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acre-ft

acre-foot (feet)

acre-ft/yr

acre-foot per year

DEM

Digital elevation model

DWR

California Department of Water Resources

EPA

United States Environmental Protection Agency

ft

feet, foot

ft bgs

feet below ground surface

gpd/ft

gallons per day per foot, a unit of aquifer transmissivity

gpd/ft2

gallons per day per square foot, a unit of aquifer hydraulic
conductivity

gpm

gallons per minute

ID

inside diameter

HDD

horizontal directional drilling

mgd

million gallons per day

mg/L

milligrams per liter

OD

outside diameter

ORP

oxidation reduction potential

SDI

silt density index

SCWD

South Coast Water District

SJBA

San Juan Basin Authority

SOCWA

South Orange County Wastewater Authority

SWRCB

State Water Resources Control Board

TDS

total dissolved solids

Reclamation

Bureau of Reclamation

USGS

United States Geological Survey

µg/L

micrograms per liter

%

percent
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1. Introduction
Municipal Water District of Orange County (MWDOC) is conducting a phased
investigation into the feasibility of using subsurface intakes for feed water supply
to a proposed desalination plant located at the mouth of San Juan Creek in Dana
Point, California (see figure 1; all figures are presented at the end of this
document). The investigation has been partially funded by the California
Department of Water Resources (DWR) Proposition 50 Desalination Grant (2005)
under Agreement No. 4600004110, entitled Horizontal/Slant Well Technology
Application in Alluvial Marine Aquifers for Feedwater Supply and Pretreatment.
Under Task 2 of the phased investigation, the dual rotary drilling method was
used to successfully construct a Test Slant Well at the mouth of San Juan Creek.
Full-scale desalination plant operations for a 15-million-gallon-per-day (mgd)
plant would require a total of seven operating slant wells and two backup slant
wells of similar construction to provide 30 mgd of feed water supply (see figure
2). Modeling full-scale system operations was undertaken as part of Task 4 of the
DWR grant agreement. This report presents results of a variable density ground
water model which was developed to analyze the feasibility of using a system of
slant wells for the feed water intake supply. The model incorporates comments
from a peer review panel of experts in the field of ground water modeling, as well
as feedback received from the San Juan Basin Authority (see Appendix A for
comment letters).1 The variable density ground water model was developed in
order to provide an initial assessment of potential impacts to water quality,
quantity, and ground water levels from the slant wells.
Evaluation of the feasibility of using slant wells for desalination plant intake
entailed modeling a 30-mgd ground water extraction scenario, including pumping
under both wet and drier hydrologic conditions. The ground water model was
calibrated using data obtained during the Test Slant Well pumping test, conducted
during the spring of 2006 (during wet hydrologic conditions). The modeling
scenarios discussed in this report are in the table on the following page.
The 30-mgd feedwater supply requirements simulated for the full-scale project
consisted of a slant well field providing 30-mgd supply. The well field consists of
seven production wells and two backup wells. The benefits of having two backup
wells include operational reliability and the ability to cycle well production to
minimize encrustation and clogging of well screens. With the backup wells,
sufficient long-term capacity will be maintained for periodic rehabilitation. It is
planned that the associated brine discharge from the desalination facility would be
discharged to the ocean approximately 2 miles offshore through the nearby sewer
outfall owned by South Orange County Wastewater Authority.
1

A draft modeling report was submitted for review on October 19, 2006.

1

Description of modeling scenarios
Model
Run

Slant Well
Configuration

1
2
2A
3

Project
Extraction
Quantity

Duration

Stress
Period

Hydrologic
Conditions

Test well

3 years

Monthly

Above normal
(wet)

2.88 mgd

7 wells

10 years

Annual

Above normal
(wet)

30 mgd

No project

10 years

Annual

Above normal
(wet)

0 mgd

7 wells

1 year

Annual

Below normal
(drier)

30 mgd

Slant well drilling technology provides an attractive option for seawater
desalination plant intake supply because slant wells drilled at relatively low
angles below horizontal (approximately 20 degrees) allow a longer length of well
screen to be placed within the aquifer than is possible in either vertical wells or
radial collector wells. Slant wells make it possible to pump offshore saline
ground water from aquifers below the sea floor with most of the recharge to the
wellfield (93 percent [%]) originating from the ocean. Because of limited ground
water resources in the San Juan Ground Water Basin, it is critical that the amount
of basin ground water drawn into the proposed plant intake system is minimized.
Slant wells with screened sections located several hundred feet offshore will have
a substantially higher production capability than either onshore vertical or radial
collector wells. That is, aquifers located farther offshore and in hydraulic
continuity with the ocean will supply a much higher percentage of recharge
originating from the ocean than recharge originating from onshore sources.

1.1 Purpose and Scope
The purpose of the Task 3 investigation is to assess the feasibility of obtaining a
desalination intake supply with a well field consisting of seven slant wells located
at Doheny State Beach. The ground water modeling work was performed to
determine the potential yield of a slant well intake system, to predict water quality
variations with time, and to predict effects on ground water levels in the onshore
ground water basin. Tasks in support of construction of a three-dimensional
ground water flow and variable density solute transport model included:

2

•

Review of background reports and data including past and current modeling
work undertaken by the San Juan Basin Authority

•

Mechanical grading analyses of Test Slant Well borehole materials to
complement all previous Phase 1 testing (GEOSCIENCE, 2005)

•

Generation of model input files

•

Model calibration to test well pumping test data and monitoring well
observations

•

Preliminary design of slant well configurations, including preliminary
technical drawings of well intake systems

•

Consultation with the slant well drilling contractor on feasible well design

•

Preliminary modeling of potential well configurations

•

Preparation of a draft model report

•

Review of expert peer review and other comments on the draft report

•

Revision of model calibration and model runs, incorporating comments
from experts in ground water modeling

•

Preliminary cost estimate for well construction

•

Preparation of the final Subsurface System Intake Feasibility Assessment
Task 3 Report

1.2 Previous Work
Previous work for the Dana Point Ocean Desalination Project to date has included
research on well design strategies and technology needed to adapt slant well
drilling methods for the construction of near-shore intake wells for the Dana Point
Ocean Desalination Project. Specifically, the work included:
•

Evaluation of geohydrology in the vicinity of the proposed Dana Point
desalination plant, including review of data on existing wells, borings,2
geologic maps, cross sections, water levels, published reports, informal
reports, and other relevant data. Field work included drilling and
continuously coring four boreholes using the sonic drilling method and
completing two of the boreholes as multilevel monitoring wells (DWR
Task 1, GEOSCIENCE, 2005).

•

Investigation of technology needed to drill and complete slant wells
followed by the selection of the dual rotary drilling method. Field work
included drilling, construction, development, and testing of a successful
artificially filter-packed 350-foot (ft) 23-degree slant well tested at
1,660 gallon per minute (gpm) (DWR Task 2 and Reclamation Task 1,
reported in GEOSCIENCE, 2006).

2

Table 1 summarizes available information for local wells and boreholes.
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4

Municipal Water District of Orange County
Municipal Water District of Orange County
Municipal Water District of Orange County
Municipal Water District of Orange County
Municipal Water District of Orange County
South Coast Water District
Capistrano Beach County Water District
Capistrano Beach County Water District
San Juan Water Company
San Juan Capistrano Water Co.
H.L. Remmers
Kato Bros.
Norio Iwata
San Juan Water Company
A.T. & S.F. Railroad
City of San Juan Capistrano
City of San Juan Capistrano
Mission Viejo Company
Mission Viejo Company
Kinoshita Farms
Orange County Land Development Co.
T.R. Drummond
E. Oyharzabal
W.T. Honsberger
Buddy Forster
George Caperon
Norio Iwata
City of San Juan Capistrano
City of San Juan Capistrano
City of San Juan Capistrano
City of San Juan Capistrano
City of San Juan Capistrano
City of San Juan Capistrano
City of San Juan Capistrano
City of San Juan Capistrano
San Juan Basin Authority
San Juan Basin Authority
San Juan Basin Authority

B-2/MW-1
B-4/MW-2
SL-1
B-3
B-1
CPBCWD Test Well
Victoria Well, 23A4?
Price Club Well, 23A1?
8S/8W-14Q1
8S/8W-14Q2
8S/8W-14H
8S/8W-14H4
8S/8W-14H3
8S/8W-23A7
8S/8W-23A5
North Kinoshita Test Well
City Hall Test Well
8S/8W-12L3, SJBA #1
8S/8W-12L1, SJBA #2
8S/8W-12L5
8S/8W-12C
8S/8W-12A1
8S/8W-12B2
8S/8W-12L2
8S/8W-12P1
8S/8W-12P5
8S/8W-14A
Tirador
Dancehall
Kinoshita
Mariner
South Alipaz
SJBA #4
SJBA #2
CVWD #1
MW-01S
MW-02
MW-03

FUTURE WELLS (NOT YET CONSTRUCTED)
Ramos St (Ricardo)
City of San Juan Capistrano
MW07
City of San Juan Capistrano
North Cooks
City of San Juan Capistrano
South Cooks
City of San Juan Capistrano
New SCWD Well
South Coast Water District

Owner

Well Name

Desalter Well
Desalter Well
Desalter Well
Desalter Well
Desalter Well

Nested Monitoring Well
Nested Monitoring Well
Test Slant Well
Borehole
Borehole
Future Desalter Well
Municipal Well
Municipal Well
Municipal Well
Municipal Well
Irrigation Well
Irrigation Well
Irrigation Well
Municipal Well
Unknown
Test Hole
Test Hole
Industrial Well
Irrigation Well
Irrigation Well
Unknown
Irrigation Well
Irrigation Well
Domestic Well
Irrigation Well
Irrigation Well
Irrigation Well
Desalter Well
Desalter Well
Desalter Well
Desalter Well
Test Hole
Desalter Well
Desalter Well
Desalter Well
Monitoring Well
Monitoring Well
Monitoring Well

Type
Depth
(ft bgs)
175
188
141
181
60
267
144
140
120
156
112
Unknown
132
140
123
87
117
160
150
114
158
80
128
136
118
92
200
104
108
103
80
138
131
133
164
125
74
126

p
Screen
(ft bgs)
10
10
51
None
None
48
96
86
50
35
45
Unknown
96
86
Unknown
None
None
30
60
48
105
58
80
80
80
24
30
75
75
65
52
None
85
75
90
115
14
Unknown
Screen
(ft bgs)
166
165
137
None
None
108
136
Unknown
120
145
98
Unknown
116
140
Unknown
None
None
150
140
98
150
75
118
120
112
92
200
100
105
100
65
None
128
115
161
125
74
Unknown
2005
2005
2006
2005
2005
1992
1956
Unknown
1956
1956
1951
Unknown
1953
1959
1930
2004
2004
1978
1978
1970
1965
1951
1955
1955
1952
1965
1955
2004
2004
2004
2004
2004
2004
2004
2004
Unknown
Unknown
Unknown

Date
Constructed
Diameter
(inches)
2
2
12
None
None
18
12
14
10
14
16
Unknown
12
14
10
None
None
16
16
16
16
8
12
12
16
12
12
16
16
16
16
None
16
16
16
4
4
18

Location of the new SCWD well is approximate - it may be located on west side of San Juan Creek.

City of San Juan Capistrano will use two of these four well sites as future desalter wells.

Monitoring
Monitoring
Inactive
None
None
Inactive
Abandoned or Inactive
Abandoned or Inactive
Abandoned or Inactive
Abandoned or Inactive
Abandoned or Inactive
Abandoned or Inactive
Abandoned or Inactive
Abandoned or Inactive
Abandoned or Inactive
None
None
Abandoned or Inactive
Abandoned or Inactive
Abandoned or Inactive
Abandoned or Inactive
Abandoned or Inactive
Abandoned or Inactive
Abandoned or Inactive
Abandoned or Inactive
Abandoned or Inactive
Abandoned or Inactive
Active
Active
Active
Inactive
None
Active
Active
Active
Monitoring
Monitoring
Monitoring

Well Status

Table 1. Summary of well information near the mouth of San Juan Creek, Dana Point, Organge County, California

GEOSCIENCE, 2005
GEOSCIENCE, 2005
GEOSCIENCE, 2006
GEOSCIENCE, 2005
GEOSCIENCE, 2005
Boyle, 1993
Boyle, 1993, Geopentech, 2002
Boyle, 1993
Geopentech, 2002
Geopentech, 2002
Geopentech, 2002, Drillers Log
Geopentech, 2002
Geopentech, 2002, Drillers Log
Geopentech, 2002
Geopentech, 2002
Geotechnical Consultants, 2004
Geotechnical Consultants, 2004
Geopentech, 2002
Geopentech, 2002
Geopentech, 2002
Drillers Log
Drillers Log
Drillers Log
Drillers Log
Drillers Log
Drillers Log
Drillers Log
Drillers Log
Drillers Log
Drillers Log
Drillers Log
Drillers Log
Drillers Log
Drillers Log
Drillers Log
Drillers Log
Drillers Log
Drillers Log

Source

•

Evaluation of research and development needs for horizontal and angle well
technology (DWR Task 3).
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2. Slant Well Drilling Technology
The dual rotary drilling method was selected for construction of MWDOC’s Test
Slant Well at Dana Point3 as it enabled the construction of a large-diameter, highcapacity, artificially filter-packed well within a cased borehole. In selecting this
method, “risk avoidance” was a major consideration as, until this well was
constructed and developed, no artificially filter-packed well with the length and
capacity of the Dana Point Test Slant Well had been successfully completed
beneath the ocean floor.
The dual rotary method was a proven method for constructing vertical wells and
had been successfully used to construct a shallow-angle well (however, without
an artificial filter pack) along the Missouri River for the Lewis and Clark Water
District in South Dakota. Also, relatively short-length filter-packed shallow-angle
wells have also been constructed parallel to the Hudson River in New York. The
Dana Point Test Slant Well constructed by MWDOC between February and May
2006 represents the first time a high capacity artificially filter-packed well has
been successfully completed beneath the ocean floor.
The dual rotary drilling method allowed the slant well to extend as far as possible
beneath the ocean, with the least amount of risk. Traditional Ranney-type
collector wells are limited in length to approximately 150 ft and require the
construction of a very large diameter caisson, which would be expensive, take a
long time to construct, and would be aesthetically infeasible for the beach
environment. Horizontal directional drilling (HDD) was considered; however, the
method has yet to be proven for constructing water wells (especially artificially
filter-packed – not “prepacked”4 water wells). HDD drilling contractors
contacted in California and Texas would not guarantee borehole stability in the
very loose and coarse (i.e., large gravel and cobbles) unconsolidated sediments
encountered at Dana Point, nor would they guarantee satisfactory removal of the
drilling mud from the borehole which is essential for well performance.
Construction of a near-horizontal slant well near the shore allowed the screen
section to be located closer to the seawater interface, increasing the likelihood of
producing seawater while allowing placement of a longer length of screen within
the aquifer. This also resulted in a higher production capacity due to the greater
length of aquifer penetrated by the slant well.

3

Field work for drilling, constructing, developing and testing of the 12¾-in outside diameter
(OD) artificially filter-packed Test Slant Well (350-lineal-ft depth) took place from January 31 to
May 18, 2006. The contractor was the Geo-Tech division of Boart Longyear, Tualatin, Oregon. The
slant well produced 1,660 gpm continuously over a 5-day period.
4
Prepacked wells were not considered due to potential for “clogging” and the inability to
properly develop the “near-well zone.”
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Additionally, by constructing the shallow angle Test Slant Well, it was possible to
obtain additional lithologic information regarding the seaward extent of the
San Juan Creek alluvium.
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3. Geology and Geohydrology
3.1

Regional Geology

San Juan Creek drains the western slopes of the Santa Ana Mountains, part of the
Peninsular Range geomorphic province5 of southern California which extends
from the tip of Baja California to the Palos Verdes Peninsula and includes Santa
Catalina Island. The Santa Ana Mountains descend to broad marine terraces that
front the Pacific Ocean. The southwest-trending narrow alluvial valley of
San Juan Creek divides the Santa Ana Mountains to the east and the San Joaquin
Hills to the west (see figure 1).
The project area overlies the Capistrano Syncline, a geologic structure bounded
on the north by the Santa Ana Mountains and extending about 10 miles in width
from the San Joaquin Hills eastward to the northwest trending Cristianitos Fault
(Drewry and Victor, 1995, Fischer et al., 1992). The Cristianitos Fault crosses
San Juan Creek approximately 6.5 miles upstream of the creek mouth and is
overlain by undisturbed terrace deposits, indicating that it has not experienced
movement in recent time (Shlemon, 1987). The Capistrano Syncline developed in
the late Neogene,6 when a thick section of deep-basin sediments were deposited
within the Capistrano embayment, including the submarine fans and channels of
the Capistrano Formation (Fischer et al., 1992).
During the late Pliocene, regional uplift and erosion was followed by subsidence.
During Pleistocene time (10,000 years to 1.8 million years ago), the region
emerged from the sea, and wave-cut terraces were created as the sea receded.
Elevation and erosion of the Santa Ana Mountains produced deposits of gravel
and finer sediments (Edgington, 1974). At the end of the last ice age
(18,000 years ago), the sea level off Dana Point was at an approximate elevation
of 400 feet below mean sea level. Since that time and until approximately
6,000 years ago, the sea advanced landward (Converse Davis Dixon Associates,
1977). In the vicinity of Dana Point today, the shelf break (edge of the
continental shelf) lies approximately 5 miles off the coast (Fischer et al., 1992).

3.2 Stratigraphy
The proposed slant well intake system would be located on the beach sands which
overlie alluvial sediments at the mouth of San Juan Creek. Figure 3 shows the
surficial geology in the model area. Based on drilling and testing results from the
5

The Peninsular Range province consists of uplifted and westward-tilting granitic fault block
ranges (California Division of Mines, 1954).
6
The period between 14 and 2.4 million years ago.
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Phase 1 borehole investigation (GEOSCIENCE, 2005), it is known that the
alluvium associated with San Juan Creek reaches a depth greater than 188 ft at the
coastline. In the vicinity of the proposed slant well field, the bedrock underlying
the alluvium consists primarily of nonwater-bearing marine siltstone and shale of
the Capistrano Formation. In the Dana Point quadrangle, bedrock consists of,
from youngest to oldest: Niguel Formation, Capistrano Formation, Monterey
Formation, San Onofre Breccia, and Topanga Formation (see figure 4). The
sedimentary bedrock formations are generally not considered to have significant
water-bearing potential, although they may contain sands that yield small amounts
of water to wells (DWR, 1972). There is evidence that offshore outcrops of
San Onofre breccia and/or Capistrano Formation exist southwest of Doheny State
Beach (see figures 5 and 6; Lowry and Associates, 1977).

3.3

Ground Water Basin

The proposed desalination intakes are located at the southern boundary of the San
Juan Ground Water Basin (see figure 1). The San Juan Basin is bounded on the
southwest by the Pacific Ocean, and elsewhere by Tertiary semipermeable marine
deposits (DWR, 2004) and has a tributary area of approximately 26 square miles
(16,700 acres, DWR, 2004). Ground water flows southwest, towards the Pacific
Ocean. Appropriation of subsurface water from the alluvium of San Juan Creek is
subject to the jurisdiction of the State Water Resources Control Board (SWRCB),
as the agency classifies the San Juan Basin as a subterranean stream flowing
through known and definite channels (SWRCB, 1989).
The total storage capacity of San Juan Basin has been calculated to be
90,000 acre-feet (acre-ft) (DWR, 1972) and 63,220 acre-ft (NBS Lowry, 1992).
The maximum perennial yield of the basin has been estimated to be
approximately 4,000 acre-feet per year (acre-ft/yr) (NBS Lowry, 1992). Recharge
of the basin is from percolation of stream flow in San Juan Creek, Oso Creek, and
Arroyo Trabuco, as well as from precipitation to the valley floor and from springs
originating in Hot Spring Canyon and flowing into San Juan Creek (DWR, 1972).
Average annual subsurface outflow to the ocean has been estimated to be
450 acre-ft/yr (DWR, 1972). In recent unpublished modeling work, Psomas
estimated annual subsurface outflow to be 800 to 1,300 acre-ft/yr (Psomas, 2005).
Ground water modeling in this report estimates a subsurface outflow of
approximately 850 acre-ft/year.

3.4

Aquifers

The alluvial portions of San Juan Creek contain the primary aquifers in the area,
and are for the most part composed of interbedded cobbles, gravel, sand, silt, and
clay overlying sedimentary basement rocks. The San Juan Creek alluvium ranges
in thickness from 65 to 200 ft (DWR, 1972; Edgington, 1974).
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In the vicinity of Doheny State Beach, the Phase 1 Hydrogeology Investigation
(GEOSCIENCE, 2005) identified shallow, middle, and deep aquifer zones based
on the lithology encountered in the three boreholes drilled west of San Juan Creek
(see figure 5). Borehole B-1 was drilled approximately 1,400 ft east of the current
San Juan Creek channel and is presumed to be outside the extent of the alluvial
aquifers associated with the creek. In this borehole, beach sands were
encountered at a depth of 20 feet below ground surface (ft bgs), below which was
40 ft of clay representing Capistrano Formation bedrock. Bedrock may also have
been encountered in borehole B-3, located approximately 850 ft west of the creek,
at a depth of approximately 155 ft bgs. Borehole B-3 contained interbedded
clayey sand and sand with clay from 155 ft bgs to the total borehole depth of
181 ft bgs. The dark greenish-gray color, moderate cementation, and presence of
mica suggest that these materials may represent the Capistrano Formation. In the
two boreholes drilled immediately west of San Juan Creek (B-2/MW-1 and
B-4/MW-2), lithology becomes finer-grained and moderately cemented at depths
greater than 158 ft bgs and 166 ft bgs, respectively. However, these boreholes
were terminated in dark gray fine- to coarse-grained sand at depths of 175 ft and
188 ft and are not considered to have penetrated bedrock.
It is unknown how far offshore the San Juan Creek alluvium extends, although it
likely extends a considerable distance beneath the ocean floor and is in hydraulic
continuity with seawater. The shallow jet probe and vibracore investigation
(maximum depth 32 ft) conducted offshore in the 1970s (see figures 5 and 6)
followed the alignment of the SOCWA sewer outfall for a distance of
approximately 1.5 miles encountering cobbles, gravel, silty sand, and clay layers
and did not penetrate bedrock. Additionally, the Test Slant Well did not
encounter bedrock within its maximum vertical depth of 137 ft (terminating 170 ft
horizontally offshore from Thor’s Hammer7). For comparison, the continental
shelf near Doheny State Beach extends approximately 5 miles offshore.
3.4.1 Shallow Zone Aquifer
The shallow aquifer zone is located above a fine-grained zone (clay and clayey
sand) that was encountered at depths of approximately 25 ft to 40 ft bgs in the
three boreholes drilled west of San Juan Creek (B-2/MW-1, B-3, B-4/MW-2).
The clay layers in this zone are approximately 4 to 5 ft thick and associated with
layers of clayey sand approximately 3.5 to 5 ft thick. The lithologic sample data
show the clayey zones appear thicker near the San Juan Creek channel and appear
to thin away from the channel. Monitoring wells MW-1S8 and MW-2S are
screened in this aquifer zone, approximately 10 to 25 ft bgs. Based on ground
water level fluctuations and response to the test well pumping, the layer does not
7

Thor’s Hammer is the colloquial name for the concrete structure at the terminus of the groin
along the western bank of San Juan Creek and approximately coincides with the shoreline.
8
In reference to the nested monitoring wells MW-1 and MW-2, “S” denotes the well is
screened in the shallow aquifer zone, while “M” denotes the middle zone and “D” denotes the
deep zone.
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appear to be an extensive aquiclude (i.e., confining layer) but may be a localized
aquitard (i.e., leaky layer). Further long-term pumping tests are needed to verify
this observation.
Ground water elevations in the shallow zone measured using pressure transducers
indicated that the water levels in this zone are weakly affected by the tide,
fluctuating by less than 1 ft and coincident with tidal fluctuations, which vary as
much as 8 ft in a tidal cycle. Water level data also shows that the shallow aquifer
is in hydraulic continuity with the nearby San Juan Creek, as indicated by ground
water levels gradually building in the shallow zone when the berm across the
mouth of San Juan Creek closes forming a lagoon, and falling rapidly when the
berm is broken allowing the creek to drain to the Pacific Ocean.
3.4.2 Middle Zone Aquifer
The middle aquifer zone is located at approximately 40 to 130 ft bgs and is
characterized by mostly medium- to coarse-grained sand and cobbles and is
monitored by wells MW-1M and MW-2M. Some interbedded finer-grained
materials (clayey gravel and sand with clay and gravel) were encountered during
drilling of boreholes B-2/MW-1 and B-4/MW-2 at a depth of approximately
140 ft.
Water levels in MW-1M and MW-2M are affected by tidal pressure, fluctuating
by as much as 3 ft in a tidal cycle. The location of the well screen in the Test
Slant Well (approximately 51 to 137 vertical ft bgs) generally corresponds to the
location of the Middle Zone aquifer.
3.4.3 Deep Zone Aquifer
The deep aquifer zone refers to the sand and gravel materials underlying the finer
grained materials located at approximately 140 ft bgs in boreholes B-2/MW-1 and
B-4/MW-2. Monitoring wells MW-1D and MW-2D are screened in this zone at
approximately 140 to 165 ft bgs. There is a greater amount of fine-grained
materials in the deep zone aquifer than the middle zone aquifer. Additionally,
several lithologic samples from these depths in boreholes B-2/MW-1 and B-3
were characterized by a slight hydrogen sulfide odor.

3.5

Water Quality

Both the Phase 1 Hydrogeology Investigation and the Phase 2 Test Slant Well
encountered brackish ground water at the mouth of San Juan Creek. Water
quality information obtained included laboratory water quality analyses, field
testing for silt density index, field monitoring of test slant well water quality
parameters, and continuous monitoring of monitoring well ground water quality
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using Troll 9000 multiparameter instruments made by In-Situ. The results of
water quality analyses conducted during the Test Slant Well aquifer pumping tests
are discussed below.
3.5.1 Laboratory Water Quality Analyses
During the Phase 1 Hydrogeology Investigation water quality samples were
collected from nested monitoring wells MW-1 and MW-2. Additional samples
from monitoring wells MW-1M, MW-1D, MW-2M, and MW-2D were collected
in March and October 2005 and were analyzed for a list of constituents important
for desalination feedwater supply considerations. Samples from MW-1S and
MW-2S (shallow zone) were analyzed only for bacteriological parameters.
Samples from Test Slant Well SL-1 were collected for water quality analyses at
the end of 5-day and 48-hour constant rate pumping tests.
Both the middle and deep zones in both monitoring wells MW-1 and MW-2
showed brackish water quality, with total dissolved solids (TDS) ranging from
2,000 to 2,700 milligrams per liter (mg/L). The deep zone in each well showed a
slightly higher TDS than the middle zone, and the water from each zone became
slightly fresher in the time period from March 2005 to October 2005 (the two
sampling events). The Test Slant Well also showed brackish water quality, with a
TDS of 2,600 mg/L after 5 days of pumping at a discharge rate of 1,660 gpm.
Plotting the data from the monitoring wells and Test Slant Well on a trilinear
diagram shows the water type to be the same, and different from seawater,
reflecting recharge from the nearby San Juan Creek channel (see figure 7).
Ground water collected from monitoring wells MW-1, MW-2 and the Test Slant
Well contained a high concentration of dissolved iron and dissolved manganese,
with dissolved iron ranging from 1,180 to 3,800 micrograms per liter (μg/L), and
dissolved manganese ranging from 1,200 to 2,100 μg/L.
3.5.2 Field Measurement of Water Quality Parameters During the
Test Slant Well Pumping Test
The TDS concentration measured in the Test Slant Well during the 5-day
pumping test increased slightly with time, by a rate of approximately 60 mg/L per
day (GEOSCIENCE, 2005). The water quality was consistently brackish
(approximately 2,500 mg/L TDS), dissolved oxygen was generally less than
0.5 mg/L, pH was approximately 7, turbidity was generally less than 1
nephelometric turbidity unit, silt density index averaged 0.58, and oxidation
reduction potential (ORP) was negative.
3.5.3 Continuous Water Quality Measurements in MW-1S and
MW-1M
Multiparameter instruments equipped to monitor conductivity, ORP, and pH at
15-minute intervals were placed within monitoring wells MW-1S and MW-1M in
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October 2005 through May 2006. The trend in the conductivity data shows stable
concentrations in the middle zone and variable concentration in the shallow zone.
The variability in the shallow zone is likely due to hydraulic continuity between
the shallow zone and recharge from nearby San Juan Creek. When a sand berm
forms across the mouth of the creek (separating the creek from the ocean),
seawater entering the lower portion of the creek during high tide events is
prevented from flowing back to the ocean. During these events, highly saline
water significantly impacts the water quality (as well as water levels) in the
shallow aquifer zone, resulting in clearly increased measurements. By
comparison, specific conductivities measured in MW-1M remained relatively
constant during these events, showing that the creek does not immediately
influence water quality in the middle aquifer zone but would eventually interact
with deeper zones through vertical leakage.
3.5.4 Water Quality Measured in Nearby Wells
The San Juan Basin Authority (SJBA) monitors ground water quality in three
monitoring wells located within the model area (MW-01S, MW-02, and MW-03).
As part of their integrated environmental monitoring program, SJBA evaluates
potential changes resulting from implementation of the San Juan Basin
Groundwater Management and Facility Plan, including Phase I desalter operations
(see figure 5). Monitoring during 2004 to 2005 indicated brackish ground water
quality. TDS ranged from 470 to 1,900 mg/L at MW-01S, from 1,800 to
1,900 mg/L at MW-02, and from 940 to 1,700 mg/L at MW-03. The three
monitoring wells also exhibited relatively high iron and manganese
concentrations (Psomas, 2006). The Test Well constructed by Capistrano Beach
County Water District in 1992 (see figure 5) also exhibited brackish water quality
(2,198 mg/L) and high iron (5.13 mg/L) and manganese (0.93 mg/L)
concentrations (Boyle, 1993). Water quality samples collected from former
production wells in the model area during 1988 to 2001 are characterized by
TDS concentrations ranging from 1,100 to 1,800 mg/L (Geotechnical Consultants,
Inc., 2001).

3.6

Aquifer Parameters

To verify aquifer parameters in the project area initially determined from the
Phase 1 test borings, a 5-day pumping test was conducted in the Test Slant Well
(SL-1) from March 31 to April 5, 2006, at a constant discharge rate of 1,660 gpm.
Ground water levels were measured in the pumping well (SL-1) and observation
wells (MW-1M and MW-2M) using pressure transducers. A summary of the
aquifer parameters calculated from data obtained during the 5-day constant rate
pumping test is shown on the following table.
During the Phase 1 Hydrogeology Investigation, estimates of hydraulic
conductivity were obtained from borehole lithologic samples using grain-size
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Summary of aquifer parameters obtained from 5-day test slant well (SL-1)
pumping test
Analytical Method

Transmissivity
(gpd/ft)1

Storativity
(fraction)

Leakance
(1/days)

SL-1 Time Drawdown
SL-1 Calculated Recovery
MW-1M Time Drawdown
(Jacob’s Method)
MW-1M Time Drawdown
(Hantush Inflection Point Method)
MW-2M Time Drawdown
(Jacob’s Method)
MW-2M Time Drawdown (Hantush
Inflection Point Method)
SL-1, MW-1M and MW-2M
Distance Drawdown

122,000
169,000
91,300

NA
NA
0.0014

NA
NA
NA

76,400

0.0017

0.005

115,000

0.0010

NA

93,000

0.0012

0.003

146,000

0.0040

NA

Average

116,000

0.0019

0.004

1

gpd/ft = gallons per day per foot.

analyses and the Hazen approximation as well as a laboratory permeameter. The
mean horizontal hydraulic conductivity estimated using the Hazen approximation
and the permeameter was 1,200 gallons per day per square foot (gpd/ft2), a unit of
aquifer hydraulic conductivity gpd/ft2. The mean vertical hydraulic conductivity
was determined to be approximately 150 gpd/ft2 (GEOSCIENCE, 2005).
As part of the Task 3 scope, additional sieve analyses were performed on
lithologic samples from the screened interval of SL-1. Grain sizes of borehole
materials ranged from very fine sand to very coarse gravels. Cobbles were also
present in some samples but limited in size by the diameter of the 4-inch core.
Mean grain size diameter of the samples ranged from medium sand to coarse
gravel (see figure 8). Hydraulic conductivities representative of medium to coarse
sands and coarse gravels are shown in the following reference table:
Representative values of hydraulic conductivity
Material

Hydraulic Conductivity
(pd/ft2)

Coarse gravel
Medium gravel
Fine gravel
Coarse sand
Medium sand

3,681
6,626
11,044
1,104
295

Source: Todd and Mays, 2005.

Values of aquifer hydraulic conductivities at Doheny State Beach are within the
range between coarse sand and fine gravel reported in the above table.
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4. Proposed Slant Well Design and
Layout
4.1

Slant Well Designs

The 30-mgd project feedwater supply wells will be constructed using a dual rotary
drilling rig capable of drilling at a 20-degree angle below horizontal. An
optimum configuration of seven supply wells was modeled, consisting of three
groups of two to three wells each, extending radially outward from a common
entry location (see figure 2). The minimum amount of space that would be
required between the entry points for each group, or array, of slant wells is
approximately 5 feet. The wells will be designed to be completed (screened)
within the middle and deep aquifer zones (i.e., from 40 to 165 vertical ft bgs).
The slant well arrays are conceptualized as straight wells drilled at a 20-degree
angle below horizontal and to a total lineal length of 500 lineal ft. The total
vertical depth at maximum well length would be 171 vertical (see figure 2).
Well materials will consist of either Type 904 or AL-6XN® stainless steel9 to
minimize corrosion from constant exposure to seawater. Preliminary design of
the well screen consists of 12¾-inch OD by 5/16-inch wall thickness Ful-Flo
louvered well screen, with 3/32-inch (0.094-inch) slot openings. The screened
intervals will be placed from approximately 200 to 500 lineal ft bgs.10 A larger
pump-house casing consisting of a 16-inch inside diameter (ID) with 5/16-inch
wall thickness (16⅝-inch OD) Type 904 or AL-6XN® stainless steel materials
will be installed in the upper portion of the well to house the permanent pump.
The lower portion of the pump house casing would contain a reducing section to
allow joining to the 12¾-inch OD well screen section. The inside diameter of the
Ful-Flo screen will be 12⅛ inches, which results in acceptable head losses when
discharge rates are approximately 3,000 gpm.
Following installation of the casing and screen, a custom-graded artificial filter
pack will be pumped under pressure into the annular space between the well
screen and temporary casing. This will stabilize fine-grained formation materials
in the near-well zone. The filter pack material will consist of well-rounded
particles with high silica content and would be made up of a blend of
approximately 4 x 1611 aggregate.

9

This type of steel has been used in seawater desalination facilities such as in Tampa Bay as
it is proven to be corrosion resistant to seawater.
10
The length of blank section (pump house casing) may vary somewhat in the final design,
depending upon results from extended test well pumping and final well locations.
11
U.S. Standard Sieve Numbers
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Once each slant well has been constructed, it will be developed to remove finegrained materials from both the filter pack and near-well zone. Each slant well
will be initially developed using a combination of airlifting and swabbing. This
will help consolidate the filter pack and remove fine-grained materials from the
filter pack and near-well zone.
Final development of the wells will consist of installing submersible test pumps
and pumping at increasing discharge rates, as determined both by the sand content
and specific capacities. The wells will be developed at a greater rate than the
design capacity of 3,000 gpm.12 Once each well is fully developed, aquifer
pumping tests will be performed, and water quality samples collected.
Permanent submersible pumps will be placed in each well which are capable of
operating at the 20-degree slant well angle. Centralizers consisting of an inert but
abrasion-resistant material will be fabricated to support and center the pump
column and bowl assembly within the casing. In the draft Task 3 report, a
centralized collector system was evaluated. In this method, each slant well was
connected to a central vertical “caisson” or vault which acted as a common
pumping chamber. In this manner, a standard vertical turbine line-shaft pump
could be used to draw water from the entire group of wells at one time (see
figure 9). However, based on costs and reliability risk factors, it was determined
that an individual well/pump system was the more feasible design.

4.2

Selection of Optimum Slant Well Field Layout

Three sites containing clusters of two to three wells each are proposed to model
the full-scale desalination intake system (see figures 2 and 10). The seven wells
are designed to produce a 30-mgd total intake supply (2,976 gpm each). The
optimum seven-well layout which minimizes interference was based on several
“trial and error” configuration runs.
The slant wells will be completed (i.e., screened) within the middle and deep
aquifer zones and are located near an existing ocean sewer outfall, which will be
used to dispose of brine following the desalination process.
An option which was considered was constructing slant wells spaced across the
beach perpendicular to the shoreline. However, this layout was rejected as it
required establishing multiple construction and staging areas, which proved
infeasible considering the Doheny State Beach environment. By constructing the
slant wells in clusters of up to three wells, the number of construction and staging
areas minimizes impacts to the beach environment.
The project also includes two backup wells to ensure production reliability and
maintenance flexibility.
12
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Typically, wells are developed at a rate of 1½ times the design discharge rate.

5. Ground Water Flow and Variable
Density Solute Transport Model
5.1

Purpose of the Model

To facilitate future planning and evaluate potential impacts on ground water
levels and quality from the proposed project, a ground water flow and variable
density solute transport model was developed. Specifically, the SEAWAT ground
water flow and variable density solute transport model was used. The model was
developed to assess the layout and sustainable yield of the 30-mgd slant well intake
system and project impacts on aquifers in the lower San Juan Basin area.

5.2

Description of Model Code

The SEAWAT ground water model used for simulating the subsurface intake
system was developed by the United States Geologic Survey (USGS) (Guo and
Langevin, 2002) to simulate three-dimensional, variable-density, ground water
flow and solute transport in porous media. The source code for SEAWAT was
developed by combining MODFLOW13 and MT3DMS14 into a single program
that solves the coupled flow and solute transport equations.
SEAWAT modifies the MODFLOW code to solve the variable density flow
equation by reformulating the matrix equations in terms of fluid mass rather than
fluid volume and by including the appropriate density terms. Fluid density is
assumed to be solely a function of the concentration of dissolved constituents; the
effects of temperature on fluid density are not considered.
The SEAWAT code follows a modular structure, so new capabilities can be added
with only minor modifications to the source code. The following modules or
packages were used in the model:
•

Basic (BAS6, Harbaugh, et al., 2000)

•

Layer-Property Flow (LFP6, Harbaugh, et al., 2000)

•

Preconditioned Conjugate-gradient Method (PCG2, Harbaugh, et al., 2000)
13

MODFLOW is a block-centered, three-dimensional, finite difference groundwater flow
model developed by the USGS to model groundwater flow.
14
MT3DMS is a modular three-dimensional multispecies transport model for simulating
advection, dispersion, and chemical reactions of contaminants in ground water systems (Zheng
and Wang, 1998).
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•

Well (WEL6, Harbaugh, et al., 2000)

•

River (RIV6, Harbaugh, et al., 2000)

•

Basic Transport (BTN5, Zheng and Wang, 2005)

•

Advection (ADV5, Zheng and Wang, 2005)

•

Dispersion (DSP5, Zheng and Wang, 2005)

•

Source/Sink Mixing (SSM5, Zheng and Wang, 2005)

•

Generalized Conjugate Gradient Solver (GCG5, Zheng and Wang, 2005)

•

Flow Model Interface (FMI5, Zheng and Wang, 2005)

5.3

Conceptual Model

The ground water model for the full-scale intake system was developed for the
unconsolidated to semiconsolidated alluvial sediments related to San Juan Creek.
The base of the model is represented by the underlying bedrock, comprised of the
marine Capistrano Formation. The bedrock surface was developed in a
geographic information system (GIS), based on review of geologic logs in
published reports and drillers logs for local wells available from Psomas
(consultant to San Juan Basin Authority) (see figure 11).
The ground water model consists of 11 model layers. Layer 1 is only active
beneath the ocean and is assumed to be 1 ft thick.15 Layer 2 was assigned 30 ft of
thickness and incorporates the shallow aquifer zone identified in the Phase 1
beach monitoring wells and Phase 2 Test Slant Well. Layers 3 through 11 are
each 20 ft thick. The layer thickness was chosen mainly to discretize the aquifer
system and is not based on lithology (see figure 12). Model layers are assumed to
be parallel to the ground surface and are bounded on the lowermost layer by the
generalized bedrock surface.

5.4

Model Grid and Boundary Conditions

The 11-layer ground water flow model grid covers an area of approximately
8 square miles with a finite-difference grid consisting of 268 rows in the north to
south direction and 423 columns in the west to east direction for a total of
1,247,004 cells. The smallest model cells are in the area of interest (i.e., the slant

15

The sole purpose of model layer 1 is to allow vertical leakage from the ocean into
underlying aquifers.
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well sites) and measure 10 ft by 10 ft. Model cells vary towards the edges of the
model. See figure 13 for the location and layout of the model grid.
The boundary conditions used in the model are no-flow (constant flux-Neumann)
and constant head (Dirichlet) boundaries. No-flow cells were assigned to the
nonalluvial or bedrock portions of the model area. The no-flow cells in model
layers 1 through 11 are shown in figure 14.
Two constant head boundaries were used—one at the northern boundary of the
model and the other in the Pacific Ocean to the south. The northern constant head
boundary consists of a ground water elevation of 43 ft NAVD88 and a TDS of
1,300 mg/L. These conditions are based on the static ground water elevation at
MW-03 in March 2006 prior to the 5-day Test Slant Well pumping test (see figure
15). The southern constant head boundary extends from the shoreline to the
southern end of model. The southern constant head boundary at the ocean was
specified only in model layer 1 between the shoreline and the southern model
boundary to allow vertical leakage from the ocean into the uppermost aquifer
(model layer 2). This boundary condition consists of a ground water elevation of
2.54 ft NAVD88 (equivalent to zero ft above mean sea level).
Similarly, a constant concentration boundary (as measured in MW-03 during
2004-2005 (Psomas, 2005) was used in the northern model area. A constant
TDS concentration of 35,000 mg/L was assigned to the southern constant head
boundary at the ocean.

5.5

Aquifer Parameters

5.5.1 Top and Bottom Elevations of Model Layers
Land surface elevations, as determined from the standard 10-m resolution
USGS DEM, were used as the top elevation of the uppermost aquifer layer (model
layer 2).16 The bottom elevation of the model was considered to be the top of the
Capistrano Formation as determined from geologic logs in published reports and
unpublished drillers logs provided by Psomas in 2006. Generalized bedrock
contours for the model area are presented in figure 11. Cross sections across the
alluvial channel and along the axis of the channel are presented in figures 16 to
18, and figure 12, respectively.
5.5.2 Hydraulic Conductivity
Initial horizontal hydraulic conductivity values were estimated based on the 5-day
pumping test conducted in the Test Slant Well. For the area without pumping test
data, initial horizontal hydraulic conductivity values were estimated based on
lithology from wells and boreholes. During model calibration, the horizontal
16

Model layer 1 is a 1-ft-thick aquitard layer active only beneath the ocean to allow vertical
leakage from the ocean to underlying aquifers.
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hydraulic conductivity values were adjusted so that the water level residuals
(observed ground water elevation minus model-generated ground water elevation)
were minimized. The final calibrated horizontal hydraulic conductivity values are
shown in figure 19. In the Test Slant Well area, the horizontal hydraulic
conductivity values range from approximately 15 feet per day (ft/day)
(112 gpd/ft2) for model layer 2 to 180 ft/day (1,346 gpd/ft2) for model layers
3 through 11. The values for model layer 2 are consistent with the finer grained
materials encountered in the Test Slant Well area during the Phase 1
Hydrogeology Investigation. The values for layers 3 through 11 are consistent
with the hydraulic conductivity values estimated from analysis of the 5-day
pumping test data.
Vertical hydraulic conductivity values were also estimated from pumping test data
initially and adjusted during model calibration. A vertical hydraulic conductivity
value of 0.05 ft/day (0.37 gpd/ft2) to 1.2 ft/day (9.0 gpd/ft2) was used based on
final model calibration results.
5.5.3 Storativity and Effective Porosity
An unconfined storage value (i.e., specific yield or effective porosity) of 0.15 was
assigned for model layer 2 based on the character of aquifer materials
encountered. A uniform storativity value was used for model layers 3 through 11.
This value was initially estimated based on the pumping test data and adjusted
during model calibration. Based on model calibration results, a storativity value
of 0.000335 was used.
5.5.4 Dispersivity
Longitudinal dispersivity was estimated initially from the relationship between
longitudinal dispersivity and scale of observation (Zheng and Bennett, 2002) and
adjusted during model calibration. A longitudinal dispersivity of 40 ft results in a
good match between model-calculated and measured TDS concentrations. The
ratio of horizontal transverse dispersivity to longitudinal dispersivity was assumed
to be 0.1, while the ratio of vertical transverse dispersivity to longitudinal
dispersivity was assumed to be 0.01.
5.5.5 Low Permeability Shallow Zone
The lower permeability materials encountered between approximately 25 and
40 ft bgs in the Phase 1 test boreholes and Test Slant Well are believed to be
incised and not continuous throughout the model area. Figure 19 depicts the
estimated areal extent of the lower permeability zone used in the modeling.
Vertical hydraulic gradients exist under both nonpumping and pumping
conditions. Rising water (see figure 19) is due to vertical migration from
the shallow layer to the San Juan Creek channel. Recharge to the slant

22

well field under pumping conditions is due to vertical migration of ocean
water downward into the aquifer.

5.6

Recharge and Discharge

5.6.1 Rising Water and the River Package
The ground water model River package was used to simulate the interaction
between the San Juan Creek and aquifers in the model area. Based on steady state
and transient model calibration, a vertical hydraulic conductivity of 0.1 ft/day was
used for the streambed layer, and the creek stage was assumed to be 1 foot above
the bottom elevation of the streambed. Steady state model calibration yields a
rising water of approximately 670 acre-ft/yr in the reach depicted in figure 19.
Total river percolation to ground water in the entire model area is 1,700 acre-fr/yr.
DWR (1972) states that rising water occurs in “the last 1 to 2 miles of San Juan
Creek nearest the coastline.” A portion of San Juan Creek approximately 6,000 ft
long, beginning approximately 1,700 ft from the coastline, has been identified
from model calibration as an area where initial (spring 2006) ground water
elevations exceed land surface elevation (see figure 19). DWR estimated the
annual amount of rising water at the coastline for the base period (1951-52
through 1967-68) as the minimum estimated surface outflow for that period
(approximately 1,700 acre-ft/yr). DWR then divided that estimate by 0.92 to
obtain an estimate of 1,900 acre-ft/yr for long-term conditions (historical period
1883-84 through 1965-66). Present model calibration (this report) shows less
than 1,900 acre-ft/year of rising water at the present time (see table 2).
5.6.2 Ground Water Pumping – Well Package
Ground water pumping was simulated using the Well package. There are four
existing pumping wells in the model area owned by the city of San Juan
Capistrano (see figure 5).17 The South Coast Water District is planning to
produce ground water from two wells in the future, using one existing and one
new well. South Coast Water District (SCWD) has not yet sited the new well,
and its location in figure 5 is preliminary. The following table summarizes the
annual production rate for these wells.

17

The San Juan Basin Authority has an appropriative right of 10,702 acre-ft/yr of ground
water with the San Juan Basin; and the city of San Juan Capistrano has an additional water right of
3,325 acre-ft/yr under application at the State Water Resources Control Board. The city of
San Juan Capistrano desalter wells within the model boundary use a fraction of the total San Juan
Basin Authority/city of San Juan Capistrano water rights. The South Coast Water District has an
appropriative right to 1,300 acre-ft/yr and would like to expand their use to approximately
2,000 acre-ft/yr using San Juan Basin rights.
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Table 2. Summary of water budget for each model run
Inflow Terms1

Model
Run
Steady
State
1

2

2A

3

Outflow Terms1
Rising
Water
in San
Juan
Creek
(acreft/yr)

Well
Production
(Other
Wells)2
(acreft/yr)

Slant
Well
Field
Production
(acreft/yr)

Change
in
Ground
Water
Storage
(acreft/yr)]

Year

Northern
Model
Boundary
(Underflow)
(acre-ft/yr)

San Juan
Creek
Recharge
(acreft/yr)

NA

4,322

1,707

0

854

667

4,517

0

NA

1
2
3
1
2
3
4
5
6
7
8
9
10
1
2
3
4
5
6
7

4,716
4,813
4,829
4,878
5,292
5,514
5,596
5,624
5,633
5,636
5,637
5,638
5,638
4,719
4,765
4,765
4,765
4,765
4,770
4,770

2,367
2,589
2,610
2,952
3,038
3,038
3,038
3,038
3,038
3,038
3,038
3,038
3,038
2,230
2,337
2,337
2,337
2,337
2,344
2,344

2,011
2,222
2,251
29,453
30,825
31,083
31,168
31,197
31,206
31,209
31,210
31,210
31,210
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
783
752
752
752
752
746
746

186
84
73
53
0
0
0
0
0
0
0
0
0
190
144
144
144
144
141
141

6,453
6,453
6,453
6,453
6,453
6,453
6,453
6,453
6,453
6,453
6,453
6,453
6,453
6,453
6,453
6,453
6,453
6,453
6,453
6,453

3,226
3,226
3,226
33,606
33,606
33,606
33,606
33,606
33,606
33,606
33,606
33,606
33,606
0
0
0
0
0
0
0

-771
-139
-62
-2,829
-904
-423
-257
-200
-182
-176
-173
-173
-173
-477
-248
-247
-247
-247
-226
-226

8

4,770

2,344

0

746

141

6,453

0

-226

9

4,770

2,344

0

746

141

6,453

0

-226

10

4,770

2,344

0

746

141

6,453

0

-226

1

3,366

2,991

30,869

0

36

6,453

33,606

-2,869

1

Ocean
Inflow
(acreft/yr)

Ocean
Outflow
(acreft/yr)

Average annual inflow and outflow.
During the steady state calibration, four city of San Juan Capistrano desalter wells are pumping, including
Kinoshita, SJBA #4, SJBA #2, and CVWD #1 (total of 4,517 acre-ft/yr). During Model Runs 1, 2, 2A, and 3, these wells
and an additional two South Coast Water District desalter wells (pumping 1,936 acre-ft/yr) are pumping, for a total of
6,453 acre-ft/yr.
2
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Ground water pumping from the existing wells was included in the steady state
and transient model calibration runs. Ground water pumping from the existing
and proposed wells were used for the model operational runs 1 through 3.
Summary of production wells within the model area

Well

Owner

Status

Annual
Production
(acre-ft/yr)

Capitrano Valley Water
District #1

San Juan Capistrano

Existing

1,210

SJBA #2

San Juan Capistrano

Existing

1,210

SJBA #4

San Juan Capistrano

Existing

1,290

Kinoshita

San Juan Capistrano

Existing

807

New Well 1

SCWD

Proposed

968

Capitrano Beach County
Water District Test Well

SCWD

Proposed

968

5.7

Model Calibration

5.7.1 Calibration Methodology
Model calibration is performed to compare model-simulated water levels and
TDS concentrations to field-measured values (Anderson and Woesnsner, 1992).
The method of calibration used by the ground water model was the industry
standard “history matching” technique. In this method, a steady state calibration
of March 2006 and a transient calibration period from March 31, 2006, to April 5,
2006, were chosen.18
To assist in the trial-and-error adjustment of parameters, the software package
Visual Parameter ESTimation (PEST) (Doherty, 2000) was used to aid in the
calibration of both the steady-state and transient ground water models. PEST was
used to optimize aquifer parameters in the model, based on observed water levels
and TDS concentrations over time. These aquifer parameters included horizontal
hydraulic conductivity, vertical hydraulic conductivity, storativity and
dispersivity. Aquifer parameters were input to PEST in the form of ranges of
acceptable values for each established parameter zone. Through a nonlinear
estimation technique known as the Gauss-Marquardt-Levenberg method,
PEST adjusted the values assigned to each of the parameter zones to best fit the
model-generated heads and TDS concentrations to the observed heads and
TDS concentrations (reduce residual error) at wells across the model area.

18

These periods were chosen based on available data in the proposed project and nearby

areas.
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The calibration process requires using calibration target wells from which to
match model-generated head values and TDS concentrations against measured
values. Target wells used for model calibration include SL-1, MW-1S, MW-1M,
MW-2S, and MW-2M (see figure 5 for well locations).
5.7.2 Initial Conditions
Initial conditions for the steady state calibration of the ground water model
included measured ground water elevations and estimated TDS concentrations for
March 2006. Ground water elevation contours in the basin were generated for
static conditions prior to the 5-day pumping test in Test Slant Well SL-1. The
initial ground water elevations incorporated data collected from SL-1, MW-1M,
MW-2M, and data collected by Psomas at San Juan Basin Authority monitoring
wells MW-01S, MW-02, and MW-03 (see figures 15 and 31 for hydrographs of
available historical ground water elevation data). TDS concentrations for the
steady state calibration incorporated data collected from SL-1, MW-1, and MW-2
in March 2006. Concentrations were estimated for the upstream basin area based
on average historical values of TDS reported in Psomas (2006) and Geotechnical
Consultants, Inc. (2001).
Initial conditions for the transient model calibration used the results of the steady
state calibration. Initial conditions for model operational scenarios consisted of
output at the end of the transient model calibration. Figure 20 depicts initial
ground water elevations, and figure 21 depicts initial TDS concentrations used for
the model operational scenarios. The initial conditions assume that upstream
production wells owned by the city of San Juan Capistrano are pumping within
the model area. However, they do not reflect pumping by two future wells
planned by the South Coast Water District.
5.7.3 Steady State Calibration Results
A graphical comparison between measured and model predicted ground water
levels (from the five target wells) for the steady-state calibration is shown in
figure 22 and summarized in the table below. In figure 22, the closer the ground
water elevations fall on the straight line, the better the “goodness-of-fit.”
Ground water elevation steady state calibration statistics
Mean residual1

1.08 ft

Standard deviation of residual

2.06 ft

2

Relative error
1

5.5%

Residual = measured head less predicted head.
Relative error = standard deviation of the residuals divided by
the observed head range.
2
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Apart from the calibration evaluation of “goodness of fit,” another more
quantitative approach is to calculate the relative error of the residuals (i.e.,
standard deviation of the residuals divided by the observed ground water
elevation range). Common modeling practice is to consider a good fit between
historical and model predicted data if the relative error is below 10 percent (%)
(Spitz and Moreno, 1996; and Environmental Simulations, Inc., 1999). As seen in
the table above, the relative error for the five target wells is 5.5% which is well
below the recommended error of 10%.
5.7.4 Transient Calibration Results
The results of the initial steady-state calibration provided initial aquifer parameter
estimates and ground water elevations for the transient calibration. Measured
ground water elevation data from the 5-day pumping test of SL-1 was used in the
transient calibration. PEST was used to iteratively adjust horizontal hydraulic
conductivity and storativity/specific yield until a good match between measured
and model-generated ground water elevation was achieved. The resultant
calibration statistics are provided in the table below. Figures 23 to 27 show the
hydrographs of the five target wells showing model-generated water levels
compared to measured levels.
Transient calibration statistics
Statistic

Flow Model

Solute Transport Model

1

Mean Residual

0.18 ft

0.9 mg/L

Standard Deviation of Residual

0.97 ft

17.9 mg/L

5.7%

6.1%

2

Relative Error
1

Residual = measured head less predicted head.
Relative error = standard deviation of the residuals divided by the observed head range.
A relative error of 10% or less is considered acceptable for model calibration.
2

Figure 28 shows a cross-plot of model-calculated changes versus measured
changes in water level from initial conditions. The relative error of the residuals
calculated by this method of analyzing model calibration results was 5.7%, which
is below the recommended error of 10%.
Figure 29 shows that model-calculated and measured TDS concentrations have
similar trends. The relative error for the transient calibration of the water quality
component (TDS) of the ground water model was 6%.

5.8

Operational Scenarios

In addition to model calibration runs, three operational scenarios and one
sensitivity scenario were run.
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Description of modeling operational scenarios
Slant Well
Stress
Hydrologic
Model
ConfiguConditions
Run
Duration1 Period
ration

Project
Extraction
Quantity

Well
Pumping
Rate

1

Test well

3 years

Monthly

Above normal
(wet)

2.88 mgd

2,000 gpm

2

7 wells

10 years

Annual

Above normal
(wet)

30 mgd

2,976 gpm

No project

10 years

Annual

Above normal
(wet)

0 mgd

0 gpm

7 wells

1 year

Annual

Below normal
(drier)

30 mgd

2,976 gpm

2A
3

1
Length of model time was somewhat arbitrary and was determined based on initial trial and
error model runs to establish predictability in both ground water levels and TDS concentrations. It
was soon determined that the total length of the model time period was not that critical.

5.8.1 Model Run 1 (Test Slant Well 2,000 gpm, Wet Hydrologic
Conditions)
Run 1 simulated the current Dana Point Test Slant Well pumping 2,000 gpm
continuously for a 3-year period under wet (above normal rainfall) hydrologic
conditions. The wet hydrologic period was simulated using static ground water
levels prior to the 5-day pumping test conducted during the spring of 2006. For
this scenario, the model budget (inflow and outflows) was as follows (see table 2
for quantities):
Inflow:

Northern model boundary underflow
San Juan Creek recharge
Ocean inflow

Outflow:

Test Slant Well
City of San Juan Capistrano desalter wells
Rising water in San Juan Creek

5.8.2 Model Run 2 (30 mgd, Wet Hydrologic Conditions)
Run 2 simulated feedwater intake supply of 30 mgd for a 10-year period under
wet hydrologic conditions. In this scenario, the model budget (inflow and
outflows) was as follows (see table 2 for quantities):
Inflow:
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Northern model boundary underflow
San Juan Creek recharge
Ocean inflow

Outflow:

Slant well field
City of San Juan Capistrano desalter wells
South Coast Water District desalter wells
Rising water in San Juan Creek

5.8.3 Model Run 2A (No Project Pumping, Wet Hydrologic
Conditions)
Run 2A simulated baseline conditions in the basin under wet hydrologic
conditions, without pumping the project extraction wells. Run 2A (with no
project pumping) was performed to determine impacts on upstream desalter wells
owned by South Coast Water District and city of San Juan Capistrano. In this
scenario, the model budget (inflow and outflows) was as follows (see table 2 for
quantities):
Inflow:

Northern model boundary underflow
San Juan Creek recharge

Outflow:

City of San Juan Capistrano desalter wells
South Coast Water District desalter wells
Rising water in San Juan Creek
Ocean outflow

5.8.4 Model Run 3 (30 mgd, Drier Hydrologic Conditions)
Sensitivity of “drier” hydrologic conditions was simulated by lowering ground
water elevations at the northern constant head boundary by 5 feet. Based on a
comparison of cumulative departure from mean annual precipitation (see
figure 30) and monitoring well ground water elevations, it is estimated that under
drier hydrologic conditions, water levels at former pumping well SJBA No. 2,
located in the northeastern corner of the model area, were approximately 5 feet
less than under “wet” conditions (see figure 31). The sensitivity run (Model
Run 3) simulated a feedwater intake supply of 30 mgd over a 1-year period.19 In
this scenario, the model budget (inflow and outflows) was as follows (see table 2
for quantities):
Inflows:

Northern model boundary underflow
San Juan Creek recharge
Ocean inflow

Outflow:

Slant well field
City of San Juan Capistrano desalter wells
South Coast Water District desalter wells
Rising water in San Juan Creek

19

For relative comparison of water level impacts of the drier conditions scenario, model
predictability (i.e.,stability) was obtained after 1 year.
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Figures 32 and 33 show the model input parameters for the slant well
configurations and discharge rates for Model Runs 1 through 3.

5.9

Model Results

Results of the ground water simulations are presented for Model Runs 1, 2, and 3
as hydrographs of ground water elevations at the screened intervals of the
extraction wells.20 In addition, results are spatially presented in terms of predicted
average ground water elevations and regional drawdowns averaged for all model
layers for Model Runs 1, 2, and 2A. Maps of average elevations and drawdowns
are averaged for all model layers. Hydrographs of ground water drawdowns in
model layer 2 (shallow aquifer) for Model Runs 1, 2, and 3 are also presented to
assess potential impact to riparian habitat alongside San Juan Creek south of the
Pacific Coast Highway due to slant well field pumping. Plots of
TDS concentrations throughout the modeling period are presented for the slant
well field for Model Runs 1 and 2. The water budget (i.e., recharge source to the
extraction wells) was calculated for Model Run 2 to quantify the contribution of
water from both ocean and upstream sources to the extraction wells.
5.9.1 Model Run 1 (Test Slant Well Pumping)
5.9.1.1 Ground Water Elevations and Drawdown
The hydrograph of the Test Slant Well (see figure 34) shows that ground water
elevation is relatively stable, reaching a minimum elevation in 3 years of
approximately -17 ft NAVD88.
Figure 35 shows average ground water elevations, and figure 36 shows average
drawdown after 3 years of pumping both the Test Slant Well and the two new
SCWD desalter wells. Average drawdown would be approximately 8 ft at
upstream well MW-01S, 16 ft at the future proposed SCWD desalter wells; and
approximately 2 ft average drawdown would be experienced by the southernmost
city of San Juan Capistrano desalter well (see figure 36).
The maximum average drawdown in Layer 2 at the end of 3 years in the vicinity
of riparian vegetation alongside the mouth of San Juan Creek is approximately
1.8 ft (see figure 37).
5.9.1.2 TDS Concentrations
Figure 38 shows TDS concentration in the Test Slant Well throughout the Model
Run 1 simulation (i.e., period of 3 years). The TDS concentration increases from
20

Average ground water elevations in the extraction wells were created by averaging ground
water elevations in all model layers transected by the well screen. Thus, the elevations in the
hydrographs are lower than ground water elevations presented in maps showing the average
elevation of all model layers.
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approximately 2,700 to 23,100 mg/L over 3 years. TDS concentration continues
to increase at the end of 3 years and would likely increase with continued
pumping.
5.9.2 Model Run 2 (30 mgd, Seven Project Wells Pumping)
5.9.2.1 Ground Water Elevations and Drawdown
The extraction well hydrographs (see figure 39) show that ground water
elevations are relatively stable after 1 year of pumping, reaching minimum
elevations ranging between approximately -82 and -86 ft NAVD88 at the end of
10 years.
Figure 40 shows average ground water elevations, and figure 41 shows average
drawdown after 10 years of pumping. Average drawdown would be
approximately 65 ft in the vicinity of the slant wellfield, approximately 53 ft at
upstream well MW-01S, approximately 50 ft at the future proposed SCWD
desalter wells (CBCWD Test Well and Future Well); and approximately a 5-ft
average drawdown would be experienced by the southernmost city of San Juan
Capistrano desalter well (Kinoshita Well) (see figure 41).
The maximum average drawdown in Layer 2 at the end of 10 years in the vicinity
of riparian vegetation alongside the mouth of San Juan Creek is approximately
39 ft (see figure 42).
5.9.2.2 TDS Concentrations
Figure 43 shows TDS concentration in the extraction wells throughout the Model
Run 2 simulation (i.e., period of 10 years). The average TDS concentration at the
extraction wells increases from approximately 2,900 to 33,000 mg/L over
10 years.
5.9.3 Model Run 2A (No Project Condition)
5.9.3.1 Ground Water Elevations and Drawdown
Figure 44 shows average ground water elevations, and figure 45 shows average
drawdown after 10 years under “no project” conditions. Under no project
conditions, there is no pumping from the slant wells, and only upstream wells are
pumping (i.e., SCWD and city of San Juan Capistrano desalter wells). There
would be no drawdown in the vicinity of the slant wellfield, approximately 4 ft at
upstream well MW-01S, and approximately 14 ft at the future proposed SCWD
desalter wells; and approximately a 2-ft average drawdown would be experienced
by the southernmost city of San Juan Capistrano desalter well (see figure 45).
The following table summarizes drawdown that occurs under Model Runs 2 and
2A:
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Comparison of drawdown in model runs 2 (30 mgd) and 2A (No Project)
Model
Location

Drawdown
in Run 2

Drawdown
in Run 2A

Drawdown Due
to Slant Well
Pumping

Slant Well Field

65 ft

0 ft

65 ft

MW-01S

53 ft

4 ft

49 ft

Future SCWD Desalter Wells

50 ft

14 ft

36 ft

San Juan Capistrano Desalter
Well (Kinoshita)

5 ft

2 ft

3 ft

5.9.4 Model Run 3 (Sensitivity Run of Drier Conditions)
5.9.4.1 Ground Water Elevations
The extraction well hydrographs (see figure 46) show that ground water
elevations range between approximately -82 and -86 ft NAVD88. Ground water
elevations show a similar pattern to ground water elevations in Model Run 2,
except that they are approximately 1 to 2 ft lower.
The maximum average drawdown in Layer 2 at the end of 10 years in the vicinity
of riparian vegetation alongside the mouth of San Juan Creek is approximately
36 ft (see figure 47).
5.9.5 Water Budget
A water balance (i.e., hydrologic budget) was performed for the area in the
vicinity of the extraction wells for Model Run 2 (wet hydrologic conditions,
30 mgd). Ocean and offshore recharge accounts for 93% of the recharge to the
slant well intake system with only 7% of the total well field recharge originating
from inland sources. The following table summarizes the water balance at the end
of each year for the 10-year model period in Model Run 2:
Figure 48 graphically depicts the water budget analysis and shows the breakdown
of the contribution from vertical recharge (ocean source) and horizontal recharge
(offshore aquifer source). For example, after 14 days of pumping 30 mgd from
the slant well field, ocean water21 and offshore sources contribute 83.4% of the
total slant well field water supply (see figure 48). The percentage contribution
from ocean water increases with time, and by years 5 through 10, 100% of the
ocean and offshore recharge is predicted to consist of ocean water recharge. Also,
by the end of approximately 3 years, ocean and offshore recharge make up 93%
of the recharge to the slant well field with only 7% of the recharge coming from
onshore sources.

21

In this report, ocean water recharge is vertical leakage from the ocean through model
layer 1, and offshore recharge is lateral movement from the southern model area offshore through
model layers 2-11.
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Slant well field production contribution from seawater and freshwater
(Model Run 2 – 30 mgd, above-normal (wet) hydrologic conditions)
Seawater
Freshwater
(acre-ft/yr)
(acre-ft/yr)
%
of
Total
% of Total
Year
30,676
2,862
1
91%
9%
2
3
4
5
6
7
8
9
10

31,141

2,522

93%

7%

31,277

2,419

93%

7%

31,322

2,385

93%

7%

31,339

2,374

93%

7%

31,141

2,371

93%

7%

31,345

2,369

93%

7%

31,343

2,369

93%

7%

31,346

2,369

93%

7%

31,346
93%

2,369
7%
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6. Preliminary Cost Estimate for
Construction of Slant Well Field
The attached cost proposal (see appendix B) for drilling, construction, and testing
eight slant wells22 was provided by Geo-Tech Division of Boart Longyear
Company. Due to time constraints imposed by the beach location, drilling
activities are planned to take place over a 2-year period. During year 1, six slant
wells are planned to be drilled (in clusters of three wells each) on the east and
west banks of San Juan Creek at Doheny State Beach. During year 2, the
remaining two slant wells (in one cluster) are planned to be drilled approximately
1,000 ft west of San Juan Creek.
The cost proposal provided by Boart was based on using ¼-inch wall thickness
AL-6XN® “super-alloy” stainless steel casing and screen. Because ¼-inch wall
thickness material does not provide the level of strength that is desired for these
slant wells, the costs require adjustment to reflect an increase in the wall thickness
of both the 16-inch ID casing and 12-inch ID screen materials to 5/16 inches. The
increase in wall thickness increases the collapse strength of the casing and screen
by approximately 75% while increasing the weight (in pounds per foot of casing
or screen) by approximately 25%. As a result, the total amount of the cost
proposal to drill, construct, and test a wellfield of seven slant wells plus one
backup well is increased from $12,137,787 to $13,562,494 for both year 1 and
year 2, or an increased cost of $1,424,708. This cost assumes that 5/16-inch-thick
super-alloy stainless steel plate material is available and assumes a change in
weight per foot from ¼-inch wall (as quoted by the contractor) to a 5/16-inch wall
thickness.
The contractor has not included California State sales taxes in the proposal. At
the current rate of 7.75%,23 this could amount to an additional $ 610,654 for the
casing, screen, and filter pack materials.

22

As the current project configuration consists of a total of nine slant wells (seven active plus
two standby), the cost estimate should be adjusted accordingly.
23
Rate specified by California State Board of Equalization, City and County Tax and Use
Rates for Dana Point, Orange County, California, July 2006.
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7. Findings
Results from the Subsurface Feasibility Intake System modeling and analysis are
summarized in the following main findings:
•

Ground water model predictions show that the Test Slant Well pumping at a
discharge rate of 2,000 gpm for a 3-year period will have a water level
elevation of approximately -17 ft. This corresponds to a drawdown in the
aquifer of approximately 8 ft. Based on a well efficiency of 78%, the
drawdown in the Test Slant Well would be 10 ft.

•

The shallow ground water levels near the banks of the San Juan Creek
Channel would be lowered approximately 1.8 ft after 3 years of pumping the
Test Slant Well at a rate of 2,000 gpm.

•

After 3 years of continuous pumping, the TDS in the Test Slant Well
discharge would be approximately 23,100 mg/L.

•

Depth to bedrock varies from approximately 100 ft in the central model
area (approximately 4,000 ft from the shore), to approximately 210 ft near
the shoreline.

•

The ground water outflow to the ocean under wet hydrologic conditions
was estimated as 850 acre-ft/yr.

•

The feasible design for the production slant well field would consist of
seven wells (plus two backup wells) with each well capable of up to 3,000
gpm. The slant wells would be constructed and artificially filter-packed at
a 20-degree angle below horizontal and have approximately 200 ft of 16 in.
by 5/16-in. wall blank casing and 300 ft of 12- by 5/16-in. wall AL-6XN
well screen.

•

93% of recharge to the 30-mgd slant well intake system is derived from the
ocean with only 7% occurring from the inland source.

•

Model runs have shown that stabilization of ground water levels and TDS
concentration in the vicinity of the slant well field occurs after
approximately 1 year of continuous production.

•

Under above-normal (wet) hydrologic conditions, in the vicinity of the slant
well field, average regional drawdown after 10 years of continuous
production is approximately 65 ft for the 30-mgd production scenario. It is
expected that drawdown would be similar under drier hydrologic conditions
because of the similar ground water elevations observed in the production
wells after 1 year of pumping.
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•

Impact to water levels in the riparian zone due to pumping is similar under
the drier hydrologic condition (maximum 36-ft drawdown) as under the wet
hydrologic condition (maximum 39-ft drawdown).

•

TDS concentrations in the production wells under wet hydrologic
conditions average approximately 33,000 mg/L in the production wells after
10 years of continuous pumping.

•

Periodic rehabilitation of the slant well field will be necessary due to a
decline in well efficiency and resulting decline in production over time.

8. Recommendations
•

Conduct a 1-year pumping test on the test slant well to verify and refine
ground water model parameters and predictive runs.

•

Perform verification model runs after data is available from the 1-year Test
Slant Well pumping test by comparing model-generated ground water
elevations versus measured levels in the shallow middle and deep
monitoring wells and the test well.

•

Further exploration of the extent and permeability of any offshore bedrock
outcrops in the southwest model area.

•

Further studies and analysis are recommended regarding impacts of ground
water level changes on riparian vegetation and the relationship of ground
water level changes to evapotranspiration.
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