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The Los Angeles District Corps of Engineers has evaluated the effects of
the proposed Mentone Dam and reservoir sedimentation on net groundwater basin
storage and net effect on potentiuetric levels (groundwater levels) within
the Bunker Hill groundwater basin7 It was found that approximately 0.8 square
miles of the proposed reservoir area, immediately upstream of the dam, would
be &fected by sediment deposition under the most severe hydrologic and
watershed bum conditions considered reasonable to the area. Gross sediment
production rates used in design of reservoir storage allocation were confirmed
by use of a mathematical sediment transport model.

The analysis included effects of the dam on historical potentiometric
levels and basin storage from water year 1945 through 1980 assuming the dam
and sedimentation effects to be in place in 1945.

It was found that no net effect on groundwater basin storage results from
the dam and reservoir area with application of relocated groundwater recharge
factities within project limits. Localized depressions in potentiometric
levels in the immediate vicinity of the dam would be accompanied by localized
increases in potentiometric levels in other parts of the groundwater basin as
a result of the project.
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B. DITRODUCTION

1. Purpose and Scope of the Suiary Paper

This summary paper has been prepared to inform members of the Mentone Task
Force of results to date of the Two Dimensional Groundwater and Sediment
Modeling studies for the proposed Mentone Dam. A comprehensive report on
these studies will be prepared this fiscal year. Representative studies are
presented in sufficient technical detail in this summary paper to permit
general understanding of study aspects and interrelationships. The report
provides summary analysis for (1) infiltration analysis and current
distribution patterns of sediments at Southern California reservoirs with
similar hydrologic and geomorphologic watersheds, (2) mathematical modeling
for sediment production, transport and deposition within the Mentone Reservoir
area, (3) groundwater recharge characteristics of the Bunker Hill Groundwater

Basin, (4) temporal relationships for potentiometric levels at selected nodal
points throughout the basin for pre-project and post project project
conditions.

2. Background Leading to the Groundwater and Sediment Modeling Studies

Mentone Dam has been included in a comprehensive flood control plan (the
All River Plan) to control flooding along approximately 70 miles of the Main

Stem of the Santa Ana River. During the plan formulation process, it was
judged that Mentone Dam would not have a significant impact on the regional
groundwater supply, based on experience with similar structures in the
Southern California area. Spreading grounds, located within the project area,
would be relocated as a part of the project..

In early 1981 water districts in the vicinity of the proposed dam began
to express concern over the impact of the dam on groundwater supply. In
September 1981, the Los Angeles District Corps of Engineers established a task
force of citizens (the Mentone Task Force) to deal with major concerns
including the impact of the dam on groundwater supply. At a task force
meeting in February 1982, the Los Angeles District presented its detailed

program to evaluate effects of the dam on groundwater supply and task force
comments were received. Assistance has been provided during the study, from
local water districts, the U.S. Forest Service, the U.S. Geological Survey,
the California Department of Water Resources and Regional Water Quality
Control Board, and the Corps of Engineers Hydrologic Engineering Center (HEC)
in Davis, California.
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C. OBJECTIVE AND OVERVIEW OF THE STUDY

1. Objective. The objective of the Two Dimensional Groundwater and Sediment
Modeling studies was to determine the net change in storage and potentiometric
levels within the Bunker Hill groundwater basin resulting from construction
and operation of Mentone Dam.

2. Overview of the Study. The study objective was accomplished by evaulating
(1) decreased recharge capability due to sediment deposition at the dam site,
(2) increased recharge due to downstream streambed scour, and (3) infiltration

associated with relocated recharge facilities by use of a two dimensional
finite element mathematical model. Because of the complexity and inter-
relationship of these and other factors pertaining to aquifer characteristics,
mathematical modeling of the conjunctive surface water-groundwater resources
of the region was considered appropriate. The limits of the Bunker Hill
groundwater basin including streams, faults and existing recharge basins are
shown on figure 1.

a. Infiltration Characteristics and Conditions Evaluated for Deposited
Sediment at Mentone Dam. The spatial distribution and infiltration
characteristics of deposited sediment within the Mentone Reservoir area were
determined in order to simulate post-project effects on recharge capability.
De usited sediment characteristics were determined for a broad range of
watershed burn and hydrologic/conditions. Specifically, sedimentation
characteristics were determined under mean annual and Standard Project Flood
conditions for both current watershed burn and reasonable maximum watershed
bum conditions. Selected representative sedimentation conditions are
presented in this summary paper. The mean annual flood associated with the
current burn watershed condition was considered to be the most representative
condition to be experienced over the life of the project. The sediment
deposition pattern resulting from tifty and one-hundred consecutive mean
annual flood events are shown for comparative purposes. Sediment deposition
for a Standard Project Flood under current watershed burn conditions is also
shown in order to demonstrate the effects of a single major flood event.

Infiltration characteristics of deposited and streambed sediments at the
Mentone site were determined by evaluating deposited sediments at reservoirs
in the Southern California area with similar hydrologic and geomorphologic
watersheds (Hansen and San Antonio Dams). Post-project infiltration rates
were input to the Two-Dimensional Groundwater Model at nodal points
encompassing the reservoir area. The spatial distribution of sediments at
these reservoirs were also evaluated. Spatial distribution of deposited
sediments at the Mentone site was evaluated by mathematical modeling of
sediment production, transport, and deposition phenomena. Mathematical
modeling procedures applied at Hansen Dam demonstrated good correlation
between mathematically predicted and historical sediment deposition patterns.

b. Downstream Streambed Effects. Streambed scour resulting from
relatively sediment free flows from Mentone dam has been considered by
increasing infiltration rates within the downstream streambed. Recharge
within the downstream streambed would be correspondingly increased.
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c. Relocated Groundwater Recharge Facilities. As a feature of the
project, impacted recharge facilities would be relocated. Recharge estimated
for relocated recharge facilities was based on practical limits demonstrated
by local field experience.

d. Calibration and Application of the Two Dimensional Groundwater Model

The study objective was accomplished principally through the calibration

and application of a regional mathematical digital model of groundwater
flow. This model was used to compute hydraulic head changes in time and space
in the basin in response to applied hydraulic stresses. The mathematical
model used was the U.S.G.S. "Finite Element--Two-Layer Model for Simulation of
Groundwater Flow" prepared in cooperation with the San Bernardino Valley
Municipal Water District (August 1979). The nodal and element layout of the
groundwater model is shown on Figure 2. Application of the groundwater model
began in water year 1945 and extended through 1980. Pre-project conditions
assumed that Mentone Dam was not in place. Historical recharge for natural
and imported waters and extractions, applied to the nodal pattern, were used
to calibrate the mathematical model to the historical potentiometric levels by
water year. Pre-project calibrated potentionmetric levels were compared to
the post-project levels resulting from the effects of Mentone Dam. Each
sediment distribution pattern was applied in 1945 to demonstrate simulated
effects as if the condition had been in place from 1945 through 1980. A
general plan of the Mentone Dam and reservoir is shown in Figure 3.

4
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D, TECNICAL DISCUSSION

1. Groundwater Recharge Characteristics of the Upper Santa Ana River Basin
(Bunker Hill Groundwater Basin). A review of available literature was
conducted to assess groundwater recharge characteristics of the Bunker Hill
groundwater basin. Figure 1 shows the limits of the Bunker Hill Groundwater
Basin along with contributing streams, recharge basins and known faults.

a. Historical Recharge Values. Part of the surface flow from Mill Creek
and the Santa Ana River near Mentone is returned to the groundwater through
spreading basins. During the period 1922 to 1955, which includes 11 years of
wet conditions and 22 years of dry conditions, it is estimated (Dutcher and
Burnham, 1959) that a total of about 170,000 acre-feet of water was recharged
to groundwater. This represents an average of about 5000 acre-feet per year.
Seasonal fluctuations of the groundwater level in the area have been as much
as 120 to 140 feet.

b. Aquifer Properties. Estimated aquifer properties have been obtained
from pumping tests in the Mill Creek Basin. Based on these pumping tests,
the estimated coefficient of permeability in the Mill Creek basin is about
1,400 gpd/sq.ft.; the coefficient of storage is about 0.05 which is
essentially equivalent to the specific yield; and the transmissivity is
; ptroximately 100,000 gpd/ft. Older alluvium materials in the Mill Creek
basin hav estimated coefficients of permeability on the order of
50 gpd/ft In the Mentone basin, however, it is estimated to be as much as
300 gpd/ft , which exhibits considerable variability of aquifer properties
within a relatively small area. This is due to the diverse geology and
varying ages of geologic materials that make up the groundwater storage
materials. Extensive systems of faults also exist throughout the area to add
to the geologic complexity. Test drilling throughout the area (USGS, 1975)
indicates that coarser materials exist in the eastern portions of the Bunker
Hill basin with finer grained materials farther west.

c. Infiltration and Recharge Rates. Moreland (1972. p.39) estimated
that an average long-term infiltration rate of about 3 ft/day could be
obtained for the upper Santa Ana River spreading grounds. This rate was
obtained by determining the wetted area of the spreading grounds from aerial
photographs and calculating the inflow rate. Infiltration rate was computed
by dividing the inflow rate by the wetted area. Using this technique,
Moreland (1972, p. 18) calculated infiltration rates of 0.7 ft/day in 1967,
3.7 ft/day in 1969, and 3.3 ft/day in 1970. Moreland (1972) thought that the
low infiltration rate of 0.7 ft/day in 1967 might have resulted from
accumulated fine sediment on the surface of the spreading basins. The San
Bernardino Water Conservation District suggests that if the upper Santa Ana
River spreading grounds are well maintained, an infiltration rate of between
7 and 10 ft/day can be obtained. Periodic scarifying of the spreading grounds
along with periods of wetting and drying are necessary to maintain a high
infiltration rate.

Research conducted by the USGS (1972) and Baumann (1965) determined the
magnitude and characteristics of the recharge mound development in the eastern
and western basins along the Santa Ana River. Using methods developed by
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Baumann (1965) it is estimated that the maximum rate of recharge which the
eastern basins could accept without waterlogging is approximately 45,000 acre-
feet per year. For the western spreading basins, it was estimated that
35,000 acre-feet per year would be the maximum recharge rate to avoid
waterlogging. Therefore, it has been estimated (USGS, 1972) that an
artificial recharge rate of as much as 80,000 acre-feet of water per year in
the upper Santa Ana River spreading grounds is feasible.

2. Geotehnical Investigations

a. Purpose of Field Exploration. Extensive field explorations have been
carried out at Hansen and San Antonio Dams because of their essentially
similar hydrologic and geomorphologic watershed characteristics to that of the
Mentone dam site. The purpose of these explorations was to evaluate the
geotechnical and infiltration characteristics of both the natural and
deposited sediment at these existing dams so as to provide a physically
realistic framework for estimating infiltration characteristics that could
be predicted at the Mentone damsite and to assess anticipated spatial

9 distribution of deposited sediments.

b. Exploration Plan for Hansen and San Antonio Reservoirs. The plans of
exploration fcr the two dams are shown on figures 4 and 5.

An extensive program of bucket-anger drilling and backhoe trenching
has been completed. The depths of deposited materials were determined by
comparing as-built drawings of basin elevations with the most current basin
topographic surveys. In-place permeability tests were run using two methods,
depending on the coarseness of materials encountered. Gradations of materials
encountered during the explorations were performed, in accordance with Corps
of Engineers Engineering Manual 1110-2-1906. The soils were classified
according to the Unified Soils Classification System.

(1) Hansen Dam

Sediments were tested over a broad area of the basin where deposition has
taken place at depths up to 55 feet below the existing ground surface. In-
place permeability tests were performed at six locations.

(2) San Antonio Dam

Because of the large size of deposited sediments, the total area sampled
and tested was limited to the finer grained materials near the embankment.
Deposted sediments were tested at depths up to 30 feet below the existing
ground surface. In-place permeability tests were attempted at five test holes
and trenches. Four of the tests were successfully completed. Results were
not obtained in test trench 82-7 because the high permeability of materials
resulted in water demands too great to keep a constant head during the test.

6



c. Testing Procedures

(1) Field Permeability Tests. Due to the nature of the materials
deposited behind the dams, two techniques were used to measure the field
permeabilities (also referred to as percolation or infiltration rates) of the
deposited materials. The methods used are in accordance with those for field
permeability tests in boreholes as described in designation E-18 of the U.S.
Department of the Interior Earth Manual. A summary of the testing procedures
follow.

Method 1. Method I consisted of drilling a bucket auger exploratory hole
to the required depth. A 4-inch (ID) perforated PVC pipe was then placed in
the hole and the hole was backfilled with gravel around the pipe. Water was
poured into the gravel fill until such time when a measurable head in the pipe
was recorded. The water level was then held constant by pumping more water
into the hole. Measurements of water flow to maintain constant head in the
pipe were recorded.

Method 2. Method 2 consisted of excavating a shallow backhoe pit in the
deposted materials. This method was used in more coarse grained material.
A 17-inch (ID) steel casing was placed in the pit and the material around the
pipe was wetted and then backfilled with a combination of bentonite gel and
the least pervious excavated materials available. Water was then poured into
the casing. When the water reached a constant elevation, water inflow was
measured to maintain this head.

d. Laboratory Tests. Mechanical analysis were performed on
representative materials obtained from test holes and trenches in accordance
with Corps of Engineers Engineering Manual 1110-2-1906. The soils were
classified according to the Unified Soils Classification System.

e. Summary and Discussion of Results.

Plans and logs of exploration for Hansen and San Antonio Reservoirs are
shown on figures 4 through 9. Results of in-place permeability tests are
shown on tables 1 through 3. Depths of deposited sediments are shown in
tables 4 and 5. Gradation curves for composite sediment zone classifications
are shown in figures 10 and 11.

(1) Hansen Dam. The majority of materials depsited within the reservoir
area are sands, silts and gravels with occasional cobbles and boulders,
increasing in relative size in an upstream direction from the embankment.
Finer grained materials were encountered relatively close to the embankment
or within the 'dead storage' pool area. Sediment types have been combined
into composite sediment zone classifications by grouping of sediments
encountered. These zones are shown on figure 4 and further discussed
herein.% Representative gradation curves for tnese zones are shown in
figure 10. Permeability of deposited sediments fall within the expected
range for the type of materials encountered. Permeability results are
presented along with sediment zone classifications in table 1.
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(2) San Antonio Dam. The majority of materials impounded behind San
Antonio Dam are coarse sands, gravels, with significant amounts of cobbles
and boulders, increasing in relative size in an upstream direction from the
embankment. Finer grained materials were confined to the area immediately
adjacent to the outlet works and along the toe of the dam embankment similar
to the deposition pattern at Hansen Dam. Sediment zone classifications are
shown on figure 5. Permeabilities of deposited sediments fall within the
expected range for the type of materials encountered and are shown along with
test method and sediment zone classifications in table 2. Representative
gradation curves for these zones are shown on figure 11.

Before construction of the dam, permeability tests were performed in
the foundation. The results of the foundation exploration tests show
permeabilities all falling within ranges to be expected for coarse grained
materials. The results of those tests are shown in table 3. The location
of those tests have been superimposed on figure 5.

(3) Composite Sediment Zone Classification. The materials deposited
behind the dams were grouped into four major zones as described in the
tabluation below. These zones are based on composite blending of the
materials encountered in the exploration trenches and holes. Areal extent or
composite sediment zones for Hansen and San Antonio Dams are shown on figures
4 and 5.

Zone Composite Sediment Zone Classification (Weighted)

I Clean, well, and poorly graded sands and gravels
(SP, SW, GP and GW)'

II Borderline sands and gravels
(SP-SM, SW-SM, GP-GM, and GW-GM)*

III Sands and gravels with a significant proportion of fines
(SM or GM)*

IV Fine silts (ML or MH)*

* In accordance with Unified Soils Classification System

The sediment zone classifications at Hansen and San Antonio Dams permitted
a generalized comparison to the predicted spatial distribution of deposited
sediments produced by the HEC sediment transport model at the Mentone Dam
site. Zone IV sediments (fine silts) were observed near the embankment and
outlet works for both the Hansen and San Antonio Dams. HEC results yielded
comparable distribution patterns for fine grained sediments at Mentone.
Zone I sediments (sands and gravels) were observed near the upstream reservoir
limits at Hansen and San Antonio Dams. HEC results also yielded comparable
distribution patterns for coarse grained sediments at Metone. The sediments
tested at existing dams and HEC generated sediment distribution patterns
indicated a transition from fine grained sediment near the embankment to
coarse grained sediment near the upstream reservoir limits.

8
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The permeabilities for the zones vary from high values in zone I to low

values in Zone IV.

(4) Determination of Infiltration Characteristics of Deposited Sediment
at the Mentone Dam site. Methodology devised by Moreland (1972) was used to
evaluate the infiltration rate of both the natural and deposited sediment
materials. Based on analyses of the field percolation test data and the
corresponding grain size distribution of the soil at the existing Hansen and
San Antonio Dams, a nearly straight line relationship on log-long scale was
established between the infiltration rate in ft/day and the dimensionless
grain size factor D20 /S0 where So represents the 20th percentile particle
diameter corresponding to 20 percent finer on the grain size graph and So
represents a sorting coefficient whose value equals the square root of the
ratio of D7 5 and D25 particle sizes ( y 5/D2 5 ). This relationship is
graphically presented on figure 12.

Based on the results of geotechnical field explorations of the Mentone dam
site, infiltration rates of the native materials in the reservoir area were
evaluated. This represents pre-project conditions. Inasmuch as the sediment-
delta formation over part of the reservoir area tends to affect infiltration
rates, new recharge rates were computed based on the composition and depth of
the deposited material within the sediment delta. The recharge rates for the
p(- -project conditions along with that of the pre-project condition are
summarized in a dimensionless form in table 6. Infiltration rates for nodal
points corresponding to the approximate effected area of the dam and sediment
delta were reduced by use of dimensionless factors presented in table 6.

3. Watershed Sediment Investigation for the Upper Santa Ana River, Big Bear
Lake to Mentone

a. Purpose and General Approach.

The purpose of the watershed sediment investigation was to evaluate long-
term effects that sedimentation may have on recharge capability in the Mentone
reservoir area by (1) predicting where sediment would deposit in the reservoir
over the life of the project, and (2) determining whether sufficient

quantities of material will settle out to reduce groundwater recharge
infiltration rates within the reservoir. To do this, methods for deter'mining
the quantities of sediment that would reach the reservoir for various
hydrologic events and forest conditions were developed. Once the hydrologic
and sediment production rates were determined, methods for simulating the
development of the reservoir sediment delta (the sediment deposition pattern)
were applied using data that characterize key geologic and hydraulic features
of the watershed and proposed reservoir.

Simple empirical mass volume procedures yielded rough estimates of the
extent and thickness of delta materials but offered little detail about the
distribution or character of different sediment materials or reasonable delta
shapes. This led to the need for a more sophisticated modeling approach.
Computer program HEC-6 "Scour and Deposition in Rivers and Reservoirs" (HEC,
1977), was used to route sediment into the reservoir pool and to simulate the
temporal and spatial development of the delta deposits. This simulation

9



program is particularly useful for analyzing the impact of changes in energy
gradient, in-flowing sediment load or bed material grain size on future trends

in reservoir sedimentation. The model is known to exhibit good overall
correlation between computed results and available data based on sediment
surveys at the Hansen Dam in southern California and is thus considered a
reliable predictive tool for simulation of future trends of reservoir
sedimentation and scour.

b. Erosion and Sediment Production.

The occurrence of erosion due to surface runoff and channel flows is
common in southern California. The amount of sediment production varies among
watersheds and from year to year and storm to storm. The amount also varies
with the age and condition of the watershed vegetation, tending to decrease as
the age and density of the vegetation and litter cover increase. Because of
the physiographic features of the study area, some erosion and sediment
production may be expected during severe storms even with the best "normal"
vegetation conditions in the watershed. However, normal sediment production,
when averaged over a long period of time, remains relatively constant.

(1) Special Factors Affecting Sediment Production and Delivery.

There are four major factors affecting the rates of sediment production
from watersheds in the Upper Santa region, they are (1) accelerated geologic
activity--accelerated geologic activity includes dry (ravel) erosion and local
landslide activity, (2) periodic occurrence of forest and brush fires,
(3) off-road recreational activities, and (4) the combined effects of
agriculture, urbanization and construction development. Over the period of
several years, sediment contributions from natural geological activities tend
to be relatively constant. Factors (3) and (4) contribute far less sediment
to the total basin-wide sediment budget than do (1) and (2). Factors (3) and
(4) also tend to be localized and are, therefore, more quantifiable.

Perhaps the single most important factor affecting erosion in the Upper
Santa Ana River drainage area is the occurrence of fires. Removal of
protective vegetation by fire greatly increases runoff and subsequently,
erosion rates. Erosion and sediment production will continue at greater than
normal rates from the time the watershed is burned until it has recovered
sufficiently to exert its normal control over runoff and erosion. Therefore,
vegetation within a watershed may vary in value for protection purposes after
a fire. It will have a minimum value immediately after the fire and a maximum
and relatively constant value when fully recovered and normal soil-water
relations have been reestablished. Methods perfected by Rowe, Countryman and
Storey (1949 and 1954) were used to determine the effects of fires and fire
frequency on peak discharge and erosion rates throughout the drainage area.

(2) Contributing Watersheds.

In order to evaluate sediment sources and transport mechanisms in the
proposed Mentone dam area, the total contributing drainage basin was
subidivided into seven subbasins. Each subbasin was then examined
individually based on its physiographic character, geology, soil type,

10



hydrology and fire history. Contributions of runoff and sediment into the

project site from each subbasin were determined. The total drainage area
above the Mentone damsite covers 260 square miles. Big Bear Dam controls about
38 square miles, and there are a few additional locally controlled drainage
areas. The effective contributing drainage area for sediment production and
yield for the entire drainage basin is approximately 211 square miles.

Figure 13 presents a schematic diagram of the Upper Santa Ana Basin and
delineates the contributing watersheds used for this investigation. The
following discussion will present results from the sediment investigation for
these watersheds.

(3) Representative Hydrologic Conditions and Sediment Production Rates.

The mean annual storm and standard project flood with ungated reservoir
operation were used throughout this investigation in order to bracket the
range of all possible hydrologic events. Detailed descriptions of the
hydrologic characteristics of these events are presented in the "Hydrology
Section" of the Santa Ana River Phase I GDM (U.S. Army Corps of Engineers,
1980). These events were then applied to two different forest conditions
based on forest fire history. The resulting sedimentation conditions were
assumed in place at the Mentone site in 1945 and the resulting effects on
hi-torical groundwater levels were then evaluated through 1980. The extent
and frequency of fires directly affect the amount of runoff and sediment

production from a watershed and are, therefore, important factors to consider
for simulating the hydrologic response of a watershed. "Current burn" forest
conditions were based on what currently exists throughout the drainage area
with respect to the extent and dates of past forest fires. Details for the
determination of current forest conditions and past fire histories were
obtained from the U.S. Forest Service (1982) and the San Bernardino County
Flood Control District Fire Statistics (1980).

A hypothetical "reasonable maximum burn" condition was developed to depict
the worst likely watershed conditions that could ever occur due to forest
fires. The 'one time' effects of this condition were used to analyze sediment
production and distribution from a single hydrologic event occurring when the
watershed was in its most erodible condition. It was not considered

representative of general watershed conditions throughout the life of the

project. Development of this condition was closely coordinated with
recommendations from personnel from the U.S. Forest Service in San Bernardino,

California. It was based on the amount and types of burnable materials within
the watershed and on other important factors such as worst possible wind
conditions. The resulting "reasonable maximum burn" condition would totally
burn 100 percent of Big Bear Lake, Plunge Creek, Oak Creek, Mill Creek Wash
and Morton Canyon drainages, while burning fifty percent of the total area
within the Santa Ana River and Mill Creek subbasins. Reasonable maximum burn
conditions also assume that the burn is recent and that there has been no time
for forest recovery.

The representative hydrologic and watershed burn conditons used in the
analysis are shown in the following tabulation.
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Pre-Project Simulation

Condition "0" Mean Annual Flow, Current Burn Condition

Post-ProJect Simulations Reflecting Sediment Delta Formation

Condition "1" -- Mean Annual Flow, Current Burn Condition
Condition "2" --- Mean Annual Flow, Reasonable Maximum Burn Condition
Condition "3" -- Standard Project Flood, Current Burn Condition
Condition "4" --- Standard Project Flood, Reasonable Maximum Burn Condition
Condition "5.0"- Mean Annual Flows, 50-yr. Simulation, Current Burn Condition
Condition "5.1"-- Mean Annual Flows, 100-yr. (extrapolated) Simulation,

Current Burn Condition

(a) Average Annual Sediment Production - Estimated average annual
sediment production rates under current burn conditions for each of the seven
contributing watersheds from Big Bear Lake to Mentone are summarized in
table 7. As indicated in Table 7, sediment production was adjusted within
each subbasin according to past burn history. Column 5 lists the fire years
and the approximate percentage of the total subbasin area that was burned.
These data were applied to the tables and procedures developed by Rowe,
Countryman, and Storey (1949 and 1954) to estimate a current burn factor and
finally a value of sediment yield. If a fire had occurred twelve years
previously, it was assumed that the forest had returned to its natural state
and the burn adjustment factor was one. Table 8 presents a summary of the
estimated amounts of sediment production for reasonable maximum burn
conditions due to mean annual rainfall. A total estimated average annual
sediment production from Big Bear Lake to Mentone with current burn forest
conditions is approximately 270 ac-ft/yr. With reaonsable maximum burn
conditions, the annual sediment production is approximately 3340 ac-ft/yr.
This is based on the assumption that all of the sediment delivered to the
Santa Ana River from contributing watersheds continues through the system
until it reaches the proposed Mentone dam site. This represents a basinwide
weighted average seidment yield of approximately 1.28 acre feet per square
mile for current burn conditions and 15.9 acre feet per square mile with
reasonable maximum bum conditions.

(b) Estimated Standard Project Flood Sediment Production. Estimation of
sediment production and delivery due to intense rain storms is a difficult
task due to many complicating factors. Such factors include climatic
variability, differences in local and area-wide geology, antecedent moisture
content of the soil, river flow conditions and the character and availability
of surface and channel sediment prior to the event.

As with the mean annual sediment estimates, methods developed by Rowe,
Countryman and Storey (1949 and 1954) ware used to estimate the sediment
production and delivery as a result of the standard project flood. Their
procedures were not directly applicable, however, due to the extreme magnitude
of the SPF event. Individual peak discharge frequency curves were developed
for both watershed bum conditions for each subbasin. These curves were then
used to determine the peak SPF discharge from each subbasin for both burn
conditions. This provided values of peak runoff from each subbasin. Next,
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erosion rates for both burn conditions for each subbasin were determined using
the estimates of peak runoff from each subbasin. This p-ocedure provided
values for the volume of sediment produced from each subbasin as a result of
an SPF storm event (cu.yds./storm). Table 9 presents a summary of these
results along with the estimated values for basin wide sediment yield under
current burn and reasonable maximum burn conditions.

c. Extent, Shape and Character of Sediment Deltas.

(1) Application of Computer Program HEC-6

In order to provide an accurate description of the delta shapes,
thicknesses and spatial distributions of deposited sediment materials,
computer program HEC-6 "Scour and Deposition in Rivers and Reservoirs" (HEC,
1977) was applied. Computer program HEC-6 is a generalized sediment transport
mathematical model. It has been widely used throughout the Corps and by
private industry to simulate long term streambed profile behavior. By
mathematically coupling sediment transport processes and stream hydraulics,
HEC-6 effectively simulates (1) scour and deposition, (2) accounts for
streambed armoring and hydraulic sorting of up to sixteen different sediment
grain sizes, (3) allows tributary inflow and/or diversions of both sediment
and water, and (4) graphically displays the input and output.

For the purpose of this investigation, HEC-6 was used to route the
estimated amounts of sediment and runoff (as summarized in the preceding
section) into the proposed Mentone Reservoir. Once these sediments reached
the reservoir, sophisticated settling algorithms within the code simulated
selective transport and deposition of the various grain sizes of sediment in
the reservoir pool. Thus, a reservoir delta forms as layers of sediment
continue to deposit during an event. The model simulates the longitudinal
changes in shape, thickness and grain size for the sediment delta deposits.
It also computes the reservoir trap efficiency and total volume of sediment
deposited in the reservoir. The whole process takes into account the repeated
filling and emptying of the reservoir with successive flood events. Exposed
delta deposits from previous events will move toward the dam as they are
scoured by high flow during the filling and emptying of the reservoir with
each large event. Simulations were carried out for all the hydrologic and
watershed conditions discussed under paragraph 3.b.(3).

d. Sumary and Discussion of Results.

Table 10 summarizes the computed depths of deposited sediment (delta
thickness along the low point of the streambed) for the six different
conditions that were simulated. Delta profile (spatial distribution of
sediment deposits) for conditions "3", "5.0" and 5.1 are graphically shown on
figures 14 through 16. Sedimentation profiles corresponding to these
conditions are shown on figures 17 through 19. These conditions were selected
for this summary paper because they generated the maximum depths of sediment
materials in the reservoir area and are representative of reasonably severe
theoretical scenarios that may be expected in the basin. Grain size curves
for existing foundation materials at the damsite are shown on figure 20.
Composite gradation curves for conditions "3", "5.0" and "5.1" are also shown
on figures 21 and 22.
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(1) General Discussion.

Results of this investigation indicate that sediments subject to
deposition within the Mentone Reservoir over the project life of the dam
will be confined to approximately a 0.8 square mile area in the vicinity
of the outlet. The simulated delta characteristics for all deposited
sediments showed reasonable and conservative correlation to those observed in
reservoirs with similar hydrologic and geomorophologic watersheds in southern
California. (See paragraph 2.e.(3))

This determination was made with consideration to forest fire burn
histories within the watershed and short term increased sediment production
rates resulting thereof.

(2) Mean Annual Flood Condition. Consecutive mean annual flood events
and the sediment deposition resulting thereof was considered the most
representative simulation of sedimentation conditions to be expected at the
Mentone damsite over the life of the project. Under current watershed burn
conditions sediment production associated with mean annual flows was 270 acre
feet per year. Over a 50 year period this resulted in deposition of about
6 feet near the outlet, increasing to about 34 feet at 4000 feet upstream
of the embankment. An extrapolated 100 year condition resulting from
consecutive mean annual flows resulted in deposition of about 10 feet near
the outlet, increasing to 53 feet at 4000 feet upstream of the embankment.
Under a single mean annual flood event associated with a reasonable maximum
watershed burn condition deposited sediments were confined to an area from
the outlet works to about 4000 feet upstream of the embankment.

For all watershed burn conditions, individual or consecutive mean annual
events resulted in essentially no sediment deposition from about 4000 feet
upstream of the embankment to the upstream project limits.

(3) Standard Project Flood Condition.

The standard project flood was considered to be the most severe individual
hydrologic event which would result in sediment deposition in the reservoir
area. Under current watershed burn conditions this would result in deposition
of less than 1 foot near the outlet increasing to a maximum of about 3 feet at
6000 feet upstream of the embankment. Deposition would be coarse grained and

essentially of similar composition to existing streambed materials from about
4500 feet upstream of the embankment to the upstream project limits. Under

reasonable maximum watershed burn conditions deposition would be an average
of about 6 feet from the outlet works to the upstream project limits.
Composition of these sediments would be similar to existing streambed
materials.

The standard project flood, under existing conditions would result in
deposition and/or scour over the entire Santa Ana River flood plain (i.e.,
from north of Greenspot Road to the Redlands Airport). Under post-project
conditions, with Mentone Dam, the Standard Project flood would result in
moderate deposition (6 feet average) under the most severe watershed burn
conditions and in minimal deposition (I foot average) under current burn
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conditions. Post-project deposition would be of similar composition to
existing streambed materials from about 4500 feet upstream of the embankment
to the upstream project limits.

For an SPF event, restoration requirements for recharge facilities and
post flood recharge capability would be comparable, with or without Mentone
Dam in place, from about 4500 feet upstream of the embankment to the upstream
project limits.

4. Two-Dimensional Groundwater Modeling Study

a. Salient Features of the Mathematical Model.

A conceptual approach to groundwater modeling was used in applying this
model. Essentially, a conceptual model of the groundwater system, which
represents the reduction of the prototype to its principal elements, was
developed. This is followed by the development of a mathematical model that
represents, to a good degree of approximation, the conceptual model. A
generalized conceptual model of groundwater system for the upper Santa Ana
River Basin is shown in Figure 1. The development of the mathematical model
is based on the generalized concept, namely inflow minus outflow equals delta
storage. This conceptualization yields a system of differential equations
desc-ibing the groundwater basin's ability to receive, store and transmit
water. The resulting system of equations is then computationally solved for
the output or dependent variable in conjunction with physically realistic
initial and boundary conditions using a digital computer.

More specifically, the mathematical model used for the simulation of
groundwater flow of the basin represents the prototype of a two-aquifer
system. The two aquifer units are linked in the model through a leakage term
that represents vertical flow through the confining layer of clay and silt
deposits of varying thickness and hydraulic conductivity. The model is based
on a Galerkin finite-element approach, originally developed by Pinder and
Friend (1972) and subsequently modified by Durbin (1979) of the U.S.G.S. This
formulation using (triangular) finite-elements was chosen because it provides
a more flexible and precise simulation of irregular boundaries and faults that
characterize the basin.

The mathematical equation that depicts the flow of water in each aquifer
unit of a two-layered model is:

Si (rTOj (Ty )- STV w. gh- he) .0
where:

T = transmissivity of aquifer,
h = hydraulic head in aquifer,
S = storage coefficient of the

aquifer,
W = flux of a source or sink

(pumpage or recharge),
K = vertical hydraulic conductitivity

of the clay layer that separates
the two aquifers,
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b = thickness of the clay layer,

ha = hydraulic head in the adjacent

aquifer,
x and y = cartesian coordinates, and

t = time.

It should be noted that for simplicity, the upper (layer 1) and the lower
(layer 2) layers of the mathematical model have identical grid patterns, with
the elements and nodes numbered the same for each layer. The nodal network
consists of 296 elements and 178 nodes, as shown on Figure 2. The physical
properties of the aquifers such as transmissivity, storage coefficient, and
where appropriate, the thickness and vertical permeability of the confining
clay layer, are assigned to elements, and the recharge, discharge, and
potentiometric head are assigned to the nodes. The elements are more closely
spaced where data are more abundant in the confined aquifer zone. The key
wells used in facilitating comparative analysis and correlation between the
historical and simulated water levels for both the pre-project and post-
project conditions as well as areas of artificial recharge of imported water
were also made nodal points for this study for a more precise simulation of
groundwater flow conditions in the basin.

b. Input Data.

(1) Aquifer Parameters - Values of transmissivitv and storage coefficient
for the water-bearing deposits and leakance coefficient for confining clay bed
between the upper and lower aquifer units.

Aquifer transmissivity values throughout the basin and the storage
coefficients for the part of the basin where the aquifer is unconfined were
originally derived by the California Department of Water Resources. Estimates
of transmissivity were based on well-capacity tests. Storage coefficients
for the unconfined aquifer were derived by assigning yield values to different
materials encountered in about 1,100 well-drillers' logs. The storage
coefficients for the confined aquifer were determined from aquifer
performance tests in the study area and other areas with similar aquifers.
Transmissivities ranged from 5,000 gpd/ft along the San Bernardino Mountain
front to about 500,000 gpd/ft in the center of the basin in the confined zone.
Values of aquifer storage coefficients used in the model ranged from 0.15 in
the unconfined aquifer zone to 0.0001 in the confined aquifer zone.

The confining bed is a semipermeable clay layer through which groundwater
is transmitted more or less vertically between the underlying and overlying
aquifer units. Leakage, expressed as the "leakance coefficient" is the ratio
of hydraulic conductivity to the thickness of the confining bed. The leakance
coefficient in the confined part ranged from 0.0012 to 0.0009 ft/day/ft. In
the unconfined part of the basin, the confining layer was assumed to be I ft
thick and the leakance coefficient was assigned a constant value of 0.03
ft/day/ft based on available data.

(2) Initial Conditions. Measured water levels during Spring 1945 form
the initial conditions for the simulation of 1945-1980 period for both the
pre-project and post-project conditions.
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(3) Boundary Conditions. Boundaries define the geographic area referred
to as the simulation domain of the model. The general boundary of the model
coincides primarily with faults and other barriers consisting of either zero-

flow segments along consolidated-rock boundaries or constant-flow segments in

the unconsolidated deposits where groundwater flows across or over the
faults. In areas where fault boundaries are not well-defined and the
unconsolidated deposits extend beyond the study area, the model boundaries
were chosen so that the cause-effect relationship (pumpage and recharge)
outside the model boundaries would have minimal effect on the flow system
inside the simulation domain.

An impermeable (zero-flow) boundary was assigned to the front of the San
Bernardino Mountains along the San Andreas fault zone, except where the
numerous streams enter the alluvial basin. These streams are modeled as
recharge (or constant-flow) boundaries through which surface water and
underflw enter the model area as groundwater recharge. Barrier E along
the northwest side of the model has an extremely low transmissivity and is
considered a zero-flow boundary.

Constant-flow segments of the model boundary were assigned for areas of
recharge (spreading basins) cr discharge (pumping wells). A constant outflow
of 11,200 ac-ft/yr was assigned to San Jacinto fault, based on U.S.G.S
rekords. Recharge as groundwater underflow across the Crafton Fault ranged
from 5,350 to 8,150 ac-ft/yr. In addition, the various faults and barriers
traversing the simulation domain constitute zones of low hydraulic
conductivity, and are treated as such in the model.

It should be noted that the confining clay layer in the artesian area
separates the upper and lower model layers, the demarcation between the upper
and lower layers being dependent on the measured water levels across the
impediment. In addition, the demarcation between the confined and unconfined
aquifer zones in the basin is based on the relative thickness and the vertical
hydraulic conductivity of the confining clay layer as well as on the
difference in water levels between the upper and lower aquifer units.

The bottom of the water-bearing alluvium or top of the consolidated bed-
rocks constitutes the bottom of the model on the basis of permeability
contrasts along this interface.

(4) Recharge and Discharge. Available data show that except during
floods of high frequencies, the inflows are much larger than the outflows.
Consequently, a substantial part of the surface flow that enters the basin
through the various tributaries from San Bernardino Mountains enters the
groundwater reservoir through percolation from the permeable river beds as
well as through diversion into existing recharge basins. During the period
1945-1980, the net surface flow available for groundwater recharge was of the
order of 108,000 ac-ft/yr. Detailed pumpage records were also obtained from
local water agencies for this period.

An evaluation of recharge and infiltration characteristics is presented in
paragraph 2.e.(M).
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c. Calibration and Verification of Mathematical Model.

Although the approach delineated herein is based on physical principles
and presents a powerful tool for the solution of mathematicl models of
complicated subsurface hydrologic systems, such as the one under consideration
here, appropriate model testing, calibration and verification procedures must
be undertaken to ensure that the adopted algorithm yields reasonable results
prior to its application to post-project conditions.

Calibration refers to the process of adjusting input hydrologic parameters
to the model until differences between model simulations and field
observations are within acceptable limits. This is accomplished primarily
through sensitivity analysis, namely by holding all input parameters constant
but one, and perturbing the last one such that variation of the dependent
variable can be examined. If small perturbations of the parameter produce
large changes in the dependent variable, the system is said to be sensitive to
that parameter. This gives a measure of how accurately that parameter must be
estimated if the model is to be used in prediction. On the other hand, If the
dependent variable is not particularly sensitive to the perturbed parameter
then the value of the parameter need not be accurately estimated for
prediction purposes. Furthermore, if the system is extremely insensitive to
the perturbed parameter, the parameter and its associated system component may
be redundant and could be deleted from the model. The model calibration and
verification are not complete without a thorough sensitivy analysis. The
calibration process is a complex, interwoven task of adjustment and
readjustment; it is indeed a means of modifying and improving conceptual
views of the aquifer system. A test was made to determine if the difference
between simulated and historical heads in selected observation wells could be
accounted for by a likely range of errors in input parameters. The test thus
provided a measure of reasonableness of the calibration process. Based on
the results of a detailed sensitivity analysis principal parameters, namely
transmissivity, storage coeffieicnts, vertical hydraulic conductivity of
the confining clay layer, initial water levels as well as magnitudes and
distribution of groundwater recharge were each independently changed by plus
or minus a constant factor while other parameters were unchanged. The range
of values differed for each parameter and reflected a subjective estimate of
the likely range of variation in each parameter. Care was exercised not to
vary input parameters much from known field values, and changes were. made on
an areal rather than node-by-node basis.

Simulated potentiometric heads obtained early in the process represented
an initial conceptual view based on much of the available data from U.S.G.S.
and California Department of Water Resources. The match between the simulated
and observed potentionmetric surfaces was improved and the conceptual view was
modified by adjustment of input parameters, while staying within a reasonable
expected range of variation in their values. These aspects pertaining to pre-
project conditions along with detailed post-project simulations are presented
in the next section.
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d. Simulation Strategy.

(1) Pre-Project Simulations.

Using available values of aquifer parameters as well as those of recharge
and pumpages, several runs were made to evaluate the sensitivity of

significant model input parameters. Sensitivity analysis indicates that
transmissivity, initial water levels and recharge are the most sensitive

parameters. In accordance with the procedure delineated earlier,
transmissivity values of the upper aquifer unit primarily in the confined
zone, initial water levels particularly in the northern part of the basin

as well as magnitude and distribution of artificial recharge pertaining to
imported water for the 1975-1980 period were adjusted (within + 10 percent
of their initially estimated values) so as to obtain the best possible
correlation between the simulated and historical water levels over most of the
basin. These adjustments yield good correlation between the simulated and
historical water levels for the period 1945-1974. However, the correlations
for the period 1975-1980 were not as good. Further analysis indicates that
considerable improvement between the simulated and historical water levels
results for the entire simulation period 1946-1980 when 75-100 percent of the
imported water entitlement is used (instead of either 50 percent or 100
percent entitlement) for the period 1975-1980 and 50 percent for the 1973 and
1071 water year period. This is reasonable because not all of the imported
water (assuming that it is known with a high degree of precision) is
effectively utilized due to losses in the system, primarily attributable to:

- evapotranspiration loss
- detention and depression storage
- water retained in the unsaturated zone

The computed potentiometric levels along with the corresponding historical
levels are graphically presented on Figures 23 through 27, for selected
nodes. Final simulated heads agree reasonably well with observed heads,
although there are a few isolated locations within the confined aquifer zone
where the correlation is not as good. The difference can generally be
accounted for by the likely range of error or uncertainty in one or more of
the input parameters.

The computed potentiometric levels presented on these figures constitute
the final pre-project calibrated levels; these will be used for comparisons to
with the computed water levels corresponding to various post-project
conditions pertaining to the anticipated impact of Mentone Dam on the
groundwater resources of the basin.

(a) Pre-Project Recharge at Mentone Dam Site.

Pre-project recharge for natural and imported water was distributed at
various nodes representing recharge basins and streambed locations along the
Santa Ana River main stem. Recharge quantities were adjusted at nodes within
the Mentone reservoir limits and along the river until good correlation was
obtained with historical potentionmetric levels in the vicinity.
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(2) Post-Project Simulations

Using the final, calibrated pre-project run as the basis, necessary
modifications in the input data were made to reflect the effect of various

post-project conditions. Recharge or infiltration rate is the only model

parameter that is subject to modification due to anticipated sediment delta

formation associated with the Mentone Dam in-place. The following procedure

was adopted fr the simulation of post-project conditions:

(a) Infiltration Rates.

Infiltration rates for the nodes overlying the reservoir area and the

existing recharge basins in the vicinity of the Mentone damsite subject to
sediment delta deposition were adjusted downward in accordance with the

infiltration rate vs. dimensionless grain size factor relationship (shown on

figure 12 with results summarized on table 6) for each of the hydrologic and
watershed conditions. Consequently, quantities of net recharge were computed
for each node affected and were inputted into the simulation model.

(b) Potential Loss of Recharge.

Difference in the recharge values between the pre-project and each of the
post-project conditions termed as "potential loss of recharge" due to

sedimentation effects in the Mentone reservoir area are sumarized in Tables
11 through 13 for conditions "3", "5.0", and "5.1". As indicated earlier, the

areal extent of sediment delta is limited to approximately 0.8 square mile in

the reservoir area.

(c) Increased Downstream Recharge.

The accumulation of sediments in the reservoir area would render the water

leaving the damsite relatively sediment-free. It, therefore, follows that the

recharge potential of the Santa Ana River downstream of the damsite would be
correspondingly enhanced.

Based on wetted area and temporal relationships for flows leaving the

Mentone Dam, approximately 700 ac-ft average annual increase in infiltration

would take place under current sediment conditions in Santa Ana River in the

readh between Mentone Damsite and Warm Creek. This is attributable to all.

flood flows greater than 2,000 cfs being stored behind the dam and released at

the 2,000 cfs rate for duration ranging from 5 to 21 days depending upon the

frequency of the flood. The analysis further indicates that infiltration

rates would experience an order-of magnitude increase in the downstream

reaches of Santa Ana River as a result of streambed scour. This has been

taken into consideration in the mathmatical model.

d) Increased Recharge - Relocated Recharge Facilities within Project

limits. Relocation of spreading facilities within available project areas is

presented as one of several alternative recharge methods and locations to

recover potential loss of recharge due to sedimentation effects in the

reservoir area. Additional methods and locations are discussed in this and

the following sections. Sediment deposition patterns with the Mentone
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I
Reservoir area indicate that from about 4500 feet upstream of the dam to the

upstream project limits (about 9000 feet upstream of the dam) would be

essentially free of deposited sediment. The area immediately upstream and

downstream of the spillway and near the downstream outlet portal would be free

of streamflow and sediment deposition due to the protective benefit afforded
by the Mill Creek levee and dam embankment, respectively. These areas

comprise about 1.0 square mile (over 600 acres) of streambed area, suitable
for recharge operations. Based on a practical recharge relationship of 1.5
cfs per wetted acre, potential recharge loss due to reservoir sedimentation
would be effectively offset through relocation of recharge basins to these
areas for both natural flow and future imported water entitlements through
year 2000. Alternative recharge methods could also include injection wells
and recharge pits. Post-project recharge, placed at nodes located generally
upstream of the reservoir limits, was used to simulate the effects of
relocated recharge facilities.

Tables 11 through 13 summarize the redistribution of recharge quantities
over the various nodes for each of the post-project conditions. These
recharge quantities were also inputted into the model. The simulated post-
project potentiometric levels along with the calibrated pre-project levels for
selected nodes are presented in figures 28 and 48.

(3) Additional Recharge Capability Not Included in this Study.

(a) Additional Recharge Potential-Upstream Recharge Facilities. Addition
of new recharge basins, reshaping existing recharge basins for hydraulic
efficiency, and injection wells could further enhance recharge upstream of the
project limits.

(b) Additional Recharge Potential-Downstream Recharge Facilities.
Placement of downstream in-channel or off-channel spreading facilties in
conjunction with relatively sediment-free flows leaving the Mentone Dam could
also increase recharge capability. An example of the highly beneficial use of
downstream recharge facilities in conjuntion with Corps of Engineers flood
control dams can be demonstrated at Whittier Narrows Dam, Santa Fe Dam, Hansen
Dam and Prado Dam.
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E. OCL5ONS

1. There would be no impact on basin-wide groundwater storage due to the
placement of Mentone Dam including application of relocated recharge
facilities. There would be localized depression in groundwater levels in the
vicinity of the dam, accompanied by water level rises of the same order of
magnitude in other parts of the basin.

2. The mathmatical model used for the simulation of groundwater flow within
the upper Santa Ana River Basin in this study provides a reliable method for
predicting the effects of the proposed Mentone Dam on the groundwater
resources of the region. Good correlations were obtained between the
simulated and historical water levels in approximately a dozen existing
U.S.G.S. observation wells encompassing both the confined and unconfined
aquifer zones within the basin during the 1945-1980 simulation period.

3. Based on the results of detailed sensitivity analysis for the range of
aquifer characteristics as well as the watershed and hydrologic conditions
during the 1945-1980 simulation period, it was found that, in terms of
piezometric variations, the lower aquifer layer is not particularly sensitive,
to all available input data.

4. Mathmatical modeling of sediment deposition patterns in the Mentone

reservoir area shows reasonable and conservative correlation to that
experienced in nature, based on an evaluation of deposition patterns at
existing reservoirs with similiar hydrologic and geomorphologic contributing
watersheds in Southern California.

5. Infiltration analysis indicates that except for the recharge facilities
located in the reservoir area in the immediate vicinity of the dam outlet
(confined to approximately 0.8 square mile area), there will be no impact on
the existing reacharge basins upstream of the reservoir area corresponding the
most severe hydrologic and watershed scenarios considered reasonable to the
area. Approximately 1.0 square mile of land area within the project limits,
essentially free of sediment deposition, would be available for relocated
recharge facilities. Relocated recharge facilities as well as increased
downstream infiltration due to streambed scour would effectively offset loss
in recharge due to sedimentation effects of the dam. Alternative recharge
methods are also available to further enhance recharge capability.
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Table 1

Permeability Results

Hansen Dam

Test Hole or 1/ Composite Sediment

Trench Number- Permeability (ft/day) Method Zone Classification

TH 82-3A 22 (1) II

TH 82-9A 5.8 (1) III

TH 82-10A 3.1 (1) IIl

TH 82-11A 3.5 (1) III

TH 82-12A 3.3 (1) III

TH 82-5A 5.2 (1) III

1_ Refer to figure 4 for locations of test holes and trenches.



Table 2

Permeability Results

San Antonio Dam

Test Hole or 1/ Composite Sediment

Trench Number'- Permeability (ft/day) Method Zone Classification

TH 82-3A 9.3 (1) II

TH 82-4 6.3 (1) I

TH 82-5 3.8 (1) IT

Tr 82-7 2/ (2)

TT 82-11 60+ (2) i

V Refer to figure 5 for locations of test holes and test trenches.

2 High permeability of materials resulted in water demands too great to keep
a constant head during the test.



Table 3

Foundation Exploration i /

Permeability Test Results

San Antonio Dam

Test Pit Elev. of Depth Test Run Permeability
No. Test (ft) (ft) No. (ft/day)

12 2133 1 1 4.8
2124 10 1 27.3

2 20.1
2119 15 1 10.5

2 9.1
2114 20 1 50.0

2 22.2
2104 30 1 41.3

2 32.5
2094 40 1 52.0

2 36.4
2084 50 1 43.7

2 19.3
2074 60 1 391.0

13 2113 1 1 17.3
2 15.1

2109 5 1 18.6
2 17.6

2104 10 1 36.7
2 30.6

2099 15 1 386.0
2 332.0

2094 20 1 43.5
2 21.9

2084 30 1 34.4

17 2095 50 1 16.3

19 2160 45 1 54.2

2 43.7

V Taken from San Antonio Dam Seismic Evaluation, Phase I, January 1980.
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Table 5

Depth of Deposited Materials

San Antonio Dam

Co-Ordinates

Northings Eastings Depth of Deposited Materials (ft.)

728,000 1,567,500 35
1,568,000 35

1,568,500 21
1,569,000 11
1,569,500 - 2 __V

1,570,000 0
728,500 1,567,500 37

1,568,000 42
1,568,500 43

1,569,000 40
1,569,500 - 5 V/

729,000 1,567,500 -25 Z/
1,568,000 36
1,568,500 35
1,569,000 3

729,500 1,568,000 16
1,568,500 30

730,000 1,568,000 21
1,568,500 35

Depths represent deposited materials as of survey dated September 1980.
Negative numbers show erosion below that of the finish grade after

construction.



Table 6

DIMENSIONLESS RECHARGE RATES FOR PRE-PROJECT AND
POST-PROJECT CONDITIONS

Node Condition

V "2" "Y .4 .5.0" ..5 "

Reservoir Area

107 1.0 0.100 0.100 0.010 0.200 0.005 0.004

108 1.0 0.100 0.100 0.010 0.200 0.005 0.004

123 1.0 0.450 0.200 0.010 0.200 0.005 0.004

124 1.0 0.850 0.400 0.075 0.100 0.075 0.075

132 1.0 1.000 1.000 1.000 1.000 1.000 1.000

Existing Spreading Basins

133 1.0 0.070 0.970 0.050 0.050 0.900 0.900

140 1.0 1.000 1.000 1.000 1.000 1.000 1.000

141 1.0 0.970 0.950 0.970 1.000 0.900 0.900

155 1.0 1.000 0.900 0.975 1.000 0.900 0.900

Note: For a definition of various representative hydrologic and watershed
conditions, see paragraph 3.b.(3).
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