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1.  Executive Summary 
Water purveyors in California planning future seawater desalination projects are 
being asked by regulators and environmental interests to evaluate the feasibility of 
using subsurface intakes for feedwater supply in lieu of using open ocean intakes.  
Open ocean water intakes pull water directly from the seawater column.  These 
are not in favor as they can cause impingement, whereby marine organisms are 
drawn into the intake and trapped against a screen, and entrainment, whereby 
organisms too small to be screened are drawn into the facility and killed within 
the system. 

The Municipal Water District of Orange County (MWDOC) identified a favorable 
site for evaluating the feasibility of using a subsurface intake system for an ocean 
desalination supply at Doheny State Beach near the mouth of San Juan Creek, in 
Dana Point, California.  The subsurface deposits of sand and gravel associated 
with the San Juan Creek channel are estimated to extend off shore beneath the 
ocean, with favorable aquifer properties for transmitting water to wells.  To test 
the potential of these subsurface deposits for a desalination plant intake supply, it 
was decided to construct a “test” well.  Potential types of wells considered 
included horizontal collector wells (e.g., Ranney® type), horizontal directionally 
drilled wells (i.e., horizontal directional drilling [HDD] wells) and near-horizontal 
wells (i.e., slant wells).  Because of the unproven nature at this time of methods 
for the construction of high capacity, artificially filter-packed near-horizontal test 
wells, consultation with individuals, organizations, and companies worldwide in 
the ground water and well construction industry led to the selection of the dual 
rotary method of construction for the Test Slant Well.  A 350-foot-long 12-inch-
diameter (casing and screen) test slant well was constructed on the beach in order 
to obtain actual measurements of subsurface intake discharge rates and aquifer 
properties through performance of several pumping tests.  This report presents the 
results of drilling, construction, development, and testing of the Dana Point Test 
Slant Well.  The Test Slant Well represents the first successful high capacity slant 
well completed with an artificial filter pack beneath the ocean floor.   

The Test Slant Well project demonstrated the feasibility of using the dual rotary 
drilling method for construction of shallow angle wells for potential desalination 
intake supply in a beach environment.  At a cost of approximately $1.1 million, 
the Test Slant Well was drilled, constructed, developed and tested by the 
contractor over a period of 84 12-hour working days.  Drilling and well 
construction took 53 days; development pumping and aquifer testing lasted 
17 days.  Subsequent to a spring/Easter holiday, a second (deep zone) aquifer 
pumping test and wellhead completion took place over an additional 14 days. 

Aquifer parameters derived from the Test Slant Well pumping tests indicate 
favorable geohydrologic conditions for establishing a subsurface intake system 
at the mouth of San Juan Creek.  The yield of the well was 1,660 gallons per 
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minute, and specific capacity was approximately 77 feet per gallon per minute 
during a 5-day constant rate pumping test.  Silt density index measurements made 
in the field during aquifer testing averaged 0.58, indicating low reverse osmosis 
membrane fouling potential.  Salinity remained brackish throughout the aquifer 
pumping tests, increasing only very slightly with time.  Total dissolved solids 
concentration measured approximately 2,600 milligrams per liter (mg/L) 
compared to the typical value of 35,000 mg/L for seawater. 

Water quality results during the pumping tests indicated that 5 days of pumping 
was not a long enough time to estimate long-term hydraulic communication 
trends with the seawater.  As a followup, long-term pumping of the Test Slant 
Well is recommended to determine the potential variability of water quality from 
the brackish condition measured during the first tests to a quality more closely 
resembling pure seawater.  In the next phase of the Dana Point Ocean 
Desalination Project, aquifer parameters (e.g., transmissivity, storativity, and 
leakance) will be used to model the operations of a full-scale desalination intake 
system. 
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2.  Introduction 
The Test Slant Well, SL-1, was constructed at Doheny State Beach for Phase 2 of 
the Municipal Water District of Orange County (MWDOC) Dana Point Ocean 
Desalination Project, a phased investigation into the feasibility of using 
subsurface intakes at the mouth of San Juan Creek for potential desalination plant 
feedwater supply (figure 1).  A prior phase (Phase 1) was performed in 2005 and 
consisted of four vertical borings along Doheny Beach and completion of two of 
these borings as nested monitoring wells.  The feasibility of a subsurface intake 
system is being investigated as the system presents significant advantages over 
traditional open seawater intakes.  These advantages include: 

• Avoidance of entrainment and impingement impacts to marine life 
• Reduction or elimination of costly reverse osmosis (RO) pretreatment 
• Protection from shock loads 
• No ocean construction impacts 
• No permanent visual impacts 

The Test Slant Well was drilled and constructed at an angle of 23 degrees below 
horizontal using a dual rotary drilling rig, and represents the first time a shallow 
angled well has been constructed with a filter pack beneath the ocean floor.1  The 
well is 350 feet (ft) long and consists of 12¾-outside-diameter (OD) 316L 
stainless steel casing and louver screen (figure 2).  The well is screened from 
351 to 130 lineal ft, which corresponds to approximately 51 to 137 vertical feet 
below ground surface (bgs). 

Construction and testing of a slant well was recommended based on results from 
the Dana Point Ocean Desalination Project Phase 1 Hydrogeology Investigation 
(GEOSCIENCE, 2005a).  The Phase 1 investigation found favorable 
geohydrologic conditions for production of ground water for potential ocean 
desalination plant feedwater supply based on aquifer materials and water quality 
encountered during a vertical borehole drilling program. 

2.1  Purpose and Scope 

The Test Slant Well project was undertaken as Phase 2 of the Dana Point Ocean 
Desalination Project.  This second phase was necessary in order to obtain 
measurements of aquifer parameters such as transmissivity, storativity, and 
leakance through several well pumping tests.  The aquifer parameters enabled 

                                                      
1 The application of dual rotary drilling at an angle for water well construction has been 

performed adjacent to rivers in South Dakota and North Dakota (i.e., Missouri River) as well as in 
New York along the Hudson River.  Knowledge of the success of these projects led to the 
selection of the dual rotary method of construction for the Dana Point Test Slant Well. 
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estimation of potential yield from a near-shore subsurface intake system.  In 
addition, monitoring of ground water quality during the constant rate pumping 
tests was conducted in order to estimate potential feed water quality variations 
from a slant well intake system.  The full scope of work included: 

• Borehole drilling 
• Lithologic logging of borehole samples 
• Mechanical grading analysis of borehole samples 
• Installation of well screen and casing 
• Installation of gravel pack in borehole annulus 
• Well development by airlifting and swabbing 
• Installation of cement seal in well annulus and extraction of outer casing 
• Installation of submersible test pump in well 
• Well development by pumping 
• Step drawdown and 5-day constant rate aquifer pumping tests 
• Deep zone constant rate aquifer pumping test with inflatable packers 
• Water quality analyses during aquifer pumping tests 
• Monitoring nearby observation wells MW-1 and MW-2 
• Fluid resistivity logging 
• Video survey of test slant well 
• Wellhead completion including nitrogen blanket and measurement of 

inclination and azimuth of completed well 
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3. Background 
3.1 Initial Site Selection 

MWDOC initially identified the Dana Point site at the mouth of San Juan Creek 
as an ideal location to investigate using beach wells for desalination plant intake 
supply as part of the South Orange County Water Reliability Study.  The site was 
considered ideal because of the availability of land nearby for a potential 
desalination plant, the presence of an ocean outfall owned by the South Orange 
County Wastewater Authority (SOCWA), and its location in South Orange 
County, where new sources of water supply are needed.  The site at the mouth of 
San Juan Creek was also considered an ideal candidate for investigating the 
feasibility of a subsurface intake system because of the presence of permeable 
sand and gravel alluvium associated with the creek.  The Phase 1 Hydrogeology 
Investigation confirmed the presence of permeable aquifer materials related to the 
creek channel to a depth of at least 188 ft bgs, as the deepest borehole, at borehole 
B-4/MW-2 did not encounter bedrock. 

3.2 Previous Investigations 

3.2.1 Previous Investigations by MWDOC 
In 2001, Geopentech preliminarily evaluated the feasibility of beach wells to 
supply seawater for a desalination plant at San Juan Creek, under subcontract to 
Boyle Engineering for MWDOC’s South Orange County Water Reliability Study.  
Based upon a review of readily available reports and well data, the study 
estimated that the alluvial aquifer at the mouth of San Juan Creek was 
approximately 3,000 ft wide and 200 ft deep.  Ultimately, the study recommended 
a site-specific feasibility investigation, including a geophysical survey, 
geotechnical borings, a test well and monitoring wells, and an aquifer pumping 
test (Geopentech, 2002). 

In 2005, GEOSCIENCE conducted the Phase 1 Hydrogeology Investigation for 
MWDOC in order to obtain the site-specific information needed to assess the 
feasibility of subsurface intakes at the mouth of San Juan Creek (GEOSCIENCE 
Support Services, 2005a).  The objective was to determine the vertical and lateral 
extent of subsurface aquifer materials at the mouth of San Juan Creek, the 
capacity of aquifer materials to transmit water to wells, as well as depth-specific 
ground water quality data.  The investigation included drilling four exploratory 
boreholes, completing two nested monitoring wells, and performing laboratory 
analyses of water quality and permeability. 

The Phase 1 investigation found favorable aquifer materials, consisting largely of 
sands and gravels with some cobble and clay layers, to a maximum depth of 
188 ft on the western side of the present San Juan Creek channel.  Estimated 
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hydraulic conductivity of the aquifer materials averaged approximately 
1,200 gallons per day per square foot (gpd/ft2), based on grain size analyses and 
permeameter testing.  Laboratory results indicated brackish water quality within 
the alluvial aquifer (2,200 to 2,700 milligrams per liter [mg/L] total dissolved 
solids [TDS]) and elevated iron and manganese concentrations (1,600 to 
3,100 micrograms per liter (μg/L) and 1,300 to 1,900 μg/L, respectively).  Based 
on the favorable geohydrologic results, GEOSCIENCE recommended that 
MWDOC pursue the second phase of the feasibility investigation: construction of 
a shallow angle test well and performance of an aquifer pumping test—the subject 
of the present report. 

3.2.2 Previous Investigations by Others 
In the 1970s, Converse Davis Dixon Associates performed onshore and offshore 
geologic investigations under subcontract to NBS Lowry for the South East 
Regional Reclamation Authority (SERRA, now SOCWA) ocean outfall project 
(Converse Davis Dixon Associates, 1973, 1976, 1977; Lowry and 
Associates, 1977).  Submarine geology of the continental shelf area off Dana 
Point was interpreted based on seismic profiling, projection of onshore mapping, 
geologic mapping by SCUBA diving geologists, vibracore sampling, and jet 
probing.  The investigation found bedrock (Capistrano Formation) to outcrop on 
the seafloor approximately 1,000 to 1,500 ft offshore, 400 ft west of the outfall 
alignment (figure 3).  The jet probes and vibracores along the alignment did not 
encounter bedrock, and did not penetrate deeper than 32 ft below the sea floor. 

In 1992, Capistrano Beach County Water District (now South Coast Water 
District) drilled a test well approximately 4,200 ft (0.8 mile [mi]) inland from the 
shore, 250 ft east of the centerline of San Juan Creek (Boyle, 1993).  The test well 
encountered alluvium consisting of interbedded cobbles, sand, silt, and clay to a 
depth of 108 ft bgs.  The underlying bedrock was identified as Monterey 
Formation claystone based on a stratigraphic analysis.  The well was screened at 
depths of 48 to 92 ft bgs and 98 to 108 ft bgs.  Aquifer pumping tests indicated an 
aquifer transmissivity in the range of 130,000 to 150,000 gallons per day per foot 
(gpd/ft) and a storage coefficient of 0.0004, reflecting confined aquifer 
conditions.  Water from the test well exceeded secondary maximum contaminant 
levels (MCLs) for manganese (50 μg/L) and iron (300 μg/L) with 930 μg/L 
manganese and 5,130 μg/L iron.  TDS concentration in the test well also exceeded 
the secondary MCL for TDS (500 mg/L) and measured 2,198 mg/L. 

In 2004, Geotechnical Consultants, Inc. drilled two boreholes within the San Juan 
Basin approximately 2 miles and 2.4 miles inland for the city of San Juan 
Capistrano to evaluate new production well sites (GCI, 2004).  The southernmost 
borehole (“North Kinoshita”) was located approximately 1,750 ft west of the 
confluence of Trabuco Creek and San Juan Creek and contained alluvium to a 
depth of 67 ft.  The “City Hall East” borehole was drilled approximately 1,000 ft  



 

7 

northeast of the confluence of the two creeks and encountered alluvium to a depth 
of 108 ft bgs.  Both boreholes were underlain by olive-gray siltstone of the 
Capistrano Formation. 

Currently, ground water modeling of the San Juan Basin is performed by Psomas 
for the San Juan Basin Authority.  During the next phase (Phase 3) of the Dana 
Point Ocean Desalination Project, MWDOC’s consultant, GEOSCIENCE, will 
incorporate available data from San Juan Basin Authority and Psomas into a 
three-dimensional variable density ground water flow and solute transport model 
of the full-scale subsurface intake system at Doheny Beach. 

3.3 Permitting Process 

Prior to construction of the Test Slant Well, MWDOC consulted with several 
permitting agencies that had an interest or conditions for the project.  Several 
permits and authorizations were obtained in order to complete the work, described 
in the following sections. 

3.3.1 California Environmental Quality Act (CEQA) 
MWDOC was the lead agency for the project.  An Initial Study/Negative 
Declaration for the Subsurface Intake System Feasibility Investigation Test Slant 
Well Project was completed by Chambers Group on October 12, 2005.  The 
Notice of Completion was posted with the County Clerk-Recorder on October 12, 
2005, and the documents were filed with the State Clearinghouse on October 13, 
2005.  A notice from the State Clearinghouse dated November 15, 2005, indicated 
no State agencies submitted comments.  MWDOC’s Board of Directors approved 
the Negative Declaration and project on November 21, 2005.  A Notice of 
Determination was posted on November 29, 2005, with the County Clerk-
Recorder. 

3.3.2 National Environmental Policy Act (NEPA) 
The Bureau of Reclamation (Reclamation) was the lead agency for the 
project pursuant to NEPA.  A Draft Environmental Assessment was prepared 
by Chambers Group in October 2005.  The Southern California Area Office 
of Reclamation prepared the NEPA materials, circulated the document to 
Federal agencies, made findings, and issued categorical exclusion No. 06-SCAO- 
001-CX on December 16, 2005, for the project. 

3.3.3 California Coastal Commission Coastal Development Permit 
Because the project is located within the coastal zone in Orange County at 
Doheny State Beach, city of Dana Point (outside of their Local Coastal Program), 
a coastal development permit was required from the California Coastal 
Commission.  MWDOC prepared, filed, and obtained the coastal development 
permit.  Special conditions applied to the project through this permit included 
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allowing for undisrupted public access to the beach, prohibiting work during 
“peak use” summer beach season, prohibiting interference with the spawning of 
California grunion, requiring a biologist to monitor for sensitive species during 
construction activities, and restoring the site to preconstruction conditions with 
the well head buried 3 ft bgs.  The application for the coastal development permit 
included a detailed project plan, including a spill prevention and contingency 
control plan (GEOSCIENCE, 2005b). 

3.3.4 California State Lands Commission Lease 
The California State Lands Commission (SLC) has jurisdiction over submerged 
lands extending seaward of the “Ordinary High Water Mark” of the Pacific 
Ocean.  Because the Test Slant Well extended offshore underneath these 
submerged lands, MWDOC obtained a lease from the SLC to undertake the Test 
Slant Well Project. 

3.3.5 California State Parks Right of Entry Permit 
MWDOC held several meetings with key State Parks environmental and top 
management staff in developing the detailed project plan for the Test Slant Well 
Project (GEOSCIENCE, 2005b).  The project plan included several conditions 
and measures to minimize public use and safety impacts based on input from 
State Parks staff.  During the Test Slant Well project, MWDOC and its 
contractors were guests of California State Parks and allowed permission to 
access Doheny State Beach for the project through a Right of Entry Permit.  The 
Right of Entry Permit contained 24 special conditions pertaining to the protection 
of public access and safety.  One condition required a site safety officer for 
answering public questions and directing pedestrian and bicycle traffic during 
times when equipment was moving between the parking lot staging area and well 
site.  Other requirements included that the beach work site have a minimum 
footprint and be surrounded by a 6-foot temporary chain link fence with 
informational signage, that engine and generator noise be dampened to the 
maximum extent practicable, and that biological monitoring of wintering western 
snowy plovers occur throughout the project as long as plovers were present on 
Doheny State Beach. 

3.3.6 San Diego Regional Water Quality Control Board National 
Pollutant Discharge Elimination System (NPDES) Permit 
No. CAG919002 

Because the Test Slant Well project was going to generate water during the well 
development and test pumping stages, MWDOC enrolled under Order No. 2001-
96, NPDES No CAG9190002, General Waste Discharge Requirements for 
Groundwater Extraction Waste Discharges from Construction, Remediation, and 
Permanent Groundwater Extraction Projects to Surface Waters within the San 
Diego Region Except for San Diego Bay.  Discharges from the Test Slant Well 
went into an onsite Baker tank that gravity fed into a pipeline leading to a diffuser 
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placed on top of the bed of the San Juan Creek.  The diffuser consisted of a  
10-foot length of mild steel wire-wrapped screen that was attached to the top of 
two 20-foot lengths of 18-inch OD steel casing.  At this point, discharge to 
San Juan Creek was considered discharge to the surf zone when the sand berm 
across the creek at its mouth was “breached,” or open to the Pacific Ocean.  

The NPDES permit requires that discharge meet effluent limitations specified in 
Order No. 2001-96, and specifies parameters requiring monitoring as well as the 
frequency of analysis.  Because water quality testing at MW-1 indicated very low 
dissolved oxygen (DO) concentration in the ground water, an air injection system 
was devised for the Baker tank to maintain DO levels at the minimum 5 mg/L 
required by the permit.  If the concentration of DO in the discharge, measured in 
the tank at its exit point, dropped to below 5 mg/L, an air compressor would be 
used to allow air to enter the tank via perforated polyvinyl chloride (PVC) tubes 
and raise the DO levels to above 5 mg/L. 

3.3.7 United States Army Corps of Engineers Nationwide Permit 
Number 7 

Discharge of water to the diffuser in San Juan Creek was the preferred discharge 
alternative because the location would not create impacts to public access on the 
beach.  A second discharge alternative, which was not used, consisted of burying 
a pipeline and dispersion screen within the beach sand next to the well site and 
allowing discharge water to seep to the subsurface.  Both discharge alternatives 
required compliance with the United States Army Corps of Engineers (USACE) 
Nationwide Permit Number 7 for Outfall Structures and Maintenance.  In addition 
to the terms of the nationwide permit, the USACE required compliance with 
special conditions, including that Best Management Practices be employed to 
prevent materials from entering waters of the United States, that the discharge 
structures be removed upon project completion and that an onsite biological 
monitor ensure that the western snowy plover or other winter transient wildlife 
were not harassed during project activities. 

3.3.8 San Diego Regional Water Quality Control Board Clean Water 
Act Section 401 Water Quality Certification 

Section 401 of the Clean Water Act requires that any person applying for a 
Federal permit or license which may result in a discharge of pollutants into waters 
of the United States must obtain a State water quality certification that the activity 
complies with all applicable water quality standards, limitations, and restrictions.  
Section 401 certification was required for the Test Slant Well project because the 
USACE Nationwide Permit Number 7 applied.  The Water Quality Certification 
issued by the Regional Board required that a plan be developed and kept onsite 
for managing and preventing discharges of pollutants in storm water discharges 
associated with the construction activity.  Other conditions included minimization 
of disturbance to grunion runs and avoidance of harassment to western snowy 
plovers as determined by a biological monitor. 
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3.3.9 Orange County Health Care Agency Well Construction Permit 
The Orange County Well Ordinance (County Ordinance No. 2607) requires that a 
permit be obtained prior to the construction or destruction of any well.  The 
Environmental Health Division of the Orange County Health Care Agency issued 
a well construction permit for the Test Slant Well upon review of well 
construction details. 

3.3.10 California Department of Fish and Game Streambed Alteration 
Agreement 

MWDOC conferred with the California Department of Fish and Game, who 
determined that a Streambed Alteration Agreement was not required as no 
alteration was to take place and the location of the discharge was at the ocean. 
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4. Geohydrology 
4.1 Ground Water Basin 

The Dana Point Test Slant Well is located at the mouth of San Juan Creek, where 
the San Juan Valley Groundwater Basin (San Juan Basin) discharges to the 
Pacific Ocean (see figure 4).  The San Juan Basin is bounded on the southwest by 
the Pacific Ocean, and elsewhere by Tertiary semi-permeable marine deposits 
(California Department of Water Resources [DWR], 2004).  The San Juan Basin 
has a tributary area of approximately 26 square miles (16,700 acres) (DWR, 
2004).  Ground water in the San Juan Basin flows southwest towards the Pacific 
Ocean.  The State Water Resources Control Board (SWRCB) classifies the San 
Juan Basin as a subterranean stream flowing through known and definite 
channels, and not as a ground water basin (SJBA, 2006). 

The total storage capacity of San Juan Basin has been calculated to be 
90,000 acre-ft (DWR, 1972) and 63,220 acre-ft (NBS Lowry, 1992).  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 streamflow in San Juan Creek, Oso Creek, and Arroyo Trabuco, as 
well as precipitation on the valley floor and spring water from Hot Spring Canyon 
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 current 
modeling work, Psomas estimates annual subsurface outflow to be 800 to 
1,300 acre-ft/yr (Bell, 2005). 

4.2 Aquifer Systems 

The alluvial portions of San Juan Creek contain the primary ground water aquifers 
in the area, which for the most part, are composed of interbedded cobbles, gravel, 
sand, silt, and clay overlying sedimentary basement rocks.  The San Juan Creek 
alluvium ranges in thickness from 65 ft to 200 ft (DWR, 1972; Edgington, 1974).  
The basement rock, or bedrock, in the area consists primarily of nonwater-bearing 
marine siltstone and shale of the Capistrano Formation.  The sands within the 
sedimentary formations (e.g., Capistrano Formation) in the San Juan Basin may 
have the potential to yield small amounts of water to wells (DWR, 1972). 

In the vicinity of Doheny Beach, the Phase 1 Hydrogeology Investigation 
(GEOSCIENCE, 2005a) identified a shallow, middle, and deep aquifer zone 
based on the lithology encountered in the three boreholes drilled west of San Juan 
Creek (B-2/MW-1, B-3, B-4/MW-2).  Borehole B-1 was drilled approximately 
1,400 ft east of the present day San Juan Creek channel and is presumed to be 
outside of the extent of the alluvial aquifers associated with the creek.  Beach 
sands were encountered to a depth of 20 ft bgs in borehole B-1, below which was 
40 ft of clay which may represent Capistrano Formation bedrock.  Bedrock was 
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also encountered in borehole B-3, located approximately 850 ft west of the creek, 
at approximately 155 ft bgs.  Borehole B-3 contained moderately-cemented 
clayey sand, clay, and sand with clay, from 155 ft bgs to 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 borehole 
depths greater than 158 and 166 ft bgs, respectively.  However, these boreholes 
ended in dark gray fine to coarse-grained sand at maximum depths of 175 and 
188 ft, respectively, and are not considered to have penetrated bedrock. 

It is unknown how far offshore the San Juan Creek alluvium extends, although it 
most probably extends a considerable distance beneath the ocean floor and is in 
hydraulic continuity with seawater.  Preliminary estimates from extrapolation of 
ground water level elevations (see figure 5) show the width of the gap through 
which freshwater is discharging to the ocean is at least 1,000 ft from the shoreline.  
The offshore jet probe and vibracore investigation conducted in the 1970s which 
followed the alignment of the SOCWA sewer outfall for a distance of 
approximately 1.5 miles encountered cobbles, gravel, silty sand, and clay layers 
and did not penetrate bedrock to maximum depths of 32 ft.  The Test Slant Well 
also did not encounter bedrock to a maximum vertical depth of 137 ft, 
approximately 170 ft offshore from the beach at Thor’s Hammer.2  For 
comparison, the continental shelf near Doheny State Beach extends approximately 
5 miles offshore. 

4.2.1 Shallow Zone 
The shallow aquifer system 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.  Monitoring wells MW-1S 
and MW-2S are screened in this aquifer zone, approximately 10 to 25 ft bgs.  It is 
uncertain at this time how laterally extensive this upper fine-grained layer is.  
Based on ground water level fluctuations and response to the test well pumping 
(see figure 6), the layer does not appear to be an aquiclude (i.e., confining layer) 
but may be a localized aquitard (i.e., leaky layer).  Further long -erm pumping 
tests will verify this. 

Ground water elevations in the shallow zone, measured by automatically 
recording pressure transducers, indicated that the water levels in this zone are 
weakly affected by the tide.  Water levels in MW-1S and MW-2S fluctuate by 
less than one ft approximately in synch with the tide, which fluctuates by as much 
as 8 ft in a tidal cycle.  The pressure transducer data from MW-1S and MW-2S 
                                                      

2 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. 
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also indicate that ground water levels gradually build in the shallow zone when 
the berm across the mouth of San Juan Creek closes, forming a lagoon.  A rapid 
fall in shallow ground water levels results when the berm breaks open and the 
creek drains to the Pacific Ocean (see figure 6).  In addition to the water level 
data, water quality measured by the Troll 9000 multi-parameter instrument in 
MW-1S indicates that the shallow zone is in hydraulic connection with the creek.  
This is evidenced by elevated specific conductivity measurements during periods 
in which the berm across San Juan Creek retains ocean water within the creek (see 
figure 7). 

4.2.2 Middle Zone 
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.  Monitoring 
wells MW-1M and MW-2M are screened in this interval.  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.  It 
should be noted that fine grained materials below the “middle zone” were not 
encountered in borehole B-3 until 150 ft bgs, and finer-grained materials, 
including 3- to 4-ft interbedded clay layers, dominated the borehole lithology to 
total depth of 181 ft bgs.  These moderately cemented, dark greenish gray clayey 
sands, clays, and sand with clay probably represent the Capistrano Formation in 
borehole B-3. 

Water levels in MW-1M and MW-2M are affected by tidal pressure, and fluctuate by as 
much as 3 ft in a tidal cycle, in synch with the tides (see figure 6).  The location of the 
well screen in the Test Slant Well (approximately 51 to 137 ft bgs) generally corresponds 
to the location of the middle aquifer zone. 

4.2.3 Deep Zone 
The deep zone refers to the sand and gravel materials underlying the fine-grained 
materials (clay and clayey gravel) 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, including clay.  Additionally, 
several lithologic samples from these depths in Boreholes B-2/MW-1 and B-3 
were characterized by a hydrogen sulfide odor. 

Ground water levels were not continuously monitored within the deep zone of 
nested monitoring wells MW-1 and MW-2. 

4.3 Ground Water and Tide Elevations 

Ground water elevations have been recorded continuously in the shallow and 
middle zones of monitoring wells MW-1 and MW-2 since October 26, 2005.  
Level Troll 500 pressure transducers made by In-Situ, Inc. have been recording 
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pressure and temperature at 5-minute intervals in MW-2S and MW-2M since 
October 26, 2005.  Troll 9000 multiparameter instruments made by In-Situ, Inc. 
recorded pressure, temperature, conductivity, pH, and oxidation reduction 
potential (ORP) at 15-minute intervals in MW-1S and MW-1M between 
October 26, 2005, and May 15, 2006.3  As discussed in section 4.2, ground water 
levels in the middle zones of MW-1 and MW-2 fluctuate by as much as 1.5 ft 
around mean ground water elevation.  This fluctuation in the middle zone is 
coincident with tide elevation fluctuations.  Ground water fluctuation in the 
shallow zones of MW-1 and MW-2 was more muted and did not precisely match 
the pattern of tide elevation fluctuation as in MW-1M and MW-2M (see figure 6).  
The difference in response to tides in the shallow and middle zones is probably 
the result of the shallow zone being unconfined and the middle zone being a 
semiconfined (i.e., leaky) aquifer system. 

Tide elevation data was downloaded from the National Oceanic and Atmospheric 
Administration (NOAA) Tides and Currents Web site for the nearby La Jolla tide 
station (Station ID No. 9410230).4  According to the station information 
published at the Web site, the “diurnal range,” or difference in height between 
mean higher high water and mean lower low water, at the La Jolla station is 
5.33 ft.  The “mean range,” or difference in height between mean high water and 
mean low water, is 3.69 ft.  Tidal elevation data can be downloaded from the 
NOAA Web site referenced to a variety of tidal datums.  The North American 
Vertical Datum of 1988 (NAVD datum) was used because the monitoring well 
reference point elevations were surveyed to the NAVD datum.  The NOAA Web 
site also provides tidal station datum elevations so that elevation data can be 
transformed between different datums, such as from NAVD to mean sea level 
(MSL).  As seen in table  1, MSL is 2.54 ft greater than NAVD.  Tide elevation 
data referenced to NAVD is depicted in figure 6 along with ground water 
elevation data from monitoring wells MW-1S, MW-1M, MW-2S, and MW-2M. 

4.4 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.  This section 
will discuss water quality information obtained during the Phase 1 investigation, 
which included laboratory water quality analyses and continuous monitoring of 
                                                      

3  The Troll 9000 instruments in MW-1S and MW-1M were removed for sensor repairs and 
data cable troubleshooting on May 15, 2006. 

4  http://tidesandcurrents.noaa.gov, accessed May 2006.  Dana Point is located 
approximately half way between NOAA tide station Nos. 9410230 (La Jolla) and 9410660 
(Los Angeles).  The data from one station was used for simplicity of analysis, and the La Jolla 
Station was selected because it is located in the same littoral cell (Oceanside Littoral Cell) as Dana 
Point.  Tidal data from the two stations are similar.  Tidal datums are only slightly different:  MSL 
is 2.62 ft higher than NAVD at the Los Angeles station, whereas is it 2.54 ft higher than NAVD at 
the La Jolla .  The difference, 0.08 ft is less than  inch. 
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monitoring well ground water quality using Troll 9000 multiparameter 
instruments made by In-Situ.  The results of water quality analyses conducted 
during the Test Slant Well aquifer pumping tests will be discussed in section 9. 

4.4.1 Phase 1 Laboratory Water Quality Analyses 
During the Phase 1 Hydrogeology Investigation, water samples were collected 
from nested monitoring wells MW-1 and MW-2 using a 2-gallon-per-minute 
(gpm) Grundfos pump.  Samples from monitoring wells MW-1M, MW-1D,  
MW-2M, and MW-2D were collected in March and October 2005 and 
analyzed for a list of constituents important for desalination feedwater supply 
considerations (see table  2).  Samples from MW-1S and MW-2S (shallow zone) 
were only analyzed for bacteriological parameters—because the shallow zone 
was not considered a potential source aquifer—and for comparison with surface 
water quality data collected by Orange County. 

Both the middle and deep zones in both monitoring wells had brackish water 
quality, with TDS ranging from 2,000 to 2,700 mg/L.  The deep zone in each well 
had a slightly higher TDS than the middle zone, and the water from each zone 
became slightly fresher between March 2005 and October 2005 (the two sampling 
events).  Plotting the data from the monitoring wells on a trilinear diagram shows 
that the water type is the same from each zone, and distinct from that of seawater, 
reflecting recharge from the nearby San Juan Creek channel (see figure 8).  The 
trilinear diagram also shows that the ground water does not have any dominant 
cation or anion type—and can be characterized as calcium-magnesium sulfate-
chloride type. 

Ground water collected from the monitoring wells contained a high concentration 
of dissolved iron and dissolved manganese.  Dissolved iron in the middle and 
deep zones of both monitoring wells ranged from 2,600 to 3,800 micrograms per 
liter (μg/L).  Dissolved manganese concentrations in the monitoring wells ranged 
from 1,200 to 2,100 μg/L.  Much of the dissolved iron in the ground water 
oxidized out of solution after sample collection—shown when the laboratory 
obtained much higher color and turbidity results than the field.  At the time of 
sampling, the water samples were generally clear with turbidity less than 
1nephelometric turbidity unit (NTU).  However, the laboratory reported high 
color units (as high as 100) and turbidity (as high as 31 NTU).  Accurate 
measurement of dissolved iron concentration in the water only occurred when the 
monitoring well samples were filtered in the field at the wellhead, and either 
preserved (acidified) in the field, or, if not preserved in the field, accurate 
measurement of dissolved iron required that the lab did not filter the sample again 
prior to analysis (a typical laboratory procedure when analyzing for dissolved 
metals).   
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4.4.2 Continuous Water Quality Measurements in MW-1S 
and MW-1M 

Troll 9000 multiparameter instruments made by In-Situ, Inc. were placed within 
monitoring wells MW-1S and MW-1M on October 26, 2005, to obtain water 
quality trends over time.  The Troll 9000s were equipped to monitor conductivity, 
ORP, and pH at 15-minute intervals.  However, within a few months, the 
pH sensors began malfunctioning and are not considered to have provided 
accurate reportable data.  At the start of the test, the pH, measured in both the 
shallow and middle zones, was approximately 7 pH units, which is in line with 
laboratory water quality results and field measurements taken during the aquifer 
pumping tests. 

The trends in conductivity data show stable concentrations in the middle zone, 
and variable concentration in the shallow zone.  The variability in the shallow 
zone is probably due to hydraulic continuity with the shallow zone and recharge 
from San Juan Creek.  When the sand berm at the mouth of the creek completely 
builds across, ocean water that entered the creek during high tide events is 
prevented from flowing out to the ocean.  After a known berm breakthrough 
event, such as on February 17, 2006, specific conductivity in MW-1S dropped 
from approximately 14,000 to approximately 5,500 microsiemens per centimeter 
(μS/cm), in concert with dropping water levels in the shallow zone (see figure 7).  
Specific conductivity in MW-1M remained relatively constant and measured 
approximately 3,300 μS/cm for most of the period of observation (see figure 7). 

The trends in ORP data show stable concentrations in the middle zone of 
approximately -400 millivolts (mV) and concentrations in the shallow zone which 
fluctuate from approximately -400 to approximately +300 mV.  The spikes in 
ORP data from MW-1M reflect when the sensor was removed from the borehole 
for calibration and that it takes a couple of weeks for the sensor to stabilize.  The 
relatively constant negative ORP values show that the ground water in MW-1M is 
reducing.  The fluctuating ORP values in MW-1S are further evidence that the 
shallow zone is in hydraulic communication with surface water in the creek (see 
figure 9). 
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5. Selection of Slant Well Drilling 
Technology 

The dual rotary drilling technology was selected for construction of the Test Slant 
Well as it enabled the construction of a large-diameter, high-capacity, artificially 
filter-packed well within a cased borehole.  In selecting this method, “risk 
avoidance” was a major consideration as up until now, no successful artificially 
filter-packed well with the lengths 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 wells.  The method and has been 
successfully used to construct a shallow-angle well along the Missouri River for 
the Lewis and Clark Water District in South Dakota (however, without an 
artificial filter pack) and to construct a filter-packed shallow-angle well parallel 
the Hudson River in New York.  The geohydrologists for these two projects, 
Ms. Martha Silks of Quad State Services, Inc. in Perry, Kansas (for the South 
Dakota project), and Mr. Gary Smith of Wright-Pierce Inc. in Portsmouth, New 
Hampshire (for the New York project), provided valuable input in the initial 
stages of design and technical specifications for the MWDOC Test Slant Well. 

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 they require 
construction of a large diameter caisson, which would be too expensive, would 
take too long to construct, and would be aesthetically infeasible for the beach 
environment.  HDD could potentially be used to construct a shallow angle well, 
extending up to 1,500 ft.  However, this method has yet to be proven for the 
construction of water wells (and especially artificially filter-packed—not 
“prepacked”—water wells).  The HDD method typically uses specialized 
“drilling mud” to keep boreholes open and optimally proceeds as a “pull-through” 
operation, in that the borehole has a separate entry and exit point.  The drilling 
mud used in HDD could pose a potential environmental risk in the event of  
“frac-out,” where drilling mud under pressure in the borehole escapes to the 
surface.  Additionally, HDD contractors in California and Texas contacted during 
the planning phases of the Test Slant Well project could not guarantee borehole 
stability in very coarse (i.e., large gravel and cobbles) unconsolidated sediments 
or removal of the drilling mud from the borehole, which would be essential for 
well performance.  A further unresolved technical challenge with the 
HDD method is how to provide for an artificial filter pack and development of the 
well. 

The slant well had several advantages over constructing a vertical well for the 
purposes of conducting aquifer pumping tests for a desalination intake feasibility 
study.  Construction of a slant well allowed for a screen section closer to the 
seawater interface, increasing the likelihood of producing seawater.  Construction 
of a slant well also allowed for a greater length of screen within the aquifer and, 
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therefore, a larger production capacity from the well.  Additionally, by 
constructing the Test Slant Well at a shallow angle, it was possible to obtain 
lithologic information about the extension of the aquifer associated with the 
San Juan Creek alluvium for a horizontal distance of approximately 320 ft from 
the borehole entry point towards the ocean. 
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6. Well Construction 
The Test Slant Well was constructed at an angle of 23 degrees (°) below 
horizontal using a DR-24HD (Dual Rotary 24-inch diameter lower rotary drive, 
Heavy Duty) drilling rig manufactured by Foremost Industries, LP of Calgary, 
Canada.  The drilling contractor was Boart Longyear Geo-Tech Division of 
Tualatin, Oregon.  The following sections discuss details regarding the well 
drilling, construction, and development processes.  Appendix A summarizes the 
chronology of construction. 

An onsite project kick-off meeting was held January 30, 2006.  Representatives 
from MWDOC, California Department of Parks and Recreation (State Parks), 
GEOSCIENCE Support Services, Inc., Boart Longyear Geo-Tech Division, 
MJF Consulting, Chambers Group, Williams-McCaron, Inc., and South Coast 
Water District attended the meeting.  The primary issues discussed were details of 
the drilling project including permits, contact numbers, spill prevention, public 
safety and notification, water disposal, and work schedule. 

6.1 Test Slant Well Location 

The Test Slant Well is located on Doheny State Beach, approximately 160 ft 
southwest of the existing (May 2006) main lifeguard station, and approximately 
73 ft west of the rock and cement groin which comprises the western bank of San 
Juan Creek where it outlets to the Pacific Ocean (see figure 1).  The SL-1 
wellhead is also located approximately 55 ft southwest of buried monitoring well 
MW-1, constructed in March 2005. 

The SL-1 wellhead is buried 3 ft vertically below ground surface so as not to 
create any nuisance on the beach.  The well casing and screen extend 
perpendicular from the beach face offshore for 350 lineal ft at a 23-degree angle 
from horizontal.  The well was located in a stable beach area above the mean high 
tide line to protect the well and the drilling operation from beach erosion.  The 
width of Doheny State Beach west of San Juan Creek is kept relatively stable by 
the rock and cement groin which terminates in the cement structure known as 
“Thor’s Hammer” (Coastal Environments, 2004).  The SL-1 wellhead is located 
on the beach approximately 150 ft north of Thor’s Hammer. 

Well construction took place on the beach within a 60-ft-wide by 130-ft-long 
fenced work site (see figure 1), the minimum size deemed feasible by the 
contractor.  A small footprint was required to minimize impacts to the beach-
going public.  A larger staging area (approximately 80 ft wide by 140 ft long) was 
located within the beach parking lot, approximately 600 ft from the work site.  
Trips to and from the staging area were kept to a minimum, and the contractor 
planned so that essential equipment for the day’s drilling activity was at the 
worksite at the start of the day. 
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Photograph 1.  Drilling rig set up on the beach (February 18, 
2006). 

 

6.2 Dual Rotary Drilling Method 

The dual rotary (i.e., formerly called Barber) drilling method uses a lower rotary 
drive that is used to advance up to 40-inch- diameter5steel casing through 
unconsolidated overburden such as sand, gravel, and boulders.  Hydraulically 
powered jaws located in the lower drive unit lock onto the steel casing and are 
capable of exerting a number of rotational forces (i.e., pulldown or pullback with 
both clockwise and counterclockwise movements) during casing advancement or 
extraction.  Dual rotary drilling units are very powerful, having very high 
pullback to weight ratios, which are very useful when extracting the casing and 
drilling string from the borehole under difficult downhole conditions. 

A casing guide, or guide shoe, that has carbide buttons imbedded in the outer 
edges is welded to the leading end of the casing to keep the end of the casing from 
collapsing or from becoming dented and to cut through the overburden materials.  
An upper, or tophead, rotary drive unit is used to simultaneously pull down and 
rotate a “dual wall” drill string that is placed in the borehole through the center of 
the casing.  As formation materials are being removed through the rotating dual 
wall drill string, the borehole is advanced while rotating the casing using the 
lower drive. 

The dual-wall reverse-circulation rotary method uses flush-jointed double-walled 
drill pipe.  Compressed air or water, or a combination of both, is injected through 
                                                      

5 The drilling rig designations of DR-24 and DR-40 refer to the dual rotary drilling system 
with the ability to handle maximum  diameter casings, respectively. 
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an inlet on the side of the rotary head and is forced downward under high pressure 
between the outer barrel (or wall) of the drill string and the inner barrel.  At a 
point above the drill bit, the air or water is diverted to the inside of the inner barrel 
through a series of vents or jets.  There, drill cuttings are picked up from the face 
of the bit and are carried to the surface through the inner barrel of the drill string.  
The mixture of cuttings and air or water is discharged through a goose-neck 
swivel at the tophead drive and a large-diameter reinforced hose to a cyclone 
separator, where the materials are deposited into a roll-off bin.  Rubber seals that 
are located between the casing, swivel, and drilling rods prevent leakage at these 
points and contain all cuttings and fluids within the closed-circulation system of 
the drill string.  This system of drilling, while providing a very accurate method 
for collecting formation samples, also provides a safe method for discharging 
materials under high pressure. 

The dual-wall drill string used for this work measured 7 inches for the OD 
and 4 inches for the inside diameter (ID).  The two sizes of drill pipe are 
concentrically connected by way of centralizers at the top and bottom of  
each 20-ft section.  At the leading end of the dual-wall drill string, a roller cone 
bit was attached to break up large diameter formation materials (i.e., large gravel 
and cobbles to remove during advancement of the borehole.   

 

 

Photograph 2.  Preparation to begin drilling of a 24-inch 
borehole (February 4, 2005). 

 
 

During drilling, the bit can be either run just inside the leading edge of the casing, 
well inside the leading edge of the casing or ahead of the casing as the borehole is 
being advanced, depending upon downhole conditions.   

The dual rotary drilling method uses two driving units (upper and lower) that are 
able to operate independently of one another in raising and lowering the drill 



 

22 

string.  In addition, they can operate at differing rotational speeds (from one 
another) as downhole conditions require.  When downhole frictional forces build 
to beyond the effective operating range of the equipment, a smaller diameter 
string of casing is installed within the original casing string, and advancement of 
the borehole continues with reduced losses to side-wall friction.  Several such 
telescoping casing strings may be used as is necessary to reach the total depth of 
the borehole.  The sections of casing are joined by welding to ensure a very strong 
connection to withstand the rotational forces of the large-diameter casing. 

Once the total depth of the borehole has been reached, the dual wall drill string is 
removed; and the screen and casing assembly can be installed.  The outer casing 
is subsequently rotated or rocked back and forth as it is retracted from the 
borehole using the lower rotary drive.  The tophead rotary drive, in addition to 
rotating and forcing the drill string through the formation during drilling, is used 
to break apart and spin out the 20-ft sections of the drill pipe. 

6.3 Configuration of the DR-24HD Dual Rotary Drilling 
Rig and Mobilization 

The dimensions of the DR-24HD with the position of the mast folded down are 
38.75 ft long by 13.5 ft tall by 8 ft wide.  For this project, in order to drill the 
borehole at a 23° angle of from horizontal and prior to mobilization to the work 
site, the drilling contractor constructed an adjustable angled drilling platform to 
support the mast of the drilling rig at the desired 23°angle. 

The DR-24HD has a top drive capable of 84,000 pounds (lbs) of pullback and 
25,900 lbs of pulldown.  The lower drive is capable of 117,000 lbs of pullback 
and 42,000 lbs of pulldown.  To accommodate the forces exerted by the drilling 
rig when pulling down on the casing during drilling and when pulling back the 
casing during extraction, anchors were installed January 31, 2006, at both the 
front and the back of the mast.  The anchors consisted of 8⅝-inch OD casings set 
into boreholes that were drilled to 18 ft bgs using a hollow stem auger rig and 
using 10¼-inch ID hollow stem auger flights.  Two anchors were installed at the 
back of the rig, and four were located at the front.  The boreholes were backfilled 
and compacted using native beach sand.  While the anchors were being installed, 
the temporary chain-link fence—6 ft high and covered with screening material to 
reduce visibility—was erected around the drilling site.  A 20-ft-wide gate 
provided access into the site at the northern end as well as security when drilling 
operations were halted.  The drilling site measured 60 ft wide by 130 ft long and 
was oriented in an approximately north-south direction along the San Juan Creek 
channel (see figure 1). 
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Mobilization continued from February 1 to February 3, 2006, with delivery 
of the drilling rig mast,6 drilling platform, power unit, and 950-cubic-feet-per-
minute (cfm) per 350-pounds-per-square-inch (psi) air compressor, as well as a 
21,000-gallon Baker tank to manage water generated by the drilling process for 
circulation back to the borehole. 

Plastic sheeting with 6 mil7 thickness was placed under all stationary equipment.  
Berms were built around the perimeter of each plastic sheet.  Throughout the 
drilling process, the plastic sheets periodically were replaced as needed when they 
became torn.  K-rails were placed around the perimeter of the site, 1-inch-thick 
steel plates were laid down to serve as landing mats for the 20-cubic-yard rolloff 
bin, and a sound barrier was constructed around the air compressor and power 
unit to mitigate noise generated by the drilling equipment.   

During this time, a temporary water line was constructed from a nearby fire 
hydrant (located north of the main lifeguard tower) to the beach drilling site to 
convey water to use during the drilling process.  The fire hydrant and supply line 
were installed by SCWD for this project. 

6.4 Advancement of 24- and 20-inch Casings to Total 
Borehole Depth 

Drilling of the slant borehole began February 4, 2006, and was advanced to a final 
depth of 362 lineal ft bgs on February 24, 2006.   

On February 4, 2006, the first section of 24-inch OD mild steel casing with 
½-inch wall thickness and 30 ft in length was laid in the mast of the drilling rig.  
A 24-inch diameter casing shoe, consisting of a ring of hardened steel measuring 
approximately 1 inch in thickness and imbedded with tungsten carbide 
“buttons,” was welded to the leading end of the 24-inch OD steel casing.  This  
casing shoe served to keep the end of the casing from being dented or collapsed  
during casing advancement and to cut through formation materials.  Additionally,  
with the outer edge of the casing shoe being somewhat larger in diameter than the  
casing, a slightly oversized hole was cut.  This delayed loss of rotational energy
 due to friction between the casing and the borehole walls.  An inner drill string  
and tricone drilling bit was installed within the 24-inch casing.  A stabilizer 
consisting of four “blades” was threaded onto the first section of drill pipe  
to keep the drill pipe and bit centered within the casing/borehole.  As the 
casing was advanced, the drill string was also advanced, removing formation  
materials from the bottom of the borehole by breaking up large-diameter materials 
as the casing is being rotated and advanced.  Large volumes of compressed air 
were forced down the inside of the 7-inch OD drill string, through a crossover 
                                                      

6 The drilling rig mast was transported to the beach and was  using a  truck-mounted crane. 
7 1 mil equals 1/1,000 inch. 
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sub, blowing material back up to the surface inside the 4-inch inner barrel of 
the drill string by the reverse air rotary drilling method.   

 

 

Photograph 3.  Welding Caing shoe to the end of the 24-inch 
OD casing (February 4, 2006). 

 
 

A sampling cyclone was set up over a 20-cubic-yard roll-off bin to slow the 
velocity of formation material and water being discharged from the drill string 
and to assist in collecting formation samples at 5-ft intervals.   

Drilling was advanced to a depth of 5 lineal ft bgs before a mechanical problem 
forced a temporary halt to the drilling.  Drilling of the 24-inch borehole resumed 
February 6, 2006; and by February 10, 2006, the 24-inch casing had been 
advanced to its final depth of 97.44 lineal ft bgs.  Drilling rates increased as Boart 
Longyear personnel became more familiar with aligning and welding the casing 
and drill string on the 23° angle.  Some minor ground vibration was detected 
above the leading end of the casing until a vertical depth of approximately 50 ft 
was reached. 

On February 12, 2006, 20-inch-OD mild steel casing with ⅜-inch-thick wall was 
installed within the 24-inch-OD casing.  Because 20 ft of “heaving sand”8 was 
found within the 24-inch casing upon removing the drill string, the decision was 
made to not cut off the 24-inch casing shoe but to leave it intact, as it was felt that 
withdrawal of the casing would not be hindered by the casing shoe.  It was 

                                                      
8 Heaving sand conditions are created when the hydrostatic head in the formation is  allowing 

loose, unconsolidated materials to flow into the drill string.  At times, the amount of “heave” is 
significant enough to impair drilling progress.  If, in the process of combating the heaving sand, 
too much material is removed, the borehole can become enlarged due to “mining” of the formation 
and create further instability problems. 
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determined that the risk of getting the cutting head stuck inside the casing was 
significantly increased with the presence of heaving sand.  A large amount of 
water was pumped into the casing overnight in an attempt to push down on the 
heaving sand before pulling up on the 24-inch casing several feet and pushing it 
back down.  This technique seemed to eliminate the heaving sand problem.   

At this time, the drilling rig was changed over from reverse air rotary to true dual-
wall flooded reverse circulation before advancing the 20-inch casing to total 
depth.  During flooded reverse circulation drilling, the inside of the 20-inch-OD 
casing (between the outside of the 7-inch drill string and the inside of the 20-inch 
casing) was kept flooded with water to place an artificial head against the 
formation in order to manage heaving sand conditions during drilling.  As water 
was being circulated from the borehole by reverse flow through the tricone 
drilling bit and into the inner barrel of the dual wall drill pipe, additional water 
from the Baker tank was also pumped into the borehole as necessary.  Centralizers 
were added to the dual-tube drill string approximately every 60 ft to keep it 
centered within the 20-inch-OD casing. 

Noise levels were noticeably decreased with the flooded dual-tube reverse rotary 
drilling method (versus when drilling with the reverse air drilling method), as the 
air compressor was now operating at a lower pressure, resulting in a reduced 
speed of rotation. 

The drilling contractor initially proposed drilling a borehole that telescoped 
from 24 inches in diameter at the surface (the maximum diameter feasible with 
the DR-24HD) to 18 inches in diameter at the target borehole depth of 350 ft, with 
a 20-inch-diameter middle section from 100 to 225 lineal ft bgs.  However, 
favorable drilling conditions at a depth of 225 lineal ft bgs led to the decision to 
proceed to final borehole depth with the 20-inch-diameter casing, eliminating the 
need to reduce the diameter to 18 inches.  Again, heaving sand conditions 
encountered at the bottom of the borehole led to the need to over-drill the 
borehole from 350 to 362 lineal ft bgs to ensure that the entire length of casing 
and screen could be placed to the targeted well depth of 350 ft. 

Formation materials encountered during borehole drilling consisted of fine- to 
coarse-grained sand to 55 lineal ft bgs, sandy clay and clay from 55 to 
100 lineal ft bgs, and predominantly sand and gravel from 100 lineal ft to total 
borehole depth of 362.37 lineal ft bgs (see appendix B).  Cobbles in the formation 
below 250 lineal ft bgs caused some delays to the drilling process as up to nearly 
4-in-diameter fragments were able get by the bit without being broken into 
smaller pieces, becoming lodged in the 4-inch inner barrel of the drill string.  
When this occurred, the drill rig operator would pressurize the drill string with 
both air and water while simultaneously using the rig hydraulics to shake the drill 
string and move the oversized materials out of the borehole. 

Once total depth of the borehole was reached with the 20-inch-OD casing on 
February 24, 2006, the bottom of the hole was tagged; and it was found that 
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approximately 11 ft of heaving sand was inside the casing.  The same methods 
were utilized as with the 24-inch casing—adding water and moving the casing to 
get the sand pushed out to an acceptable depth on February 25, 2006.  As a result, 
Boart personnel were able to push the heaving sand down to a depth of 
358 lineal ft bgs before preparing to install the well construction materials. 

During drilling of both the 24-inch and 20-inch boreholes, grab samples were 
caught, using a 5-gallon bucket placed under the cyclone, and were logged at 5-ft 
intervals according to the Procedure for Determining Unified Soil Classification 
(Reclamation, 1986).  A detailed lithologic log of the borehole is found in 
appendix B of this report, and a photographic log of the formation materials is 
found in appendix C. 

Again, because of the heaving sand conditions, the decision was made to forego 
cutting off the casing shoe to avoid the risk of getting the cutting tools wedged 
within the 20-inch casing.  Typically, the casing shoe is cut off each time the 
casing diameter is reduced to avoid excessive friction losses around the shoe 
(resulting in loss of pullback power) during casing extraction. 

6.5 Casing and Screen Design 

The initial casing and screen design for the Test Slant Well was based on 
the lithology encountered during the drilling of nearby vertical monitoring well 
MW-1 in March 2005.  Formation materials encountered during Test Slant Well 
drilling correlated very closely with MW-1 lithology, so it was decided to proceed 
with the initial casing and screen design. 

Well screen materials consist of Roscoe Moss Manufacturing Company  
12 ¾-inch-OD9 by 5/16-inch wall Type 316L stainless steel Ful-Flo horizontal 
louvered well screen with 0.094-inch (3/32-inch) openings (figure 2).  The 
screened interval was placed from 350 to 130 lineal ft bgs.  Blank well casing 
consisting of a 12¾-inch-OD by 5/16-inch-thick wall Type 316L stainless steel, 
was installed from 130 lineal ft bgs to ground surface.  A circular plate consisting 
of Type 316L stainless steel with a 5/16-inch-thick wall was circumferentially 
welded to the lowermost section of screen. 

Type 316L stainless steel was selected over the more corrosion resistant 
compound AL-6XN due to a combination of factors but mainly cost and 
availability (AL-6XN was backordered for up to 6 months and cost approximately 
3.3 times higher than 316L).  Furthermore, recent research indicates that the rate  

                                                      
9 12⅛-inch ID. 
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of pitting corrosion in an anoxic seawater environment (as was encountered in the 
Phase 1 drilling investigation) is only 5 percent (%) of that in aerated seawater 
(Todd, 1986). 
 

 

Photograph 4.  Type 316L stainless steel 12¾-in-OD louvered 
screen and casing delivered to the site (February 22, 2006). 

 
 

To maximize production within the aquifer, a total of 220 ft of well screen and 
130 ft of blank casing was installed from February 27 to March 3, 2006, for a total 
well completion depth of 350 lineal ft bgs.  The maximum diameter of the screen, 
measured at the louvers, was 13.56 inches.   

Centralizers and tremie pipe guides were welded to the screen and casing at 20-ft 
intervals.  The centralizers consisted of ½-inch-thick Type 316L stainless steel 
flat bar stock that had been cut into a trapezoidal shape measuring 4 inches long 
on the short side and 6 inches long on the long side.  Centralizer height measured 
2¾ inches with all nonwelded edges on each centralizer rounded to avoid catching 
on the inside of the 20-inch-OD casing during installation of the 12¾-inch-OD 
well materials or during extraction of the 20-inch-OD casing materials.  The 
centralizers were welded to the screen and casing at 90 degrees to the vertical axis 
and at 60-degree intervals below the horizontal plane.  The tremie guides 
consisted of two ¼-inch-thick by 6-inch-long pieces of 1½-inch Type 
316L stainless steel angle iron that were welded to the upper portion (vertical 
axis) of the screen and casing (see figure 10). 

Well casing and screen installation took place from February 27, 2006, to 
March 3, 2006.  Prior to delivery to Dana Point, Roscoe Moss passified all welds 
on the screen and casing at their manufacturing facility using an acid bath 
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consisting of a mixture of hydrochloric acid and phosphoric acid.10  Additionally, 
all welds made in the field during screen and casing placement, including the 
centralizers and tremie guides, were passified at the time of installation using the 
same acid solution. 
 

 

Photograph 5.  Installing 12¾-in-OD 316 L stainless steel 
louvered well screen. 
 
 

 

Photograph 6.  Passifying field welds (March 1, 2006).  Note 
tremie pipe at 12:00 position. 

 
 

                                                      
10 Envirowash Hard Surface Cleaner by Envirotek Corporation, Santa Ana, California. 
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The 1½-inch schedule 40 mild steel tremie pipe11 was installed within the tremie 
guides as the screen and casing was placed within the 20-inch-OD casing.  To 
ensure that the tremie pipe would not come apart during well construction, the 
tremie pipe sections were connected by welding.   

6.6 Filter Pack Installation 

Formation samples from nine intervals between 135 and 335 ft bgs (all of which 
are within the recommended screened interval) were selected for mechanical 
grading analysis (see figure 10).  The filter pack was designed to stabilize aquifer 
materials using Terzhagi migration criteria.  This resulted in a pack/aquifer ratio 
of 4 to 10 times the finest aquifer (see table 3).  The mean grain diameter (i.e., the 
50-percent passing size) of the aquifer materials ranged from 0.35 to 
3.00 millimeters (mm), with one sample of mostly cobbles having a mean grain 
size diameter of 25 mm.  Uniformity coefficients12 of aquifer materials ranged 
from approximately 2.16 to 17.5. 

Filter pack materials consisting of a 4 by 16 custom blend by Tacna Sand & 
Gravel of Yuma, Arizona, were installed from approximately 358 to 45 lineal 
ft bgs.  With a 0.094-inch well screen slot, this material allowed a 17% passing.   

Approximately half of the filter pack for the custom blend used in the Test Slant 
Well consisted of well-rounded 6 x 9 Colorado Silica Sand supplied by Oglebay 
Norton of Colorado Springs, Colorado; and the other half consisted of Tacna 
material supplied by Tacna Sand & Gravel of Yuma, Arizona.  A well-rounded 
filter pack material such as Colorado Silica Sand was desired to facilitate the 
placement.  However, because the Colorado Silica Sand deposit is currently 
limited to grain diameters less than or equal to U.S. Standard Sieve Size No. 6 
(3.36 mm), the coarsest fraction of the custom blend filter pack was supplied by 
Tacna Sand & Gravel.  Additionally, Tacna Sand & Gravel sieved and blended 
the final product before placing it in 1-cubic-yard supersacks for delivery to the 
site.  The filter pack gradation as designed for the Test Slant Well is found in 
table 3 and in figure 11. 

On February 28, 2006, the filter pack was sampled and tested after it was 
delivered to the site.  Sieve analysis of these samples showed the filter pack as 
delivered was very close to the design gradation (see figure 11). 

Gravel was installed within the annular space between the borehole wall and the 
12¾-inch OD screen and casing via a 1½-inch (1.9-inch OD) schedule 40 steel 
tremie pipe.  The tremie was inserted in the borehole simultaneously with 
                                                      

11 1½-inch schedule 40 steel pipe measures 1.90 inches OD and 1.61 inches ID. 
12 The uniformity coefficient is defined as the 60% passing grain size (d60) divided by the 

10% passing grain size (d10).  The lower the value of the uniformity coefficient, the more uniform 
the grading.  Similarly, the larger the value, the less uniform the grading of the material. 



 

30 

casing and screen materials and was held in place at the top of the well casing 
by angle iron guides.  The guides consisted of ¼-inch thick 316L stainless 
steel angle iron welded to the well casing and screen at 20-ft intervals.  The 
outer 20-inch and 24-inch drill casings were extracted simultaneously with 
gravel installation.  Installation of filter pack took place between March 4 and 
March 12, 2006. 

On March 4, 2006, the mast of the drilling rig was chained to the anchors set at 
the front and rear of the rig in preparation for filter packing and casing extraction.  
Additionally, the top head drive unit was attached with a short section of drill pipe 
to the 12 ¾-inch OD casing to keep it from floating upward during the filter pack 
installation and casing extraction.  Initially, the contractor began rocking the  
20-inch-OD casing back and forth to break any frictional hold that the formation 
may have on the casing before pumping any filter pack material.  This was done 
by holding onto the outer 20-inch-OD casing with the jaws of the lower drive and 
gently rotating the drive back and forth (using approximately 10 to 15 degrees of 
rotation) while pulling back slightly on the casing.  Once it was assured that the 
casing was no longer tight in the borehole and the borehole was taking water, 
filter packing was started.   

The filter packing process consisted of circulating the borehole by pumping water 
through the 1½-inch-diameter tremie pipe using a small centrifugal pump that 
drew water from a small tank that was continually filled using the nearby fire 
hydrant.  The bottom of the tremie was kept very close to the bottom of the 20- or 
24-inch casing at all times during filter packing.  Once satisfactory circulation 
was established through the tremie pipe, filter pack material was slowly 
introduced to the flow of water going down the tremie pipe.  Supersacks, 
containing approximately 30 cubic feet each of 4 x 16 filter pack material, were 
lifted above a funnel-shaped hopper using the forklift.  A slide plate was located 
at the base of the hopper to stop the flow of filter pack material into the tank as 
needed.  In addition to pumping water and filter pack through the tremie, a fire 
hose was placed in the top of the 20-inch casing so that an additional 200 gpm of 
water could be added to the well during filter packing to assist in pushing the 
filter pack to the bottom of the borehole.  Occasionally during filter packing, the 
well would overflow with the excess water, which was contained and not allowed 
to leave the site by using plastic sheeting and trenches that led to a sump where it 
was pumped back into the onsite Baker tank.  The level of the filter pack was 
always kept at least 5 to 10 ft above the bottom of the 20- or 24-inch casing 
during placement to prevent “bridging” (i.e., entraining voids) within the filter 
pack as it is placed in the annular space.   
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Photograph 7.  Installing filter pack (March 5, 2006). 
 

 
The bottom of the 12¾-inch casing was landed at 350.96 lineal ft bgs with the 
4 x 16 filter pack installed from 358 to 45 lineal ft bgs from March 4 to 
March 12, 2006.  Removal of the 20-inch-OD casing began March 6, 2006.  As 
filter pack was added to the borehole the 20-inch-OD casing was slowly 
extracted.  The casing was removed in approximately 20-ft sections, with casing 
removal facilitated by pulling while rocking the casing back and forth.  The level 
of the filter pack was kept 5 to 10 ft above the bottom of the 20- or 24-inch casing 
at all times during gravel packing to ensure no voids would occur within the filter 
packed annulus. 

When the level of the filter pack reached 90 lineal ft bgs, the rest of the 20-inch 
casing was removed, leaving the 24-inch-OD casing to a depth of 97 lineal ft bgs.  
The top of the filter pack was continually tagged during placement using 1-inch-
diameter flush threaded PVC.  As the level of the filter pack increased in the 
borehole, the 1-inch PVC was removed in 10-ft lengths.  In addition, as filter 
packing progressed, the 1½-inch steel tremie pipe was removed in sections to 
keep the lower end at the level of the filter pack in the annular space. 

To assure maximum compaction of filter pack, a swabbing tool (with packers 
spaced 3 ft apart) was installed inside the 12¾-inch-OD well screen; and each  
20-ft interval was mechanically swabbed and airlifted immediately following 
placement of each lift of filter pack.  Additionally, on a continual basis, a large 
quantity of freshwater was added to the inside of the casing to keep the filter pack 
moving downward and to add hydrostatic pressure to the formation to keep 
heaving sand from disrupting the filter pack. 

A total of eight supersacks (approximately 240 cubic ft) of filter pack material 
were placed in the annulus of the Test Slant Well.  The calculated volume of the 
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annulus between the borehole and the casing was 432 cubic ft.  The difference 
between calculated annulus volume and the volume of the filter pack placed most 
likely is due to reduction in annular volume during withdrawal of the temporary 
casing (see section 10.3). 

6.7 Initial Well Development by Airlifting 

The Test Slant Well was initially developed using a combination airlifting and 
swabbing tool to consolidate the filter pack during placement and to remove 
colloidal and fine-grained sediments from within the well, filter pack, and near-
well zone.  The packers on the tool were placed 3 ft apart and consisted of high-
density plastic cylinders that measured slightly less than the inside diameter of the 
well.  Between the packers, large holes were cut into the center pipe that allowed 
water to be pulled in through the tool during airlifting.  The airline was kept well 
above the tool to ensure that air would not be allowed to leak into the screened 
interval.  Each 20-ft interval of the well screen (from 130 to 350 lineal ft bgs) was 
swabbed and airlifted simultaneously until relatively clean water was discharged 
to the cyclone separator and Baker tank.   
 
 

 

Photograph 8.  Swabbing tool for initial airlift development 
(March 9, 2006). 

 

 
From March 13 to March 20, 2006, a total of approximately 70 hours ultimately 
were spent airlifting and swabbing the screened sections of the well before 
installing the cement annular seal and extracting the remaining 24-inch-OD casing 
on March 20, 2006. 
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Photograph 9.  Discharging during initial development by 
airlifting and swabbing (March 15, 2006). 

 

 

6.7.1 Discharge to the Surf Zone During Development 
On March 13, 2006, a diffuser device was installed in San Juan Creek for 
discharging water to the surf zone.  The diffuser consisted of a 10-ft length of 
mild steel wire-wrapped screen that was attached to the top of two 20-ft lengths of 
18-inch-OD steel casing.  Water discharged from the well was piped to an onsite 
Baker tank and then flowed by gravity to the diffuser.  A 12-inch-diameter 
discharge line connected the diffuser to the small Baker tank located adjacent to 
the well, and the diffuser was secured to the groin using heavy straps.  
 

 

Photograph 10.  Discharging to diffuser (March 25, 2006). 
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The dissolved oxygen level in the water being discharged to the creek during 
airlifting and swabbing was monitored closely.  Because the level did not fall 
below the required threshold of 5 mg/L, it was not necessary to add air using the 
available air compressor.  During discharge activities throughout the Test Slant 
Well project, NPDES water quality samples were collected biweekly for analysis 
for submittal to Del Mar Analytical in Irvine, California.  The first set of biweekly 
discharge samples were collected during airlift development on March 19, 2006.  
Analytical results are included in appendix D. 

6.8 Installation of the Cement Annular Seal 

On March 20, 2006, following completion of airlifting and swabbing, a fine sand 
layer consisting of #1/20 Monterey Sand was installed from a depth of 45 to 
42 lineal ft bgs within annular space between the 24-inch-OD drive casing and the 
12¾-inch-OD well casing by pumping the material through a tremie pipe, in the 
same way the filter pack was installed.  Once the fine sand layer had been placed, 
4 cubic yards of neat cement was delivered to the site via a ready-mix truck.  The 
cement was mixed with 2,000 pounds of fine sand at the site before being pumped 
through the tremie pipe into the remaining annular space from 42 lineal ft bgs to 
ground surface.  The remaining 24-inch-OD casing and the tremie pipe were then 
completely removed from the borehole.  The top of the cement seal was measured 
at 6 lineal ft bgs.  The top of the 12¾-inch casing was cut off just above ground 
surface.  Prior to leaving the site, a steel plate was attached to the top of the casing 
to cover the opening, and the ground around the well casing was compacted. 

Work with the drilling rig was completed on March 21, 2005, and demobilization 
activities began.  A 100-ton crane arrived to pick the drilling rig off the beach site 
on March 23, 2006. 

6.9 Final Well Development by Pumping 

Installation of the submersible test pump began March 23, 2006 and was 
completed by March 24, 2006.  The test pump consisted of a 125-horsepower 
motor and a Berkeley 10T75-1600 pump bowl assembly.  The pump was set with 
8-inch (8 5/8-inch OD) threaded and coupled galvanized pump column.  Two 
1-inch diameter PVC lines were installed with the pump in order to install a 
pressure transducer and to take manual water level measurements using an 
electric water level indicator.  High-density plastic centralizers were attached to 
the motor and the pump bowl assembly as well as at approximately 20-ft intervals 
along the 8-inch pump column to keep the pump centered in the well and prevent 
dragging of the pump components on the stainless steel screen and casing.  The 
intake of the pump was set at 124 lineal ft bgs, above the top of the screen.   
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Because of the diameter of pump that was selected (10 inches), it was not possible 
to run a flowmeter survey tool past the pump.  The inside diameter of the well is 
12⅛ inches which left a 1-inch annulus around the pump.  The flowmeter tool 
diameter measures just under 2 inches, so there was no room for its placement 
beneath the pump.  It was necessary to maximize the pump diameter to maximize 
the production rate from the Test Slant Well. 

Final development, which consisted of pumping the well at gradually increasing 
discharge rates until the sand concentration reached a minimum threshold, was 
conducted using a submersible test pump from March 24 to March 28, 2006.  
When a high rate of flow was reached, the well was “surged” repeatedly, 
resuming pumping at a low rate and increasing to higher and higher rates of 
discharge as long as the sand content remained less than 10 parts per million 
(ppm).  The contractor’s notes taken during the well development process are 
contained in appendix E. 
 

 

Photograph 11.  Discharging from SL-1 during pumping 
(March 26, 2006). 

 

 
During development, the discharge rate was measured using an in-line propeller 
meter, and water level measurements were collected using an electric wireline 
water level indicator, while the sand concentration was measured using a 
centrifugal Rossum Sand Tester.  When the specific capacity (discharge rate 
divided by drawdown) approached a maximum and the turbidity and sand 
concentration approached a minimum and remained stable, well development was 
considered complete. 
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Photograph 12.  Measuring water levels in SL-1 following test 
pump installation (March 23, 2006). 

 

 
During development pumping, the static water level changed with the tides; it also 
varied from 19.1 to 24.0 lineal ft bgs (7.44 to 9.36 vertical ft bgs) during 
development and testing.  A maximum short-term discharge rate of approximately 
1,857 gpm was achieved with approximately 59 lineal ft (23 vertical ft) of 
drawdown in the well.  Most of the development time was conducted at slightly 
lower discharge rates.  A total of 40 hours was spent on final development by 
pumping. 

6.9.1 Discharge to the Surf Zone During Development and Testing 
During development by pumping, the step-drawdown test, the 5-day pumping 
test, and the 48-hour pumping test with the packer installed, the dissolved oxygen 
in the discharge to the creek was monitored closely.  When the dissolved oxygen 
level declined to less than 5 mg/L, an air compressor was used to add air to the 
water in the tank.  NPDES water quality samples were collected biweekly and 
were submitted to Del Mar Analytical in Irvine, California, for analysis.  
Biweekly samples of discharge to the creek were collected on April 3, 2006, 
during the 5-day constant rate pumping test and on May 13, 2006, during the  
48-hour deep zone constant rate pumping test.  Analytical results are included in 
appendix D. 

6.10 Well and Aquifer Testing 

After development pumping was completed, step drawdown and constant rate 
pumping tests were initially conducted, with a 48-hour deep zone constant rate 
pumping test added at a later date.  During both tests, the pumping water level, 
discharge rate, and sand content were closely monitored.  The field procedure for 
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these tests followed the American Society for Testing and Materials (ASTM) 
(ASTM, 1994, standard test method D 4050).  Nearby monitoring wells MW-1 
and MW-2 were monitored during both the 5-day constant rate and 48-hour deep 
zone pumping tests.   

Complete analyses of the pumping tests are found in section 7 of this report. 

6.11 Geophysical Borehole Logging 

Upon removal of the test pump at the conclusion of the constant rate pumping test 
on April 6, 2006, Pacific Surveys of Claremont, California, ran temperature and 
fluid resistivity logs in the Test Slant Well and in the middle and deep zones of 
the monitoring well MW-1.  The results of the fluid resistivity logs showed the 
specific conductivity of ground water in the Slant Test Well to be 2,886 to 
4,871 μS/cm (see appendix F). 

On May 3, 2006, after 4 weeks of idle time, a second fluid resistivity survey was 
conducted by Pacific Surveys within the Test Slant Well.  The fluid resistivity 
survey tool was calibrated in the field using 1,000-μS/cm calibration solution 
prior to beginning the survey.  Weighted bars were attached to the top of the fluid 
resisitivity tool to assist in getting it to the bottom of the slant well.  A fine-mesh 
screen covered the opening to the sensors on the tool to keep sand and sediment 
out.  The specific conductivity of the fluid within the screened interval measured 
3,046 to 3,304 μS/cm (see appendix F). 

6.12 Downhole Video Survey 

After the conclusion of the 5-day constant rate test and removal of the test pump, 
Pacific Surveys of Claremont, California, conducted a video survey in the Test 
Slant Well on April 6, 2006 (appendix G).  The video survey showed that sand 
had accumulated on the lower side of the well screen at a depth of 332.4 lineal ft, 
prohibiting the camera tool from proceeding any deeper.  The water column was 
observed to be clear below approximately 160 lineal ft, and was cloudy above this 
approximate depth.  Red-brown precipitates were observed in the water column 
and along the sides of the casing above 160 lineal ft.  The stainless steel casing 
and screen were observed to be in very good condition and were placed properly 
in the well according to their design. 

6.13 Additional Testing of Deep Zone 

Following the April 6, 2006, and May 3, 2006, fluid resistivity surveys, it was 
determined that the deeper portion of the screened interval from 300 to 350 lineal 
ft bgs should be isolated from the rest of the screened interval and be tested by 
pumping in an attempt to draw in high-salinity water through that zone.  The 
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submersible test pump13 was reinstalled in the well from May 3 to May 12, 2006, 
with isolation of the deep zone accomplished through using an inflatable packer14 
installed on the 8-inch-diameter pump column pipe.  The start of the deep zone 
pumping test was delayed because the submersible test pump as initially installed 
would not run, necessitating removal to check the components before 
reinstallation.  Upon removal of the submersible test pump, it was found that the 
lower 60 ft of the electrical cable had been damaged during installation.  While 
the test pump was out of the well, a 2-inch-diameter steel eductor pipe and airline 
were installed to 350 lineal ft bgs; and accumulated sand and sediment were 
removed from the lower portion of the well to facilitate reinstallation of the pump.  
Modifications were made to the pump installation procedure before being 
reinstalled. 
 

 

Photograph 13.  Inflatable rubber packer used 
for isolating and testing the deep zone 
(May 3, 2006). 

 

 
The inflatable packer located above the intake portion of the pump, was installed 
at a depth of 307 lineal ft bgs with the intake of the pump set at 311 lineal ft bgs.  
The pump intake was set within a short section of blank casing that is located at a 
casing joint and between two sections of louvered screen to prevent excessive 
                                                      

13 125-horsepower Carlington Electric motor with Berkeley 10T 75-1600 single-stage pump 
bowl assembly. 

14 The packer used was a Newby rubber inflatable packer.  See photo insert 13. 
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stress on the filter pack during pumping as would occur if the intake were located 
within the screen itself.  Water levels before, during, and following pumping were 
measured above the packer using an electric (i.e., wireline) water level indicator, 
while water levels were measured below the packer using an airline, compressed 
nitrogen gas, and a pressure gauge. 

On May 12, 2006, the submersible pump was started; and the deep zone was 
developed for several hours prior to testing.  Initially, the packer remained 
deflated; and development pumping began at 500 gpm.  The discharge rate was 
increased to 1,600 gpm as the sand content declined.  At 1,600 gpm, the discharge 
was visually clear; however the sand content did not decline readily as had 
occurred at lower flow rates.  The packer was inflated to 75 psi (to overcome 
background pressure by 25 psi), and pumping was resumed.  Again, pumping 
started at 500 gpm and was incrementally increased to 1,000 gpm as the sand 
content declined.  The maximum discharge rate from the deep zone was 
approximately 800 gpm, as the pump broke suction15 at 1,000 gpm. 

A 48-hour constant rate pumping test was conducted on the deep zone from 
May 13 to May 15, 2006, at an average discharge rate of 739 gpm,16 and was 
followed by 4 hours of recovery measurements on May 15, 2006.  During the 
pumping test, field silt density index (SDI) measurements were periodically 
collected in addition to the field parameters17 monitored using a YSI 556 Multi-
Probe System (MPS). 

During development and testing of the deep zone, discharges to San Juan Creek 
were closely monitored using a YSI 58 DO meter, in compliance with the 
NPDES requirement for keeping DO levels higher than 5 mg/L when discharging 
to the surf zone.  The sand berm across the mouth of San Juan Creek remained 
breached during the deep zone testing.  Additionally, biweekly NPDES water 
quality samples were collected May 13, 2006, and were delivered to Del Mar 
Analytical in Irvine, California, for analysis.  Analytical results are included in 
appendix D. 

6.14 Plumbness and Alignment Survey 

Boart personnel measured deviation at four depths in the completed Test Slant 
Well on May 17, 2006, using a Reflex EZ-Shot electronic single-shot drillhole 
                                                      

15 Suction is broken when the water level within the well is lowered to a depth that is very 
near the pump intake, resulting from more water being removed from the well (via pumping) than 
is entering the well through the available screen interval. 

16 The pumping test was started at 800 gpm; however after 1 ½ hours of pumping, the pump 
began to break suction causing the discharge rate to be reduced. 

17 The YSI 556 MPS (Multi-Probe System) simultaneously measured field temperature, 
conductivity, pH, ORP, and .  From this data, specific conductivity, total dissolved solids, and 
salinity were calculated. 



 

40 

survey tool.  The EZ-Shot tool was set in the well at selected depths, setting a 
timer to allow time to get the tool in place and stop moving before collecting a 
reading.  The tool measured borehole and directional parameters, including 
inclination, temperature, magnetic field strength, and azimuth.  The results of the 
readings are shown below: 

 
Reflex EZ-Shot Well Survey Data 

Parameter Measured 
by  

EZ-Shot Tool Reading 1 Reading 2 Reading 3 Reading 4 

Depth  
(lineal ft bgs) 

0.0 129.7 265.3 339.8 

Inclination 
(° of dip) 

-22.1 -22.6 -22.5 -21.3 

Temperature 
(degrees Celsius [°C]) 

24.6 
(air) 

20.8 
(water) 

20.7 
(water) 

20.7 
(water) 

Magnetic Field Strength 
(nT) 

4,728 4,753 5,067 4,704 

Azimuth 
(direction °) 

186.2 188.9 188.8 179.0 

 

6.15 Wellhead Completion 

A final video survey of the well was conducted by Pacific Surveys on 
May 16, 2006 (appendix G).  On May 17, 2006, the ground around the  
12¾-inch-OD 316L stainless steel casing was excavated to a depth of 
approximately 4 ft.  A total of 7.7 lineal ft of casing was cut off so that the top 
of the well was 3 vertical feet below ground surface before a Type 316L stainless 
steel flange was welded to it.  A 150-lb neoprene gasket was placed between the 
flange and a ½-inch-thick 316L stainless steel blind flange.  The assembly was 
held together using 1¼-inch stainless steel bolts.  A ½-inch hole had previously 
been drilled through the blind flange, and a small ball valve was threaded through 
the flange.  The nitrogen blanket was installed using ¼-inch poly tubing attached 
to the ball valve through which compressed nitrogen gas was used to fill the 
interior of the casing to a pressure of 10 psi.  The gate valve was then closed 
securely, and the tubing was removed before attaching an additional stainless steel 
cap to seal the valve assembly.  The excavation was back filled and compacted 
using native material.  
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Photograph 14.  Slant well cut off 3 ft bgs, capped and filled 
with nitrogen gas (anoxic block; May 17, 2005). 

 

 

 

Photograph 15.  Beach drilling site following demobilization. 
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6.16 Well Completion Report 
Appendix H contains a copy of the Well Completion Report filed with the State of 
California Department of Water Resources. 

6.17 Contractor’s Supporting Data 

Appendix I contains copies of miscellaneous data, such as Driller’s Daily Logs. 
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7. Pumping Test Analysis Procedures 
and Results 

7.1 General 

Analytical equations to evaluate the drawdown distribution in the vicinity of near-
horizontal wells (i.e., slanted or slant wells) are limited and not well tested at this 
time.  Zhan and Zlotnik (2002) present semianalytical methods for the evaluation 
of drawdown in the vicinity of near-horizontal wells.  However, the method is 
somewhat cumbersome and does not lend itself to straight-forward analysis of 
near-horizontal well pumping test data.  Barlow and Moench (1999) have 
developed a computer program (WTAQ) to calculate drawdown and estimate 
hydraulic properties for such wells.  Other investigators (Langseth, et al., 2004) 
have suggested using the inverse approach to solve directly for aquifer parameters 
from pumping test data.  They also suggest using another approach called 
“forward simulation,” which includes developing a ground water model of the 
aquifer system of interest and calibrating the model until observed data (i.e., 
pumping test data) match model-generated data within an acceptable accuracy. 

For purposes of analysis of the Dana Point Test Slant Well pumping test, forward 
simulation was used along with conventional vertical well analytical methods to 
estimate aquifer parameters.  Close agreement was found between the model-
derived aquifer parameters and the parameters derived from conventional 
methods.  However, the ground water model enables much more flexibility in 
varying aquifer parameters with area and aquifer depth. 

7.2 Analysis of Pumping Test Data Using 
Conventional Analytical Methods 

After development pumping was completed, two separate pumping tests were 
initially18 conducted.  A step drawdown test was performed to determine specific 
capacity and well efficiency relationships.  Following the step drawdown test, a  
5-day constant rate pumping test was conducted.  The constant rate pumping test 
was followed by 4 hours of recovery measurements. 

During the pumping tests, the pumping water level, discharge rate, and sand 
content were closely monitored (see appendix J). 

The field procedure for these tests followed the American Society for Testing and 
Materials (ASTM, 1994, standard test method D 4050). 

                                                      
18 At a later date, a deep zone constant rate pumping test was conducted. 



 

44 

In nearby monitoring wells MW-1 and MW-2, water levels were monitored 
during both the 5-day constant rate and 48-hour deep zone pumping tests.  Water 
levels in the middle and shallow zones were continuously monitored with 
pressure transducers; manual water level measurements were made with an 
electric sounder at approximately 1-hr intervals in the deep zone. 
 
 

 

Photograph 16.  Measuring water levels in MW-2. 
 

 

7.3 Basic Assumptions Used in Analysis of Pumping 
Test Data 

The purpose of a pumping test is to obtain field data, which, when substituted into 
an equation or set of equations, will yield estimates of well and aquifer properties.  
As certain assumptions have been used to derive these equations, it is important to 
observe or control these factors during the test.  These assumptions and conditions 
are: 

• The aquifer material is assumed to consist of porous media, with flow 
velocities being laminar and obeying Darcy’s law. 

• The aquifer is considered to be homogeneous, isotropic, of infinite aerial 
extent, and of constant thickness throughout. 

• Water is released from (or added to) internal aquifer storage instantaneously 
upon change in water level. 

• No storage occurs in the semiconfining layers of leaky aquifers. 
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• The storage in the well is negligible. 

• The pumping well penetrates the entire aquifer and receives water from the 
entire thickness by horizontal flow. 

• The slope of the water table or piezometric surface is assumed to be flat 
during the test with no natural (or other) recharge occurring, which would 
affect test results. 

The pumping rate is assumed to be constant during the entire pumping time 
period during a constant-rate test and constant during each discharge step in a 
variable-rate test. 

7.4 Pumping Test Data Analysis Methods 

7.4.1 Step Drawdown Test Method 
The purpose of the step drawdown test is to determine formation losses, well 
losses, and well efficiency—all of which are necessary in determining the design 
of the permanent pump and associated equipment.  In an actively pumping well, 
the total drawdown in the well is composed of both laminar and turbulent head 
loss components.  Laminar losses generally occur away from the borehole (where 
approach velocities are low), while turbulent losses are confined to the area in and 
around the immediate vicinity of the well screen and within the well borehole. 

 
The total drawdown in a pumping well may be expressed as: 

(1)  Drawdown in a Pumping Well 
 
  sw = BQ + CQ2 

where: 
sw  = Total drawdown measured in the well, [ft] 
  B = Formation or aquifer loss coefficient, [ft/gpm] 
Q  = Discharge rate of the well, [gpm]   
  C = Well loss coefficient, [ft/gpm2] 
 
The first and second terms in equation (1) are referred to as formation, or aquifer 
loss19 (BQ) and well loss20 (CQ2), respectively.  Formation (i.e., aquifer) loss and 
well loss coefficients are determined from the step drawdown test.  The test 

                                                      
19 Aquifer loss is the head loss measured at the interface between the aquifer and the filter 

pack.  The magnitude of the aquifer loss can be found from consideration of radial flow into the 
well and can be calculated, for example, using Jacob’s equation. 

20 Well losses are turbulent flow losses which are head losses associated with the entrance of 
water into and through the well screen as well as those losses incurred as the flow moves axially 
towards the pump intake.  These losses vary as the square of the velocity. 
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procedure involves pumping the well at multiple (at least three) discharge rates 
with each “step” being a fraction of the maximum discharge.  Analysis of the step 
drawdown data requires plotting the “specific drawdown” (sw/Q) for each step 
against discharge rate.  The formation loss coefficient (B) is the y-intercept of the 
best-fit straight line through the specific drawdown data points.  The slope of the 
line is equal to the well loss coefficient (C). 

Well efficiency (E) is defined as the ratio of the formation (i.e., aquifer) loss 
component (BQ) to the total drawdown measured in the well (sw) and is expressed 
as a percent (Roscoe Moss, 1990): 

(2)  Well Efficiency 
 

  
B/CQ1

100
s
BQ100E

w +
==  

where: 
E = Well efficiency, [percent] 
B = Formation or aquifer loss coefficient, [ft/gpm] 
Q  = Discharge rate of the well, [gpm]   
  sw  = Total drawdown measured in the well, [ft] 
  C = Well loss coefficient, [ft/gpm2] 

7.4.2 Constant Rate Test Method 
Calculation of aquifer parameters from pumping test data is based on analytical 
solutions of the basic differential equation of ground water flow that can be 
derived from fundamental laws of physics.  One of the most widely used solutions 
of this equation for non-steady radial flow to wells is the “Theis Equation”: 

(3)  Theis Equation 

  )u(W
T

Q6.114)t,r(s =  

 
where: 

  s(r,t)  =  Drawdown in the vicinity of an artesian well, [ft] 
  r =  Distance from pumping well, [ft] 
  Q =  Discharge rate of pumping well, [gpm] 
  T =  Transmissivity of aquifer, [gpd/ft] 
  W(u)  =  “Well function of Theis” 
  u  =  1.87 x r2 x S / (T x t) 

where: 
   S  =  Storativity, [fraction] 
   t  =  Time after pumping started, [days] 

7.4.2.1 Jacob’s Straight-Line (Modified Theis Non-Equilibrium) Method 
According to Jacob (1950), for small values of “u” (u < 0.05), the Theis equation 
may be approximated by Jacob’s equation: 
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(4)  Jacob’s Equation 

⎟⎟
⎠
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Jacob’s equation is valid for use for most hydrogeologic problems of practical 
interest, is easier to use than the Theis equation, and involves a simple graphical 
procedure to calculate transmissivity and storativity.  This method (D 4105) is 
summarized by ASTM (1994). 

Transmissivity (T, in gpd/ft) is defined as the rate of flow (gallons per day) 
moving through the entire saturated thickness of an aquifer having a width of 
1 mile under a hydraulic gradient of 1 ft per mile.  T can be calculated as: 

(5) 

  
s
Q264T

Δ
=  

 
 where: 

Q  = Pumping rate, [gpm] 
∆s = Change in drawdown over one log cycle of time, [ft] 

 
Storativity (S) is defined as the amount of water released or added to storage 
through a vertical column of the aquifer having a unit cross-sectional area, due to 
a unit amount of decline or increase in average hydraulic Head.  S can be 
calculated as: 

(6) 

2
03.0

r
Tt

S =  
 

 where: 
T  = Transmissivity, [gpd/ft] 
t0  = Time at the zero-drawdown intercept, [days] 

  r  = Radial distance from the pumping well, [ft] 

7.5 Pumping Test Data Analysis and Results 

7.5.1 Step Drawdown Pumping Test 
A step drawdown test was performed on March 29, 2006, at average discharge 
rates of 511 gpm; 1,010 gpm; 1,514 gpm; and 1,652 gpm.  The static water level 
at the beginning of the test was approximately 8.17 vertical ft bgs.  Figure 12 is a 
plot of the step drawdown test data and shows the time-drawdown curve for each 
step.  The specific drawdown for each step is shown below: 
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Specific Drawdown Measured During Step-Drawdown Pumping Test 

Step 
(m) 

Discharge Rate 
Qm 

(gpm) 

Incremental 
Drawdown ∆sm 

(vertical ft) 

Drawdown1 

sm 
(vertical ft) 

Specific 
Drawdown (s/Q)m 
(vertical ft/gpm) 

1 511 6.0 6.0 0.0117 

2 1,010 7.5 13.5 0.0134 

3 1,514 7.0 20.5 0.0135 

4 1,652 2.0 22.5 0.0136 

     1 Drawdown at 1,440 minutes after the start of each step. 
 

 
The specific drawdown chart (see figure 13) shows the relationship between 
specific drawdown (s/Q) and the discharge rate (Q).  The testing showed a 
formation loss coefficient (B) of 0.011253 ft/gpm and a well loss coefficient (C) 
of 1.5481×10-6 ft/gpm2. 

The specific capacity diagram is shown in figure 14.  As can be seen, at a 
discharge rate of 1,660 gpm, the well efficiency was 81%.  Also, the diagram 
shows that at a discharge rate of 2,000 gpm, the expected pumping well 
drawdown would be approximately 29 ft with a specific capacity of 69 gpm/ft and 
a well efficiency of 78%. 

7.5.2 Constant Rate Pumping Test 

7.5.2.1 5-Day Constant Rate Pumping Test 
Following recovery from the step drawdown test, a 5-day constant rate pumping 
test was conducted from March 31 to April 5, 2006.  Ground water levels were 
measured in the pumping well (SL-1) and observation wells (MW-1M and MW-
2M) using pressure transducers manufactured by In-Situ (see figure 15).  The 
static water level at the start of the test, measured with a wireline sounder, was 
approximately 8.09 vertical ft bgs.  The average discharge rate during the test was 
1,660 gpm. 

As seen in figure 15, ocean tides affected ground water levels in SL-1, MW-1M, 
and MW-2M during pumping.  Measured drawdown in the pumping well and 
observation wells was corrected for tidal fluctuations by subtracting measured 
ground water elevations from predicted static water elevations.  Static water 
elevations at SL-1, MW-1M, and MW-2M were predicted by correlating tidal 
data and ground water level data for each well during nonpumping periods.  This 
was possible because the ground water level data closely followed the shape and 
periodicity (without lag) of the tidal data.  Figure 16 shows the linear regression 
relationships that were used to predict static water levels in MW-1M, MW-2M, 
and the Test Slant Well SL-1.  Figure 17 shows ground water elevations during 
the constant rate pumping test corrected for tidal fluctuations in SL-1, MW-1M, 
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and MW-2M on a semilog plot.  Figure 18 is a plot of tidally-corrected ground 
water elevations during the end of the constant rate pumping test, showing the 
recovery period in detail. 

Figure 19 is a time drawdown plot of SL-1.  The Jacob's straight-line method was 
used to analyze the drawdown data with results showing an aquifer transmissivity 
of approximately 122,000 gpd/ft.  Figure 20 is an analysis of calculated recovery 
in the Test Slant Well SL-1.  This analysis shows a transmissivity of 
169,000 gpd/ft. 

Monitoring wells MW-1M and MW-2M were also analyzed for transmissivity, 
storativity, and leakance21 using both Jacob’s straight-line method as well as 
Hantush’s Inflection Point method.22  Figures 21 and 22 show results for 
monitoring wells MW-1M and MW-2M, respectively.  Figure 23 is a distance 
drawdown plot of the monitoring wells and the pumping well at the end of the  
5-day constant rate pumping test. 

A summary of the aquifer parameters from the 5-day constant rate pumping test is 
summarized below: 
 

Test Type 
Transmissivity, 

(gpd/ft) 
Storativity 
(fraction) 

Leakance 
(1/days) 

SL-1 Time Drawdown 122,000 NA NA 

SL-1 Calculated Recovery 169,000 NA NA 

MW-1M Time Drawdown (Jacob’s 
Method) 

91,300 0.0014 NA 

MW-1M Time Drawdown (Hantush 
Inflection Point Method) 

76,400 0.0017 0.005 

MW-2M Time Drawdown (Jacob’s 
Method) 

115,000 0.0010 NA 

MW-2M Time Drawdown (Hantush 
Inflection Point Method) 

93,000 0.0012 0.003 

SL-1, MW-1M and MW-2M 
Distance Drawdown 

146,000 0.0040 NA 

Average 116,000 0.0019 0.004 

7.5.2.2 48-Hour Constant Rate Pumping Test 
Following installation of the submersible test pump and packer in order to isolate the 
deep portion of the screened interval (see section 6.13), a 48-hour constant rate pumping 
test was conducted from May 13 to May 15, 2006.  Time-drawdown data for the Test 
                                                      

21 Leakance is defined as the rate of flow crossing a unit cross-sectional area of the 
aquifer/aquitard interface under a unit head differential measured between the top and bottom of 
the semipervious layer,  Leakance is the quotient of the semipervious layer hydraulic conductivity 
and the layer thickness (K’/b’). 

22 The typical “S”-shaped time drawdown curves reflect leakage. 
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Slant Well are shown in figure 24, and time-drawdown data for monitoring wells MW-
1M and MW-2M are shown in figure 25.  The purpose of the pumping test was to test the 
salinity of the deepest zone of the well (approximately 300 to 350 lineal ft bgs).  The 
static water level at the start of the test was approximately 7.48 vertical ft bgs within the 
isolated zone, and the average discharge rate was 739 gpm.  Water quality results 
obtained during the 48-hour constant rate pumping test are discussed in section 9. 

7.6 Analysis of Aquifer Parameters Using Forward 
Simulation – Three-dimensional Ground Water 
Model 

As mentioned in section 7.1, pumping test data were analyzed using conventional 
analytical methods for vertical wells as well as using a ground water model.  The 
initial data for the model consisted of average values of results obtained using 
vertical well methods (section 7.5.2.1).  The average transmissivity as 
summarized above (116,000 gpd/ft) was divided by the total aquifer thickness 
penetrated by the Test Slant Well (approximately 86 ft), resulting in an average 
hydraulic conductivity of approximately 1,349 gpd/ft2.  This value was used 
initially in the 10-layer ground water model along with an average storativity 
value of 0.0019 and a leakance value of 0.004 per day. 

To verify values obtained from conventional vertical well analytical methods, a 
ground water model was developed for the unconsolidated sediments of the lower 
San Juan Basin.  The conceptual ground water model (see figures 26 and 27) 
consists of 10 distinct model layers based on the aquifer systems, discussed in 
section4.2, and models the completion interval of the Test Slant Well (i.e., from a 
vertical depth of approximately 50 ft to a depth of approximately 140 ft). 

• Layer 1 – Thickness = 50 ft upper alluvial aquifer system 

• Layers 2 - 10 – Thickness = 10 ft/layer middle alluvial aquifer system 

Flow is assumed to occur horizontally within the each of the model layers, and the 
layers maintain hydraulic continuity with each other through vertical leakance.   

The model used to verify the aquifer parameters is MODFLOW, a block-centered, 
finite-difference ground water flow model.  MODFLOW is widely used and 
versatile, being developed by the United States Geological Survey (McDonald 
and Harbaugh, 1988 and 1996) to model ground water flow. 

7.6.1 Model Size and Grid Geometry  
The ground water flow model grid covers approximately 4.4 square miles 
(2,817 acres) with a finite-difference grid consisting of 173 cells in the I-direction 
(north to south along rows), 134 cells in the J-direction (west to east along 
columns), and 102 cells in the K-direction (layers) for a total of 231,820 cells.  
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The smallest model cells that are in the area of interest and in the map view are 
squares 10 ft by 10 ft; the largest model cells that are in the corners and in the 
map view are squares 255 ft by 255 ft.  See figures 26 and 27 for the location and 
layout of the model grid. 

7.6.2 PEST Inverse Modeling Software 
In addition to MODFLOW, the software package Visual Parameter ESTimation 
(PEST) (Doherty, 2000) was used to aid in the calibration of both the steady-state 
and transient Dana Point ground water flow model.  The calibration procedure 
(using PEST) is accomplished using the Gauss-Marquardt-Levenberg algorithm to 
estimate different sets of adjustable parameters that satisfy the nonlinear 
(unconfined) flow equation.  Observed ground water level elevations at 
17 different time periods (i.e., stress periods) in the Test Slant Well and MW-1M 
and MW-2M were used as “target” elevations for calibration by the program to 
judge the fit of the model-generated ground water surface to the actual ground 
water table that was observed. 

When the “residual” (model-generated minus measured water levels) were 
minimized, the model was considered calibrated.23  Figures 28 and 29 show the 
results of model calibration for the 5-day pumping test. 

7.7 Model Simulation Results  

Based on average aquifer parameters as summarized above, the model was run for 
the 5-day constant rate pumping test period and 180 minutes of recovery.  Results 
from the model showed good agreement with the average aquifer parameters 
determined from conventional analytical methods.  The relative error (a measure 
of calibration) was 7.1% which showed that the model was calibrated and well 
within the industry standard of 10%. 

The Dana Point Pumping Test Ground Water Model was first run under steady-
state conditions using the average aquifer parameters obtained from the analysis 
of the data using conventional vertical well methods.  Following this, PEST was 
used to determine the optimum aquifer parameters hydraulic conductivity (K), 
storativity (S), and leakance (K’/b’) during the 5-day pumping period 
(7,140 minutes) plus 180 minutes of recovery.  Model results showed the 
following: 

• Hydraulic Conductivity  1,618 gpd/ft2 

                                                      
23 A measure of ground water model calibration is the relative error (RE).  The relative error 

is the standard deviation of the residuals divided by the range of hydraulic heads of SL-1, MW-
1M, and MW-2M during the 5-day pumping test and subsequent 180-minute recovery period.  
When the relative error is less than 10%, the industry standard accepts the model as well 
calibrated.  The Dana Point Pumping Test Ground Water Model had a relative error of 7.1%. 
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• Transmissivity   139,000 gpd/ft 
• Storativity   0.00033 
• Leakance   0.0275 day-1 

Figure 29 summarizes the ground water flow model results along with graphical 
plots of SL-1, MW-1M, and MW-2M.  As can be seen, there is good agreement 
between model-generated data and measured data.  Also, there is generally good 
agreement between model-generated aquifer parameters and parameters estimated 
using conventional vertical well analyses.  Figures 30 and 31 show drawdowns 
and ground water level elevations respectively at the end of the 5-day pumping test. 
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8. Design Discharge Rate, Total Lift 
and Pump Setting 

Based on analysis of the pumping test data, a discharge rate of 2,000 gpm is 
recommended for the Test Slant Well.  Under current conditions, at this rate of 
discharge, a short-term drawdown of approximately 29 vertical ft (74.2 lineal ft) 
is expected, with a total vertical lift to ground surface of 37.1 ft (95.0 lineal ft) 
based on a static water level of 8.1 vertical ft bgs (20.7 lineal ft bgs).  The effect of 
ocean tides on water levels has been considered in deriving anticipated water 
levels for static and pumping conditions.  Long-term pumping level may vary 
depending on tidal, seasonal, and boundary effects (e.g., recharge from San Juan 
Creek channel and ocean recharge). 

The specific capacity and well efficiency chart (see figure 14) shows the 
estimated drawdown and well efficiency.  Estimated drawdown and well 
efficiency may also be calculated from equations (1) and (2) described above in 
section 7.4.1, “Step Drawdown Test Method.”  After 1 day of pumping at the 
design discharge rate of 2,000 gpm, the specific capacity of the Test Slant Well is 
approximately 69 gpm/ft, with a well efficiency of approximately 78 percent. 

It is recommended that the pump intake is set at a depth of 128 lineal ft bgs 
(50.0 vertical ft bgs), slightly above the top of the louvered well screen located at 
130 lineal ft bgs (50.8 vertical ft).24  

The recommended pump design based on current depth to ground water 
conditions is summarized below: 
 

Recommended Pump Design – Test Slant Well 

Design pumping rate 2,000 gpm 

Design drawdown 29 vertical ft  
(74 lineal ft) 

Design well efficiency 78 % 
Pump setting 50 vertical ft bgs 

(128 lineal ft bgs) 
Static water level depth 8 vertical ft bgs 

(21 lineal ft bgs) 

Total lift to surface (Does not include regional 
decline in static water level) 

37 vertical ft  
(95 lineal ft) 

Note:  Long-term pumping level may vary depending on tidal, seasonal, and 
boundary effects (e.g., recharge from San Juan Creek channel and ocean). 

                                                      
24 The top of the 12¾-inch-OD 316L stainless steel casing is currently found at 3 vertical 

ft bgs (7.7 lineal ft bgs). 
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9. Water Quality 
Water quality measurements taken during the Phase 2 Test Slant Well 
investigation included: 

• Laboratory analysis of final feed water quality parameters from water 
samples collected at the conclusion of the 5-day pumping test and deep 
zone pumping test 

• Laboratory analysis of dissolved trace metals in Test Slant Well water 
samples using U.S. Environmental Policy Agency Method 1640 

• Laboratory analysis of a shorter list of parameters from water samples 
collected during each day of the 5-day pumping test 

• Field measurement of water quality parameters (specific conductivity, 
salinity, TDS, oxidation reduction potential, dissolved oxygen, turbidity, 
temperature, and pH) in well discharge during the 5-day pumping test and 
deep zone pumping test 

• Field measurement of silt density index of well discharge during the deep 
zone pumping test 

• Laboratory analysis of parameters required by the NPDES discharge permit 
for discharge to San Juan Creek during well development and test pumping 

9.1 Laboratory Analysis of Final Feed Water Quality 

As part of the Phase 1 Hydrogeology Investigation, water quality samples were 
collected from monitoring wells MW-1M, MW-2M, MW-1D, and MW-2D for an 
extensive list of water quality parameters critical for analysis of desalination plant 
feedwater supply (see section 4.4.1).  These same parameters were analyzed in the 
Test Slant Well at the conclusion of the aquifer pumping tests.  Samples were 
collected on April 5, 2006, at the end of the 5-day pumping test and on 
May 15, 2006, at the end of the 48-hour deep zone pumping test (see table 2 for 
results).  The water from the Test Slant Well was brackish, with TDS measuring 
2,600 mg/L at the end of the 5-day test and 2,500 mg/L at the end of the 48-hour 
deep zone pumping test.  The trilinear diagram depicted in figure 7 shows that the 
final feedwater quality of the Test Slant Well is similar to the water quality of 
ground water collected from the middle and deep zones of monitoring wells  
MW-1 and MW-2. 
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9.2 Laboratory Analysis of Trace Metals in Seawater 
by EPA Method 1640 

The San Diego Regional Water Quality Control Board required detection of 
metals to very low levels for compliance with the NPDES permit for Test Slant 
Well discharges to the surf zone.  High dissolved solids content in seawater cause 
interferences that make it necessary to dilute samples when using traditional 
methods of metals analysis (e.g., EPA Method 200.8).  Because sample dilution 
would increase water quality reporting limits to levels exceeding minimum levels 
required by the permit, metals in the Test Slant Well samples were analyzed using 
EPA Method 1640, by CRG Marine Laboratories of Torrance, California.  The 
more costly EPA Method 1640 allows for very low reporting limits, on the order 
of hundredths of a microgram. 

Samples were collected from the Test Slant Well for trace metals analysis 
throughout the 5-day pumping test (March 31, April 1, April 2, April 3, and 
April 5, 2006) and at the end of the 48-hour deep zone pumping test on 
May 15, 2006.  A seawater sample immediately offshore from the Test Slant Well 
was also collected for trace metals analysis on March 31, 2006.  Results of metals 
analyses are reported in table 4. 

9.3 Laboratory Analyses During 5-Day Pumping Test 

Water samples were collected from the Test Slant Well each day of the 5-day 
pumping test for analysis of a shorter suite of parameters suggested by Dr. Matt 
Charette of the Woods Hole Oceanographic Institute (Charette, 2006).  This suite 
included dissolved iron, manganese, and nutrients (nitrate, ammonium, phosphate, 
and silicate) as well as field parameters from the YSI 556 probe (salinity, 
conductivity, dissolved oxygen, pH, ORP, and temperature).  In addition to the 
Test Slant Well samples collected during the constant rate pumping test, one 
seawater sample was collected for a short list of laboratory water quality analyses.  
The purpose of the daily water quality testing was to identify the pattern of water 
quality change over time with pumping.  The results reported in table 5 indicate 
that water quality parameters remained relatively stable throughout the 5-day 
pumping test period. 

9.4 Field Measurement of Water Quality During 
Pumping Tests 

YSI 556 and YSI 650 multiprobe instruments were used during the aquifer 
pumping tests to monitor water quality parameters of conductivity, specific 
conductance, pH, temperature, ORP, DO, TDS, and salinity.  Turbidity of Test 
Slant Well discharge was measured in the field using a Hach 2100P field 
instrument. 
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9.4.1 5-Day Constant Rate Pumping Test 
Water quality parameters measured in the field remained relatively stable 
throughout the 5-day constant rate pumping test.  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 NTU, and ORP was negative (see table  6).  A plot of the TDS data 
obtained by field measurements shows that, throughout the pumping test, salinity 
increased very slightly with time, by a rate of 57 to 97 mg/L per day (see 
figure 27). 

Immediately prior to the pumping test, conductivity as measured by the Troll 
9000 sensor in MW-1M had been relatively constant at approximately 
3,250 μS/cm.  During the low tide cycles towards the end of the pumping test, 
there are spikes in conductivity in MW-1M, almost to the conductivity levels 
measured in the shallow zone (approximately 6,000 μS/cm).  It is believed that 
these spikes in conductivity indicate that the well seal between the middle and 
shallow zones of MW-1 are leaky.  It is likely that higher conductivity shallow 
zone water is reaching the level of the Troll 9000 sensor during the period of 
lowest drawdown, only to rise above the level of the sensor during rising water 
levels. 

9.4.2 48-Hour Constant Rate Pumping Test 
Water quality parameters measured in the field remained relatively stable 
throughout the 48-hour deep zone constant rate pumping test and did not differ 
substantially from measurements obtained during the 5-day constant rate pumping 
test.  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 NTU, and ORP was negative (see table  7).  
A plot of the TDS data obtained by field measurements shows that, throughout the 
48-hour pumping test, salinity increased very slightly with time, by a rate of 
106 mg/L per day, slightly more rapidly than during the 5-day pumping test (see 
figure 30). 

9.5 Field Measurements of Silt Density Index 

Silt density index is a measure of submicron particles and is an indicator of 
feedwater plugging potential for RO membranes.  To measure SDI, flowing water 
at specific pressure is filtered through a membrane and collected for a fixed 
period of time.  The speed of water flow and total volume collected determines 
the index value.  SDI was measured during the 48-hour deep zone pumping test 
using the SDI-2000 field kit made by Applied Membranes, Inc. of Vista, 
California, in accordance with ASTM Standard Method D4189-95.  SDI values 
obtained by field measurement on May 14, 2006, averaged 0.58 (see table  8).  
Silt density index values obtained by laboratory analysis of Test Slant Well water 
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samples were 0.05 for water collected at the end of the 5-day pumping test and 
0.21 for water collected at the end of the 48-hour deep zone pumping test (see 
table 2). 

9.6 Analyses Required by NPDES Permit 

The NPDES permit obtained from the San Diego Regional Water Quality Control 
Board required that certain water quality parameters were monitored on a 
biweekly basis during discharge activities, and a longer list of constituents was 
analyzed once as part of a semiannual analysis requirement.  Additionally, the 
permit required that the flow rate of discharge to the San Juan Creek diffuser be 
calculated on a daily basis.  The monitoring reports, including water quality 
results, are included in appendix D. 
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10. Conclusions and 
Recommendations 

The Dana Point Test Slant Well is the result of successful merging of water well 
design and construction technology with near-horizontal well construction 
methods.  Results from the Phase 2 work clearly demonstrated that it is now 
feasible to obtain a high-capacity desalination feed water supply beneath the 
ocean.  Furthermore, the Phase 2 work showed that with proper design, 
construction, and development near-horizontal wells (i.e., slant wells) can provide 
high quantities of water with low turbidity (and silt densities).  The Dana Point 
Phase 2 work showed the following main conclusions: 

• An experienced “team” was necessary for successful completion of the 
project.  The project team included experts in ground water hydrology, well 
design, well construction, water quality, and project management. 

• Tried and true vertical water well technology for well design, artificial filter 
packing, construction, and testing can be modified for near-horizontal wells 
with equal success. 

• The Dual-Rotary method of drilling is a proven technique for construction 
of artificially filter-packed slant wells beneath the ocean. 

• Artificial filter packing a near-horizontal well is more challenging than 
vertical wells, and creative methods must be adapted to ensure proper filter 
pack placement and development of the near well zone. 

• Well logging of slant wells requires special tools and methods for 
successful logging. 

• Slant wells can be pumped at high capacities using submersible pumps 
placed on an angle and centered within the pump house chamber. 

• The maximum length and diameter of an artificially filter-packed 
subsurface slant well for desalination supply is not presently known at this 
time, but it is expected that a total lineal length of 500 ft is entirely possible 
with present technology (DR-24HD rig).  Longer depths may be possible 
with the larger DR-40 drilling rig. 

• A feasible design for a high-capacity slant well would include a blank  
16-inch pump house casing with a 12-inch ID well screen extending to a 
lineal length of at least 500 ft. 

• The angles for shallow angled slant wells can be also be varied as required 
for the application. 



 

60 

• Analysis of pumping test data for slant wells is best accomplished by using 
a three-dimensional ground water flow model.  The most accurate results 
employ “forward simulation” which consists of varying aquifer parameters 
until measured pumping test and model water levels are in close agreement.  
However, fairly good agreement was seen between the more accurate 
ground water model results and conventional vertical well analytical 
methods. 

During the next phase of the Dana Point Ocean Desalination Project, 
GEOSCIENCE will model the full-scale subsurface intake system, using the 
aquifer parameters estimated from Test Slant Well pumping tests.  However, 
extended pumping of the Test Slant Well is recommended to obtain better 
understanding of the variability of feedwater quality with time.  The 5-day period 
was not enough to observe major changes in water quality, such as a seawater 
contribution to the Test Slant Well.  This extended duration pumping should be 
done subsequent to ground water modeling of the well intake system to 
corroborate model findings. 

Additionally, slight modifications can be made to the drilling and construction 
process for future slant wells constructed using the dual rotary drilling method.  
These recommendations are outlined in the following sections. 

10.1 Modifications to Drilling Bit 

Some delays were experienced in the drilling progress as up to 4-inch-diameter 
cobble fragments were able to bypass the roller cones of the drilling bit without 
being further broken up.  As a result, they became lodged within the 4-inch inner 
barrel of the drill string, requiring the drill rig operator to halt drilling, alternately 
pressurize the drill string with air and/or water, and shake both the drill string and 
mast using the rig’s hydraulics.  This technique was continually used below 
approximately 200 lineal ft to loosen the oversized materials within the inner 
barrel so that they could be forced up through the drill string and out of the 
borehole. 

To avoid oversized material from entering the inner barrel of the drill string, a 
skirt (consisting of a bar or plate) should be welded between the shoulders of the 
drill bit (inside the stabilizing collar) to reduce the size of the opening between the 
roller cones at the perimeter of the bit. 
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Photograph 17.  20-in. drill bit with integral stabilizer 
(February 9, 2006). 

 

 

10.2 Modifications to the Sound Barriers 

Noise levels were within acceptable limits throughout the Test Slant Well Project; 
however, they were occasionally higher than desired in spite of the sound barriers 
that were placed next to the power unit.  For example, on February 15, 2006, 
noise levels were measured as high as 97 decibels within 5 ft of the sound barrier 
and 88 decibels approximately 150 ft away from the drilling site.  These 
maximum noise levels occurred while experiencing temporary plugging of the 
inner barrel with oversized materials.   

Noise dampening effects could be increased by surrounding the engine 
compartment with a shroud or enclosure containing baffles and acoustical 
insulation.  Additional cooling or ventilation fans may be necessary to keep the 
engine temperature within the desired operational range.  Additionally, the power 
unit may be quieted by installing intake and exhaust mufflers such as critical- or 
hospital-grade mufflers that have welded and double-walled construction as well 
as multiple internal chambers. 
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10.3 Pressure Pack the Filter Pack During Placement 
to Ensure a Higher-Placed Volume to Calculated 
Borehole Volume Ratio 

Although the Test Slant Well was developed to a sand-free condition and silt 
density indices were low during testing, there are benefits to being able to place a 
volume of filter pack that more closely compares with calculated borehole 
volumes.  Future slant wells may not be located in areas where the unconsolidated 
formations are as coarse as that which occur offshore at Doheny State Beach, so 
additional research should be performed to refine the filter packing process. 

In using the dual-rotary drilling method, the temporary casing is rotated and 
advanced in combination with the inner drill string as formation materials are 
removed.  Rather than the process resulting in an open borehole in which to 
construct the well as with the other rotary drilling methods (e.g. reverse or direct 
mud), the temporary casing holds loose formation material back as it is advanced.  
Placement of the screen and casing occurs within the temporary casing; the filter 
pack is then pumped down the annulus through the tremie pipe as the temporary 
casing is extracted.   

It is believed that while placing the filter pack and simultaneously extracting the 
temporary casing, loose, unconsolidated formation material was able to move into 
the “open” borehole faster than the filter pack was able to move out of the 
temporary casing to fill the annular space.  This is in spite of pumping 200 gpm 
into the annulus at all times during filter packing to try and force the filter pack 
downward.  In the end, a total of 240 cubic feet of filter pack was placed in the 
annulus, while the calculated volume was 432 cubic feet.   

By increasing the diameter of the borehole, it is felt that more filter pack could be 
placed which would provide a thicker filter for additional assurance for sand-free 
production.  Discussions with the drilling contractor have resulted in a number of 
ideas including installation of a straddle packer inside the well screen during filter 
packing which would direct fluid and filter pack material downward and out of 
the face of the borehole.  An increased borehole diameter would also allow a 
larger diameter tremie pipe (2-inch minimum diameter) to be used to avoid 
potential plugging or bridging of the filter pack within the tremie pipe during 
pumping.  Although plugging did not occur using the 1½-inch tremie pipe, using a 
larger diameter pipe would allow for greater flexibility and the ability to use 
greater pressure and a coarser filter pack gradation, if required. 

In addition, in order to add pressure to the filter pack during placement, a  
custom-built packer should be installed at the surface to seal between the  
12¾-inch-OD casing and the 20-inch temporary casing with an opening for the 
tremie pipe to pass through.  By placing pressure on the annulus during 
installation of the filter pack and while pumping additional fluid down the hole, 
one can be more assured of pushing the newly placed filter pack quickly out of 
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the bottom of the casing.  A packer should also be placed inside the 12¾-inch 
casing above the top of the screen to prevent water from flowing upward and out 
of the casing during filter packing. 

The gravel pumping system should be capable of generating significant pressure 
during placement of the filter pack.  Typically, a large-diameter centrifugal pump, 
such as a 5- by 6-inch or a 4- by 6-inch size, with a dual hopper design is used in 
constructing large-diameter reverse rotary wells.  The engine used must be large 
enough to drive the pump and typically has at least four cylinders.  The volume of 
filter pack being pumped at any time can be measured to very small amounts 
using a 5-gallon bucket if necessary. 

10.4 Casing Collars and Centralizers 

During installation of the louvered screen and casing, collared casing was used 
rather than material with beveled ends for welding as was specified.  This change 
was opened to consideration when the decision was made to continue advancing 
20-inch casing to total depth, providing a larger diameter borehole in which to 
construct the well.  In addition to the extra strength that collars add to each 
connection (over welding plain ends together), alignment of each section was 
facilitated, making alignment and welding of each section easier.  The collars 
were manufactured from the same material as the casing and screen25 and 
measured 5 inches in height.  Three ⅜-inch-diameter sight holes were drilled at 
the midpoint of each collar and were equally spaced around the circumference to 
be used for casing alignment purposes.  Collars are fabricated by slightly 
expanding a short section of casing so that it fits over the standard-sized casing.  It 
is then welded to one end of the casing, with the casing extending midway 
through the length of the collar.   

In the field during installation of the screen and casing, it was found that many of 
the collars were slightly over-sized; and because of the 23-degree angle, when 
slipped together, the casing would rest on the bottom of the collar rather than 
remain centered.  This created some difficulty during installation as it was not 
easy to fully align the sections of casing on an angle with the collars being loose; 
and once aligned, a small offset was created.  A larger gap needed to be filled at 
the upper part of the casing during welding.  Additionally, this may have created 
some of the problems experienced when installing the submersible test pump as 
these small ledges or offsets likely were catching on the ultra high molecular 
weight (UHMW) plastic pump centralizers and electrical cable, causing them to 
become excessively worn.  A lot of plastic shavings and pieces of tape were 
observed in the well during the final video survey on May 16, 2006. 

                                                      
25 ASTM Specification A778 Type 316L stainless steel, 12¾-inch-OD by 5/16-inch wall 

thickness. 
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It should be noted that, although UHMW plastic is very abrasion resistant (more 
so than Dupont Teflon® PTFE); polyurethane is rated as being tougher.  
Whatever the type of plastic used, the centralizers must be tightly attached, fully 
gripping the smooth stainless steel motor cover so that it will not slip off during 
pump installation or removal.  One of the UHMW plastic centralizers that was 
placed on the submersible motor during the deep zone testing came off during 
removal, requiring several hours to be spent fishing it out of the well.  The Pacific 
Survey’s downhole video camera, which was onsite at the time, was of great 
assistance during the fishing operation. 

10.5 Final Cleaning of Well at the Completion of Work 

The May 16, 2006, video survey showed that a fair amount of debris remained in 
the well following removal of the submersible test pump.  The debris consisted of 
pieces of black waterproof tape (from taping the electrical cable to the pump 
column); plastic shavings from the pump centralizers; as well as sand and gravel 
that were not removed due to the low velocity experienced in the deeper portion 
of the well during final development and pump testing.    

The Test Slant Well should be airlifted following removal of the test pump at the 
completion of testing to remove all remaining sediment, plastic shavings, tape 
debris, and filter pack materials.  Due to time restraints and the deadline for 
getting all equipment off the beach by May 18, 2006, there was not enough time 
to perform the final cleaning. 

10.6 Modifications to Diffuser and Discharge System 

Throughout development and testing of the well, the diffuser that was installed in 
San Juan Creek required constant monitoring and maintenance due to the buildup 
of sediment within the interior screen section.  Because a solid plate had been 
welded on the end of the screen section, there was no way to flush oversized 
materials from the inside of the diffuser.  To avoid the potential for clogging, 
Boart personnel had to periodically beat on the screen with a hammer (creating 
additional noise) and use a wire brush to dislodge clogging sand, plastic shavings, 
and fine gravel from between the V-shaped horizontally wrapped wires of the 
screen section.  At one point early in the pump development process, the screen 
became thoroughly clogged, which increased the pressure within the diffuser and 
caused the water to spray broadly rather than maintain the mild bubbling 
appearance that was typical when the screen section was not clogged. 

By adding a removable end cap to the design of the diffuser, the interior of the 
screen could be periodically flushed to clean out clogging materials and so avoid 
the continual maintenance efforts.  Early successful modifications to the diffuser 
design (suggested by the contractor) included changing from a solid concrete 
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platform as a base for the diffuser screen to two 18-inch-diameter by 20-foot-long 
sections of casing.  The casings were oriented parallel to the stream and tidal flow 
of San Juan Creek and the groin and allowed high water resulting from spring 
storms to flow unhindered through the base of the diffuser. 

Additionally, tightly fitting baffles should be installed in the temporary holding 
tank to lower the velocity of the water flowing through the tank, and so reduce the 
sediment-carrying capacity of the discharged fluids.  It was observed that the 
velocity of the discharge through the Baker tank was fast enough to carry 
medium- and coarse-grained sand particles through the tank and out into the 
diffuser. 

The addition of several baffles would allow fluids to have more slow-water zones 
within to tank to allow the suspended load to be dropped out.  Additionally, 
baffles would allow more control over discharged fluids and would allow 
additional opportunity for dilution when sediment levels and turbidity exceeded 
the requirements of the NPDES permit. 

10.7 Increased Borehole and Casing Diameters 

The Test Slant Well was constructed using 12¾-inch-OD casing and screen that 
was installed within 19¼-inch-ID casing.  Near the completion of the field work, 
discussions were held with Boart Longyear personnel where it was indicated that 
drilling a larger diameter borehole may be possible at Doheny using the 
DR 24-HD drilling rig.  In past projects, Boart has been successful in drilling  
30-inch diameter boreholes to depths of 100 vertical ft bgs without problems, 
before reducing to 24-inch-diameter casing to continue the borehole.  It should be 
noted that at least 24-inch-diameter casing is needed if 16-inch-ID casing is to be 
placed, (even as a pump house) as the 24-inch borehole (23-inch-ID casing) will 
allow a 3.188-inch annular space with 16⅝-inch-OD casing during construction.  
The portion of the borehole adjacent to the 12¾-inch-OD casing (within a 24-inch 
borehole) would allow a very acceptable annular thickness for placement of the 
filter pack.  

The advantage of placing a pump house casing is that higher production rates can 
be maintained using the 10-inch-diameter pump bowl assembly, while still 
allowing room for an access tube to run a spinner survey.  The access tube would 
need to be installed past the pump and would be used to guide the flowmeter tool 
past the pump intake so that a flow profile within the screened interval may be 
obtained. 

The 1½-inch (1.9 inches OD) tremie pipe that was used in the construction and 
filter packing of the test slant well is the minimum diameter that would be 
recommended for filter pack placement.  Tremie pipe having a larger diameter, 
such as 2⅞ inches would be even more acceptable. 
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10.8 Flexibility in Design 

The test slant well was predesigned based on the nearby monitoring well MW-1 
which showed that very coarse alluvial materials occurred at 40 to 130 vertical ft bgs 
(103 to 333 lineal ft bgs).  The filter pack design was based on mechanical 
grading analyses of eight intervals selected from the cores obtained while drilling 
MW-1 as well as nine formation samples collected while drilling the test slant 
well.  If it is found that formation samples in the actual borehole differ from that 
of what is anticipated by the monitoring well lithology, the final well design can 
be modified to include embedded blank sections to remove fine-grained intervals 
from the screened section or a different slot size.  Additionally, a blank section 
could be installed at depth to serve as a pump house casing or for setting a packer 
if it becomes necessary. 

10.9 Gyroscopic Survey 

Due to the constraints of pushing downhole surveying tools to the total depth of 
the well at a 23 degrees from horizontal angle, a gyroscopic survey was not 
planned.  In lieu of this and to save costs, a Reflex EZ-Shot electronic single-shot 
drillhole survey tool was provided by Boart at no additional cost to the project to 
check the inclination, or dip, of the well at four points along its length.  Because 
of time constraints and the EZ-Shot tool is not a wireline surveying tool, but takes 
a single set of measurements at predetermined depths, a full directional profile 
of the well was not generated; however, the EZ-Shot tool verified that a nearly 
23-degree angle was maintained in the completed well.  A true gyroscopic survey 
would provide further definition of the inclination and azimuth of the well.  In 
hindsight, it was found that downhole survey tools could be easily worked to the 
bottom of the well, and 1-inch diameter PVC could be used if additional 
assistance was needed.  The accumulation of fine-grained sand and filter pack on 
the bottom side of the casing provided the major portion of the resistance met in 
placing the tools to total depth. 

10.10  Construct Well at a Shallower Angle 

In discussing the Test Slant Well project with the contractor at the completion of 
the work, the contractor stated that after learning the lessons of the project at 
this particular site, an even shallower angle would be possible.  An angle of 
20 degrees from horizontal would have resulted in a total well depth of 410 lineal 
feet, and an angle of 15 degrees from horizontal would have yielded a total well 
depth of 540 lineal ft, for the same vertical depth (140 vertical ft).  
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10.11  Additional Working Time 

We would not have been as pressed for time if Boart Longyear had been able to 
return to Doheny Beach directly after spring break and without the additional 
mobilization to return the pump rig to the site.  Time was also lost in not being 
prepared with enough 8-inch column pipe after returning to install the packer and 
pump to test the deep zone, and the pipe that was delivered was bent.  More time 
was lost due to pump malfunction—causing it to be removed—and then the 
screened interval was airlifted before reinstalling the pump. 

10.12  Contractor Flexibility 

The most important factor when introducing new technology is to hire a 
contractor who is willing to be flexible, keep communication lines open, and work 
to solve problems and/or challenges as they may arise.  In working with Boart 
Longyear Geotech Division, these objectives were accomplished. 
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Tables 
 
 

Table 1 - Tidal Datums for La Jolla Tide Station No. 9410230 

    

        Datum 
Value 

[ft] 
  Description 

          MHHW 9.70   Mean Higher-High Water 

          MHW 8.97   Mean High Water 

          DTL 7.03   Mean Diurnal Tide Level 

          MTL 7.12   Mean Tide Level 

          MSL 7.10   Mean Sea Level 

          MLW 5.27   Mean Low Water 

          MLLW 4.37   Mean Lower-Low Water 

          GT 5.33   Great Diurnal Range 

          MN 3.69   Mean Range of Tide 

          DHQ 0.73   Mean Diurnal High Water Inequality 

          DLQ 0.90   Mean Diurnal Low  Water Inequality 

          HWI 5.01   Greenwich High Water Interval (in Hours) 

          LWI 11.07   Greenwich Low  Water Interval (in Hours) 

          NAVD 4.56   North American Vertical Datum 

          Maximum 12.02   Highest Water Level on Station Datum 

          Max Date 13-Nov-97   Date Of Highest Water Level 

          Max Time       15:36   Time Of Highest Water Level 

          Minimum 1.50   Lowest  Water Level on Station Datum 

          Min Date 17-Dec-33   Date Of Lowest Water Level 

          Min Time       15:36   Time Of Lowest Water Level 

    

Tidal datums based on 1983-2001 National Tidal Datum Epoch. 
Source: 
http://tidesandcurrents.noaa.gov/data_menu.shtml?stn=9410230%20La%20Jolla,%20CA&type=Datums 

Accessed June, 2006.  
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Table 3 – Well Design Parameters and Recommended Filter Pack - MWDOC Test 

Slant Well SL-1 

 
 

Design Criteria 
Depth 

[ft] 

Formula 
(D = Filter Pack) 

(d = Aquifer) 
Value 

Recommended 
Value 

Pack/Aquifer Ratio 
(Finest Zone) 

SL-1 (275-280 
lineal ft, 107-
109 ft bgs) 

D50/d50 8.1 4 to 10 

Terzaghi  
Migration Factor  

(Finest Zone) 

SL-1 (275-280 
lineal ft, 107-
109 ft bgs) 

D15/d85 3.2 less than 4 

Terzaghi  
Permeability Factor  

(Coarsest Zone) 

SL-1 (330-335 
lineal ft, 129-
131 ft bgs) 

D15/d15 0.4 greater than 4 

Screen Slot [in.] - - 0.094 - 

Percent Filter Pack 
Passing Screen Slot 

- - 17.1 10% to 20% 

Uniformity Coefficient of 
Filter Pack 

- Cu = D60/D10 1.8 - 

 
Mechanical Grading Analysis – As Designed 4x16 Filter Pack 

 

U.S. 
Standard 
Sieve No. 

Sieve 
Opening 

Sieve 
Opening 

Cumulative 
Percent 
Passing 

 [in.] [mm]  

1/4” 0.250 6.35 100 

4 0.187 4.75 88 

6 0.132 3.36 55 

8 0.094 2.38 17 

10 0.079 2.00 10 

12 0.066 1.68 6 

16 0.047 1.19 2 

20 0.033 0.84 0.1 
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Table 8 - Summary of Silt Density Index (SDI) Field Measurements, 
     Taken 14-May-2006 at MWDOC Test Slant Well SL-1 

        

        

Start Time 
for ti 

ti 
[sec] 

Init. 
Temp. 

°C 

Start 
Time for 

tf  

(ti start 
+15 min) 

tf 
[sec] 

Final 
Temp. 

°C 
% P30 SDI15  

13:07:15 17.50 20.62 13:22:15 19.13 20.66 8.52 0.57 

13:53:00 17.69 20.67 14:08:00 19.32 20.69 8.44 0.56 

14:20:30 18.65 20.69 14:35:30 19.25 20.73 3.12 0.21 

15:16:15 16.91 20.67 15:31:15 18.79 20.68 10.01 0.67 

15:47:00 17.22 20.68 16:02:00 19.87 20.79 13.34 0.89 

      
Average 

SDI: 0.58 

        

        

Note: SDI Test Kit, Model No. SDI-2000, and 0.45 Micron Filters, Model No. SDI-045, from 

          Applied Membranes, Inc. of Vista, CA, provided by Malcolm Pirnie, Inc, Irvine, CA. 

          The calculation of SDI per the ASTM Standard Test Method D 4189-95 is as follows: 

   

   

   

   

         where: 

 

  

         %P30 = percent at 207 kPa (30 psi) feed pressure,   

         T  = total elapsed flow time, min (usually 15 min),   

         ti       = initial time required to collect 500 mL of sample, s, and  

         tf  = time required to collect 500 mL of sample after test time T, s. 
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Appendix A 
Chronology of Construction 
 
 

30-Jan-06 

 

A pre-construction meeting was held at Doheny State Beach, in 
Dana Point, California that included all key personnel involved 
with the slant well drilling project.  In attendance were 
representatives from MWDOC, California State Parks 
Department, GEOSCIENCE Support Services, Inc., Boart 
Longyear Geo-Tech Division, MJF Consulting, Chambers Group, 
Williams-McCaron, Inc., and South Coast Water District.  The 
primary issues discussed were details of the drilling project 
including permits, contact numbers, spill prevention, public safety 
and notification, water disposal and work schedule. 

31-Jan-06 

 

Boart Longyear Geo-Tech Division of Tualatin, Oregon began 
mobilizing to the beach site.  A fencing contractor installed 
temporary fences around the beach worksite and parking lot 
staging area.   Six 8-5/8 inch OD by 18 ft long anchors were set 
into the beach using a CME 95 hollow stem auger drilling rig 
from Boart Long year’s Peoria, AZ office.   

1-Feb-06 The mast section of the Foremost DR-24HD dual rotary drilling 
rig, containing the top head drive and lower rotary drive units, 
was delivered to the beach.  A 100-ton crane was used to lift the 
mast section off the trailer and position it within the array of 
anchors. K-rails were placed around the perimeter of the site and 
plastic sheeting was placed under all stationary equipment. 

2-Feb-06 Mobilization and setting up of the drilling equipment continued.  
The 21,000 gallon Baker tank and 20 cubic yard roll off bin were 
delivered to the site.  The mast of the drilling rig was set up at an 
angle of 23° from horizontal.  Monitoring well MW-1 was 
excavated for ease of access during the drilling process. 

3-Feb-06 Mobilization and setting up of the drilling equipment continued.  
Sound barriers were installed adjacent to the power unit and 950 
cfm/350 psi air compressor. Thick steel plates were placed at the 
site as landing mats to off-load roll off bins onto the beach sand.  
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4-Feb-06 Boart completed the mobilization process and began drilling the 
24-inch diameter borehole.  A carbide-button casing shoe welded 
to the leading end of the 24-inch OD by ½-inch wall mild steel 
casing.  The 24 inch OD casing was advanced to a depth of 5 
lineal feet (LF) below ground surface (bgs) at a 23° angle from 
horizontal using the direct air rotary drilling method.  Cuttings 
were removed from the borehole by way of the 7 inch OD by 
4 inch ID dual-wall drill pipe that was installed within the 24 inch 
casing.  A 4-blade stabilizer and a 23-inch diameter tricone 
drilling bit were attached to the end of the drill pipe.  Boart 
personnel halted drilling at 5 LF bgs because of problems in the 
power unit’s gear box. 

5-Feb-06 Boart removed the gear box from the power unit.  A replacement 
gear box was shipped from Foremost Industries, LP Calgary, 
Alberta, Canada. 

6-Feb-06 A weekly progress meeting was held with MWDOC and State 
Parks Dept. personnel.  Additional insulation was added to the 
sound barriers. 

7-Feb-06 Boart personnel resumed drilling the 24-inch diameter borehole at 
5 LF bgs.  The temporary casing was advanced to a depth of 15 
LF bgs by 4:00 PM. 

8-Feb-06 Boart continued advancing the 24-inch diameter borehole in 
approximately 20 ft sections.  The temporary casing was 
advanced to a depth of 39 LF bgs by 7:00 PM. 

9-Feb-06 Continued advancing the 24-inch diameter borehole and installing 
additional sections of casing.  The 24-inch diameter temporary 
casing was advanced to a depth of 74 LF bgs by 3:00 PM.   

10-Feb-06 Completed advancing the 24-inch diameter borehole to a depth of 
97.44 LF bgs by 8:45 AM.  The 24-inch OD temporary casing 
was landed at this depth before removing the 7-inch OD by 4-inch 
ID dual-wall drill string, stabilizer and bit in preparation for 
cutting off the 24 inch casing shoe. 

11-Feb-06 Because 20 ft of fine-grained formation material had pushed up 
into the 24-inch casing, Boart made the decision to forego cutting 
off the casing shoe.  Boart made modifications to the drilling rig 
and discharge hose support system to facilitate drilling at the 23° 
angle. 
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12-Feb-06 Boart began installing 20-inch OD by 3/8-inch wall mild steel 
temporary casing within the 24-inch OD casing.  A carbide-button 
casing shoe was welded to the leading end of the 20-inch OD 
temporary casing.  A 19-inch tricone mill-tooth bit with an 
integral stabilizer was attached to the end of the drill string before 
being installed within the 20-inch OD temporary casing. 

13-Feb-06 After cleaning out the heaving sand material, Boart began 
advancing the 20-inch borehole with 20-inch OD temporary 
casing.  The 20-inch temporary casing was installed to a depth of 
103 LF bgs by 4:15 PM.  Centralizers were placed on the drill 
string at approximately 60 ft intervals to keep it centered within 
the casing.   

14-Feb-06 Boart continued advancing the borehole and installing 20-inch 
OD casing.  The 20-inch OD temporary casing was advanced to a 
depth of 143 LF bgs by 4:45 PM.   A progress meeting was held 
with State Parks personnel. 

15-Feb-06 Boart continued advancing the borehole and installing temporary 
casing.  The 20-inch borehole and casing was advanced to a depth 
of 203 LF bgs by 5:40 PM.  Large gravels (to 3 1/2-inches) and 
heaving sand temporarily plugged the inner barrel of the drill 
string, slowing drilling progress.   

16-Feb-06 Boart continued advancing the borehole and installing temporary 
casing.  The 20-inch borehole was advanced to a depth of 235 LF 
bgs by 6:00 PM.  Because drilling was progressing well, the 
decision was made to continue advancing the 20-inch casing to 
total depth, rather than reduce the borehole and casing diameter to 
18-inches.   

17-Feb-06 Boart continued advancing the borehole and installing 20-inch 
casing.  The 20-inch temporary casing was advanced to a depth of 
263 LF bgs by 6:00 PM.  Large gravels lodging in the inner barrel 
of the drill string and heaving sand slowed the drilling progress. 

18-Feb-06 Boart continued advancing the borehole and installing casing.  
The 20-inch diameter temporary casing was advanced to a depth 
of 280 LF bgs by 6:45 PM.  Large gravels and heaving sand 
continued to temporarily plug the inner barrel of the drill string.   

19-Feb-06 Boart continued advancing the borehole and installing the 
temporary casing.  The 20-inch diameter borehole and casing was 
advanced to a depth of 303 LF bgs by 4:45 PM.  Large gravels 
and heaving sand continued to impede drilling progress.   
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20-Feb-06 Boart continued advancing the 20-inch diameter borehole and 
installing temporary casing.  The 20-inch diameter borehole and 
casing was advanced to a depth of 315 LF bgs by 3:15 PM.  The 
alternator on the power unit was not recharging the batteries, 
causing the engine to die frequently. 

21-Feb-06 The alternator on the power unit was replaced.  Boart resumed 
drilling the 20-inch borehole and installing the temporary casing.  
The 20-inch diameter borehole and casing was advanced to a 
depth of 323 LF bgs by 4:30 PM. 

22-Feb-06 Boart continued advancing the 20-inch borehole and installing 
temporary casing.  The 20-inch casing was advanced to a depth of 
337 bgs LF by 6:00 PM. 

23-Feb-06 Boart continued advancing the 20-inch borehole and installing 
temporary casing.  The 20-inch casing was advanced to a depth of 
341 LF bgs by 5:30 PM. 

24-Feb-06 Boart completed advancing the 20-inch borehole by installing 20-
inch OD temporary casing to 362.37 LF bgs by 12:30 PM.  Fine-
grained sediments were encountered below 352 LF bgs, 
facilitating completion of drilling.  The dual-wall drill string was 
removed and the bottom of the borehole was measured at 350 LF 
bgs, indicating 12 ft of sand had pushed into the casing.  The 
casing was filled with water overnight. 

25-Feb-06 Boart personnel pumped additional water into the casing and 
began moving the 20-inch casing up and down to dislodge the 
plug of heaving sand.  The bottom of the borehole was measured 
at 358 ft bgs.  The decision was made to forego cutting off the 
casing shoe because of the risk of bringing in additional heaving 
sand.  Boart prepared for installation of screen and casing. 

26-Feb-06 Boart personnel secured the site for the day. 

27-Feb-06 Boart personnel began installing one section of 12 ¾-inch OD by 
5/16 inch wall Type 316L stainless steel louvered screen, 
centralizers and tremie guides, including acid-bath passivation of 
all field welds.  Roscoe Moss personnel were onsite to assist in 
the process and handling of the acid.  A progress meeting was 
held with State Parks personnel. 
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28-Feb-06 Boart continued installing five sections of 12 ¾-inch OD Type 
316L stainless steel louvered screen.  Centralizers and tremie 
guides were placed on each section of screen and included 
passivation of all welds made in the field.  Tacna Sand & Gravel 
delivered 16 supersacks of 4 x 16 custom blended filter pack 
material to the site.  The filter pack was sampled and sieved by 
GEOSCIENCE. 

1-Mar-06 Boart continued installing five sections of 12 ¾-inch OD Type 
316L stainless steel louvered screen and two sections of 12 ¾-
inch OD by 5/16 inch wall thickness Type 316L stainless steel 
blank casing.  Centralizers and tremie guides were welded onto 
each section, including passifying all welds made in the field.   

2-Mar-06 Boart continued installing four sections of 12 ¾-inch OD Type 
316L stainless steel blank casing.  Centralizers and tremie guides 
were placed on each section of screen and included passivation of 
all welds made in the field.   

3-Mar-06 Boart completed installing the final (10 ft length) section of 12 ¾-
inch OD Type 316L stainless steel blank casing.  The bottom of 
the casing was placed 350.96 LF bgs.  Centralizers and tremie 
guides were welded to the top of the section and field welds were 
passified.  The bottom of the borehole was measured at 359 LF 
bgs using 1 inch diameter PVC.   

4-Mar-06 A 12 ¾ inch OD mild steel handling piece was welded to the top 
of the Type 316L stainless steel casing.  A short section of 20-
inch OD casing was reattached in order to be able to reach the 
temporary casing with the lower rotary drive during casing 
extraction.  Boart personnel circulated the borehole and began 
extraction of the 20-inch OD temporary casing by gently rocking 
it back and forth.  The borehole was initially tight.  Boart 
personnel began setting up the gravel packing equipment and 
using very heavy chains, secured the drilling rig to the 8 5/8-inch 
by 18 ft anchors that had been set around the rig during initial 
mobilization. 

5-Mar-06 Boart experienced electrical problems with the rig, but quickly 
got it repaired by a Cummins mechanic.  The 20-inch OD 
temporary casing was extracted while pumping filter pack into the 
annular space between the 12 ¾ inch OD screen and the 20 inch 
OD casing.  Filter packing progressed from 359 LF to 342 LF bgs 
and the top of the filter pack was kept at least 5 ft up inside the 20 
inch casing (when measured at the bottom 
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6-Mar-06 Boart continued extraction of 20-inch temporary casing and filter 
pack installation from 342 LF bgs to 311 LF bgs.   

7-Mar-06 Boart continued extraction of 20-inch temporary casing and filter 
pack installation from 311 LF bgs to 266 LF bgs.  State Parks 
personnel were onsite to discuss placement of the diffuser in San 
Juan Creek. 

8-Mar-06 Boart personnel installed the dual-wall drill pipe within the 12 ¾-
inch OD casing and began airlifting from 270 LF bgs to the 
bottom of the screened interval to ensure a tight filter pack. 

9-Mar-06 Boart continued extraction of 20-inch temporary casing and filter 
pack installation from 266 LF bgs to 245 LF bgs.  The dual-tube 
drill string was installed in the well with the swabbing tool and 
began airlifting each 20 ft interval immediately after the filter 
pack was installed 

10-Mar-06 Boart continued extraction of 20-inch temporary casing and filter 
pack installation from 245 LF to 185 LF bgs and continued 
development by airlifting in 20 ft intervals immediately after the 
filter pack was placed.   

11-Mar-06 Boart completed extraction of 20-inch temporary casing after the 
filter pack was placed from 185 LF bgs to 97 LF bgs and 
continued development by airlifting in 20 ft intervals immediately 
after the filter pack was placed. 

12-Mar-06 Boart began extraction of 24-inch temporary casing and continued 
installing filter pack from 97 LF to 57 LF bgs.  The top of the 
filter pack within the 24-inch OD casing was measured at 48 LF 
bgs.  A total of 8 supersacks (240 cubic feet) were placed in the 
annular space. 

13-Mar-06 The diffuser was installed adjacent to the drilling site in the San 
Juan Creek channel.  The berm to the ocean remained breached.  
Boart personnel began airlifting the screened interval from 344 
LF to 350 LF bgs to test the diffuser and set up the dissolved 
oxygen monitoring equipment.  

14-Mar-06 Boart continued to airlift the screened interval from 344 LF to 
210 LF bgs.  The dissolved oxygen level in the discharge to the 
diffuser was monitored. 
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15-Mar-06 Boart continued to airlift the screened interval from 210 LF to 
130 LF bgs, then began airlifting and swabbing from 130 LF to 
171 LF bgs.  The dissolved oxygen level in the discharge to the 
diffuser was monitored. 

16-Mar-06 Boart continued to airlift and swab the screened interval from 171 
LF to 351 LF bgs.  The dissolved oxygen level in the discharge to 
the diffuser was monitored. 

17-Mar-06 Michelle Tuchman and a reporter from the Orange County 
Register were onsite taking photographs.  Boart continued to 
airlift and swab the screened interval from 351 LF to 291 LF bgs.  
The dissolved oxygen level in the discharge to the diffuser was 
monitored. 

18-Mar-06 Boart continued swabbing and airlifting the screened intervals 
from 291 to 131 LF bgs.  The dissolved oxygen level in the 
discharge to the diffuser was monitored. 

19-Mar-06 Boart continued swabbing and airlifting the screened intervals 
from 131 LF to 351 LF bgs.  The dissolved oxygen level in the 
discharge to the diffuser was monitored.  GEOSCIENCE 
personnel collected discharge samples for weekly NPDES water 
quality analysis. 

20-Mar-06 GEOSCIENCE personnel delivered NPDES discharge samples to 
Del Mar Analytical in Irvine, California.  Boart completed 
airlifting and swabbing the screened interval from 351 LF to 131 
LF bgs before installing 6 ft3 of fine sand (#1/20 Monterey Sand) 
from 45 LF bgs to 42 LF bgs.  A total of 4 yd3 of neat cement 
mixed with 2,000 lbs of #1/20 sand was installed for the deep 
annular seal that was placed from a depth of 42 LF bgs to ground 
surface within the 24-inch OD casing.  The remaining 24-inch 
temporary casing was removed from the borehole.  Cement was 
visible in the annular space at 6 LF bgs.  The 12 ¾-inch casing 
was cut off just above ground level. 

21-Mar-06 Boart began demobilizing the drilling rig and power unit from the 
beach. 

22-Mar-06 Boart continued to demobilize the drilling equipment. 
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23-Mar-06 Boart completed demobilizing the drilling rig by picking up the 
mast unit using a 90 ton crane.  The anchors were pulled.  
Installation of  the 125 HP 10 inch diameter submersible test 
pump was begun.  Two 1 inch diameter PVC tubes were installed 
adjacent to the submersible pump cable through which water 
levels could be measured manually and with a transducer. 

24-Mar-06 Boart personnel completed installation of the vertical turbine test 
pump with the intake set at 124 LF bgs and began final 
development by pumping at a discharge rate of 500 gpm.  The 
sand content ranged from10 parts per million (ppm) to a trace 
with the static water level measuring 20.6 LF bgs.  All discharge 
to the diffuser was monitored for dissolved oxygen concentration. 

25-Mar-06 Boart continued development pumping at 500 gpm increasing to a 
maximum discharge rate of 1,857 gpm (without surging) with an 
average short-term specific capacity of 74 gpm/ft.  The sand 
content ranged from trace to 63 ppm.  The discharge to the 
diffuser was monitored for dissolved oxygen concentration. 

26-Mar-06 Boart continued development pumping with surging to maximum 
discharge rate of 1,100 gpm with an average short-term specific 
capacity of 71 gpm/ft.  The sand content ranged from trace to 10 
ppm. The discharge to the diffuser was monitored for dissolved 
oxygen concentration. 

27-Mar-06 Boart continued development pumping with surging to a 
maximum discharge rate of 1,700 gpm with an average short-term 
specific capacity of 71 gpm/ft was achieved.  The sand content 
ranged from trace to 10 ppm.  The discharge to the diffuser was 
monitored for dissolved oxygen concentration. 

28-Mar-06 Boart completed 40 hours of final development by pumping. A 
maximum pumping rate of 1,700 gpm was achieved with an 
average short-term specific capacity of 80 gpm/ft.  The sand 
content ranged from trace to 5 ppm.  The discharge to the diffuser 
was monitored for dissolved oxygen concentration. 

29-Mar-06 The step drawdown test was performed at discharge rates of 511 
gpm, 1,010 gpm, and 1,514 gpm.  The discharge to the diffuser 
was monitored for dissolved oxygen concentration. 
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31-Mar-06 The 5-day constant rate pump test began.  GEOSCIENCE 
personnel collected sea water samples and well discharge samples 
for water quality analysis by Weck Laboratories, Inc., City of 
Industry, California and CRG Marine Laboratories in Torrance, 
California.  Discharges to the diffuser were monitored for 
dissolved oxygen concentration and the discharge from the well 
was monitored for temperature, conductivity, dissolved oxygen, 
turbidity, pH, and ORP. 

1-Apr-06 The constant rate pumping test continued.  GEOSCIENCE 
personnel collected well discharge samples for water quality 
analyses by Weck Laboratories, Inc. and CRG Marine 
Laboratories.  Discharges to the diffuser were monitored for 
dissolved oxygen concentration and the discharge from the well 
was monitored for temperature, conductivity, dissolved oxygen, 
turbidity, pH, and ORP. 

2-Apr-06 The constant rate pumping test continued.  GEOSCIENCE 
personnel collected well discharge samples for water quality 
analyses by Weck Laboratories, Inc. and CRG Marine 
Laboratories.  Discharges to the diffuser were monitored for 
dissolved oxygen concentration and the discharge from the well 
was monitored for temperature, conductivity, dissolved oxygen, 
turbidity, pH, and ORP. 

3-Apr-06 The constant rate pumping test continued.  GEOSCIENCE 
personnel collected well discharge samples for water quality 
analyses by Weck Laboratories, Inc. and CRG Marine 
Laboratories.  Discharges to the diffuser were monitored for 
dissolved oxygen concentration and the discharge from the well 
was monitored for temperature, conductivity, dissolved oxygen, 
turbidity, pH, and ORP.  GEOSCIENCE personnel collected 
samples of the discharge to the diffuser in San Juan Creek for 
semi-annual NPDES water quality analysis by Del Mar 
Analytical.   

4-Apr-06 The constant rate pumping test continued.  GEOSCIENCE 
personnel collected well discharge samples for water quality 
analysis by Weck Laboratories, Inc. and CRG Marine 
Laboratories.  Pacific Surveys, Inc. conducted fluid resistivity and 
temperature logs in nearby monitoring wells MW-1Middle and 
MW-1Deep. 
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5-Apr-06 Completed the constant rate pumping test that was followed by 4 
hours of recovery measurements.  The average discharge rate was 
1,660 gpm over five days (120 hrs).  GEOSCIENCE personnel 
collected samples from the test slant well for water quality 
analysis by Weck Laboratories, Inc., CRG Marine Laboratories, 
and MWH Laboratories of Monrovia, California. Boart personnel 
began dismantling the discharge line in preparation for removing 
the test pump. 

6-Apr-06 Boart completed removal of the submersible test pump.  
American Asphalt removed the damaged section of pavement in 
the main driveway and replaced it with fresh asphalt.  After 
calibrating tools onsite, Pacific Surveys completed a fluid 
resistivity logs in MW-1Middle, MW-1Deep and the Test Slant 
Well.  Additionally, Pacific Surveys completed a video survey of 
the Test Slant Well. The video survey showed evidence of 
precipitation of dissolved minerals (feathery debris and orange 
staining) at 98 LF bgs, 127 LF bgs and 150 LF bgs.  Sediment 
build-up (i.e., sand and filter pack material) on the bottom of the 
slant well was found at 323 LF bgs and 316 LF bgs.  
Approximately 3.5 ft in depth (347.5 to 351 ft bgs).   

7-Apr-06 The site was secured for Spring Break (April 7th to April 16th, 
2006. 

3-May-06 Pacific Surveys calibrated tools in the field and ran a second fluid 
resistivity and temperature log in the Test Slant Well.  Boart 
personnel began installing the submersible test pump with a 
packer in the well. 

4-May-06 Boart continued to install the submersible test pump. 

5-May-06 Boart continued to install the submersible test pump. 

6-May-06 Boart continued to install the submersible test pump.  The Baker 
tank onsite has been cleaned.  

7-May-06 Boart completed installation of the submersible test pump to 300 
LF bgs, however, the pump would not start.  Boart disconnected 
the discharge head, ran 1-inch PVC airline to 300 ft and airlifted 
from the interior of the column pipe to remove possible sediment 
from the pump bowls.  After reconnecting the discharge head, the 
pump still would not start.   

8-May-06 Boart began removing the submersible test pump. 
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9-May-06 The submersible test pump was removed from the well.  All 
components checked out well.  The submersible pump cable was 
badly scraped in places (260-300 LF).  2-inch diameter steel T&C 
pipe with a 1 inch airline was installed to 350 LF bgs to airlift 
sand and filter pack debris from the well.   

10-May-06 Boart removed the 2-inch steel pipe and began reinstalling the 
submersible test pump with the packer placed approximately 10 ft 
above the pump intake. 

11-May-06 Boart continued to install the submersible test pump. 

12-May-06 Boart completed installation of the submersible test pump with 
the intake at 310.77 LF bgs and the packer placed at 306.77 LF 
bgs and began development pumping with the packer deflated.  
The discharge rate was increased from 500 gpm to 1,600 gpm as 
the sand content declined, before inflating the packer.  The packer 
was inflated to 75 psi (to overcome background pressure by 
approximately 25 psi).  Pumping was resumed, starting at 500 
gpm and increasing to 800 gpm as the sand content declined.  
Discharges to San Juan Creek were monitored for dissolved 
oxygen content.  The pump was turned off to allow the well to 
recover overnight. 

13-May-06 The 48 hour deep zone pumping test was started.  Discharges to 
the diffuser were monitored for dissolved oxygen while the 
discharge from the well was monitored for field SDI, temperature, 
conductivity, dissolved oxygen, turbidity, pH, and ORP. 

14-May-06 The 48 hour deep zone pumping test continued.  Discharges to the 
diffuser were monitored for dissolved oxygen while the discharge 
from the well was monitored for field SDI, temperature, 
conductivity, dissolved oxygen, turbidity, pH, and ORP. 

15-May-06 The 48 hour deep zone pumping test was concluded followed by 
4 hours of recovery measurements.  Discharges to the diffuser 
were monitored for dissolved oxygen while the discharge from 
the well was monitored for field SDI, temperature, conductivity, 
dissolved oxygen, turbidity, pH, and ORP.  Boart began 
dismantling the discharge piping and began removing the 
submersible pump. 

16-May-06 Boart completed removal of the submersible test pump.  Pacific 
Surveys conducted a second video survey of the Test Slant Well.  
A plastic centralizer was removed from the well.   
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17-May-06 Deviation surveys were conducted in the Test Slant Well using an 
EZ-Shot tool.  Inclination measured at four points was -21.3° to -
22.6° from horizontal.  The casing was excavated to a depth of 4 
feet below ground surface.  The stainless steel casing was cut off 
at 3 ft below ground surface before a Type 316L stainless steel 
flange was welded to it.  A blind flange with a ¼ inch fitting was 
attached and the interior of the casing was filled with nitrogen gas 
to 10 psi (at low tide).  The diffuser was removed from the creek.   
The excavations around the slant well and the monitoring well 
were filled in and compacted.   

18-May-06 Boart removed the pipe for the water line and the fencing at both 
the beach and the parking area were removed.  The beach site was 
leveled and the sand was placed back over the site.  All 
equipment was loaded onto the pump rig and the trailer.  The 
parking area was swept and the large piles of sand, soil and filter 
pack material were picked up.   

19-May-06 Boart equipment left the site.  United Rentals picked up the 
forklift and the generator.  State Parks personnel drove a street 
sweeper over the parking area to remove any remaining debris. 
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Appendix C 
Photographic Log of Borehole Samples 
from Test Slant Well SL-1 
 
Lineal footage is equal to the distance from ground surface along the 23 degree angle of the Test 

Slant Well.  Vertical footage is equal to lineal footage multiplied by the sine of 23°. 
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Appendix E 
Development Notes 
 



E-2 



E-3 



E-4 



E-5 



E-6 



E-7 



E-8 



E-9 



E-10 



E-11 



E-12 



E-13 



E-14 



E-15 



E-16 



E-17 



E-18 



E-19 



E-20 



E-21 



E-22 



E-23 



E-24 



E-25 

 



F-1 

Appendix F 
Geophysical Logs 
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Appendix H 
Well Completion Report 
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Appendix I 
Contractor’s Supporting Data 



I-2 



I-3 



I-4 



I-5 



I-6 



I-7 



I-8 



I-9 



I-10 



I-11 



I-12 



I-13 



I-14 



I-15 



I-16 



I-17 



I-18 



I-19 



I-20 



I-21 



I-22 



I-23 



I-24 



I-25 



I-26 



I-27 



I-28 



I-29 



I-30 



I-31 



I-32 



I-33 



I-34 



I-35 



I-36 



I-37 



I-38 



I-39 



I-40 



I-41 



I-42 



I-43 



I-44 



I-45 



I-46 



I-47 



I-48 



I-49 



I-50 



I-51 



I-52 



I-53 

 



J-1 

Appendix J 
Pumping Test Data 
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