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CHAPTER 1

INTRODUCTION

This réport summarizes the regults of ground water studies conducted at
Big Canyon Reservoir from November 1974 to June 1977. Chapters 2
through 4 summarize the hydrologic, hydrogeologic and water quality data
presented in previous quarterly progress reports; and, include a presen-
tation and evaluation of new data collected from October 1975 to May 1977
which has not been previously analyzed. Chapter 5 presents conclusions and
recommendations,

The data collected during water year 1974-75 was analyzed in detail in
quarterly progress reports submitted to the City in January, May and August.
The Fourth Quarter Progress Report and Draft Final Technical Report were
submitted in December 1975, '

The work completed was authorized by Professional Services Agreement
dated September 1974, a subsequent amendment dated June 1975, and an
additional contract for Professional Services - Interim Report, dated
June 1977, -

SCOPE OF WORK

Professional services on the Big Canyon ground water study were to include
the following original and amended contract items of work:

(Original Contract)
Drilling, Logging and Sampling: Complete exploratory test drilling, logging

and sampling at 11 sites in the vicinity of Big Canyon Reservoir to depths of
forty (40) feet maximum.

Permeability Tests: Conduct permmeability tests of various soil samples.
A portion of the tests will be run in a laboratory and the remainder in situ
at the specific drill site.
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Introduction

Piezometers: Install two (2) inch diameter piezometers at seven (7) drill
sites,

Data Collection and Monitoring: Conduct a comprehensive data collection and

monitoring program of; (1) Ground water levels and water quality at the new
and existing piezometers; (2) Reservoir water surface elevation and precipi-
tation at a manually measured rainfall gage. This program shall commence

within one and one-half (1-1/2) months from the notice to proceed.

Underdrain Discharge Monitoring: Provide general designs for the dis~
charge measurement devices for Big Canyoen Reservoir's underdrain system,
and the Harbor View Hills subdrain system hereinabove mentioned. When
measuring devices have been installed by the City, monitor discharge
measurement devices on flows of the Big Cany—én Reservoir's East Wall Drain
system, its underdrain system and the Harbor View Hills (Bren) subdrain
system on Newport Hills Drive East. Monitoring shall continue for one (1)

yvear to analyze a complete hydrelogic cycle, on a minimum two (2) week
frequency.

Additional Investigations: Conduct and supervise additional investigations as

required for tracer studies, temperature surveys and local shallow trenching.

Progress and Final Reports: Submit progress reports of results and initial
analysis at the end of each three (3) month period. Ten (10) copies of each
progress report shall be provided. Submit a final report including description,
conclusions and recommendations from the investigation after the final report
shall be provided,

Review: Review elements of the program with City staff at appropriate points
during the course of the study. City and Engineer shall mutually determine
when review and decisions by City are needed.

The study was modified to include the following additional services:
(Amended Items - June 1975)

Monitoring: Complete data collection and monitoring of piezometeré, under -
drain discharge monitoring and filing of the third quarterly report, and final
progress report as set forth in the above said agreement dated September 9,

1974,

Drain Tests: Perform a dual shutdown and measurement program of the
East Wall Drain system to include biweekly monitoring.
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Water Sampling: Conduct additional ground water sampling and analysis for
comparison with original sample analysis to include 10 partial and 4 standard
mineral analysis.

Piezometers: Installation of two additional piezometers to be located at the
southeast corner of the reservoir.

Hydrologic Studies: Perform a study of irrigation water application in adjac-
ent tributary areas to include runoff, percolation, and evapo-transpiration
considerations.

(Additional Items - June 1977)

Data Update: Review and update data and results of the Draft Big Canyon
Reservoir Ground Water Study (December 1975)., Data collected from
December 1975, through April 1977, will be included and plotted into the
Report text,

Additional Appendixes: Include in REPORT, as appendixes, the letter reports
from the 1976 and 1977 underwater reservoir inspections, and observations
of recent readings of Broadmoodr Tract piezometers.

Water Quality Analyses: Analyze water quality samples from underdrain
systems,

The items of work presented in the foregoing paragraphs were taken directly
from letters and documents received by Montgomery from the City of

T —

™ o
INTW

CONDUCT OF THE STUDY

The investigations described in the original contract of September 1974 and
contract amendment of June 1975, were conducted on a quarterly basis
during water year 1974-75. Brief progress reports were submitted to the
City on approximately 3-monthintervals. The items in the contract dated
June 1977, were completed from April through July 19477. The specific
items of work accomplished during all these periods are summarized in the
following paragraphs.

First Quarter Studies {QOctober 1974 - December 1975)

On October 8, 1974, the firm of Converse Davis and Associates was asked
to proceed with a program of exploratory drilling, testing and piezometer
construction at eleven sites on and around the reservoir property. Explora-
tory drilling, logging, and soil and water sampling were initiated on October
22, 1974. While the original exploration program included work at 11 sites,
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it was expanded to 13 sites as drilling proceeded. Hole depth ranged from
33 to 49 feet (24-inch diameter); at each site drive samples were obtained at
five-foot intervals. Water injection tests were conducted at four test sites
to determine transmissivity of the bedrock section and approximate perme-
ability of the individual fracture zones. Laboratory tests (constant head) for
permeability were run on eight samples, and mineral analyses were run on
10 ground water samples. Two-inch diameter PVC piezometer pipes were
installed, gravel packed and scaled in test holes at 10 sites., Three of these
piezometers were located cutside of the reservoir fence on Pacific View
Memorial Park property.

In order to measure and monitor ground water intercepfed by the Bren
Drain in the Harbor View Hills Tract on Newport Hills Drive East, a general
design for discharge measurement system was prepared. On November 21,
1974, a comprehensive biweekly program of piezometer measurement was
initiated at 30 sites. - The data and a summary of First Quarter Studies was
submitted to the City in Progress Report No. 1, dated January 1975.

Second Quarter Studies (January - March 1975)

Water level measurement and monitoring at 27 piezometer sites around the
reservoir were continued. Piezometers B-9, B-5 and C-11 were silted in
during local flooding from rains in the first quarter and could no longer be
measured. Measurement of discharge for the Main Reservoir Underdrain,
the East Wall Drain and the Bren Drain (Harbor View Hills), and collection
of both measured and recorded rainfall data were also initiated, Samples
of ground water from piezometers and the Bren Drain were obtained and
analyzed for mmineral quality. Brief data evaluation, including a graphic
representation of hydrologic information collected was completed and
presented to the City in Progress Report No. 2, dated May 1975,

Third Quarter Studies (April - June 1975)

Biweekly water level measurements at 27 piezometers in the study area were
confinued and discharge measurements for the Main Reservoir Underdrain,
the East Wall Drain, and Bren Tract Drain were obtained. Review, analysis,
and graphical presentation of all rainfall, discharge and water level data was
completed and presented in Progress Report No. 3, dated August 1975,

Fourth Quarter Studies (July-September 1975)

In order to more precisely define geologic and hydrologic conditions on the
east side of the reservoir, additional subsurface exploration was undertaken,
Two additional exploration holes were drilled and piezometers 1-40 and I-41
installed on August 6 and 7, as authorized by an amendment to the original
contract. Measurement of ground water levels, reservoir stage fluctuations
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and drain discharges was continued., In addition, detailed East Wall Drain
shutdown tests were conducted, These tests were designed to determine

the effectiveness of the East Wall Drain, and the magnitude of effect that reser-
voir stage fluctuations had on adjacent ground water levels when the drain was
not in operation. The hydrologic data collected and a detailed analysis of the
East Wall Drain test results were presented in a2 Fourth Quarter Progress
Report which was included in the Draft Final Technical report subritted in
December 1975,

Fifth Period Studies (October 1975 - May 1977)

The analysis of hydrologic data for this period was authorized by Professional
Services contract, dated June 1977. Work was undertaken from April through
July 1977. On May 3, 1977, Montgomery staff measured ground water levels
at the new Broadmoor tract piezometers H-50 through H-56 and collected
underdrain water samples. The water samples were analyzed at the Mont-
gomery laboratory in Pasadena, Data analyses and interpretation were
completed in July 1977 and are included in this Final Technical Report.

ACKNOWLEDGEMENTS
During the study, participation, contributions of time and helpful suggestions
were received from Messrs, Steve Bucknam, John McDonald, and Ron

McClure. The stafl of James M. Montgomery expresses their sincere
appreciation for that cooperation and helpfulness.
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CHAPTER 2

HYDROLOGY

This cﬁapter presents a summary of general hydrologic conditions at Big
Canyon Reservoir, The conditions include precipitation, reservoir stage
fluctuations, Water'supply from adjacent watersheds and underdrain discharges.
The initial program of hydrologic data collection was undertaken from

October 1974 through September 1975, The data were collected by City and
Montgomery staff. For the last period of analysis, October 1975 through

April 1977, the data were collected primarily by the City staff.

PRECIPITATION

Precipitation data for the study was obtained from the Corona del Mar
Station No. 169 on the Big Canyon Reservoir property. The facilities include
both a standard-type manually measured gage and a continuous recording
rain gage. City personnel at the reservoir are responsible for collecting
the data from the standard gage, and personnel from the ENVIRONMENTAL
MANAGEMENT AGENCY - Road and Flood Program Division (EMA) collect
and tabulate rainfall data from the strip chart of the recording gage. Table
2-1, a rainfall summary, was compiled from EMA records. Rainfall totals
are computed by water year, from October 1 to September 30, During the
2-1/2 years of data collection, the highest rainfall was 13,75 inches,
recorded during water year 1974-75. The rainfall through April for the
current water year (1976-77) is only 6.29 inches, which is about 7.5 inches
less than for the same period in 1974-75, The greatest amount of rainfall
generally occurs in the winter and spring months.

TABLE 2-1 - RAINFALL SUMMARY
RAINFALL: Monthly Total
Cumulative Water Year Total
Water
Year o} N D J F M A M J J A S

1974-75 0.41 0,11 4,72 0,42 1. 88 3.65 2.47 0.07 0.0t 0.06 Q.00 0.01
0.41 0.52 5.24 5.46 7.54 11,19 13,66 13.73 13.74 13.74 13.74 13.75

0.44 0.23 0,37 0.00 2,39 1,56 2.03 0.03 ©0.43 0.0 0.00 2.21

1975-7%
97570 0. 44 0.67 1.04 1.04 3.43 4,93 6.96 6.99 7.42 7.42 V.42 9.63

Q.16 6.83 0,26 2,97 0.9 1.13 0.00

1976.77
0,16 0.99 1,258 4.22 5,12 6.25 6,25




Hydrology

RESERVOIR STAGE FLUCTUATIONS

The water surface elevation at Big Canyon Reservoir is measured daily by
the City staff. The measurements taken from October 1974 through April
1977 are shown on Plates 1 through 10, along with piezomeéter levels,

daily and cumulative rainfall and drain discharge measurements. The oper-
ating level in the reservoir generally varies between elevations 285 and 302
feet. During this study within any single water year, the lowest operating
levels occurred between December and April and varied from elevation 285
to 290 feet, During April or May, reservoir filling usually began and .
confinued ultil the water stage rose to a maximum elevation of about 302 feet
by the end of June. Summer and fall operating levels varied between about
292 and 297 feet. Between October 14 and December 18, 1976, the reservoir
was emptied for cleaning and inspection, Subéequent refilling to elevation 297
feet was completed by January 5, 1977,

Of major interest in this study are the large fluctuations in reservoir stage
(greater than 5 feet) which occur within a few days. As will be seen in
later sections of this report, these changes in stage produce the largest
fluctuations in local ground water levels.

SUPPLY FROM ADJACENT WATERSHEDS

A brief analysis was made of rainfall, irrigation, evapo-transpiration and
consumptive use on a 22,5 acre portion of the Pacific View Memorial Park
adjacent to the reservoir. Precipitation information was summarized from
data at the Corona del Mar Station (No. 169) at the south end of the reservoir.
Water application information for the cemetery, available on a two-month
basis, was divided equally, and added to monthly rainfall to estimate the
total monthly water supply. This resulted in a '"'rounding out' of the water
application over time.

A specially constructed floating evaporation pan is maintained and measured
on the reservoir surface by the City staff, A U.S. Geological-Type floating
pan has been shown to have a relationship to actual lake surfaces of about
0.8.(2) However, studies at the reservoir indicate that actual evaporation
from the water surface approximates a factor of 1. 0 to the special floating
pan. This calculated value for reservoir water surface evaporation is con-
sidered to approximate the maximum evapo-transpiration potential (ETP).
Evapo-transpiration potential is defined as that water loss which would occur
if at no time there is a water deficiency in the soil for use by vegetation.
ETP values for 1974 and 1975 are plotted and appear as the upper curve on
Figure 2-1,

(2) Evaporation relationships are presented in ""Evaporation from Water
Surfaces', California Department of Water Resources, Bulletin 73, 1959,
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WATER SUPPLY AND CONSUMPTIVE USE
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Hydrolegy

Values for actual measured consumptive use for turf, grasses and pasture
over a 9-year period were obtained from the University of California-
Agricultural Extension Service in Riverside, and from the Extension
Services Field Station in Irvine. Estimates of probable actual Orange County
Coastal evapo-transpiration were also obtained from specialists at the
University of California at Irvine, and from the California Department of
Water Resources in Los Angeles. The average of the values is 40. 68 inches
per year. The average was broken into monthly totals based upon a ratio of
monthly consumptive use at the Irvine station. These values are plotted as
the lower curve labeled C.U. on Figure 2-1.

A comparison of these data indicates that total consumptive use exceeded
water supply. For example, during 1975 the total deficiency in supply was
2.37 inches or approximately 53 acre feet of water over the cemetery area.
This trend continued into 1975 with a cumulative deficiency of 1.4 inches by
the end of August.

It should be noted that data for several individual months exhibit significant
surplus. During those months runocff probably occurred. In 1974, two storms
in Janhuary, one in March and two in December contributed more than 1 inch
in 24 hours, and probably resulted in potentially measurable quantities of
surface runoff. Small quantities of this runoff may have percolated in the
drainage ditch around the east side of the reservoir. Some of the excess
supply also replenished soil moisture deficiencies, which had developed
during months of insufficient supply. However, the principal thrust of the
data presented in Figure 2-11is that during 1974 and a major part of 1975,
significant quantities of water were not available for percolation and ground

water recharge from the Pacific View Memorial Park area.

SUB-DRAIN DISCHARGES

Bren Drain

Initial measurements of the Bren Drain discharge began in March and con-
tinued through September 1975, The flows increased generally from 3
gallons per minute (gpm) in the spring, to about 3.5 gpm in mid-summer,
to a little over 4 gpm in September. This trend does not correlate with
precipitation or with changes in reservoir stage. The increasing discharges
may have been due, however, to increased garden irrigation by local over-
lying homeowners. No drain measurements were taken from October 1975
to October 1976, The City began discharge measurement again on
November 12, 1976, Between November 1976 and April 1977, drain dis-
charges ranged from 1.8 to 3.0 gpm. The average discharge for the period
was 1.95 gpm. The average discharge during April 1977 was 1.6 gpm.
This is 1. 34 gpm lower than the average discharge measured in April 1975,
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Hydrology

Reservoir Main Underdrain

From January to October 1975, the average Main Underdrain discharges
varied from 3.75 to 6.27 gpm. These discharge fluctuations do not
correlate well with changes in reservoir stage., No totalizer readings were
taken during the 1975-76 water year. From November 1976 to May 1977,
the average drain discharge varied from 4.3 toe 5.7 gpm. The average
discharge for the period was 5.0 gpm, compared to 5.26 gpm for a similar
period in 1975,

Reservoir East Wall Drain

East Wall Drain discharges have been measured by City staff since April

1974, Measurements show clearly that average daily discharges fluctuate
directly with the changing reservoir stage. Between April 1974 and September
1975, the daily discharges ranged from 3 gpm when the reservoir was nearly
empty, to peaks of as much as 18.5 gpm when the reservoir fluctuated between
elevation 296 and 302 feet. From June 24 - July 8, and again from August 9 -
Avgust 21, 1975, the drain was closed to determine (1) the drain's effective
capacity for removing leakage along the east wall, and (2) the effect of
reservoir stage fluctuations on ddjacent ground water levels when the drain
was hot operating., A detailed analysis of the results of these tests and a
discussion of the effectiveness of the East Wall Drain are presented in
Chapter 3.

Between November 27 and December 18, 1976, the reservoir was drained,
cleaned and repaired. While the reservoir was empty (See Plates 7 through?9),
the average drain discharge was about 7.5 gpm. Since refilling, the

average drain discharges have been as much as 30 percent lower than those
recorded prior to reservoir liner repalrs.during periods of comparable
reservoir stages,
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CHAPTER 3

HYDROGEOLOGY

This section includes (1) a lithologic description of the soils and geoclogic
formations encountered during exploratory drilling, (2) a summary of the
results of field and laboratory tests of formation permeability, (3) a
summary description of ground water level fluctuations, (4) a detailed
analysis of East Wall Drain test results, (5) an analysis of the effectiveness
of the East Wall Drain and, (6) a discussion of ground water flow and
reservoir leakage,

DESCRIPTION OF LITHOLQOGIC UNITS

Deposits penetrated in the exploratory boreholes include surface soils,
compacted fill, slope wash, landslide debris, terrace deposits and siltstone
bedrock. Compacted fills comprise black to brown sandy silt, silt and silty
clay. Slope wash includes silty and clayey sand and silty clay with gravel
and cobbles, while local slide debris is composed of brown and black silty
clay with fractured siltstone and shale fragments. The relationship of
these units is shown on Hydrogeologic Sections A-A' through D-D', Figures
3-1to 3-4,

From a water-bearing standpoint, the lithologic units of major importance
include the Quaternary age terrace deposits, and the Tertiary age Monterey
Formation which forms the siltstone bedrock. The terrace deposits were
laid down directly on the beveled and eroded bedrock during mid-Quaternary
time. These materials are red-brown to gray and black, and comprise fine
silty and clayey sands and sandy or silty clays. The underlying Miocene age
Monterey Formation includes siltstone with thin interbeds of silty claystoné,
silty sandstone and hard cemented sandstone. These marine deposits are
moderately to highly weathered, especially near the terrace-bedrock contact.
Locally, the bedrock is intensely fractured and contorted. Where fracture
zones are open, the bedrock conducts and transmits significant quantities of
ground water, '
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Hydreogeology

WATER TRANSMISSION CHARACTERISTICS

During drilling at 15 of the exploratory test sites, drive samples were
obtained for examination and for possible later permeability analysis.
Constant head laboratory permeability tests were subsequently run by the
consulting soils engineer on four samples of fine sand comprising the

terrace deposits, and four samples of clayey siltstone and siltstone com-
prising the Miocene bedrock, These tests yielded average permeability - -
values of 1,34 x 10-3 cm/sec (28.4 gpd/ft?) for the uncemented terrace
deposits, and 2.7 x 10-8 cm/sec (5.7 x 10-4 gpd/ftz) for the Miocene bedrock.
Tests were run for 180 hours in the siltstones and for 44 to 71 hours in the
unconsolidated sands. Permeability values are shown on Table 3-1,

TABLE 3-1

SUMMARY OF PERMEABILITY VALUES(a)

Depth Permeability
Test Interval 5
Site (in feet) Material cm/sec gpd/ft
29 30.8-21.6 Fine Sand 6.2 x 101 13.1
31 9.0-9.8 Silty Sand 1.0x 107> 21.2
2 74 D24 R [0 PRS A N 1r\_8 n AAAOAE
24 L., V-1, 5 SiaL3Loneg 2, v X Ay v, VU022
34  24.0-24.8 Silty Sand 2.4x103 50.9
36 34.0-34.8 Clayey Siltstone 8.0x10"° 0. 00017
37 19.0-19.8 Fine Sand (sl. 1.8x 107 0,382
cemented)
38 39.0 x 39,8 | Silistone 2.0 x 1078 0. 00042
39 24.0-24.8 Siltstone 4.0x10°8 0. 00085

(2) Constant head laboratory tests.
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In order to obtain an understanding of ranges in secondary permeability within
the fractured portions of the siltstone bedrock, field tests were run in four
boreholes., Measured volumes of water were injected for both constant head
measurements, and also to partially fill the hole for subsequent falling head
tests. Water level changes were measured on Stevens Type F recorders.
These data were analyzed for coefficients transmissivity and permeability by
the recovery and slug test methods of C. V. Theis, C. E. Jacob and H. E.
Skibitzke. (*) Constant head data were also analyzed by well specific capacity
methods. Values calculated are shown on Table 3-2,

Transmissivity values represent the quantity of water moving through a

strip one-foot wide, by the thickness of the aquifer. Permeability coefficient
is found by dividing transmissivity by aquifer thickness., Within the sand and
silty sand terrace deposits, aquifer thickness'is represented by the saturated
thickness. However, in the siltstone bedrock, only the zones of open fractures
represent the aquifers. These bedrock fracture zones are delineated on the
lithologic logs shown in Appendix A and on Table 3-2.

TABLE 3-2
SUMMARY OF FIELD TRANSMISSIVITY
AND PERMEABILITY VALUES(c)

Estimated Transmissivity
Thickness of Values

Test Fracture Zone {gpd/it) Permeability Values

Site (it) Range Average gpd/it cm/ sec

H-28 3-6 - 406 68-135 3.2x1072
: 6.4 x 1072

H-32 46 72-42} 242 40 1.9 x 1072

H-36 14.5 197-564 371 57 2.7x10>

H-37 +4 83-401 206 52 2.5 x107°

(a) J. G. Ferris and Others, 1962, "Theory of Aquifer Tests", USGS Water
Supply Paper 1536-E.

(b) 7. F. Logan, 1964, "Estimating Transmissibility from Routine Production

Tests of Water Wells", Ground Water Journal, National Water Well
Association 2:35,

{¢) Constant and falling head field tests., All basic data for these tests and
calculations are included in JMM-Irvine files.
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GROUND WATER LEVELS

In the initial phase of this study, the major potential sources of ground water
recharge in the vicinity of Big Canyon Reservoir were considered to be

(1) rainfall in excess of soil moisture and plant requirements, (2} irrigation
water applied in excess of plant requirements in the cemetery property and
residential development east of the reservoir, and {(3) water leaking from
the reservoir itself. To determine which potential source had the greatest
effect on the local ground water regime, water level fluctuations were moni-
tored in a network of 27 piezometers. Plate 11 shows the locations of these
piezometers. The lithologic logs of borings available for each piezometer
are included in Volume II, Appendix A, Plates l through 10 show the

water level fluctuations in piezometers for the entire period of study.

During the first 9 months of the study, from November 1974 through June 23,
each piezometer was measured at about two-week intervals, Twice weekly
and weekly measurements were taken during the period June 23 to September
19, during tests to determine the effectiveness of the East Wall Drain. These
measurements and the test results are discussed in more detail in the following
2 sections of this chapter.

The program of piezomeier measurement was discontinued from October 1975
to March 1976, Subsequent to completion of the piezometer monitoring pro-
gram conducted by Montgomery, which ended September 30, 1975, extensive
grading and residential development took place in the parcel just north of the
reservoir (Broadmoor Tract 4). This development resulted in the destruction
of plezometers B-1 through B-8, B-10 and H-27, At the City's request,

these piezometers were replaced by the developer. The locations and
reference point elevations of new piezometers H-50 through 11-56 are

included in Appendix G. No lithologic logs or piezometer construction details
were available for analysis.

On April 6, 1976, the City re-initiated a program of water level monitoring

at selected piezometers within the reservoir property. The measurements
taken through April 1977 are shown on Plates 6 thiough 10, The only measure-
ments available for new piezometers H-50 through I1-56 were taken by
Montgomery personnel on May 2, 1977; these are included in Appendix G,

During this study, depths to ground water varied from about 7 feet to over

35 feet below the ground surface. The shallowest water table (-'-' 7 feet) was
usually found in the Bren tract west of MacArthur Blvd., Depths to ground
water increased generally up gradient, or eastward of MacArhtur Blvd. At
I-4]1 where the ground surface elevation is the highest of any piezometer, the
depth to water was generally about 35 feet.
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Detailed examination of water level fluctuations shown on the figures indicate
that (1) there is no significant correlation between major rainfall events and
periodic rises in ground water levels, and (2) positive correlation exists
between major fluctuations in the reservoir stage and ground water levels in
piezomet'ers around the perimeter of the reserveir. This positive cor-
relation is seen most clearly during the East Wall Drain tests in Summer
1975, and during the reservoir drawdown and refilling period in Winter 1976.
Reservoir drawdown began October 14, 1976, By October 22, the water
levels in all piezometers measured (except H-37 and SL.-1) had declined
slightly. (28) Figures 3-5 and 3-6 show the relative net changes in piezometer
levels during the drawdown period and the reservoir refilling period. The
pattern of net changes is consistent with that observed during the East Wall
Drain tests described in the following section. '

7

EAST WALL DRAIN TESTS

Two East Wall Drain tests were scheduled and completed during the fourth
quarter studies. The purpose for closing the drain was to test directly the
drain's capacity to remove ground water along the reservoir east wall, and
to determine the magnitude of effect the changing reservoir stage would have
on surrounding ground water leVvels if the drain were not in operation. The
first shutdown test was conducted from June 24 to July 8, 1975 when the drain
was closed as the reservoir was being filled to its annual maximum (301.0
feet) and was then drawn down to its average summer operating level of about
elevation 294, 8 feet. During the second test the reservoir stage was held
relatively constant, so that only the drain function would affect adjacent

ground water levels. Table 3-3 summarizes these testing schedules.

(a) Abrupt and erratic water level changes were recorded at 3 piezometers
during the drawdown period:

Date ) Piezometer No.
October 22 I1-41
November 12 I-41
November 12 H-37
November 29 H-39

These fluctuations are considered to have been caused by an error in
measurement during a period when the usual measuring device was not
working properly or under repair.
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TABLE 3-3

EAST WALL DRAIN TESTS .. - )

i e R Reservoir Nu.mberiof Weeklf

Drain 1975 Stage Piezometer
Test No. Function Dates (Elev. in feet) Measurements
- Open “6/24-6730 301,4-301,9 -
1 - Partl Closed 7/1-7/8 301,9-295. 4
1 - Part2 Open 7/8 - 8/4 295.4-294,3 1
2 - Part 1 Closed 8/4 - 8/21 294.3-294.2 2
2 - Part2 Open 8/21-9/5 294,.2-295.0 2

The analysis of water level fluctuations began about May 5, 1975 so that
ground water responses to the substantial rise in reservoir stage from
May 5 - June 30 could be included. The piezometers were divided into two
main groups. Group I piezometers responded directly to the reservoir
stage increase in May and June; Group II piezometers did not. Net changes
for these groups are shown on Table 3-4.

From May 5 to September 29 the net rise in water levels around the reser-
voir ranged from 0.57 to 4. 39 feet. Most piezometers north of the reservoir
property continued to decline from 0.1 to 0,69 feet, during the same period.
These net changes are shown graphically on Figure 3-7 so that the areas of
greatest change can be more easily identified,

The most significant features are those areas of greatest rise, as they
relate directly to leakage from the reservoir, To investigate this potential
in more detail, the summer's ground water level measurements were
divided into seven periods and analyzed separarately. The net changes for
each peizometer in each period were then compared to the reservoir stage,
and to the condition of the East Wall Drain, whether it was open or closed,
Figures 3-8 through 3-12 show these changes.

Figure 3-8 (May 5 to June 23}, shows those piezometers which responded
directly to the rise in reservoir stage from May 5 to June 23 with the East
Wall Drain open, Rises greater than one foot were generally found in east
wall piezometers and at H-36, 37 and 38. The rises were less than a foot
in piezometers along the northern perimeter of the reservoir. Water levels
remained the same, or continued to decline in piezometers north of the
reservoir property boundary.
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TABLE 3-4

NET CHANGES IN PIEZOMETER
WATER LEVELS

May 5 through
September 29, 1975

PIEZOMETER NET CHANGE
Group I 5L-1 t4, 39
H-35 +1, 77
H-30 +1.10
H-338 +2.46
H-29 +0.69
H-39 +0.75
G-25 +0.57
H-37 +1.63
H-36 +1,88
H-32 t2.12
H-28 +1.67
Group I1 H-27 +0.20
G-22 +0.20
G-24 -1.0
G-26 Negligible {-. 03}
B-1 -0.4
B-2 -0.16
B-3 -0.49
B-4 -0.29
B-6 +0.59
B-7 -0.11
B-g -0.23
B-10 . -0.22
C-12 Negligible {-. 03}
C-16 -0.69
SL-2 ' +0.41
B-23 +0. %7
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Figure 3-9 {June 30 to July 7). During this period, the reservoir stage de-
clined rapidly and the East Wall Drain was closed. Water levels in SL-1 and
H-36 declined with the reservoir level. Water levels in the other Group I
piezometers continued to rise slightly from 0. 16 to 0, 56 feet.

Figure 3-10 (July 7 to August 4). By July 9, the reservoir level was drawn
down to about 294 feet and remained at that approximate level throughout the
remainder of the period. On July 8th, the drain was opened again, Of all
the piezometers, the greatest net decline was recorded at SI.-1 (3. 75 feet), -
H-35 and H-37 continued to rise 0.19 and 0. 15 feet, respectively., The =
remaining Group I peizometers declined from 0,08 - 0.23 feet.

Figure 3-11 (August 4 to August 21}, During this period, the reservoir level
remained at approximately 294 feet. The East Wall Drain was closed
throughout the period. The net changes in ground water levels were negligible
in most piezometers, but SL-1, H-35, H-32 and H~-28 showed net rises of
3.06, 0.41, 0.54 and 0.29, respectively. Two new piezometers were drilled
and completed during this interval (I-40 and I-41), These piezometers

recorded rises of 0,65 and 0. 33 feet, respectively.

Figure 3-12 {August 21 to Septémber 5). The reservoir stage averaged about
294.5 feet during this period. The East Wall Drain was opened on August 22,
S1.-1, H-28 and I-40 declined 2.72, 0.17 and 1. 93 feet, respectively. The net
change in H-35, H-30, H-29, H-32 and I-41 was negligible, and piezometers
H-38, H-39, G-25, H-37 and H-36 recorded net rises from 0.09 to 0.23 feet,

These data indicate that a ground water mound adjacent to the east wall forms
in direct response to leakage from the reservoir. Those plezdmeters most
directly affected by that leakage and also the opening and closing of the East
Wall Drain are SI.-1 and 1-40. The other piezometers along the east wall
generally respond with a slight lag time or somewhat attenuated change.
H-36, 37 and 38 levels increased with the initial reservoir rise early in the
summer, but were not consistently affected by the opening and closing of the
East Wall Drain,

In summary, the water level data indicate that local ground water mounds
build up along the east, south and southwestern reservoir walls in response
to rises in the reservoir level., The greatest measured effects, however,
are produced along the East Wall. The mounds dissipate as ground water,

flows down gradient into adjacent areas and as the reservoir stage declines.(2)

(2a) After the reservoir was drained in late November 1976, the boftom and
sides were usually inspected on December 7, At that time, several
cracks and holes in the asphalt liner exposed the underlying clay blanket
along the east wall. (Footnote continued at bottom of page 3-9)
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GROUND WATER FLOW AND RESERVOIR LEAKAGE

Based upon analysis of drilling data, laboratory and field tests of rock and
soil permeability, and ground water levels and gradients of August 21, 1975
{(Plate 11), estimates cf the magnitude of subsurface ground water flow were
made at four locations. For those gradients, the quantity of ground water
moving northwesterly near H-37 (reservoir crest to the property fence) was
about 1, 300 gallons per day (0.9 gpm). On the southeast of the reservoir,
water moving out into the formations was estimated at about 3,400 gallons
per day or 2.4 gpm. On the northeast corner of the reservoir, between
H-29 and H-30, flows along the side of the reservoir were about 1, 300
gallons per day (0.9 gpm)}. From the north reservoir fence to the Pelican
Hills fault zone, normal to a section through H-27, -northweésterly sub- -
face flow was estimated to be about 2, 300 gallons per day (1.6 gpm).

Estimates of subsurface flow for the east side of the reservolir are considered
to be maximum values because of higher levels associated with the East Wall
Drain shutdown tests. The remaining subsurface flow estimates are con-
sidered to represent average discharges. These flow estimates together

with the shape of the water level contours on Plate 11, indicate that although
the total volume is relatively small, the major source of ground water moving
through the terrace sands and fractured bedrock in the vicinity of the reser~
voir is the reservoir itself.

EFFECTIVENESS OF THE EAST WALL DRAIN

The response of piezometer SL-1 to closing the East Wall Drain demon-
strates that the drain does in fact remove a considerable portion of the water
leaking through the reservoir wall. During both tests, when the drain was
closed, SL-1 rose abruptly. It alsc declined rapidly when the drain was
re-opened. The response of I-40 during the second test was similar to SL-1,
but of lesser magnitude. '

{(2) | ..continued from previous page...
Seepage in small quantities was occurring through the liner back into the
reservoir at two sites along the east wall. Seepage through the bottom of
the liner was indicated by shallow ponds in the southeast corner of the
reservoir. In the southwest corner, the asphalt liner was moist but
exhibited no ponds. Five pronounced ponds were noted at the base of the
north wall from north central to northeast corner of the reservoir. A
spongy condition was observed in and around ponds at the northeast corner
of the reservoir floor.

3-9
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It is interesting to note that although the reservoir rose and fell several times
from November 25 - April 30, SL-1 showed little response. Only twice during
that period did SL~1 appear to respond to the changing stage. In both cases,

the rise that corresponded to the reservoir rise was slight and lagged behind
from 4 to 10 days. During that period the reservoir fluctuated below 290 feet.
When the reservoir rose above 290 feet in May, SL-1 began to show a substantial
rise itself, suggesting that above 290 feet considerably more leakage may occur
from the reservoir.

Based upon estimates of subsurface ground water flow away from the east
side of the reservoir as described in the previous section, the East Wall
Drain appears to remove 80 to 90 percent of the water which leaks through the
eastern side of the reservoir.
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CHAPTER 4

GROUND WATER QUALITY

Laboratory analysis of the dissolved mineral constituents for 38 ground
water 'samples were conducted during the study (December 1973, March
1974, and August 1975), The results are presented in Appendix C,.
Selected mineral constituents are shown in Table 4-1.

The analyses indicate that total dissolved sclids (TDS) increase markedly,
as those waters flow down-gradient to the northwest, with lowest concen-
trations of about 900 to 1, 100 milligrams per litre (mg/l) at sites H=-33,
H~-34 and at piezometer SL-1. Dowastream concentrations in and near the
Harbor View Hills Tract, range from about 10, 000 to 15,000 mg/l, TDS.
To the west of the reservoir, at piezometers SL~2 and G-23, TDS concen-
trations range from 15,500 to 18, 900 mg/l.

An examination of the ratio of electrical conductivity (EC % 106 @ 25°C) to
bicarbonate concentration (HCO3), here designated ""R', indicates that waters
most resembling reservoir supply and applied water (where R = 4), occur in
piezometers SL-1, H-29, H-31, H-33, H-34, 11-38 and the East Wall Drain
(R =6.51%t0 8.3). Most dissimilar waters (R = 50.0 to 89.8) were found at
sites B-4, B-7, B-23 and the Bren Drain, with the remainder of samples
exhibiting intermediate values. The magnitude of the "R'' ratio appears to

indicate the general magnitude of the distance from the recharge source.

Nitrate concentrations in present-day sea water are generally less than 1
milligram per litre. Thus, it is probable that native connate water (and
evaporated salt) in the Miocene siltstones contains very low concentrations

of NO3. Nitrate concentrations in both reservoir water and locally applied
water are less than 2 mg/l. NO3 concentrations which appear in local ground
waters probably originate as leachate from applied fertilizers and/or from
natural animal wastes on the ground surface. Ground waters with the highest
nitrate concentrations occur at piezometers G-24 and B-7, and the Bren Drain,
while lowest values were found in piezometers SL-2, G-25, H-33, H-34,
H-38, H-39, and in the East Wall Drain flow. East of the reservoir, all of
the most current samples from exploratory holes south of H-31 exhibit nifrate
valugs of less than 7.5 mg/l with average less than 3.5 meg /1.
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TABLE 4-1

: GROUND WATER MINERAL ANALYSES
SELECTED MINERAL CONSTITUENTS

Ratio:
Total Electrical Electrical
Dissolved Conductivity Conductivity Nitrate
Sample Solids {Micromhos Bicarbonate Concentration
Location {rmg/1) @z5°C) Concentration fmg /1)
’ S a m p 1 i n g P e r i o 4 (a)
[ 1 2 1 2 |- 1 2 ] 1 2

SL-1 {1,100) {1183)'8) 1,590 1690 6.5 ] 8.9  5.98
SL-2 (15, 500) 22, 080 27,86 151 0.22
B-1 (10, 200) 14, 600 44, 7 0.66
B-2 { 8,500) 12,100 41,3 4,87
B4 { 3,700) 5,300 50.0 7.8
B-1 {15, 500) 22,100 70,2 38.5
C-16 (10,000){10780) 14,400 15,400 21,9 20.2 4.3 7.53
G-23 (18, 90C0) 26, 940 82.8 7.3
G-24 { 2,600} [5432) 3,750 1760 13,5 15,3 20,8 1.99
G-25 ( 5,400) {3584) 7,730 5120 13,4 11.3 0.22 0,22
G-26 [ 5,400) 7,730 18.3 i.8
H-27 2,600 (28586) 4, 080 4080 12,4 11.3 6.2 9.3
H-29 1,893 (2891) Z, 850 4130 7.3 10. 4 0.22 10.9
H-30 4,613 (4039) 6,350 5770 20.0 17.8 22.2  33.4
H-31 2,198 3,130 9.6 7.53
H-32 2,121 3,410 - 11.8 3.32
H-33 904 1,330 6.8 1,77
H-34 1,106 1,660 8,3 0.22
H-35 3094 4180 14,5 6,87
H-36 6,169 7,210 20. 4 4, 87
H.37 9,203 12, 300 31.5 554
H-38 {1708) 2440 7.4 .55
H-39 4,068 4942 6,260 7060 18.9 17.5 10.6 1.55
I-10 1673 2640 14,5 3,32

Main
Underdrain [ 6,600} (6545) 9, 490 "9350 22,1 21.9 12.9 7.09
I-41 1898 3010 13.4 7.4
Bren Drain 13,430 (9821) 19,200 14,030 62,6 41,3 26.6 ©¢8.8
East Wall B

Drain 793 1195 7.2 0.22

(2) Period 1, December 1973 through March 1974,
'~ Period 2, August 1975,

(b) (1, 100) Total dissolved solids figures in brackets were -
calculated from EC x 106 @ 25°C.
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As indicated above, nitrate concentrations when present, may be indicators
of water from the surface as opposed to water from the reservoir. Fluctu-
ations in NO5 concentrations showed a mixed pattern. Marked increases
occurred at H-29 (0.22 to 10.9), H-30 (22.3 to 33.4), C-16 (4.3 to 7.5) and
H-27 (6.2 to 9.3). Decreases of similar value occurred at G-24 (20,8 to
1,99) and H-39 (10.6 to 1.55).

Relative to fluctuations in dissolved mineral constituents during the study,
marked increases in salinity occurred between December 1973 and August
1975 at H-29 and G-24, The Bren Drain exhibited about the same concen-
tration of total dissolved solids, Slight rises occurred at C-16 and H-39,
Fluctuations in the EC/HCO3 ratio "'R" were relatively minor. Considering
the range of 7 to 70, the only really significant change occurred in samples
from the Bren Drain. Downward fluctuations from "R'' values of 63 and 41
suggest an increasing percentage of applied water or precipitation which
has percolated in the vicinity of that drain. '

Mineral analyses of underdrain samples collected in May 1977 are included
in Appendix C, Volume II of this report. Table 4-2 summarizes selected
mineral constitueats. As shown, the partial mineral analyses for water
from the Bren and Broadmoor drains are almost identical, Compared to
drain samples analyzed in August 1975, the 1977 analyses exhibit no signifi-
cant changes in water quality.

TABLE 4-2

GROUND WATER MINERAL ANALYSES
PRINCIPAL SUB-DRAINS
(SELECTED MINERAL CONSTITUENTS)

Ratio:

Total Electrical Electrical

Dissolved Conductivity Conductivity . Nitrate

Underdrain Sample Seolids L‘.mhos @ Bicarbonate Concentration
Date {mg/l} 259C Concentration (mg/l as N}

Broadmoeor 4/29/76 - 12,500 - 4, 1¢
Broadmoor 4/30/76 - 13,600 - - 5.00
Bru_adrncor R/3/77 - 10, 940 31,4 4, 10
Bren 5/3/77 - 14, 400 35,0 5. 10
Main 573777 - 7,840 17,0 1. 05
Eastwall 5/3/77 - 1; 140 6.8 0.0s5
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

The findings from this ground water investigation in the Big Canyon Reservoir
.-area are summarized in separate quarterly progress reports and this final
technical report. Based upon these findings, and an analysis of data collected
from October 1975 to May 1977, the following general conclusions are made:

1,

Based upon evaluation of exploratory drilling and testing
at 15 sites, ground waters move around the reservoir
locally in both the fractured siltstone bedrock and in the
overlying terrace deposits.

Saturated terrace deposits composed of sand and silty sand

underlie a portion of the northeast reservoir berm; those N .
saturated sediments could pose a potential hazard of Gettle- = . !
ment in a portion of that berm, during periods of intense

ground motion or cyclic stress.

Based upon an analysis of water level fluctuations and
precipitation data during the study period, ground water
recharge from rainfall was of minor significance to the
overall ground water supply in the vicinity of the reservoir.

Based upon evaluation of precipitation, applied water, and
consumptive use conditions at Pacific View Memorial Park
during the period from January 1974 to September 1975,
irrigation at the cemetery did not result in any significant
recharge to the ground water body around the reservoir,

Ground water level fluctuations of greatest mégnitude occur
in piezometers just east of the reserveir. These fluctuations
result from leakage of water stored in Big Canyon Reservoir
and from opening and closing of the East Wall Drain.



10.

11,

Conclusions and Recommendations

During the study period, the major portiod of the ground water
flowing in the vicinity of Big Canyon Reservoir is supplied by
leakage from the reservoir. Analysis of ground water gradients
and aquifer transmissivities determined during this study
indicate that the quantity of ground water moving away from the
reservoir east wall is about 3,400 gallons per day.

The principal leakage from the reservoir is occurring along
the east wall from about mid-reservoir southward to the
southeast corner. However, field observations and water

level fluctuations at piezometers H-38 and H-36 along the south
and west walls suggest that additional leakage may be occurring
from other locations (walls or floor) in the southern part of the
reservoir.

The East Wall Drain appears to be quite effective in removing
waters which have leaked through the east reservoir wall.
Estimates of subsurface ground water flow away from that
location indicate that the drain captures 80 to 90 percent of
total leakage.

Monthly discharge data from the East Wall Drain since
December 1976, suggest that the repair of cracks in the
reservoir liner along the east wall may have reduced East
Wall Drain discharges by as much as 30 percent, compared

to pre-repair periods of egquivalent reservoir stage.
Ground waters most similar to reservoir water from a
standpoint of dissolved minerals and chemical character,
occur in discharge water from the East Wall Drain, and at
sites H-31, H-33, H-34 and H-38, all on the eastern and
southern side of the reservoir. Based upon a study of
ground water samples collected, ground waters appear to
have originated in the reservoir, and to have traveled
relatively short distanceg in the aquifer zones.

A decrease in average discharge recorded at the Bren Drain

in Spring 1977 may represent that portion of underground flow
which is now being intercepted and diverted by the new
Broadmoor Drain installed along MacArthur Boulevard,

Future discharge measurements at both the Bren and Broadmoor
Tract drains will help verify this possibility.



Conclusions and Recommendations

RECOMMENDATIONS

In consideration of the findings developed during this ground water study
and the conclusions summarized in the foregoing paragraphs, the following
general recommendations are made:

1. The present City monitoring program at Big Canyon
Reservoir which includes measurement of the Main
Reservoir Underdrain, East Wall Drain, Bren Drain,
piezometers SL.-1, SL.-2, G-26, H-30, H-35, H-36,
H-37, H-38, E-_I___—_73__0,‘;I—-40, 1-41 and reservoir stage,
should be expanded to include periodic water level
measurement at new piezometers H-50 through H-56
(Broadmoor Tract) and discharge measurement of the

Broadmoor Drain,

2. Potential geologic hazards related to the possible
settlement of berms above the saturated terrace
deposits in the northern part of the reservoir should
be evaluated by an engineering geology and soils
consultant specialist,

3. Careful monitoring and analysis of East Wall Drain
discharge fluctuations may now provide the City with a
means to qualitatively assess the need for liner repairs
along the east wall. Daily or at'least weekly measure-
ments should be taken so that any future discharge
increases can be related to either time or increased
reservoir stage.

4, At approximately two-year intervals, when the reservoir
is drained for cleaning, a regular program of inspection
and liner repair should be ¢continued. Special attention
should be given to the south and central portions of the
east wall and to those areas on the reservoir floor where
shallow ponding occurs or where a "spongy' bottom
condition is encountered.

5. If marked increases in reservoir leakage are measured
in the East Wall Drain, and subsequent repair efforts fail
to stabilize or reduce that leakage, a system of shallow
wells should be designed and installed to dewater the
aquifers at selected sites around the reservoir.
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