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Section 1

EXECUTIVE SUMMARY

A large flood occurred on the Applegate River in January of 1997. After the flood,
reconnaissance indicated that significant sedimentation had occurred in Applegate Lake.
A bathymetric survey of the lake was performed the following spring. Analysis of the
updated bathymetry indicated that the capacity of the lake had been reduced by 7% of the
total volume. Analysis of the data indicate that sedimentation has occurred at the lake as
a large delta at the upstream end of the minimum conservation pool with minor amounts
in the tributary arms of the lake. Differing methodologies used to estimate lake capacity
make it difficult to accurately quantify the amount of change to lake volume that is due to
sedimentation. However, the updated capacity represents a reasonably accurate
representation of the actual bathymetry of Applegate Lake. The May 1997 data indicate
that the current operational capacity of the lake is 5.9% less than the capacity estimate
published in the current water control manual. This amount of volumetric change
represents a loss of approximately 25-cfs over a 90-day period in terms of summer
releases. This report recommends that the water control manual for Applegate Lake be
updated, sedimentation continue to be monitored, impacts to operations for flood control
and conservation uses be determined, and an estimate for sediment yield be updated with
a future survey of the lake utilizing the same methodology as presented in this report.

Section 2

INTRODUCTION

2.1 Study Purpose and Scope

A powerful storm struck southern Oregon during the end of December 1996 through
early January 1997. The storm caused significant flooding to many of the rivers and
streams of southwest Oregon. A major flood occurred along the Applegate River.
Applegate Lake went into emergency operations during the flood and flows were released
down the spillway for the first time in its operational existence. The flood had an
estimated unregulated peak flow of 26,400 cfs at the USGS gage (Applegate near
Copper, OR) just downstream of Applegate dam. This peak was the third largest peak in
the 58-year period of record for the gage. It was estimated to have a 2.9% chance of
exceedance in any given year (35-year recurrence interval) based on the USACE-
Portland District unregulated frequency curve from period of record, 1939 to 1990.

Reconnaissance of Applegate Lake indicated that significant sedimentation had occurred

at the lake as a result of the flood. The amount of sedimentation was enough to warrant a
re-survey of the lake. In May of 1997, a lake bathymetric survey was completed.
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Preliminary results from the survey indicated that the capacity of the lake was
significantly less than current operational capacity estimates.

This report details the analysis of the bathymetric survey performed at Applegate Lake in
May 1997. The purpose of this analysis was to quantify the change in volumetric
capacity that has occurred since original project estimates were made. The report
attempts to estimate sedimentation that has occurred at Applegate Lake during its
operational existence and to derive an updated capacity curve for the lake.

Section 3
PROJECT BACKGROUND
3.1 Project Description

Applegate Lake is a Corps of Engineers project located in southwestern Oregon near the
Oregon-California border on the mainstem of the Applegate River at river mile 46.3. The
project was completed and water storage began on 2 December 1980. The minimum
flood control pool was attained on 23 December 1980. The main purposes for the project
include flood control, fisheries enhancement and irrigation. Secondary purposes are
wildlife enhancement, water quality and recreation.

3.2 Drainage Area Data

Applegate Dam controls 223 square-miles of drainage area out of the 768 square-miles
contributing to the Applegate River. The watershed draining into Applegate Lake can be
characterized as rocky, rugged, very steep and heavily forested. The area is in the
Siskiyou Mountains straddling the Oregon-California border. Basin Elevations range
from 7,418 feet at Dutchman’s Peak to 1,763 feet at Applegate Dam with an average
basin elevation of 4,210 feet. Many mountain peaks drain into the lake with elevations in
excess of 5,000 feet. The basin’s soil covering is relatively thin with many rock
outcroppings. The basin topography is rugged with steep ridges and narrow, high-
gradient stream channels. The stream channels are either in bedrock or gravelly and
rocky. Fines and sands are generally not found in the streambed material. Many vertical
streambed banks of alluvial material including sands, gravels and cobbles are found in the
watershed. Basin vegetation can be described as fir and pine timber forest with some
softwood interspersed.

3.3 Climate

The basin climate can be described as maritime. Winters are mild and wet, whereas
summers are hot and dry. Normal annual precipitation for the basin is 45-inches with 75
percent of that falling between the months of November through March. Basin normal
annual precipitation varies from approximately 30-inches at the dam to over 65-inches on
the highest mountains. Winter precipitation generally falls as snow in the higher
mountains. A typical April 1st snowpack at the 6,000 foot elevation is 65-inches deep
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with 26-inches of water content. Flooding generally occurs as a result of heavy rain
throughout the watershed with a significant snowmelt contribution. An intense winter
storm may produce 10-inches of precipitation over a 2 to 3-day period.

3.4 Reservoir Data

Original volumetric capacities and updated volumetric capacities for Applegate Lake
versus key elevations can be found in Tables 1 through 3.

Section 4

LAKE CAPACITY

4.1 Survey Methodology

The Portland District Army Corps of Engineers performed a hydrographic survey of
Applegate Lake during the week of May 5" through 11" of 1997. The survey was
performed by automated hydrographic surveying methods. The automated system is
composed of a 3.5 degree, 200 khz transducer mounted on a 20-foot aluminum boat. A
Novatel differential global positioning system is used for horizontal control. The
horizontal accuracy of the system is approximately 1.5 to 2-feet. The vertical accuracy of
the transducer is approximately 0.5% of the depth.

The lake was filled to full-pool (1987 ft MSL) and cross-lines were sounded throughout
the lake at approximately 100 to 200-foot intervals (see Plates 1 and 2.) This surveying
method produced excellent coverage of the majority of the lake. However, the upper
elevations of the lake were not completely surveyed. Boat draft allowed for complete
coverage of the lake up to approximately 1970 feet MSL and floating debris limited
access to some tributaries of the lake. Elevations higher than 1970-feet were sparsely
surveyed up to approximately 1980 feet MSL. Above 1980-feet, no points were surveyed
(see Figure 21.)

4.2 Computation of Lake Capacity

Topographic survey data were provided to PE-HY in the form of three-dimensional
ASCII data points. The data was imported into Microstation via InRoads software.
Upper boundary limit contours (1975 feet MSL and 2000 feet MSL) of the lake were
digitized from original lake mapping by USACE in 1978. A digital terrain model (DTM)
of the lake was developed from the surveyed data points in combination with the
digitized contours.

Utilizing InRoads software, contours of the lake were generated from the DTM. Surface

areas of key contours were measured in Microstation (see Table 1.) Lake volumes were
computed for key elevations from the DTM (see Table 2.)
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Section 5

CHANGES IN LAKE CAPACITY -A HISTORIC COMPARISON

5.1 Volumetric Capacity Comparison.

Once the lake capacity tables had been updated, it became apparent that there were
significant differences in lake capacity. The total capacity of the lake at full pool was
approximately 6300 acre-feet less than the original capacity (see Table 3 and Figure 1.)
This total difference represented a 7% reduction in total lake volume over what had been
used throughout the lake’s operational existence. However, original lake volumes were
not calculated using the same methodology. Visually, it was apparent that some
significant sedimentation had occurred at the lake in the 17-years that the lake had been
in operation.

The original lake capacity tables were created from orthophotographic mapping of the
lake area. The maps were created in 1978 from aerial photos dated 25 May 1965.
Volumes were calculated by measuring the surface area with a planimeter along 10-foot
contour intervals and calculation of volume between successive surface areas with a
conical projection. The original mapping was performed years before logging of the site
had taken place. It is thought that contour information may have represented the treetops
in the reservoir area and that final contours for lake volume estimates may have been
reduced by an estimated typical tree height. Furthermore, construction activity in and
around the dam site altered the original topography. Beyond inherent errors in the
original mapping, these two activities cast increased feelings of unreliability of the initial
volume estimates for the lake.

Volume estimates calculated from May 1997 survey data were based upon data taken
directly at the site and using a triangulation of the data. Beyond limitations of
bathymetric features that exist between surveyed transects, the updated survey is accurate
within the minor stated margin of error for existing lake volume conditions up to
approximately 1970 feet MSL. Estimation of the magnitude of sedimentation by
comparison of the original volume estimate with the existing volume estimate is not
reasonable. Sedimentation has definitely occurred as evidenced by comparison of
original lake transects (category “A” sediment ranges) with estimated cross-sections at
the same locations from the updated survey (see Figure 22 for transect locations.)

5.2 Sediment Range Comparison
A comparison of original sediment ranges with estimated cross-sections from the same
locations with the updated survey data was performed. Nineteen category “A” sediment

ranges were surveyed in the reservoir between December 1979 and March 1980 (see
Figure 22.) Monuments were placed at the endpoints of each sediment range. For the re-
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survey of May 1997, cross-sections were interpreted at sediment range locations from the
DTM utilizing InRoads software. Transects were not directly surveyed, therefore, the
accuracy of updated transects varies based on location of surveyed cross-line data. In this
case, the original surveys are more accurate than the updated cross-sections since the
updated sections were estimated from neighboring survey data.

Analysis of sedimentation ranges as shown in figures 2 through 19, revealed pronounced
sedimentation in some areas of the reservoir and no changes in other places. In
particular, two areas show changes have taken place. Range 1A is located just upstream
of the dam site. This range shows eight to ten feet of change has occurred at the lowest
elevations of the cross-section. However, it is impossible to determine if the change at
range 1A is due to sedimentation or is a result of construction activity near the dam site.
Ranges 13A, 14A, 15A, and 16A show definitive sedimentation. Ranges 13A through
16A are located between minimum conservation pool and upstream to the confluence of
Elliott Creek and Carberry Creek. These sediment ranges show uniform deposition
beginning at minimum conservation pool (1854 feet) on up to elevation 1946 feet of
approximately 10 to 12 feet. Other transects in the reservoir showed little to no
deposition or no updated survey information existed to make a comparison.

Estimates of sedimentation for Applegate Lake were reported in Design Memorandum
Number 19 for Applegate Lake (Design Memorandum Number 19, Applegate Lake,
Applegate River, Oregon, Lake Sediment Ranges, October 1985.) The report details
probable sources of sediment for the watershed. The report estimated the annual
sediment yield for the lake to be approximately 0.8 acre-feet per square mile per year.
The estimate was based on a sediment-sampling program that was performed between
1979 and 1981. Over 300 suspended sediment samples were used to estimate the load
curve, which was weighted to reflect the minimum sediment transport amount. Sediment
sampling revealed that sedimentation varied significantly among tributaries of the lake.
The largest sediment producer is thought to be Elliot Creek, followed by the Middle Fork
Applegate River, Squaw Creek and Carberry Creek. It is assumed that Elliot Creek (27%
watershed area) and the Middle Fork of Applegate River (23% watershed area) are the
two leading sediment producers in the watershed. Squaw Creek, which contains
approximately 13% of the total watershed area has a lake on it that traps approximately
50% of the sediments in that watershed. Carberry Creek, which has the largest watershed
percentage (31%,) produces relatively little sediment due to the geology of that
watershed. Therefore, one would expect large sedimentation changes at the confluence
of Elliot Creek and the Middle Fork of Applegate River with the reservoir. The
hypothesis identified in the original Design Memorandum that major sedimentation
would occur as a delta at the upstream end of the project was validated with the cross-
sectional comparison. The hypothesis was that large deposits (sands and gravels) would
settle as a delta at the head of the lake and fine deposits (silts and clays) would settle in
the minimum pool. Sediment ranges 13A through 16A show significant sedimentation
has occurred at the head of the lake below the confluence of Elliot Creek with the Middle
Fork of Applegate River. Deposits of fines was not evident with the cross-sectional
comparison, but it is believed that a deposition layer of fines exist throughout the
minimum pool.
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Deposition patterns as indicated from cross-sectional comparison are reasonable. Large
flood events occur in the Applegate watershed during the wet winter season between
November and March. During this time period, the reservoir is drawn down at or near
minimum flood control pool at elevation 1889 feet. One would expect a delta to form at
the confluence of major tributaries to form at or near this location as is shown in ranges
13A through 16A.

5.3 Predicted Sediment Yield

Utilizing the estimated annual sediment yield of 0.8 acre-feet per square mile over the 17-
year life of the reservoir between initial fill and May of 1997 with a 93% trap efficiency,
one finds that total sediment deposition from initial project estimates to be in the
neighborhood of:

0.8 acre-feet/year-sg.mi. x 223 sq.mile x 17 years x 0.93% = 2821 acre-feet <&

This amount of sedimentation represents a baseline value of sedimentation given typical
conditions as found during the sampling period (1979 — 1981.) This predicted amount of
sedimentation is far lower than the 6312 acre-feet of volumetric change that has been
presented. However, the capacity change presented represents both sedimentation and
possible inaccuracies in initial volume estimates for the project. In actuality, the volume
of sedimentation that has occurred is most likely closer to this estimation than has been
shown in this report. It is difficult to derive a number that represents sedimentation that
has occurred with the existing information, however, when the lake is re-surveyed in the
future, a good estimation of sedimentation will be possible. Sedimentation is actually
quite sporadic and can be the result of many different natural and man-induced activities
in a watershed. Large volumes of sediment can be released in extreme hydrologic events.

Section 6

HYDROLOGIC ANALYSIS

6.1 Hydrologic History of Project

A cursory analysis of hydrologic conditions at Applegate Lake was performed. Since
Applegate Lake began filling with water in the winter of 1980 significant swings in
hydrologic conditions have taken place. The lake has been filled to its full operating
level (1987 feet MSL) in 10 of 17 years (see Figure 20.) Two floods with peaks greater
than the 20% chance of exceedance flood for any given year have occurred since the
reservoir began operating. In water year 1982 a flood with an estimated peak flow of
14,500 cfs occurred. This flood had a peak flow corresponding to approximately a 14%
chance of exceedance in any given year. As mentioned earlier, the flood of January 1997
had an estimated peak flow of 26,400 cfs and represented a 2.9% chance of exceedance
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peak flow for any given year. During the period of water years 1986 through 1994
southern Oregon was in a drought condition. Applegate Lake was filled to full pool
(1987 feet MSL) in only three of those nine years. Closer to normal conditions returned
in water years 1995 and 1996. In water year 1997 two large hydrologic events hit
southern Oregon. The first storm occurred during the first week of December 1996 and
had an unknown peak discharge, the second, larger storm occurred during the first week
of January 1997. These two events occurred after little flood activity in 12-years prior.
Sediments accumulated in the watershed of the lake during the 9-years of drought and
were washed into the lake from the combination of the two events that occurred in water
year 1997. From this cursory review, it is reasonable to estimate that the combination of
prolonged drought followed by significant hydrologic events in 1997 was responsible for
much of the sedimentation that is seen in the lake.

Section 7

CONCLUSIONS AND RECOMMENDATIONS

7.1 Conclusions

An updated capacity curve was produced for Applegate Lake. The updated capacity
curve revealed that historic curves used in the operation of the lake are outdated.
Significant changes have occurred in the estimated volume of the lake. Changes
represent both sedimentation that has occurred as a result of unusual hydrologic
conditions and from capacity curves estimated by a differing method. It is unclear how
much sedimentation has occurred in the lake with the information that exists. The
original design memorandum predicted a relatively high sedimentation yield for
Applegate Lake. It appears that original predictions have been qualitatively substantiated
and it will be important to monitor future sedimentation in Applegate Lake.

Changes in lake capacity for operational pool levels are listed in the following table:

Elevation . Change in Capacity
Feet MSL Allocation Acre-Feet
1765 to 1854 | Dead Storage -1851
1854 to 1889 | Conservation Storage -1030
1889 to 1987 | Flood Control Storage -3431
1854 to 1987 Total Usable Storage (conservation plus 4461
flood control)
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Changes to original capacity in the reservoir that is allocated for specific purposes (i.e.
flood control and conservation) represent a loss of approximately 4461 acre-feet. This is
a 5.9% change in usable volume for the project. This amount of change in volume may
impact the way that the project is operated. This amount of volumetric change represents
a loss of approximately 25-cfs over a 90-day period in terms of summer releases.

7.2 Recommendations

The significance of this loss in capacity in terms of flood control is beyond the scope of
this evaluation. It is recommended that a flood control analysis and review of
conservation operation be performed utilizing the updated capacity curve as soon as
funding becomes available. It is also recommended that published capacity curves for the
project are updated.

The original design manual for Applegate Lake predicted an abnormally high
sedimentation rate for this project when compared to other projects in the district. The
amount and spatial distribution of sedimentation is not surprising given the extreme
hydrologic conditions that occurred in the watershed during the period 1986 through
1997. It is recommended that sedimentation in Applegate Lake be monitored as outlined
in the original Design Memorandum. A re-survey of the lake should be performed in 5-
years, or no later than fiscal year 2002. The re-survey should utilize the same
methodology as was used in the survey of May 1997. However, the next survey should
also survey the perimeter of the lake at full pool and re-survey the established sediment
ranges. The sediment yield should be updated based on the new survey information
along with this report. The re-survey of May 1997 followed by this analysis shall serve
as a good foundation for future sedimentation volume predictions. The following table
lists the summary of actions that are recommended based on the results of this study.
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Summary of Recommendations

Date to be
performed
a. | Analyze loss of capacity in terms of flood control operations | FY 1999

Recommendation

b. | Analyze loss of capacity in terms of conservation operation FY 1999

c. | Update all published capacity tables for Applegate Lake FY 1999

d. | Update water control manual based on results froma, band | FY 1999
C.

e. | Continue monitoring sedimentation in Applegate Lake as Ongoing*

outlined in original Design Memorandum.
f. | After the next Survey of Lake (to be performed as based on | Immediately
documentation in DM), update the predicted sediment yield | after next
for the project utilizing the same methodology in surveying | necessary
and capacity analysis as presented in this report. Estimate survey and no
useful life of project based on updated sediment yield later than 5-
predictions. years.
* See Design Memorandum Number 19 for Applegate Lake
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	EXECUTIVE SUMMARY
	A large flood occurred on the Applegate River in January of 1997.  After the flood, reconnaissance indicated that significant sedimentation had occurred in Applegate Lake.  A bathymetric survey of the lake was performed the following spring.  Analysis of the updated bathymetry indicated that the capacity of the lake had been reduced by 7% of the total volume.  Analysis of the data indicate that sedimentation has occurred at the lake as a large delta at the upstream end of the minimum conservation pool with minor amounts in the tributary arms of the lake.  Differing methodologies used to estimate lake capacity make it difficult to accurately quantify the amount of change to lake volume that is due to sedimentation.  However, the updated capacity represents a reasonably accurate representation of the actual bathymetry of Applegate Lake.  The May 1997 data indicate that the current operational capacity of the lake is 5.9% less than the capacity estimate published in the current water control manual.  This amount of volumetric change represents a loss of approximately 25-cfs over a 90-day period in terms of summer releases.  This report recommends that the water control manual for Applegate Lake be updated, sedimentation continue to be monitored, impacts to operations for flood control and conservation uses be determined, and an estimate for sediment yield be updated with a future survey of the lake utilizing the same methodology as presented in this report.
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