir is only 2 to 3 times wider than the river channel.  During dam
removal, most of the reservoir sediment trapped behind the dam would be eroded by the
river.  Small amounts of sediment could remain along the margins of the lower reservoir. 
As the permanent reservoir pool is lowered (during dam removal), the area 
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of the reservoir would begin to revert to river condition.  This would cause an increase in
flow velocity and turbulence through the reservoir area, especially in the area just
upstream from the dam site.  This increase in velocity and turbulence  would cause the
river flows to erode the reservoir sediment through headcut processes.  Erosion would
begin near the dam site and progressively move upstream through the reservoir
sediments. This process of headcut erosion would continue until a stable slope is
reached upstream from the dam site.  Initially, sediment concentrations downstream
from the dam would significantly increase for a short time.  After the initial erosion,
sediment concentrations would return to near natural levels during low-flow periods.
Sediment concentrations would again increase during the first flood following dam
removal.  These increased sediment concentrations would gradually decline toward
natural levels with each subsequent flood.  Between floods, sediment concentrations
would be relatively low.

Model results indicate that nearly all the 200,000 yds3 of sediment would be eroded
from the reservoir following removal of the dam.  This sediment would be transported
past the confluence with the Applegate River within a 1- to 10–year period, depending on
the frequency and magnitude of high flows following dam removal.  The 1-year period
would require an extremely wet year with several high peaks following dam removal,
and the 10-year period would result if several dry years with very few or no high peaks
occurred following dam removal.  Maximum river pool deposition in the reach between
the dam and the Applegate River would range from 1 to 8 feet.  The amount of deposition
in downstream river pools would vary by location and time as sediment is gradually
reworked downstream during floods.

After the reservoir sediment is eroded and transported past the confluence with the
Applegate River, it would reach Hellgate Canyon and continue on downstream.  If flood
magnitudes following dam removal are high and they occur frequently, the reservoir
sediment would reach the ocean within a few years.  If the flood magnitudes are low or
occur infrequently, the reservoir sediment would reach the ocean over a much longer
period of time.  Under either scenario, sediment concentration and transport rates would
be relatively low and near natural levels in between floods.  

Before construction of the dam, a riffle existed at the dam site, and a pool was
immediately upstream from the riffle.  After removal of the dam, the water surface
elevation in the ½ mile reach upstream from the dam would be lowered to near the
predam elevation and a riffle and pool would return.  The water surface elevation in the
upstream 2 miles of the reservoir would look very similar to the way it looks now during
the nonirrigation season when the reservoir is drawn down.

Complete removal of the dam may not be necessary to restore river flow conditions
through the dam site.  There are 17 bays at the dam site.  The river bed is composed of
bedrock on the south (left) side (south of  dam bay number 11).  If the right side of the
dam (bay numbers 1 through 11) were removed, model results indicate that mean flow
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velocities would not exceed 10 ft/s at flows up to 30,000 ft3/s.  Existing velocities in
Pierce Riffle, approximately 1 mile downstream from the dam, do not typically exceed
8 ft/s.

Two pumping plants would be constructed (one on each side of the river) immediately
downstream from the existing dam site to enable the Grants Pass Irrigation District to
continue to deliver water to its members after dam removal.  Sediment impacts from dam
removal on these two pumping plants and the City of Grants Pass water treatment plant
(located 5 miles downstream) were addressed.  There is a potential for deposition of
coarse sediment in the vicinity of the intake structures to these pumping plants and the
city water treatment plant.  If this were to occur, a dredge would have to be employed to
remove the coarse sediment.  However, these facilities could be designed and operated
to minimize the amount of sediment deposition and the associated impacts.

If the reservoir sediment is allowed to erode during the nonirrigation season, it would
not impact the irrigation pumps or the canals because they would not be in operation. 
Some sediment may deposit around the fish screens or intake channel, but that sediment
could be removed before beginning the next irrigation season.  The city water treatment
plant operates year round.  However, the city water treatment plant is located 5 miles
downstream from the dam, and there are several deep pools in this reach which would
trap sand and gravel-sized sediment.  Therefore, sediment concentrations would be less
at the treatment plant than at the irrigation pumping plants. 

High rates of sand deposition in the city water treatment plant could cause rapid wear on
the pumps and complicate the method of removing sand from the plant’s three
sedimentation basins.  Under existing conditions, the amount of sand that enters the
water treatment plant is generally between 5 and 15 yds3 per year (G.A. Geer, City of
Grants Pass, written communication, September 1, 2000), and nearly all of that volume
enters during high-flow periods.  Sediment model results for high-water years following
dam removal indicate that 80 yd3 of sand could deposit in the treatment plant within the
first year following dam removal.  Peak rates of sand deposition could exceed 10 yd3 per
day for a few days and exceed 30 yd3  over a 1-week period (figure 27).  Actual sand
deposition volumes may be much less than the model predictions.  Based on the
assumed hydrology, sand deposition volumes would decrease to 20 yd3 during the
second year following dam removal.  After that, deposition volumes would be nearly the
same as under existing conditions.  Sand deposition rates in the treatment plant would
be less if dam removal were followed by low-water years, but the duration of impacts
would be extended to several years.  

From the perspective of the city water treatment plant, it would be best to release
sediment from the reservoir during the period November through March.  This would
allow for large portions of the sediment to be quickly transported past the treatment
plant during high-flow periods.  During these months, the water treatment plant is
operated at a slower pumping rate and for fewer hours per day (G.A. Geer, City of Grants
Pass, written communication, September 1, 2000).  The combination of a slower
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pumping rate and fewer hours of daily operation would lessen the impact of both fine
and coarse sediment on the pumps and sedimentation basins.

All the sediment-related impacts at the pumping plant and the city water treatment plant
could be handled, but at additional cost.  These additional operating costs are difficult to
estimate before dam removal without knowing the future hydrology and the details of
the dam removal plan.  Sediment impacts could be measured through a monitoring
program during dam removal to document the impacts.  The results of this study, relative
to the potential impact of sediment transport and deposition, would have to be
addressed in future analyses detailing when and how the dam would be removed. 

The authors recommend that a monitoring program be implemented if the dam is
removed.  The monitoring would provide necessary information for evaluating the
sediment impacts to the river channel and downstream infrastructure.
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Attachment C for Appendix B:

RIVER DISCHARGE: 3,866 cfs
Cross

Section Water Maximum Average Wetted
Description River Thalweg Surface Depth Velocity Width

Mile (ft) (ft) (ft) (ft/s) (ft)
Upstream End of Survey 110.72 957.0 969.2 12.2 3 130

110.64 952.0 969.2 17.2 2 190
110.54 958.0 969.1 11.1 2 180
110.41 960.0 969.0 9.0 2 210
110.35 960.0 968.9 8.9 2 200
110.31 956.0 968.9 12.9 2 240
110.22 956.0 968.8 12.8 2 180
110.08 959.0 968.7 9.7 2 230
109.92 961.0 968.6 7.6 2 280
109.76 956.0 968.4 12.4 2 240
109.67 955.0 968.4 13.4 2 220
109.58 957.0 968.3 11.3 2 200
109.47 951.0 968.3 17.3 2 160
109.38 951.0 968.3 17.3 1 180
109.31 944.0 968.3 24.3 1 160
109.27 943.0 968.3 25.3 1 180
109.24 951.0 968.3 17.3 1 200
109.19 953.0 968.2 15.2 1 230
109.14 953.0 968.2 15.2 1 290
109.04 957.0 968.2 11.2 1 320
108.96 956.0 968.2 12.2 1 310
108.87 949.0 968.2 19.2 1 290
108.82 950.0 968.2 18.2 1 280
108.81 950.0 968.2 18.2 1 280
108.73 955.0 968.2 13.2 1 320
108.68 955.0 968.2 13.2 1 330
108.63 953.0 968.2 15.2 1 320
108.58 952.0 968.1 16.1 1 300
108.50 952.0 968.1 16.1 1 340
108.42 952.0 968.1 16.1 1 310
108.35 952.0 968.1 16.1 1 340
108.32 951.0 968.1 17.1 1 350
108.28 950.0 968.1 18.1 1 410
108.25 949.0 968.1 19.1 1 370
108.20 948.0 968.1 20.1 1 410
108.17 949.0 968.1 19.1 1 440
108.14 950.0 968.1 18.1 1 484
108.10 950.0 968.1 18.1 1 524
108.06 950.0 968.1 18.1 1 443
108.02 950.0 968.1 18.1 1 351
107.98 946.0 968.1 22.1 1 271
107.94 946.0 968.1 22.1 1 287



RIVER DISCHARGE: 3,866 cfs
Cross

Section Water Maximum Average Wetted
Description River Thalweg Surface Depth Velocity Width

Mile (ft) (ft) (ft) (ft/s) (ft)
107.91 942.0 968.1 26.1 1 328
107.88 942.0 968.1 26.1 1 340
107.85 942.0 968.1 26.1 1 376
107.83 942.0 968.1 26.1 1 378
107.81 946.0 968.1 22.1 1 379
107.79 946.0 968.1 22.1 1 396
107.77 942.0 968.1 26.1 1 413
107.74 944.0 968.1 24.1 1 413
107.71 944.0 968.1 24.1 1 391
107.69 944.0 968.1 24.1 1 389
107.66 942.0 968.1 26.1 1 386
107.64 943.0 968.1 25.1 1 398
107.62 941.0 968.1 27.1 1 400
107.62 940.0 968.1 28.1 0 437

Savage Rapids Dam 107.60 958.3 964.7 6.4 14 44
107.59 933.0 939.9 6.9 3 225
107.58 932.5 939.7 7.2 4 224
107.55 935.4 938.8 3.4 7 167
107.51 935.0 938.4 3.4 4 266
107.46 934.4 937.9 3.5 4 265
107.41 933.9 937.3 3.4 4 263
107.36 933.3 936.8 3.5 4 263
107.32 932.9 936.4 3.5 4 262
107.27 932.3 935.8 3.5 4 261
107.22 931.8 935.3 3.5 4 260
107.17 931.2 934.7 3.5 4 259
107.13 930.8 934.3 3.5 4 258
107.08 930.2 933.8 3.6 4 258
107.03 929.7 933.3 3.6 4 257
106.98 929.1 932.9 3.8 4 257
106.94 928.7 932.6 3.9 4 258
106.89 928.1 932.3 4.2 4 258
106.84 927.6 932.0 4.4 3 259
106.80 927.2 931.8 4.6 3 260
106.75 926.6 931.7 5.1 3 261
106.70 926.1 931.6 5.5 3 262
106.65 925.5 930.5 5.0 7 111
106.63 925.3 928.8 3.5 11 107
106.50 921.2 927.3 6.1 2 260
106.49 921.0 927.3 6.2 2 260
106.46 921.4 925.9 4.5 9 182
106.41 916.3 925.8 9.5 4 135
106.30 915.4 925.7 10.3 3 142
106.26 916.3 925.6 9.3 3 140



RIVER DISCHARGE: 3,866 cfs
Cross

Section Water Maximum Average Wetted
Description River Thalweg Surface Depth Velocity Width

Mile (ft) (ft) (ft) (ft/s) (ft)
106.23 911.1 924.6 13.5 8 75
106.20 906.0 925.0 19.0 4 108
106.18 910.8 923.7 13.0 9 67
106.04 894.2 924.5 30.3 1 172
105.94 904.2 924.4 20.2 2 165
105.89 907.9 924.3 16.4 3 163
105.83 919.0 924.0 5.1 4 231
105.80 920.0 923.0 3.0 7 266
105.74 915.2 919.6 4.4 8 202
105.70 914.0 916.7 2.7 9 161
105.66 901.5 915.9 14.4 4 141
105.62 894.7 915.9 21.2 3 142
105.60 887.6 915.9 28.4 1 199
105.58 884.1 915.9 31.9 1 187
105.56 888.2 915.9 27.7 1 192
105.54 893.1 915.9 22.9 2 215
105.51 905.5 915.8 10.3 3 179
105.48 907.3 915.7 8.4 3 161
105.45 910.0 913.8 3.8 11 102
105.37 877.2 912.2 35.0 1 205
105.32 898.7 912.1 13.4 3 163
105.28 906.0 911.5 5.5 6 151
105.23 905.0 910.9 5.9 5 237
105.19 900.6 910.8 10.2 4 134
105.16 901.6 910.6 9.0 5 138
105.13 903.8 909.8 6.0 7 112
105.10 904.0 909.0 5.0 8 123
105.07 901.4 908.9 7.5 5 123
105.04 898.7 908.8 10.1 4 142
105.00 893.0 908.8 15.9 3 170
104.96 894.4 908.7 14.3 3 163
104.94 900.7 908.7 8.0 3 212
104.91 903.7 908.3 4.6 5 185
104.84 900.0 908.2 8.1 3 194
104.74 899.4 907.8 8.4 4 167
104.69 898.2 907.8 9.6 2 217
104.59 897.2 907.5 10.4 4 194
104.52 898.7 907.3 8.6 4 181
104.44 897.6 907.3 9.7 2 221
104.39 902.1 906.8 4.7 5 227
104.36 903.1 905.2 2.1 8 231
104.33 897.9 903.3 5.4 7 177
104.30 894.0 903.5 9.5 3 205
104.20 894.8 903.1 8.4 3 203



RIVER DISCHARGE: 3,866 cfs
Cross

Section Water Maximum Average Wetted
Description River Thalweg Surface Depth Velocity Width

Mile (ft) (ft) (ft) (ft/s) (ft)
104.16 893.7 903.1 9.4 3 212
104.11 894.9 903.0 8.1 3 209
104.04 895.3 902.9 7.6 3 196
103.91 893.9 902.5 8.6 3 210
103.84 892.7 902.3 9.6 3 187
103.80 894.6 901.9 7.3 5 177
103.79 890.7 902.0 11.3 3 174
103.78 893.1 901.9 8.8 4 189
103.77 892.7 901.9 9.2 4 195
103.74 894.2 901.4 7.3 5 184
103.71 896.5 900.1 3.6 8 164
103.70 894.0 900.4 6.4 4 179
103.69 891.6 900.5 8.9 3 179
103.67 889.1 900.5 11.4 3 169
103.64 891.2 900.3 9.2 3 188
103.56 890.9 900.3 9.4 2 217
103.52 890.8 900.3 9.5 3 217
103.47 891.8 900.2 8.3 3 216
103.45 892.0 900.1 8.1 3 216
103.39 893.0 899.9 6.9 3 214
103.34 893.0 899.5 6.5 5 213
103.29 892.0 898.7 6.7 5 201
103.24 895.0 897.5 2.5 6 261
103.19 890.5 897.6 7.1 2 250
103.14 893.0 897.2 4.2 5 223
103.08 887.2 897.3 10.2 2 246
103.07 884.6 897.3 12.7 2 252
103.06 875.3 897.3 22.1 1 242
103.02 888.2 897.3 9.1 2 251
102.97 890.4 897.2 6.7 3 254
102.93 891.8 897.0 5.2 3 261
102.88 892.0 896.5 4.5 5 262
102.77 891.4 895.9 4.4 3 290
102.68 890.9 894.8 3.9 5 258
102.60 888.4 894.2 5.9 4 234
102.51 885.2 894.1 8.9 3 242
102.44 886.3 893.9 7.6 3 223
102.36 887.5 893.7 6.2 3 229
102.28 890.1 892.2 2.1 8 237
102.17 881.0 888.8 7.8 3 182
102.06 866.5 888.9 22.4 1 256
102.04 882.4 888.6 6.3 4 265
102.03 880.4 888.7 8.3 2 299
101.85 881.1 888.4 7.3 2 313



RIVER DISCHARGE: 3,866 cfs
Cross

Section Water Maximum Average Wetted
Description River Thalweg Surface Depth Velocity Width

Mile (ft) (ft) (ft) (ft/s) (ft)
101.77 880.6 888.2 7.7 2 338
101.72 879.8 888.2 8.4 2 341
101.72 879.7 888.2 8.5 2 332
101.72 879.6 888.2 8.6 2 332
101.71 879.6 888.2 8.6 2 342
101.70 879.7 888.2 8.5 2 341
101.67 880.0 888.0 8.1 3 201
101.64 879.9 888.0 8.2 2 255
101.63 879.9 888.0 8.1 2 255
101.61 879.9 888.0 8.1 2 254
101.60 879.9 887.9 8.1 3 255
101.60 879.8 887.9 8.2 2 292
101.58 879.6 887.9 8.4 2 282
101.53 881.8 887.7 5.9 3 289
101.43 883.0 887.3 4.3 3 333
101.40 881.9 886.1 4.2 8 271
101.32 880.3 884.1 3.8 4 279
101.28 877.9 884.1 6.3 2 327
101.20 871.7 884.1 12.3 2 261
101.13 875.4 883.7 8.3 4 198
101.06 878.0 881.7 3.7 8 243
101.05 875.6 881.2 5.6 5 161
101.04 874.2 881.2 7.0 4 152
101.02 872.8 881.2 8.4 4 144
101.01 871.4 881.2 9.8 3 172
100.98 866.0 881.2 15.2 2 166
100.96 872.0 881.1 9.0 3 165
100.91 871.9 880.9 9.0 3 164
100.89 873.5 880.6 7.1 5 131
100.88 875.0 880.3 5.3 6 153
100.86 872.2 880.3 8.2 4 146
100.84 867.4 880.4 13.0 3 157
100.78 873.0 880.0 7.0 4 148
100.73 875.0 879.2 4.2 6 274
100.69 874.5 878.7 4.2 4 251
100.65 874.0 878.1 4.0 5 219
100.61 871.6 877.6 6.0 4 195
100.56 869.2 877.5 8.4 3 204
100.45 869.0 877.3 8.3 3 205
100.44 865.4 877.3 11.9 2 212
100.43 870.4 877.2 6.8 3 246
100.37 868.8 877.1 8.3 2 260
100.30 870.0 876.6 6.6 5 139
100.27 871.5 876.4 4.9 5 188



RIVER DISCHARGE: 3,866 cfs
Cross

Section Water Maximum Average Wetted
Description River Thalweg Surface Depth Velocity Width

Mile (ft) (ft) (ft) (ft/s) (ft)
100.24 871.5 876.2 4.6 4 208
100.23 871.3 875.5 4.2 7 179
100.22 870.6 875.3 4.8 6 172
100.21 869.9 875.2 5.4 6 169
100.20 869.1 875.2 6.0 5 167
100.19 868.4 875.1 6.7 5 165
100.18 867.7 875.1 7.4 4 164
100.17 867.0 875.1 8.1 4 162
100.10 862.4 874.9 12.5 4 128
100.02 864.0 874.8 10.8 3 166
99.94 865.6 874.7 9.1 3 194
99.82 866.1 874.5 8.5 3 209
99.79 866.1 874.4 8.3 3 205
99.73 867.6 874.2 6.6 3 196
99.64 867.5 873.9 6.5 3 224
99.55 868.1 873.2 5.2 5 172
99.42 867.0 872.8 5.8 3 240
99.31 866.9 872.0 5.1 5 193
99.20 864.7 871.0 6.3 4 211
99.07 864.1 870.0 5.9 4 216
98.96 862.5 869.5 7.0 3 205
98.91 861.8 869.2 7.3 4 162
98.84 851.1 869.3 18.2 1 247
98.82 860.5 869.2 8.7 3 234
98.78 856.8 869.1 12.3 3 138
98.76 858.3 869.1 10.8 3 169
98.65 858.7 869.0 10.3 2 237
98.60 860.9 868.9 8.0 3 212
98.54 862.8 868.5 5.7 4 188
98.48 861.7 868.2 6.5 4 191
98.41 862.6 866.5 4.0 8 252
98.37 861.7 865.3 3.6 5 257
98.33 860.5 865.1 4.6 3 300
98.26 857.9 864.8 7.0 3 253
98.20 858.4 864.5 6.0 4 219
98.15 855.2 864.3 9.1 3 173
98.11 852.7 864.3 11.7 2 218
98.07 853.3 864.3 11.0 2 211
98.04 853.8 864.2 10.4 2 206
97.98 854.8 864.1 9.3 3 195
97.92 855.8 864.1 8.3 2 299
97.84 858.3 863.8 5.5 4 248
97.76 858.5 863.1 4.6 4 233
97.69 858.0 862.2 4.2 5 226



RIVER DISCHARGE: 3,866 cfs
Cross

Section Water Maximum Average Wetted
Description River Thalweg Surface Depth Velocity Width

Mile (ft) (ft) (ft) (ft/s) (ft)
97.62 857.1 861.3 4.2 5 212
97.54 856.0 860.9 4.9 3 302
97.46 855.0 860.7 5.6 3 318
97.33 853.2 860.2 7.0 3 246
97.26 852.3 859.9 7.6 4 190
97.17 851.1 859.8 8.7 2 216
97.08 849.9 859.8 9.9 2 238
96.98 848.7 859.7 11.0 2 277
96.89 847.4 859.6 12.2 2 324
96.80 846.2 859.6 13.4 1 377
96.70 847.8 859.6 11.8 2 366
96.61 849.4 859.5 10.1 2 349
96.52 851.0 859.4 8.4 2 328
96.43 852.6 859.2 6.6 3 293
96.33 852.7 858.9 6.2 3 315
96.24 852.8 858.6 5.8 3 343
96.15 852.9 858.2 5.3 3 385
96.05 853.0 857.5 4.5 3 449
95.96 852.4 856.8 4.4 3 504
95.91 852.0 856.5 4.5 3 505
95.87 851.8 856.1 4.3 4 260
95.84 851.6 855.7 4.1 4 256
95.80 851.3 855.4 4.1 4 262
95.75 850.7 854.9 4.2 4 265

Downstream End of Model 95.63 849.5 851.9 2.4 8 221
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PRELIMINARY SEDIMENT MODEL RESULTS



Maximum Aggradation Following Dam Removal If No Priming Run
Hydrograph A: Modeled Dam Removal in May Followed By Dry Period
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Figure D-1.—Longitudinal profile plot was made of model results for channel bottom, erosion of reservoir sediments, and maximum aggradation
following the dam removal for the first 5 miles downstream from the dam.  The dam removal was initially modeled to occur in May, followed by a dry
period (few peak flows).  Initial model results showed large amounts of deposition in deep river pools downstream from the dam.  However, these results
were unlikely because sediment that currently passes through Savage Rapids Reservoir during peak flows would have filled these river pools long ago.



Maximum Aggradation Following Dam Removal If No Priming Run
Hydrograph A: Modeled Dam Removal in May Followed By Dry Period
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Figure D-2.—A longitudinal profile plot made of model results for channel bottom, erosion of reservoir sediments, and maximum aggradation for river
miles 100 to 105 (5 to 10 miles downstream from the dam).



Maximum Aggradation Following Dam Removal If No Priming Run
Hydrograph A: Modeled Dam Removal in May Followed By Dry Period
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Figure D-3.—A longitudinal profile plot made of model results for channel bottom, erosion of reservoir sediments, and maximum aggradation for river
miles 95 to 100 (10 to 15 miles downstream from the dam).
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SEDIMENT PRIMING RUN RESULTS



Sediment Model Priming Run Results
Constant 8,000 cfs hydrograph (606 days) followed by period of record data 

since Lost Creek was built (1977-2000)
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Figure E-1.—Results for sediment model priming run for first 5 miles downstream from Savage Rapids Dam.  Model priming was necessary to stabilize
the model for natural conditions (estimated incoming sediment load) and to enable modeling of the net change from removing the dam and allowing
reservoir sediments to erode and be transported downstream.



Sediment Model Priming Run Results
Constant 8,000 cfs hydrograph (606 days) followed by period of record data 

since Lost Creek was built (1977-2000)
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Figure E-2.—Results for sediment model priming run for the second 5 miles downstream from Savage Rapids Dam.  Model priming was necessary to
stabilize the model for natural conditions (estimated incoming sediment load) and to enable modeling of the net change from removing the dam and
allowing reservoir sediments to erode and be transported downstream.



Sediment Model Priming Run Results
Constant 8,000 cfs hydrograph (606 days) followed by period of record data 

since Lost Creek was built (1977-2000)
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Figure E-3.—Results for sediment model priming run for the 5 miles directly upstream from the confluence with the Applegate River.  Model priming was
necessary to stabilize the model for natural conditions (estimated incoming sediment load) and to enable modeling of the net change from removing the
dam and allowing reservoir sediments to erode and be transported downstream.
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SERIES OF PLOTS ILLUSTRATING SEDIMENT 
TRANSPORT DOWNSTREAM FROM THE 
DAM SITE FOLLOWING DAM REMOVAL
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Figure F-1.—An animator was developed of the following slides that represents the model results for erosion of reservoir sediment and subsequent
deposition downstream following the removal of Savage Rapids Dam.
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WATER AND SEDIMENT QUALITY

CONSIDERATIONS RELATED TO THE

POTENTIAL SAVAGE RAPIDS DAM REMOVAL

Background

McLaren/Hart (1998) conducted a sediment assessment on samples collected from the
exposed area on the margins of Savage Rapids Reservoir.  These sample sites are subjected
to wetting and drying.  Samples from the deeper parts of the reservoir may be different from
those on the margins of the reservoir.  Sediments below the deeper waters would be
inundated longer (or permanently) and would be expected to be more organic.  Historically,
sediments that accumulate near the dam during the irrigation season are flushed from the
reservoir when the stoplogs are removed after the season ends.  Consequently, few of the
recent sediments are likely to remain in the reservoir.

The marginal sediments average about 600 parts per million (ppm) total organic carbon
(TOC).  The marginal sediments would also be expected to be oxidized.  Sediments from the
deeper parts of the reservoir may be oxidized near the sediment/water interface but would
be expected to be chemically reduced within a few inches of that surface.  The effect of the
reduced sediments on water quality could be different from the effect of the marginal
oxidized sediments sampled in the McLaren/Hart (1998) assessment.

The McLaren/Hart (1998) assessment analyzed the total concentration of elements in the
sediment samples using methods developed by the Environmental Protection Agency (EPA)
to evaluate the biological availability of potential contaminants in solid wastes.  These
were compared against effect levels from the literature, where available, and background
concentrations for western soils when effect levels were not available. 

There are 3 years of water quality data collected from 1953 through 1956.  These years may
not be representative of existing conditions, but they do encompass a period during the
historic operation of Savage Rapids Dam, including the period in which federally financed
repairs were being undertaken.  The data are summarized in table 1. The data indicate that
the water in the Rogue River was well within any drinking water standard (maximum
contaminant level [MCL] or secondary maximum contaminant level [SMCL]), with the
exception of the SMCL for color.  It should be noted that MCLs and SMCLs apply to treated
water; after coagulation and filtration, the color could meet its SMCL.  The distinction
between MCLs and SMCLs is that MCLs are related to health concerns, and SMCLs apply to
aesthetics (e.g., taste and odor).

McLaren/Hart (1998) analyzed the marginal sediments for volatile and semivolatile organic
compounds (VOCs and SVOCs).  Neither VOCs and SVOCs were found in measurable
concentrations in any of the samples.  There is no indication of a source of 
either type of compound upstream from the reservoir, and none should be expected to be
found.
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Table 1.—Summary of water quality data for the Rogue River at Grants Pass
between January 1953 and September 1956

Q, daily 
(ft³/s)1

Ca, dissolved
(mg/L)2

Mg, dissolved
(mg/L)

Na, dissolved
(mg/L)

K, dissolved
(mg/L)

Minimum 885 5.6 0.5 3.3 1.0

Median 3,171 8.3 3.0 5.0 1.5

Maximum 27,300 26 5.0 9.1 2.8

No. of observations 127 127 127 127 53

HCO3

(mg/L)
SO4, total

(mg/L)
Cl, dissolved

(mg/L)

Spec. cond.
(µmho/cm
 at 25 EC)3

TDS
 ROE (180 EC)

(mg/L)

Minimum 34 1.0 1.0 62 53

Median 49 2.1 2.2 90 78

Maximum 98 10 3.8 190 136

SMCL4 — 250 250 — 500

No. of observations 127 127 127 127 127

pH
Fe, total
(µg/L)5

Color  
(platinum-

cobalt units)
F, dissolved

(mg/L)
Total NO3

(mg/L)

Minimum 6.6 < 10 < 1 < 0.1 < 0.1

Median 7.1 70 10 0.2 0.6

Maximum 8.1 290 60 0.6 3.0

MCL6/SMCL 6.5-8.5 300 15 2.0 45.0

No. of observations 125 58 55 58 127

     1 Cubic feet per second.
     2 Milligrams per liter.
     3 Micromhos per centimeter at 25 EC.
     4 Secondary maximum contaminant level = 2E drinking water standard.
     5 Micrograms per liter.
     6 Maximum contaminant level (only NO3 is an MCL) = 1E drinking water standard.

McLaren/Hart (1998) analyzed the marginal sediments for a variety of metals and
metalloids.  Most were present in measurable concentrations, but none was above an
uncontaminated background concentration.  The inorganic contaminants were analyzed
because of concerns over the possible contamination of the sediments from the remains of
historic mining activities in the upper Rogue River basin.  Brooks and Ramp (1968)
summarize historic mining in southwestern Oregon and present a list of the mines in two
mining areas in the Rogue River basin along with the predominant mineralization in each
(figure 1).  The hydrologic basin in which each mining area is located is also 
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noted.  This information can be used to characterize the potential water quality of runoff
and the chemical composition of sediment in that runoff entering the river from the mining
areas.

There are two mining areas in southwestern Oregon, both of which are partially within the
Rogue River basin.  These include the Klamath Mountains and western Cascades mining
areas.  The Klamath Mountains mining area is divided into 10 subareas.  Eight of these
subareas are wholly or partially within the Rogue River basin, but only three of them are
upstream from Savage Rapids Dam.  The three that are upstream from the dam are the
Greenback-Tri-County area, which is primarily located in the Evans Creek Basin; the Gold
Hill-Applegate-Waldo area, which includes the Applegate River Basin down-stream from the
dam, numerous mines east of the town of Rogue River, and the lower end of Bear Creek;
and the Ashland area, which is located in the upper Bear Creek Basin, south of Medford. 
Within the western Cascades area, there are five delineated subareas.  There are two mines
that are not included within any of the subareas.  These two mines are in the headwater
areas of the Rogue Basin and will not be considered further.

The Greenback-Tri-County area, as described by Brooks and Ramp (1968), extends from
Grants Pass northeastward to include a group of mines which lie in northeastern Josephine
County and along the adjacent margins of Douglas and Jackson Counties, where the three
counties join.  The mining area incorporates parts of the Grants Pass, Greenback, Riddle,
and Gold Hill mining districts.  The specific mines described by Brooks and Ramp (1968)
are in the Grave Creek and Jumpoff Joe Creek Basins, to the west of Grants Pass, but the
mineralogy of the area should be similar throughout and would be expected to typify that to
the east of Savage Rapids Dam.

The usual ore mineral assemblage of the Greenback-Tri-County area includes native gold,
pyrite (iron sulfide = FeS2), chalcopyrite (copper-iron sulfide = Cu,FeS2), and arsenopyrite
(FeAsS), which is the principal ore material in some of the richer deposits.  Occasional
galena (lead sulfide = PbS) and sphalerite (zinc sulfide = ZnS) are also noted among the
ore minerals.  Brooks and Ramp (1968) do note that mineralization in the eastern part of
the area contains some copper and significant zinc.  If the sediments in Savage Rapids
Reservoir have a significant component derived from mine waste, the above metals could
be used as indicators.

Ore was concentrated mostly with stamp mills and cyanide.  The use of amalgamation
plates is also noted.  The use of amalgamation plates raises the possibility of mercury
releases.  In addition, there were several mercury mines in the basin, and production
continued to the time of World War II (Brooks, 1963).  The primary mercury ore in the basin
was cinnabar (HgS), with minute globules of native quicksilver locally occurring with it
(Brooks, 1963).  Bowen (1969) showed measurable mercury in the sediments of tributaries
to the Rogue River.
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The Gold Hill-Applegate-Waldo area is a broad region covering 900 square miles in western
Jackson and southeastern Josephine Counties (Brooks and Ramp, 1968).  Ore minerals
include gold, pyrite, chalcopyrite, some galena, pyrrhotite (an iron sulfide = Fe7S8-FeS), and
occasional sphalerite (Brooks and Ramp, 1968.).  Rich, near-surface pocket deposits were
also noted; these were associated with sooty iron and manganese oxides.  The Sylvanite
Mine, near Gold Hill, located a deposit of scheelite (calcium tungstate = CaWO4) associated
with the gold ore.  Because of this, tungsten may also be an indicator of mine runoff.

Most of the mines, other than placer mines, ceased working by 1940.  This would mean that
any materials discharged during active mining would be relatively deep in the reservoir
sediment or not present at all.  There were numerous placer dredging operations upstream
from Savage Rapids Dam.  The placer operations were located in the main stem of the river
and on the lower reaches of many of its larger tributaries.   These operated through the
1940s, although several continued into the 1950s and 1960s. Dredging causes
sedimentation in the river.  However, the sediment had already been
in the river and was only relocated.  The river gravels that are stirred up during placer
mining should be considered either nontoxic or of very low toxicity.  Any toxics that could
be leached in toxic concentrations should be long gone by the time the particles are trapped
in the reservoir.

There were also several large hydraulic operations in the basin (Brooks and Ramp, 1968). 
Hydraulic mining would contribute more sediment than placer operations, but the sediment
quality would be about the same as the placers.

Rationale for Sampling

On the basis of the above, either very low concentrations or no measurable organic
contaminants would be expected to be found in the sediments.  Heavy metals could be
expected to be found in the sediments.  Metals from active mining would be buried deeper
in the sediments than recent mine drainage.  The most common method of mining during
the later stages of mining in the basin was hydraulic mining of placer deposits.  These
deposits would contribute metals that would show up in a total analysis but should be very
low in an extract.  Because of this potential difference with depth in the sediments,
subsamples of selected core samples have been analyzed.  The subsamples have been from
near the surface of the sediments and near the deepest part of the core column.  At a
minimum, the analyzed metals in any samples will include copper, iron, lead, manganese,
mercury, and zinc.  The metalloid, arsenic, has also been included in the minimum list of
analytes since arsenopyrite seems to be a relatively common ore in the basin.  Cadmium,
along with mercury and lead, is one of the "big three" heavy metal poisons (Manahan,
1989).  Cadmium occurs as a constituent in lead and zinc ores (Manahan, 1989) (i.e., galena
and sphalerite, respectively).  Because of its potential toxicity and the occurrence of these
lead and zinc minerals in the upper basin, cadmium has also been included in the minimum
list of analytes. 



Water and Sediment Quality Considerations

C-5

McLaren/Hart (1998) analyzed the sediments for a wide variety of inorganic elements and
characteristics and for a broad suite of organic contaminants.  Since the main goal of the
followup sampling was to look for evidence of mining contamination, the analysis 
only included elements associated with hard-rock mining.  No analyses for organic
contaminants were performed on the samples.  Aside from this, the samples were handled
and analyzed in the same manner as in the McLaren/Hart (1998) assessment.  

Methods

An overview of the sample sites for contaminant analysis is presented in table 2.  The
samples were taken from two of the drill holes used in the volumetric study.  There were
surface samples from each of the holes.  The deeper samples were taken from an individual
hole.  This was felt to be a depositional area within the reservoir at the time it was
impounded.  The rationale for selecting the sites is presented in the attached field report on
the sampling (Attachment A).

Table 2.—Description of sample locations

Interval depths
(feet)

Drill hole
Depth of water
over sediments Surface Bottom

Feet below
sediment surface Hole location

AP-99-11 17.5 17.7 19.7  0.2 Across from boat ramp at
Savage Rapids Park

AP-99-12 26.1 26.9
35.7
41.1

28.9
37.7
43.1

 0.8
 9.6

 15.0

Between the park and the
large gravel bar on the north
side of the reservoir

All analyses were performed using EPA methods (EPA, 1986).  The sediments were digested
using Method 3051, the microwave modification of Method 3050.  The digests were
analyzed for the metals, cadmium (Cd), copper (Cu), iron (Fe), lead (Pb), manganese (Mn),
and zinc (Zn), by Inductively Coupled Plasma emission spectroscopy (ICP/ES)-Method
6010.  Mercury (Hg) was analyzed by Method 7471 (cold vapor atomic fluorescence). 
Arsenic was initially analyzed by ICP/ES, but because of the high detection limit (14
milligrams per kilogram [mg/kg] = ppm dry weight), it was rerun by graphite furnace
atomic absorption (Method 7060A).  There was low spike recovery in the initial
determination, so arsenic was determined by the method of standard additions (Method
7000 [sec. 8.7]).  Total organic carbon was determined with a carbon analyzer (Method
9060).
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There were some difficulties encountered during sample collection (detailed in Attachment
A).  One of the sample bottles was broken in transit.  The broken bottle contained the
surface sample for drill hole AP99-12.  The results for that sample will
be used with some caution because of a potential for contamination.  Because the sample
was contained in a newly purchased cooler, and the chances for significant contamination
were considered low, the sample was analyzed like the others.

Contaminants in Deep Sediments

The results of the chemical analysis of the samples are shown in table 3.  There was no
detectable cadmium in any of the samples, and measurable mercury was present in only
one sample.  The measurable mercury occurred in the sample from the broken bottle; the
mercury may be the result of slight contamination.  The remaining elements, with the
exception of manganese, are not much different from the other samples from the same drill
hole that were not broken.  The manganese is somewhat higher than the other samples from
the same drill hole but not greatly higher than the surface sample from the other drill hole. 
The more upstream surface sample had somewhat higher copper, lead, and zinc than any of
the layers of the downstream sample.  One oddity in the data in table 3 concerns the layers
from AP-99-12.  The minimum concentrations of arsenic, iron, manganese, lead, and zinc
occur in the middle layer.  If there were some long-term trend, the minimum would be
expected to be at the top or the bottom.  On the other hand, the maximum manganese and
mercury are in the surface layer, while the maximum arsenic, copper, iron, and zinc are in
the lowest layer.  These latter results would be consistent with historic mining as the source
of the maxima.  The most significant source for those elements with the maximum
concentration near the surface would reflect the effects of more recent development in the
drainage basin.

Table 3.—Savage Rapids Dam deep sediment samples – total metals (mg/kg) during October 1999

AP-99-11 AP-99-12

Element 17.7-19.7' 26.9-28.9' 35.7-37.7' 41.1-43.1'
McLaren/Hart

maximum
1999 detection

limit

Arsenic 2.19 2.52 2.09 2.61 6.1 0.20

Cadmium ND¹ ND ND ND 1.5 0.80

Copper 106 35.8 40.2 54.3 956 0.80

Iron 11,200 10,300 8,340 13,200 — 0.80

Lead 18.7 9.3 8.6 13.8 16.0 6.00

Manganese 231 296 119 194 — 0.80

Mercury ND 0.022 ND ND 0.114 0.011

Zinc 38.5 25.9 22.7 32.9 46.2 0.80

     1 Not detected at listed detection limit.
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The Bureau of Reclamation’s (Reclamation) Plan of Study indicated that the results would
be compared to those of McLaren/Hart’s previous sediment analysis.  The minimum
concentrations for most elements in both sets of chemical data are the detection limits. 
Because the detection limits were different between the two data sets, only the maximum
concentrations are compared.  This is accomplished in table 3 using only the McLaren/Hart
maximum concentrations for the elements analyzed in the 1999 deep sediment samples.  As
can be seen in table 3, the Reclamation samples are within the range of the McLaren/Hart
data, with one exception, the lead concentration in the sample from the upstream drill hole
(AP-99-11).  The maximum lead concentration in the McLaren/Hart data set was 16 mg/kg,
while the maximum in the Reclamation deep-water sediment samples was 18.7 mg/kg.

Table 4 shows the results of various other analyses that were run on the Savage Rapids
deep sediment samples.  The pH of the sediments was essentially neutral.  There was 
little moisture in some of the sediments, but two of the samples were near the usual 
value of 25 percent.  The organic matter content was low, and the TOC was within the range
of the McLaren/Hart data.  One interesting result is that the sample with the highest percent
organic matter did not have any measurable TOC.  This seemed contradictory, and a
followup investigation of the samples was undertaken.  The result appears to be a reflection
of the analytical procedure and the particle sizes of the organic matter.  The organic matter
samples consisted of 10-20 grams of sediment, while the TOC samples consisted of only 0.2
gram of sample.  The organic matter was mostly small, woody particles that were
nevertheless too large for the TOC samples.  This is consistent with the McLaren/Hart
(1998) results, where woody particles were reported in some of the cores.  Consequently, if
none of the particles happened to be included in the TOC sample, the result was an
undetectable concentration of TOC.  The minimum TOC in the McLaren/Hart samples was
also < 0.001 percent.

Table 4.—Miscellaneous measurements in Savage Rapids sediments

Drill hole number and
depth interval pH

Percent
moisture

Percent organic
matter

TOC
(%)

AP-99-11:  17.7-19.7' 6.7 3.0 1.1 < 0.001

AP-99-12:  26.9-28.9' 7.4 29.3 0.8 0.089

AP-99-12:  35.7-37.7' 7.4 24.5 0.7 0.272

AP-99-12:  41.1-43.1' 7.3 10.7 0.8 < 0.001

McLaren/Hart maximum 0.375

As was done by McLaren/Hart, the analytical results are to be compared to various sediment
quality criteria.  McLaren/Hart compared their results to the ER-L (effects range low), ER-M
(effects range median), TEL (threshold effects level), and PEL (probable effects level)
concentrations developed by Long et al. (1995) and MacDonald et al. (1996), respectively. 
The McLaren/Hart results were also compared to LAET (lowest adverse effects threshold),
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developed for the Puget Sound cleanup; these are numerically the same as the Dredged
Material Evaluation Framework (Corps of Engineers [Corp] et al., 1998) screening level
guidelines, which will be used here.
These effects and screening levels are summarized in table 5.

Table 5.—ER-L and ER-M guideline values for trace metals (ppm, dry weight)
and percent incidence of biological effects in concentration ranges

defined by the two values

Chemical ER-L1 ER-M2 TEL3 PEL4
Screening

level5

Arsenic 8.2 70 7.24 41.6 57

Cadmium 1.2 9.6 0.68 4.21 5.1

Copper 34 270 18.7 108 390

Lead 46.7 218 30.2 112 450

Mercury 0.15 0.71 0.13 0.7 0.41

Zinc 150 410 124 271 410

     1 ER-L, effects range low (Long et al., 1995).
     2 ER-M, effects range median (Long et al., 1995).
     3 TEL, threshold effect level (MacDonald et al., 1996).
     4 PEL, probable effects level (MacDonald et al., 1996).
     5 Corps et al. (1998) screening level; also LAET, lowest apparent effects
threshold used in McLaren/Hart (1998).

Copper was the only element in the deep sediment samples that exceeded any of the
guideline levels shown in table 5.  All the copper results exceeded the ER-L and the
TEL concentrations shown (compare tables 3 and 5).  Concentrations of the other 
elements were well below their respective guideline criteria shown in table 5, although 
the maximum copper concentration (106 ppm [table 3]) approached its PEL (table 5). None
of the samples from the deeper sediments had concentrations of any of the 
elements that approached the Dredged Material Evaluation Framework screening levels
(compare tables 3 and 5).  Based on this, these results for the deep sediment samples are
within the Tier IIB screening level guidelines.

The McLaren/Hart (1998) results also showed samples that exceeded some of the more
conservative guidelines, in particular the TEL concentrations.  Of the 50 samples
collected by McLaren/Hart (1998), 10 each exceeded the TELs for cadmium and copper, 15
exceeded the TEL for nickel, and 1 exceeded the TEL for chromium.  As the effects
thresholds become less conservative, the number of samples that exceed the guidelines
decreases.  There are two cadmium, three copper, and seven nickel samples that exceed
their respective ER-L concentrations.  One sample each exceeded the PEL for copper and
nickel, while only the maximum copper result (956 ppm) exceeded the ER–M and LAET. 
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This same copper result also exceeds the DMEF screening level.  The second highest copper
concentration in the McLaren/Hart (1998) data set was 104 ppm, which is very near the
maximum from the deeper sediment samples.  From a statistical perspective, the maximum
copper concentration in the McLaren/Hart (1998) data set appears to be an outlier.

A second purpose behind the additional sampling effort was to evaluate the potential for
mining contamination in the sediments.  Mining can contribute to sediment contamination
either through erosion of solids from spoil piles or by the release of mine drainage that
contributes metals precipitated from solution.  Mine-contaminated sediments would be
enriched in iron relative to normal background concentrations.  Pais and Jones (1997) give
a normal background concentration for soils, the principal source of sediments, as 38,000
ppm and a normal background for the lithosphere as 41,000 ppm.  The iron concentrations
in the Savage Rapids deeper sediments ranged from 8,340 to 13,200 ppm.  These
concentrations are well below the background concentrations noted above.  Iron in stream
sediment downstream from sources
of mine-drainage contamination are more likely to be very high; for example,
concentrations of iron in the Upper Arkansas River basin of Colorado range from
4 (approximate background) to 29 percent (Church et al., 1994) (i.e., 40,000 to
290,000 ppm).  The iron concentrations from Savage Rapids Reservoir are around
¼ background.

In the case of the Arkansas River, lead and zinc turned out to be the better indicators of
mine-waste associated contamination.  Lead and zinc concentrations in the sediments were
over 500 and 1,500 ppm, respectively, in the vicinity of contamination.  The concentrations
decreased steadily downstream to concentrations of 37 and 180 ppm
in reservoir sediments 150 miles downstream (Church et al., 1994.).  These latter
concentrations are still much greater than those observed in Savage Rapids Reservoir,
where the maximum lead was 18.7 ppm, and the maximum zinc was 38.5 ppm.  Background
lead in the lithosphere is given as 14 ppm by Pais and Jones (1997); this value is bracketed
by the lead data from the deeper sediments from Savage Rapids
(i.e., 8.6 to 18.7 ppm).  On the other hand, the background concentration for zinc is given as
80 ppm (Pais and Jones, 1997), which is more than twice as large as any of the results from
sediments from Savage Rapids.

In summary, samples collected from the deeper sediments in Savage Rapids Reservoir in
1999 showed analytical results that were within the range of samples collected
from the edges of the reservoir in 1998.  With the exception of the maximum copper
concentration in samples collected during 1998, all results are below the Dredged Material
Evaluation Framework (Corps et al., 1998) screening levels and seem to meet the criteria
for open water disposal.  Based on a comparison of sediments contaminated by mine
drainage and a set representative of background concentrations of the elements that were
sampled, the Savage Rapids sediments are much like the background in some cases and
much below an average for the background in others.  Based on this result, it has been
concluded that the sediments are not contaminated with mine wastes.
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McLaren/Hart (1998) analyzed the Savage Rapids samples for 21 organochlorine pesticides
and 64 SVOCs.  Of the list of analytes, benzoic acid was detected in one sample out of a
total of five; the concentration in the sample did not exceed the available benchmark (an
LAET of 650 micrograms per kilogram).  Because there were no detections in 50 samples for
85 other organic analytes, the single value was considered
a statistical outlier (McLaren/Hart, 1998.).  The LAET benchmarks are essentially the same
as the Corps et al. (1998) screening levels.  (There are a few of the organic compounds that
have an LAET benchmark that have no SL.)  The comparison made to the set of LAET
benchmarks is equivalent to a comparison to SLs.  Since any organic contaminants were
considered just as likely to occur in more recent sediment as in older sediment,
Reclamation felt the McLaren/Hart (1998) study was adequate, and none of the deep
sediment samples was analyzed for organics.

Water Quality

There are two aspects to potential water quality effects related to the removal of the dam. 
One is related to the potential leaching of contaminants from the sediments; the other is
related to the sediments themselves.  Based on the sediment chemistry presented earlier,
the release of contaminants from the sediments will probably not significantly affect water
quality in the river downstream from the dam.

There is a relationship between water quality and flow in most rivers of the western United
States.  In terms of total dissolved solids (TDS), this takes the form of an inverse
relationship.  This is because higher flows increasingly dilute saline base flows.  However,
this is not true of the Rogue River.  Scattergrams of TDS plotted against flow for the period
January 1953 through September 1956 are shown in figure 2.  The upper plot (figure 2A)
shows all the TDS data.  The best fit line (regression line) was based on a log
transformation of the flow data and untransformed TDS data.  In most cases in the western
United States, the regression would be based on a log transformation of both variables. 
The best fit regression line in figure 2A (i.e., the line designated pred.) is a constant 77
milligrams per liter (mg/L) TDS across the range of flow from 885 to over 15,000 cubic feet
per second [ft³/s]).  The regression is not statistically significant.  The TDS data in figure 2A
include one outlier.

The point well above the others on the plot is a TDS of 136 mg/L, which is well above the
next highest value.  The usual procedure in statistics is to delete outliers and redo the
procedure.  This is done in figure 2B.  With the outlier deleted, the best fit line shows 
a slight downward slope; however, the decrease is only from a maximum of 78 mg/L
to a minimum of 75 mg/L.  Once again, the regression is not statistically significant.

The use of iron as an indicator of possible mining pollution was mentioned earlier.  At the
time the TDS data were collected, iron data were also collected but only in 1953 and
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Figure 2.—TDS-flow relationships for the Rogue River at Grants Pass (1953-56).
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1954.  The iron data, along with the flow data, are plotted as a time series in figure 3A.
There is also a grid line on the iron axis that a shows a drinking water SMCL of
300 micrograms per liter (µg/L).  The SMCL applies to treated water and is not exceeded by
any of the iron samples.  The maximum total iron in the 2 years of samples was 290 µg/L. 
This indicates that iron, at the time, was relatively low.

Figure 3B shows a scattergram of total iron data plotted against flow.  Both are on
logarithmic axes.  The "best fit" line is also plotted on the scattergram.  The relationship, 
unlike the one for TDS, is statistically significant; it is also positive (i.e., as flow increases,
total iron increases).  This indicates that most of the iron is in suspended
form and that the source is erosive.  This does not mean that mining is not the source, but it
indicates that if it is the source, iron is being eroded off the sites.  Given the low maximum
concentration of iron, the source cannot be particularly significant.

The City of Grants Pass Water Treatment Plant has monitored certain aspects of the water
quality of the Rogue River since the 1930s.  Data from 1940 to the present are available in
electronic format.  Those data were provided to Reclamation.  The monitoring data are
summarized in table 6.  Instead of flow, the monitoring data files 
included a water level measurement.  The flow data substituted in table 6 were
downloaded from the U.S. Geological Survey National Water Information System (NWIS)
web site.  The flow data encompass the period January 1, 1940, through September 1998. 
The city’s water quality data encompass the period from January 1, 1940, through April 30,
1999.  The initial date in the NWIS data file was set to 1940 to be comparable to the water
quality data.

The turbidity data are of most interest to this study.  However, turbidity measurement
technology has changed since the monitoring period began.  Prior to the routine use of the
Nephelometric method, the standard method for measuring turbidity was the Jackson
candle turbidimeter (Brown et al., 1970).  The lowest turbidity that could be measured
directly was 25 Jackson Turbidity Units (JTU) (Brown et al., 1970).  The Nephelometric
method measures turbidity in Nephelometric Turbidity Units (NTU), which are equal to the
JTU at a turbidity of 40; however, differences may occur across
a range of turbidity owing to fundamental differences in optical systems.  This may account
for the large differences between the earlier data and the more recent data
(table 6, figure 4).  Alternatively, there is also a strong relationship between turbidity and
flow (figure 5), i.e., r = 0.593, n = 21,340.  A plot of the flow data similar to the one for
turbidity in figure 6 shows that flow has also varied over the 60-year monitoring period. 
Based on a comparison of the turbidity and flow data in figures 4 and 6, respectively, the
differences in turbidity during the monitoring period appear to be due to a combination of
the effects of the change in technology and the influence of a difference in hydrologic
conditions over the period.

The data presented earlier for TDS and iron were collected in the 1950s.  Figure 6 indicates
that the 1950s were much above the other decades in terms of flow.  A
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Figure 3.—(A)  Time series of flow and total iron in the Rogue River at Grants Pass; 
(B)  Scattergram of iron on flow in the Rogue River at Grants Pass in 1953-54.
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Table 6.—Summary of water quality and flow data for the Rogue River at Grants Pass

Flow
(ft³/s)

Temperature
(° Fahrenheit)

Precip.
(inches)

Turbidity
(JTU) pH

All data Minimum 606 32 0 < 1 5.3

Median 2,310 51 0 11 7.3

Maximum 124,000 78 19 4250 9.1

No. of cases 21,458 21,505 18,017 21,478 21,319

1940s Minimum 637 29.2 3 6.8

Median 2,080 50 20 7.4

Maximum 53,700 74 1,100 8.6

No. of cases 3,653 3,635 0 3,645 3,639

1950s Minimum 862 32 0 7 6.4

Median 2,795 50 0 25 7.4

Maximum 107,000 74 5.27 2,200 8.4

No. of cases 3,652 3,636 3,652 3,624 3,627

1960s Minimum 606 32 0 2 5.3

Median 2,280 50 0 20 7.4

Maximum 124,000 78 10.2 4,250 9.1

No. of cases 3,653 3,653 3,653 3,652 3,645

1970s Minimum 710 32 0 1 6.1

Median 2,330 51 0 6 7.3

Maximum 85,800 74 3.35 380 7.7

No. of cases 3,652 3,651 3,652 3,649 3,565

1980s Minimum 906 32 0 < 1 6.0

Median 2,330 52 0 3 7.2

Maximum 50,400 70 19 200 8.3

No. of cases 3,653 3,597 3,653 3,577 3,518

1990s Minimum 744 32 0 < 1 6.7

Median 2,250 52 0 2 7.4

Maximum 69,000 74 9 1,093 8.2

No. of cases 3,195 3,333 3,407 3,331 3,325
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Figure 5.—Relationship between turbidity and flow in the Rogue River at Grants Pass.

Figure 4.—Mean turbidity and confidence interval in each
decade from 1940 through 1999.

A statistical comparison (Fisher’s Least
Significant Difference Test) indicates that
the  flows during the 1950s were
significantly higher than in any of the other
decades shown.  Since there was no TDS-
flow relationship under those conditions,
there should be none under any conditions
within the larger flow range available. 
Alternatively, because of the relationship
between iron and flow in the 1950s,
concentrations of iron that are much higher
than the concentration for the 1950s are
not likely.  The fact that iron should be no
higher than con-centrations of iron in the
1950s would also indicate that if there was
no great effect due
to mine wastes based on the 1950s data,
there would probably be none under condi-
tions that would be encountered over a
broader period of time.
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Figure 6.—Mean flow and confidence interval for each decade from 1940 through 1998.

Turbidity is only indirectly related to suspended solids, although it is, by definition, the
reduction in light due to the presence of such particles.  Suspended solids may consist of
clay or silt, finely divided organic matter, plankton, or other suspended microscopic 
organisms.  Attempts to correlate turbidity with the weight concentration of suspended
matter are impractical because the size, shape, and refractive index of the particulate matter
are important optically but bear little relationship to the concentration or specific gravity of
the suspended matter.  Nevertheless, turbidity is important in water treat-ment.  The
drinking water standard for turbidity is 1 NTU.  Also, turbidity can be measured rapidly and
easily.  As can be seen from table 6, the turbidity of the raw water has been very high in the
past (> 4,000 JTU), although the more recent data do not approach that maximum from the
1960s.  The assessment from Appendix B based on the sediment data indicates that
suspended solids would increase for at least the first year if the dam is removed, and the
increase may extend as long as 10 years. 

The suspended solids available for erosion would consist primarily of coarser particles. 
The fines that would have the greatest effect on turbidity constitute less than 2 percent of
the sediment in the reservoir.  The effect on turbidity will reflect the rate of the erosion of
the fines.  If initial erosion of sediment consists mostly of finer particles, the effect would
be to increase the turbidity for a short period of time.  If the erosion of fines is slow and
regular, then the increase in turbidity would be comparatively small but 
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would extend for the duration of the erosion period.  As has been noted above, the rate of
erosion would depend greatly on the sequence of flows following the removal of the dam.
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HYDROLOGY

The Bureau of Reclamation has been asked to perform studies related to the potential
removal of Savage Rapids Dam, on the Rogue River upstream from Grants Pass, Oregon. 
Among the many significant concerns with this project is the disposition of sediment
accumulated behind the structure.  This report provides hydrologic flow data for use in
the proposed sediment models for this project.

Flow Frequency Data

Lost Creek Dam and Reservoir were completed by the Corps of  Engineers (Corps) on the
Rogue River in 1977.  Lost Creek Dam controls the upper 686 square miles of the Rogue
River watershed.  This large flood control reservoir can have a dramatic impact on flood
peaks in the downstream areas, including the Savage Rapids Dam and Grants Pass,
Oregon, areas.  Flood peaks in Grants Pass typically occur from November through
March, with most occurring in December and January.  The Rogue River has five gauging
stations on the main stem, which record peak and daily discharges between Lost Creek
Dam and Agness, Oregon.  There are no significant river diversions below Lost Creek
Dam that affect flood peaks during the winter.  Peak flow and daily flow values for the
Rogue River were available from the U.S. Geological Survey (USGS) water data web site,
http://waterdata.usgs.gov/nwis-w/OR/
 
The Corps, Portland District Office, was contacted [1] and asked for information about
regulated flows on the Rogue River.  That office has provided estimated regulated
frequency curves for three locations on the Rogue River.  Regulated flow frequency
curves attempt to predict what the flow at a specific point in the river will be, given a
flood of some specific return period and the estimated flood peak reduction due to the
upstream flood control dam.  For the Rogue River, the Corps has provided estimated
unregulated and regulated flow frequency curves for the main stem of the Rogue River at
the Lost Creek Dam, Dodge Bridge, Raygold, and Grants Pass gauge site locations.

The regulated peak flow frequency curves supplied by the Corps were prepared in 1991,
with peak flow data available through 1989.  Since the preparation of these curves, the
largest flood since Lost Creek Dam began regulation occurred in January 1997.  The
regulated peak flow curves should be redone and updated with the more recent data;
however, they are considered adequate for the purposes of this study.  These curves will
provide a consistent set of flows for each of the gauge sites to estimate the reaches of
the Rogue River most likely to experience sediment deposition following the removal of
Savage Rapids Dam.  This is accomplished in a preliminary sense through the use of the
stream power plot developed as part of this study.  Additional, more detailed studies
will depict the potential sediment deposition at various locations in the river by using
the daily flow hydrographs developed as part of this study.
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Table 1 (at the end of this appendix) lists the regulated discharges for various return
periods at four of the gauging stations located downstream from Lost Creek Dam.  These
discharges were taken from the regulated flow frequency curves supplied by the Corps
and by a simple application of the log-Pearson III statistical technique to the Rogue
River peak flows at Agness for the regulated years 1977 through 1998.  Flows at Agness
are considered to be far enough downstream and to have enough uncontrolled drainage
area that any peak flow regulation effects of Lost Creek Dam are minimal.  Also listed in
table 1 are the drainage area and gauge datum elevation for each gauge location and the
locations of other large tributaries.  Included in table 1 is a list of river miles associated
with each gauge site and each tributary.  These gauge characteristics come from the
available USGS water supply paper [2].

Figure 1 (at the end of this appendix) displays the gauge datum elevation plotted with
river miles for five stations.  Figure 2 displays the computed 2-, 5-, 10-, 25-, 50-, and
100-year discharges for the four gauges farthest downstream in this river.  The Mcleod
gauge data were not included in this graph since the computed values for the various
return periods at Mcleod did not follow the pattern established by the more down-
stream gauges.  The Mcleod gauge data for this analysis showed a positive skew value,
due largely to the influence of Lost Creek Dam, only 3 miles upstream.  All other gauges
show negative skew values, indicating the influence of Lost Creek Dam is not as great on
the distribution of flood peak values farther downstream.  The other downstream gauges
also have the influence of many more unregulated tributary flows.  The Mcleod gauge is
too far upstream to have any impact on the sediment modeling farther down-stream near
Savage Rapids Dam and the Grants Pass gauge site.  The Mcleod gauge data, except for
drainage area, elevation, and river mile, were not used in any other computation in this
report.   

Figure 2 displays the discharges for the five return periods, plotted as a function of
drainage area at the gauge sites.  This plot provides a smooth family of curves and
provides some good visual confirmation of the validity of the calculated return period
flows for the four gauge stations farthest downstream.  This figure is not particularly
useful for any location on the main stem of the Rogue River since river miles and the
locations of the tributaries are not indicated.

Figure 3 is a plot of the various return period discharges as a function of river mile.  This
plot also shows the Corps regulated peak flood frequency for the three gauges farthest
upstream.  Again, the downstream gauges appear to show a nice family of curves for all
return periods.  The Corps curves show a strong influence by the Lost Creek Dam
regulation.  This figure also shows the relative difference in magnitude between the
Corps regulated peak flow curves and the analysis of the last 21 years of regulated flows
below Lost Creek Dam.  Possible reasons for these differences were discussed earlier in
this report.  The location of the tributaries is needed on this plot to make it useful in
determining a flow for a given return period for a specific location on the Rogue River.
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Figure 4 is a plot of drainage area versus river mile for all locations on the Rogue River,
including the location of the tributary inflows.  Data for this graph were calculated by
computing the change in drainage area for each gauge location and then subtracting any
major tributary drainage area in the reach.  The difference in drainage areas, less the
tributary area, was divided by the difference in river miles for the known gauge site
locations.  This rate of change of drainage area was applied for all river miles between
the two sites.  At the location of the major tributaries, the area of the tributary is added
to the plot.  This is reflected by the jumps in drainage area at the tributary locations on
the plot.

Figure 5 is a plot of the discharge for various return periods as a function of river mile. 
Data for this plot were created similarly to the plot for drainage area versus river mile.
Unit discharges for drainage areas at the gauge sites were computed.  The unit dis-
charge was multiplied by the drainage areas for each river mile location determined in
the previous calculation, and the plot of discharge versus river mile, with appropriate
jumps at the tributary locations, was created.  Table 1 provides details related to the
calculation of values on this plot.

Figure 6 is a plot of total stream power (discharge times slope) versus river mile of the
stream for the four gauge sites where elevation and discharge data are known.  The
slope used in the calculations for this plot was calculated by digitizing the water surface
profile of the river from USGS quadrangle maps.

Daily Flow Hydrographs

In addition to peak flows, hydrographs representing the following four conditions were
requested.

Daily flow hydrograph conditions for Savage Rapids Dam
Sediment Evaluation Study

1 – High winter flows and high summer flows
2 – High winter flows and low summer flows
3 – Low winter flows and high summer flows
4 – Low winter flows and low summer flows

Daily data for the Grants Pass gauging station was retrieved for the regulated
flow years 1977 through 1998 from the USGS water data web site, 
http://waterdata.usgs.gov/nwis-w/OR/

The yearly data were divided into seasons.  The winter season was considered to be
November 1 through May 31 each year, and the summer season was considered to
be July 1 through September 30 each year.  The months of June and October were 
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considered to be transition months and not considered as part of either season. 
Computations were made to determine the maximum 120-day flow values in each
season of each year.  These values were then ranked.  The highest value indicated the
highest year for each season, and the lowest value indicated the lowest year for each
season.  For the years 1977 through 1998, the highest winter season was 1997, the
highest summer season was 1984, and both the lowest winter and lowest summer were
in 1992.  This information was verified by a simple visual inspection of the daily values
plot available from the web site.

To create the high-winter/high-summer hydrograph, the 1997 data for the months of
December 1 through May 31 were used, and the summer values for the year 1984 from
June 1 through November 30 were combined in a single hydrograph.  The low-winter
and high-summer values were October 1 through May 31, 1992, and June 1 through
September 30, 1984, respectively.  High-winter and low-summer values were
December 1 through May 31, 1997, and June 1 through September 30, respectively.
The low-winter/low-summer hydrograph was the entire water year of 1992.   These
dates for the conditions selected were determined in such a way as to make the hydro-
graphs appear reasonable and still maintain the conditions used to describe each
hydrograph.  Figures 7, 8, and 9 display these hydrographs.  Table 2 displays the
ordinates for these hydrographs.
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