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INTRODUCTION 

BIG CANYON RESERVOIR 

GROUND WATER EVALUATION 

The ground water study for the Big Canyon Reservoir was begun on October 23, 

1984, with authorization to proceed by the City of Newport Beach. This letter 

report presents the results of our analysis of data collected on ground water 

conditions surrounding the reservoir, over the previous four years. In addition, 

several alternatives are presented for dewatering the east side of the reservoir, in 

order to improve its structural stability during rapid drawdown operations. 

SCOPE OF WORK 

Work accomplished for this study included the following tasks: 

"1) Review reports and analyses on historic behavior of the reservoir levels, 

ground water levels and drain discharges. 

2) Collect all available data and measurements made at the reservoir since 

1981, to include hydraulic levels, precipitation, drain discharge and water 

3) Plot, analyze and compare all pertinent factors on hydraulic behavior of 

ground water related information. 

4) Prepare evaluation, summary, conclusions and recommendations in brief 

letter report format on the behavior as analyzed above. 

5) Prepare a list of proposed alternative courses of action, if appropriate, for 

review and analysis by the City." 

BACKGROUND 

The reservoir was constructed upon a base of fractured siltstone bedrock. Fill 

material was subsequently emplaced to provide a foundation for installation of a 
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puddled clay base and form for the reservoir. Asphalt surfacing allows the clay to 

remain moist and prevent desiccation. In 1969, portions of the reservoir's east 

wall slumped inward after the reservoir was drained. This appears to have been 

caused by excess weight and water pressure in the soils surrounding the reservoir. 

Subsequent corrective alternatives were developed and implemented in order to 

relieve water level build-up along the east wall. The east wall drain now provides 

some relief in this regard, but is not completely effective as the reservoir storage 

declines. 

PREVIOUS STUDIES 

Based upon Montgomery's previous studies and analysis of the reservoir, a number 

of general conclusions were reached. These are summarized in the following 

paragraphs. 

Ground water in the vicinity of the reservoir occurs primarily as a result of 

leakage from the reservoir. Ground water recharge as a result of rainfall is of 

minor significance during most years. In addition, irrigation on the Pacific View 

Memorial Park property does not appear to result in any significant recharge to 

the ground water surrounding the reservoir during normal operations at the 

cemetary. Background for this conclusion is presented in Appendix A. 

Ground water movem ent is generally toward the northwest. However, reservoir 

leakage causes ground water to flow around the reservoir with the highest ground 

water levels found on the southeastern side of the reservoir. The resultant ground 

water flow is toward the north along the east side, and toward the west along the 

south side of the reservoir. Once beyond the reservoir's direct influence, ground 

water flow moves toward the northwest, in similar fashion to the historic surface 

and ground water flow paths. 

Ground water fluctuations are of greatest magnitude along the east wall of the 

reservoir due to reservoir leakage, and also due to opening and closing of the east 

wall drain. Additionally, the south and west sides of the reservoir have significant 

ground water level fluctuations. This suggests that additional leakage may be 

occurring from other locations (walls or floor) in the southern part of the 

reservoir. 
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Analysis of gradients and aquifer transmissivities have indicated that about 3,400 

gallons of water per day is moving away from the reservoir east wall. Review of 

drain discharge records suggests that repair of cracks in the reservoir lines may, 

in the past, have reduced east wall drain discharges by as much as 30 percent. 

When functioning properly, the east wall drain is believed to be effective in slowly 

capturing leakage. 

Ground waters most similar to reservoir water from a standpoint of chemical 

character have occurred in east wall drain discharges, and in wells along the 

southern and eastern sides of the reservoir. Accordingly, these waters appear to 

have originated in the reservoir, and to have traveled relatively short distances in 

the aquifer zones. 

PREVIOUS RECOMMENDATIONS 

In the past, Montgomery has prepared the following general recommendations. 

1) The monitoring program of measuring water levels in 11 piezometers 

surrounding the reservoir, and monitoring of flows in the Main Reservoir 

Underdrain, East Wall Drain and the Bren Drain should be continued. In 

addition, this program should be expanded to include water level 

measurements at new piezometers H-50 through H-56 (Broadmoor Tract) and 

discharge measurements of the Broadmoor Drain. 

2) Careful monitoring and analysis of East Wall Drain discharge fluctuations 

may provide the City with a means to qualitatively assess the need for liner 

repairs along the east wall. Daily, or at least weekly, measurements should 

be taken and compared with reservoir stage fluctuations. 

3) A regular maintenance program of inspection and liner repair should be 

continued at approximately two-year intervals, when the reservoir is drained 

for cleaning. Special attention should be given to the south and central 

portions of the east wall and to areas on the reservoir floor where shallow 

ponding and "spongy" conditions have been found. 
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4) It is recommended that the East Wall Drain be monitored carefully as an 

indication of increased reservoir leakage. If subsequent liner leak repair 

efforts fail to reduce or stabilize increased leakage, a system of dewatering 

wells should be designed and installed to control the water levels of the 

aquifers at selected sites around the reservoir. 

CURRENT DATA REVmW 

Several sources of hydrologic data recorded during the previous four years were 

obtained for evaluation of ground water behavior in the vicinity of the reservoir. 

Daily rainfall data are recorded by the reservoir staff and the Orange County 

Environmental Management Agency staff from the Corona del Mar Station #169, 

located near the south reservoir entrance. Monthly piezometer water level 

measurements and daily reservoir stage measurements are recorded by the 

reservoir staff. Monthly drain discharge measurements are recorded by the 

Utilities Department staff. Historical hydrologic data, together with the current 

information, provide a base upon which the behavior of ground water in the 

vicinity of the reservoir can be evaluated. 

The data collected between 1981 and the present was compiled and prepared in 

graphical form, similar to the presentation in previous reports. That is, the 

horizontal scale represents the days, months and years when the data were 

collected. The vertical scale shows several sets of data which provide an 

overview of all pertinent activity. Because the time frame includes four years of 

information instead of portions of one year, the figures appear to achieve some 

analytical improvement over the data presented in previous reports. 

EVALUATION OF CURRENT DATA 

Ground Water Levels 

Ground water in the vicinity of the reservoir occurs primarily as a result of 

reservoir leakage. Ground water recharge resulting from the percolation of 

rainfall appears to be of minor significance. 
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Ground water level fluctuations generally coincide with the overall reservoir 

stage fluctuations. The most significant ground water fluctuations occur during 

years when the reservoir is emptied for regular maintenance and repair. During 

these periods, the reservoir stage fluctuates about 35 feet, from 300 feet 

elevation, normal maximum storage, to about 265 feet elevation. Maximum 

ground water levels are noted to fluctuate as much as 11 feet along portions of 

the east wall. Ground water levels along other portions of the reservoir fluctuate 

on the order of 1 to 6 feet. Normal operation of the reservoir, between years 

when the reservoir is emptied, apparently varies about 15 to 20 feet; i.e., 300 to 

285 feet elevation. East wall ground water levels then show a maximum 

fluctuation of about 7 feet. Ground water levels in other portions of the reservoir 

fluctuate on the order of 0.5 to 3.5 feet, during non-drain periods. 

Relative to amplitude, ground water levels along the east and south walls 

fluctuate less than the actual reservoir stage. When the reservoir is emptied, 

several of the piezometers in the southeastern portion of the reservoir show 

ground water levels as much as 19 feet above the bottom of the reservoir. They 

continue to show a slow decline thereafter. Indications are that it could take 

several months for the ground water to drain to a stable level under the existing 

conditions. During normal operating conditions, the ground water levels are 

rarely higher than the reservoir stage. One instance when this is known to have 

occurred was in 1983, when above-normal rainfall occurred, and also concurrent 

flooding of the Pacific View Memorial Park cementary property which was caused 

by a broken irrigation line. Reservoir staff detected the resulting high ground 

water levels along the East Wall, and subsequently discussed the problem with the 

cemetary staff. Apparently, the cementary's water supply pressure regulator was 

inoperative. This allowed higher pressure into their PVC irrigation system and 

broken lines. The several irrigation line leaks, together with the heavy rainfall 

produced the high ground water levels. Subsequent repairs to the irrigation 

system and diminished rainfall allowed ground water levels to decline to more 

normal conditions. 

Ground Water Movement 

Ground water movement is generally toward the northwest. However, reservoir 

leakage continues to cause ground water to flow around the reservoir. The 
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resul tant ground water flow is toward the north along the east side, and toward 

the west along the south side of the reservoir. Once beyond the reservoir's direct 

influence, ground water flow moves toward the northwest in a similar fashion to 

the natural, historic surface and ground water flow paths. 

Reservoir Drains 

The City's records indicate that only three of the four local drains were operative 

over the past four years. These are the Bren Tract, East Wall and the West 

Drains. The reservoir staff have indicated that the Seaview Drain has not been 

used because of chronic maintenance problems associated with the drain pump. 

During the past year, it is understood that two neighborhood complaints were 

noted of highly saline rising ground water. 

The three drains have been used on a fairly constant basis over the past four 

years. The most consistent flows are found to be associated with the East Wall 

Drain, averaging 2 to 5 gallons per minute. The Bren Tract Drain flows a si milar 

quantity of water but is slightly more variable. The West Drain has the most 

inconsistent record. It has flows which vary from almost zero when the reservoir 

is empty, to about 10 gallons per minute. The West Drain also responds the most 

rapidly to fluctuations of the reservoir stage, decreasing and increasing as the 

stage is lowered and raised, respectively. Although the records are not 

completely clear, there are occasionally times when the drains are inoperative. 

Subsequent operation usually results in initial drain flow which is above normal, 

and then becomes more "normal" within about two months. 

Water Quality 

Water samples were collected by Montgomery on November 21, 1984, from 8 of 

the 11 existing piezometers and the three drains for measurements of electrical 

conductivity. Electrical conductivity (EC) is a rapid means to indicate the 

approximate quantity of total dissolved solids (TDS) in a water sample. The 

following Table lists the EC measurements recorded for the samples obtained, and 

also for samples collected during previous studies at the same sites. 
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Electrical Conductivity Measurements 

EC 
Piezometer Date Sampled (umhos/cm) 

SL-1 12/14/73 1,590 
8/8/75 1,690 

11/21/84 4,000 

SL-2 12/13/73 22,080 
11/21/84 8,200 

H-35 8/8/75 4,180 
11/21/84 4,400 

H-37 10/22/74 12,300 
11/21/84 4,600 

H-38 NA NA 
11/21/84 1,620 

H-39 10/31/74 6,260 
8/8/75 7,060 

11/21/84 4,200 

1-40 8/8/75 2,640 
11/21/84 4,000 

1-41 8/7 /75 3,010 
11/21/84 4,800 

Drain 

Bren Tract 8/8/75 14,030 
11/21/84 7,200 

East Wall 8/8/75 1,195 
11/21/84 1,140 

West Drain 3/15/74 2,100 
11/21/84 1,900 

Comparison of recent field EC results with historical EC measurements indicates 

that the amount of dissolved salts in the ground water surrounding the reservoir 

has changed, but not uniformly. For example, along the east side, the EC has 

increased by about 50 percent. Along the southwest and north side, the EC has 

decreased by about 60 percent. The EC of waters received by the East Wall and 

West drains are presently 5 to 10 percent less than shown by previous 

measurements. Of all three drains, the Bren Tract drain shows the best quality 

improvement; an EC decrease of about 50 percent since it was last measured. 
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In general, the overall quality of ground water near the reservoir has improved 

significantly except along the East Wall. It is possible that because this area is 

not sufficiently drained, salts have tended to build up in the ground water. The 

average EC of ground water along the East Wall is about 4,200 umhos/cm, based 

upon samples obtained by Montgomery. This contrasts with the East Wall drain 

EC of 1,140 umhos/cm. This suggests that the East Wall drain is tapping recent 

reservoir leakage, but little surrounding ground water at this time. 

If a dewatering system is developed for the South and East Walls to control ground 

water levels, the extracted water could, from a mineral quality standpoint, be 

discharged directly into the reservoir. The reservoir currently releases about 34 

acre-feet per day of water with an EC between 500 and 1,100 umhos/cm. 

Dewatering of the East Wall sediments would produce approximately 1 acre-foot 

per day of water with an EC of about 4,200 umhos/cm. Assuming continuous 

reservoir operation, discharge of the ground water to the reservoir would increase 

the reservoir discharge by approximately 100 umhos/cm. 

Relative to total mineralization, the worst case scenario would occur as the 

reservoir was drawn down. If ground water at 4,200 umhos was discharged into 

the reservoir with the supply at 1,000 umhos, discharge could continue until about 

160 acre-feet of water remained in the reservoir. At that point, the mixed supply 

would total about 1,570 umhos (1,000 mg/l, total dissolved solids). As the 

reservoir stage declined to storage values of less than 160 acre-feet, the ground 

water would need to be discharged to the storm drains. However, ground waters 

would in all probability have been dewatered by the time the reservoir was 

drained to the 150 acre-foot level. 

Alternatives for Ground Water Control 

Some threat to the reservoir's structural stability occurs when the reservoir stage 

is significantly below the ground water level in soils surrounding the reservoir. 

This would be particularly true if the reservoir stage were lowered rapidly. In 

order to control and maintain the structural stability of the reservoir walls from 

exterior pressures, and to control the existing reservoir leakage to the surrounding 

soils, a number of alternatives were evaluated. These include: 
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o "N 0 Action" 

o Drainage Trench 

o Extraction Wells 

"No Actionft Alternative 

The so-called "No Action" alternative considers that additional construction 

activities would not occur to relieve the hydrostatic pressure in the surrounding 

soils. Inherent in this alternative would be the repair and maintenance of the 

existing East Wall drain system, and continued observation and monitoring of both 

piezometers and the reservoir walls and floor. Specifically, these "no action" 

activities would include: 

1) Periodic measurement and sampling of selected observation wells and drains. 

2) Repair of East Wall drain system, including cracks and leaks in East Wall, 

manifold into the reservoir and drain piping system within the reservoir. 

3) Inspection of the reservoir wall and floor approximately every two years and 

repair all observed cracks, holes and spongy areas. 

Drainage Trench Alternative 

The most critical areas where high ground water levels may induce structure 

instability during rapid drawdown, occur along the east and south sides of the 

reservoir. The saturated soils along the sides and beneath these portions of the 

reservoir are composed of sandy terrace deposits, sandy fill material and 

fractured silstone bedrock. This soil is assumed to have an average ground water 

level elevation of 286 feet. Dewatering the soils to an elevation of 265 feet, the 

lowest reservoir stage, would require the extraction of approximately 2,500,000 

gallons (7.7 acre-feet) of ground water. 

A drainage trench excavated along the reservoir roadway could be designed and 

constructed to dewater the soils and improve the structural stability of the 

reservoir during rapid drawdown. The trench would be approximately 1,000 feet 
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long and about 40 feet deep along the east side of the reservoir. The preliminary 

design of the drainage trench would be guided by the following general criteria: 

o Excavate a 40-foot deep trench for approximately 1,000 feet with a 2 

percent grade to the north; 

o Install a 10-inch diameter perforated PVC pipe along the trench invert; 

o Install and connect a clearwell (24-inch diameter maximum strength 

concrete pipe) at the northern end of the trench to a depth of about 50 

feet; 

o Backfill the trench with a sand and gravel filter mixture to within 10 

feet of ground surface. 

The trench would contain more porous materials than the soils which currently 

surround the reservoir, and would thus increase the volume of water needed to be 

removed to about 2,600,000 gallons to effectively dewater the east side of the 

reservoir. Upon completion of the drainage trench installation, the clearwell can 

be used to extract water from the trench pipeline. The pump installed in the 

clearwell should extract an average of 260 gpm. 

Total cost for construction of the trench drainage system is estimated to be 

approximately $400,000. This cost estimate includes trench and clearwell 

construction, and the clearwell equipment (i.e., pump, meters, cables, valves, 

control box and a 8x6x8 foot vault). 

Extraction Well Alternative 

Assuming the physical conditions described in the first paragraph under Drainage 

Trench, a series of extraction wells could be designed and constructed to 

withdraw the desired volume of ground water to dewater the soil. Preliminary 

estimates indicate that these wells should be spaced between 130 to 200 feet 

apart, in a line along the reservoir roadway. The exact number of wells needed 

will depend upon the extraction capacity of the wells and the anticipated duration 

of time to complete soil dewatering. For example, if each well continually 

extracts an average of 26 gallons per minute (gpm), 10 wells would be needed to 

dewater the soils within one week (7 wells if each at 37 gpm, or 12 wells if each 

at 22 gpm). 
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The preliminary design of extraction wells should be guided by the following 

general criteria: 

o Drill 16-inch diameter borehole to a depth of 60 feet; 

o Install 45 feet of blank and 15 feet of perforated 8-inch diameter PVC 

casing; 

o Install gravel pack and surface sanitary seal; 

o Develop the well and gravel pack; 

o Install 4-inch diameter submersible pump; 

o Equip well for removal of extracted ground water, install vaults and 

manifold piping. 

The estimated cost per well is $18,000. This estimate includes $6,000 for well 

construction and $12,000 for well equipment (i.e., pump, cables, valves, control 

box, meters). If it is considered that 8 extraction wells would be needed to 

dewater the soils, the capital cost for this alternative would be $144,000. 

In summary, should the City of Newport Beach elect to approach the problem of 

ground water behind the East Wall of Big Canyon Reservoir from a direct 

structural standpoint, either a drainage trench or extraction wells could be 

constructed. Approximate capital costs for these facilities would range from 

$144,000 for the wells to about $400,000 for the drainage trench. These are 

considered to be order of magnitude estimates for the two alternatives. It 

appears that ground water pumped from such systems could be discharged directly 

into the water supply for a major portion of the time during the emptying of the 

reservoir. The value of these ground waters (7.7 acre-feet @ + $200/acre-feet) 

pumped back into the reservoir would help offset power and maintenance costs. 
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APPENDIX A 

SUPPLY FROM ADJACENT WATERSHEDS 



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 surfce by the City staff. A U.S. Geological-Type floating pan ha~ 
been shown to have a relationship to actual lake surfaces of about 0.8.(aJ 
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 considered to approximate the 
maximum evapotranspiration potential (ETP). Evapotranspiration 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 1. 

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 evapotranspiration 
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 1. 

A comparison of these data indicates that total consumptive use exceeded water 
supply. For example, during 1974 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 runoff probably occurred. In 1974, two storms in 
January, 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 1 is 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. 

(a)Evaporation relationships are presented in "Evaporation from Water Surfaces", 
California Department of Water Resources, Bulletin 73, 1959. 
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