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REVIEW OF MARINE RESOURCES AND CONSTRAINTS FOR A PROPOSED
DESALINATION PROJECT AT THE SANTA MARGARITA RIVER, CAMP
PENDLETON, CALIFORNIA
December 12, 2007

INTRODUCTION
The San Diego County Water Authority (Water Authority) is investigating the feasibility of
constructing and operating a reverse osmosis (RO) desalination plant at Marine Corps Base Camp
Pendleton, in the vicinity of the Santa Margarita River near Oceanside, California. The desalination facility
would provide high-quality water treated to drinking water standards to supply the local needs of the
Marine Corps Base as well as supplement the regional water supply of San Diego County.

PROJECT DESCRIPTION
The goal of this early stage in the project is to evaluate potential constraints that would limit or
eliminate options for the design and operation of the proposed desalination facility in the proposed project
area. While constraints could be physical, environmental, regulatory, or security related, this report will
describe local marine resources and attempt to identify potential constraints resulting from physical
restrictions or environmental concerns in the project area. The project area identified for this evaluation is
the estuary and nearshore marine habitat associated with the mouth of the Santa Margarita River.
Existing data will be utilized to describe an area extending 3,050 m (10,000 ft) upcoast, downcoast and
offshore of the center point of the river mouth as well the as habitat subject to marine influence in the
Santa Margarita River estuary wetland. In addition, an attempt to identify potential constraints to project
design and further data needs will be evaluated.
Source water for the desalination plant will be seawater drawn through a new, dedicated offshore
intake or brackish water/seawater drawn through beach wells in the Santa Margarita River estuary or
along the upcoast sandy beach. Volumes or efficiencies for the RO process have not been determined.
For seawater, the RO process is roughly 40-50% efficient for up to half of the volume of the intake stream
converted to potable water with the remaining by-product water (seawater concentrate [brine] with a
salinity about twice that of seawater and filter backwash water) discharged to the ocean. The discharge
would be through a new, dedicated outfall offshore of the river mouth. It is anticipated that this outfall will
be designed with diffuser ports to promote local dilution of the brine discharge. Although RO volumes and
the potential for additional intake for dilution have not been determined, the outfall will be designed to
accept occasional discharge of treated wastewater from treatment facilities at Camp Pendleton.

PHYSICAL CHARACTERISTICS
Location. The project area identified for this evaluation is the Santa Margarita River estuary wetland and
the nearshore marine habitat 3,050 m upcoast, downcoast and offshore of the center point of the mouth
of the Santa Margarita River (Figure 1). Physiography, climate, and oceanography all contribute to the
general character of the study area. All of these factors have natural long- and short-term cycles as well
as aperiodic components. Winds, tides, and currents are particularly important since they determine, to
the greatest extent, the actual fate of any effluent.
Physiography. The Southern California Bight (SCB) is an open embayment of the Pacific Ocean, which
extends from Point Conception, California to Cabo Colnett, Baja California and is bounded approximately
200 km offshore by the California Current. The general orientation of the coastline between Point
Conception and the Mexican border is northwest to southeast. The continental margin has been slowly
emerging (on a geologic time scale), resulting in a predominantly cliffed coastline, broken by coastal
plains in the Oxnard-Ventura, Los Angeles, and San Diego areas. Drainage of the coastal region is

provided by many relatively small streams which normally flow only during rain storms. However, only a
small part of the storm runoff ever reaches the ocean, most being impounded by dams and diverted for
other uses.

Figure 1. Project area with nearby constraints.

Water circulation and oceanographic characteristics of the coastal region are strongly influenced
by eight offshore islands (Figure 2). The mainland shelf is narrow, ranging in width from less than two km
to more than 18 km, averaging about 7 km. Seaward of the mainland shelf is an irregular and geologically
complex region known as the continental borderland. The borderland is composed of basins and ridges
which extend from near the surface to depths of more than 2,400 m. The continental shelf in the SCB is
cut by numerous submarine canyons, which facilitate the transport of water between deep, offshore areas
and the shallow nearshore environment. The Carlsbad Canyon, one of 14 major canyons in the SCB, is
located approximately 10.5 km downcoast of the Santa Margarita River.
The coastline in the vicinity of the project area is
sandy beach backed by the alluvial fan at the mouth
Santa Margarita River for about 870 m upcoast and 1,170
m downcoast of the current river opening. Farther
upcoast, the beach is backed by bluffs, with a small
drainage at the upcoast extent of the project area (Figure
1). Agricultural fields occupy most of the bluff-top upcoast
of the river in the project area.
Downcoast of the Santa Margarita River mouth
the beach is backed by low dunes that grade into a lightly
developed area. About 2,100 m downcoast of the of the
river opening, a breakwater extends offshore of the beach
Figure 2. Surface circulation in the
and downcoast to provide protection and a shared
Southern California Bight. Hickey 1992.
entrance channel for the Del Mar Boat Basin and the
Oceanside Harbor. At about the same distance from the
river opening as the breakwater, the beach is bisected by the entrance channel to the boat basin. Inside
the protected artificial embayment created by the breakwater, a peninsula that extends slightly into the
harbor separates the Del Mar Boat Basin, operated by Camp Pendleton, from the Oceanside Harbor. The
downcoast extent of the project area coincides with the northwest end of Harbor Beach, which is
riprapped, with a small offshore breakwater to protect the downcoast edge of the harbor and entrance
channel.
The Santa Margarita River Estuary is one of 29 remaining coastal wetlands in southern California
between Point Conception and the Mexican border (Zedler 1996). A railroad trestle and the bridges for
the Interstate 5 freeway divide the estuary about 1,140 m upstream of the river mouth, while another
bridge at Stuart Mesa Road crosses the estuary another 950 m upstream. Warburton (2007) divided the
Santa Margarita River Estuary into three areas based on these bridge crossings for descriptive purposes.
The first is coastal, the area of the river between the ocean and the adjacent railroad and Highway 5
bridges. The middle section extends upstream of these bridges to the bridge at Stuart Mesa Road. The
third section extends between Stuart Mesa Road and a small hill in the floodplain upstream known as the
blockhouse, which is the usual upstream extent of marine influence in the river.
The mouth of the Santa Margarita River lacks a persistent sand bar, which partially or totally
closes the river mouth, reducing or eliminating tidal influence in the estuary during the dry season
(Warburton et al. 2000, MCBCP 2007). During the wet season, rains and winter storms breach t he sand
bar and open the river to tidal flow for a period of weeks or months. As a result, the marine influence in
the estuary at the mouth of the river may extend from three to six kilometers upstream of the ocean, with
salinity in the lower river variable between fresh and marine depending on the season and tidal flow and
mixing. Between 1997 and 2000, it was noted that the estuary lagoon varied between 20 and 500 m in
width with an average depth of 1.5 m or less and a relatively narrow, deeper central channel (Warburton
et al. 2000).
Offshore of the river, the nearshore marine habitat is an open coast. Sandy beach dominates the
intertidal habitat, except along the rocky riprap breakwater of Oceanside Harbor. The sandy beach grades
to a soft-bottomed sea floor that gently slopes with distance to a depth of about 60 ft (18 m) at 10,000 ft
(3,048 m) offshore of the river mouth. No natural hard-bottom substrate occurs in the project area;

however, the shallower portions of Oceanside Artificial Reef 2 are located at a depth of about 13 m (42 ft)
south of the river mouth in the project area (Lewis and McKee 1989).
Climate. Southern California lies in a climatic regime broadly defined as Mediterranean, which is
characterized by short, mild winters and warm, dry summers. Long-term annual precipitation near the
coast averages about 46 centimeters (cm), of which 90% occurs between November and April. Sea
breezes are caused by differential heating between land and sea. During the summer, these breezes
combine with the prevailing winds that blow out of the northwest to produce strong onshore winds. They
typically start around noon and may continue through late afternoon, with speeds reaching 40 km per
hour. In late fall and winter, a reverse pressure system frequently develops, causing coastal offshore
winds from the southeast from November through February, typically between 1300 and 2000 hours (hr).
Monthly mean air temperatures along the coast range from 8.3°C in winter to 20.6°C in summer, with the
minimum dropping slightly below freezing and maximum reaching above 37°C.
Currents. Water in the north Pacific Ocean is driven eastward by prevailing westerly winds until it
impinges on the western coast of North America where it divides and flows both north and south. The
southern component is the California Current, a diffuse southeastward flowing water mass. No true
western boundary of this current exists, but more than 90% of the southeastward transport is within 725
km of the California coast. South of Point Conception, the current diverges. One branch turns northward
and flows inshore through the Channel Islands, forming the inner edge of the Southern California
Countercurrent. Surface speed in the counter current averages between 5 and 10 cm/s. The flow pattern
is complicated by small eddies within the Channel Islands and it fluctuates seasonally, being more
developed in summer and autumn and weak or occasionally absent in winter and spring. The general
pattern of surface water circulation off southern California is shown in Figure 1.
Currents in the nearshore area are affected by many factors, including wind, weather, tides, local
topography, density structure, and offshore oceanic currents. The latter, which are super-imposed on the
tidal motion, usually have a strong diurnal component in response to local wind patterns. Therefore, shortterm observations of currents near the coast often vary in both direction and speed as a result of
combined wind-induced and tidal motions.
Tides. Tides along the California coast are mixed semi-diurnal, with two unequal highs and two
unequal lows during each 25-hr period. In the eastern North Pacific Ocean, the tide wave rotates in a
counterclockwise direction. As a result, flood tide currents flow upcoast and ebb tide currents flow
downcoast.
Upwelling. Northwesterly winds are predominantly responsible for the large-scale upwelling
noted along the California coast. From about February to October, these winds induce offshore
movement (Ekman transport) of surface water, resulting in the upward movement of deeper ocean waters
near the coast. The upwelled water is colder, more saline, lower in oxygen, and higher in nutrient
concentrations than surface waters. This phenomenon alters the physical properties of the surface
waters, while the influx of nutrients enhance biological productivity.
El Niño/La Niña. The oceanic and climatic event known as El Niño occurs on a yearly basis off
the coast of Peru (Dailey et al. 1993). El Niños are characterized by displacement of coastal waters by a
warmer and lower salinity water mass. In strong El Niño years, this phenomenon can affect global
weather patterns, sea level and oceanic currents. Every few years, a weakening of the California Current
allows northward migration of warmer equatorial water into the North Pacific Ocean and the SCB. This
event, a result of equatorial El Niño effects, raises local marine water temperatures, occasionally up to
10°C above normal, and may last from one to three years. El Niños in the SCB may influence local
weather and lead to increases in the number and severity of winter storms and reductions in seasonal
upwelling. Extended or severe El Niño events in the SCB can lead to reductions in coastal productivity
and dramatic alterations in the flora and fauna of the SCB. A contrasting phenomenon, known as La Niña,
recurs in the SCB every four to ten years (Dailey et al. 1993). La Niñas are characterized by colder than
normal water and increased coastal productivity.

Sand Movement and Dredging. The beaches in the project area are part of the Oceanside
Littoral Cell, which extends from Dana Point to La Jolla. Coastal sand movement within this cell includes
both onshore and offshore seasonal migration and longshore transport. Major fluvial inputs of sand in this
littoral cell include San Juan Creek, and the Santa Margarita, San Luis Rey and San Dieguito Rivers
(Patsch and Griggs 2007). Sand transport into the cell by rivers is intermittent, depending on rain
amounts and duration, and sediment contributions by these rivers have been reduced from natural levels
by upstream damming. Another natural source of sand replenishment, erosion of coastal bluffs, has also
been reduced as a result of protective armoring, which covers about 20% of the seacliffs in the
Oceanside Littoral Cell. As a result of these reductions, sand contribution by beach nourishment has
become important in maintaining the sand balance in the cell. Sand contributed by rivers, erosion and
nourishment eventually moves downcoast as a result of longshore transport, and is ultimately lost to the
Scripps Canyon.
The Oceanside Harbor, in the middle of the littoral cell, effectively divides the cell into two subcells, one from Dana Point to the Oceanside Harbor, and a second from the Oceanside Harbor to the La
Jolla and Scripps submarine canyons (Patsch and Griggs 2007). Sand input into the northern sub-cell
eventually migrates to Oceanside Harbor, which effectively breaks the natural transport process in the
cell. Instead of continuing downcoast, sand accretes along the upcoast breakwater of the harbor, gets
deposited in the entrance channel of the Oceanside Harbor, or gets diverted offshore by the breakwater.
Because of this, Oceanside Harbor requires regular dredging. Sand dredged from the harbor is bypassed
to the southerly sub-cell, but almost one-half of the total sand from the northern sub-cell gets diverted
offshore at Oceanside Harbor.
Navigation and Restricted Areas. Two restricted navigation areas have been established
offshore of Camp Pendleton for military training and activities (Figure 1). Approximately 2,100 m (6,900 ft)
downcoast of the mouth of the Santa Margarita River, a restricted area extends about 500 m (1,640 ft) to
the upcoast edge of the Oceanside Harbor breakwater and 1,800 m (5,940 ft) offshore. Any activity in this
restricted area which may endanger underwater installments such as anchoring, fishing or trawling is
prohibited at all times. Traffic may cross the area if the vessel maintains a direct route without delay. A
second restricted area borders the project area north of the Santa Margarita River (not shown on Figure
1). This is a military exercise area, which cautions mariners of activity between 0600 and 2400 hrs.
In addition to these restricted areas, there are artificial reefs and two buoys within the study area
(Figure1). The Oceanside Artificial Reef II is marked as an Obstruction Fish Haven west of the Oceanside
Harbor. No activity is restricted in this area. The two buoys southwest of the Oceanside Harbor post no
navigational restrictions.

NEAR SHORE WATER QUALITY
Temperature. Natural water temperatures fluctuate throughout the year in response to seasonal
and diurnal variations in currents as well as meteorological conditions such as wind, air temperature,
relative humidity, cloud cover, ocean waves, and turbulence.
Natural temperature is defined by the California State Water Resources Control Board as "the
temperature of the receiving water at locations, depths, and times which represent conditions unaffected
by any elevated temperature waste discharge”. Previous studies have shown that natural surface
temperatures may vary several degrees in a single day depending on time of day and year, as well as
meteorological and oceanographic conditions.
Diurnally, natural surface water temperatures typically vary 1 to 2°C in summer and 0.3 to 1°C in
winter (EQA/MBC 1973). Factors contributing to rapid daytime warming of the sea surface are weak
winds, clear skies, and warm air temperatures. Factors that reduce diurnal temperature ranges are
overcast skies, moderate air temperatures, and vertical mixing of the surface waters by winds and waves.

A sharp difference between surface and bottom water temperatures is called a thermocline, a
steep temperature gradient between adjacent water layers of more uniform temperatures. In natural
waters, a thermocline is formed when absorption of solar radiation penetrating the sea surface develops a
stable stratification, separating the surface layer from the subsurface layer. Artificial thermoclines may be
found in the vicinity of thermal discharges when elevated temperature fields result in heated water
overlaying the cooler receiving water. In the SCB, reasonably sharp natural thermoclines have been
reported in nearshore waters at depths of 12 to 15 m during the summer months, but they are typically
absent during the winter (Allan Hancock Foundation 1965).

Table 1. Mean SST
nearshore Oceanside
May 1997 to October
2007. (CDIP 2007)
Month
Mean SST
January
February
March
April
May
June
July
August
September
October
November
December

14.9
14.7
14.9
15.4
17.7
19.1
20.9
21.1
20.6
19.0
17.2
15.5

Sea surface temperatures (SSTs) have been recorded at a
nearshore oceanographic buoy seven nautical miles (13,000 m) off of
Oceanside since May 1997 (CDIP 2007). Mean monthly temperatures
during this time ranged from a low of 14.7°C for February to a high of
21.1°C for August (Table 1). During this period, a low temperature of 11.5°C
was found in March of 2002, while a high of 24.9°C occurred in August
2007, with similarly high values found in September 1997. Temperatures in
the project area are likely to be similar to, but slightly higher than those
reported at the buoy. Higher temperatures are common in the nearshore
environment as a result of solar heating (insolation) of surf zone and
shallow intertidal and subtidal waters. In the project area, nearshore water
temperature may also be influenced tidally by water ebbing out of
Oceanside Harbor, which may be warmer than waters offshore.

Near the project area, receiving water monitoring conducted at the
Encina Ocean Outfall between 1985 and 1991 found similar mean SSTs
during quarterly water quality monitoring. In addition, water column
sampling showed an average surface-to-bottom difference at a depth of
about 45 m of 1.3°C in January, when the water column in typically well
mixed, and temperature varies little with depth in the nearshore environment
(MEC 1992). In spring, increased warming of surface waters was noted to a
depth of about 15 m, below which cooler temperatures were found, resulting in a surface-to-bottom
temperature reduction of 4.9°C at Encina in April. Upwelling is most common in the spring, periodically
bringing deep, cooler water to the surface and reducing SST. In summer, surface and bottom
temperatures are markedly different, with an average surface-to-bottom difference of 8.9°C found in
August at Encina. During summer there is little mixing in the nearshore water column, with warm surface
waters found above the cooler bottom waters and a strong thermocline between. In fall, surface
temperatures decrease, reducing surface-to-bottom differences in the nearshore water column. At
Encina, bottom water temperature averaged 3.1°C less than surface temperatures in November.
Salinity. Salinity (a measure of the concentration of dissolved salts) in coastal environments is
affected by the introduction of fresh water from land runoff and direct rainfall and by evaporation.
Offshore, salinities throughout the SCB are fairly uniform and normally range from 33.0 to 34.0 parts per
thousand (ppt) (Allan Hancock Foundation 1965).
Similar to temperature, salinity in the nearshore environment has seasonal components. Near the
project area at Encina, a pycnocline (a region of rapid salinity variability within a relatively small change in
depth) generally forms at a depth of 20 to 30 m in the early spring, with cooler, more saline water found
near bottom (MEC 1992). In summer, as surface waters warm, the pycnocline thickens and moves up in
the water column, and higher salinities are typically found in surface waters. In fall, decreased solar
isolation and increased surface mixing push the pycnocline deeper in the water column, with the
nearshore pycnocline generally disappearing in winter. Despite these apparent salinity trends, salinity at
Encina between 1985 and 1991 was relatively similar in the area to a depth of about 45 m, varying
between 31.9 and 34.1 ppt over the multi-year sampling period, with a water column average of about
33.4 ppt.

Density. Seawater density varies inversely with temperature and directly with salinity at a given
pressure. Water temperature is the major factor influencing density stratification in southern California
since salinity is relatively uniform. As a result, density gradients are most pronounced offshore when
spring and summer thermoclines are present.
Dissolved Oxygen. The dissolved oxygen (DO) concentration of seawater is affected by
physical, chemical, and biological variables. High DO concentrations may be the result of cool water
temperatures (solubility of oxygen in water increases as temperature decreases), active photosynthesis,
and/or mixing at the air-water interface (Sverdrup et al. 1942). Conversely, low concentrations may result
from high water temperatures, high rates of organic decomposition, and/or extensive mixing of surface
waters with oxygen-poor subsurface waters. Dissolved oxygen typically fluctuates in the nearshore
temperate environment around 7.5 milligrams per liter (mg/l) (Kennish 2001), with the threshold of
biological concern being 5 mg/l. Dissolved oxygen concentrations in the SCB typically range from
approximately 5 to 13 mg/l (Allan Hancock Foundation 1965).
Hydrogen Ion Concentration. In the open ocean, the hydrogen ion concentration (pH) remains
fairly constant due to the buffering capacity of seawater (Sverdrup et al. 1942). However, in nearshore
areas, pH may be more variable due to physical, chemical, and biological influences. For instance, in
areas with a large organic influx, such as bays, estuaries, and river mouths, microbial decomposition
increases. Along with a reduction in dissolved oxygen, decomposition also results in the production of
humic acids, which decrease pH (Duxbury and Duxbury 1984). Reduced pH values may also occur in
areas of freshwater influx, since fresh water usually has a lower pH than salt water. In contrast,
phytoplankton blooms (red tide), which are often associated with nearshore upwelling, may cause pH to
increase. High photosynthetic rates increase the removal of carbon dioxide from water, thus reducing the
carbonic acid concentration and raising pH. The hydrogen ion concentration (pH) in surface waters off
southern California varies narrowly around a mean of approximately 8.0 and decreases slightly with
depth.

BIOLOGICAL RESOURCES
Santa Margarita River Estuary
The Santa Margarita River watershed, at 192,145 ha (474,800 ac), is the largest of seven
drainages within Camp Pendleton, although less than 10% of the watershed is on base (MCBCP 2007).
Near the ocean, the Santa Margarita River’s broad alluvial plain forms an estuarine lagoon at the mouth
of the river. Because the river lacks a persistent sand bar at the mouth, both freshwater input and tidal
circulation influence the biological communities found in the estuary, with a more stable estuarine
community occurring when the sand bar is breached. During these periods, marine conditions increase
productivity of estuarine invertebrate species that serve as a food source for fish and birds, while tidal
influence inundates the salt marsh and exposes mudflats that provide foraging for resident and migratory
shorebirds.
The Santa Margarita River estuary supports four important habitat types: brackish marsh, salt
marsh, salt flats and coastal sand dunes (MCBCP 2007). These habitats support 148 plant species, nine
reptiles and amphibians, 24 fish species, 184 bird species and 17 mammals. At least 28 sensitive plant
species have been reported at Camp Pendleton in habitats that could occur at the Santa Margarita River
estuary, including coastal dunes milk-vetch (Astragalus tener var. titi ) a federal and state listed
endangered species reported near the mouth of the river (Appendix 1). Among the animal species, 22
sensitive species have been reported in the estuary, including 10 federally- or state-listed as threatened
or endangered species, including California least tern (Sternula antillarum browni), western snowy plover
(Charadrius alexandrius nivosus), Belding’s savannah sparrow (Passerculus sandwichensis beldingi),
light-footed clapper rail (Rallus longirostris levipes), and tidewater goby (Eucyclogobius newberryi)
(Appendix 2).

California least terns nest in sandy areas near shallow open near-shore or coastal water areas
where they plunge dive to capture a variety of small fish. They are a migratory species that nest on
beaches in southern California between 1 March and 15 September before migrating out of the area in
winter. California least terns nest on beaches at the mouth of the Santa Margarita River as well as on salt
flats on the southern side of the estuary west of the I-5 over crossing. Known nesting sites are fenced to
protect the nesting adults and fledglings from disturbance and predation. In 2004, more than 1,200
California least tern pairs nested in the vicinity of the Santa Margarita River, most on the north beach at
the mouth of the river (MCBCP 2007).
Western snowy plovers, like California least terns, nest in sandy areas, and the plovers may nest
among or adjacent to California least tern nesting sites. Nesting occurs between 1 March and 15
September. Western snowy plovers are considered to be both a migrant and resident species, with some
individuals found in southern California year-round. Chicks of the species are precocious, able to forge
shortly after birth and before they can fly. Because of this, protected nested areas require special fencing
that allows chicks to leave and enter the site while fledging. Western snowy plovers nest on beaches at
the mouth of the Santa Margarita River as well as on salt flats on the southern side of the estuary west of
the I-5 over crossing. In 2004, 212 Western snowy plover nests were found on Camp Pendleton (MCBCP
2007).
Belding’s savannah sparrow is a non-migratory species found in southern California coastal salt
marshes year-round. Belding’s savannah sparrow feeds on and nests in pickleweed in the upper salt
marsh. Nesting occurs between January and August. In the Santa Margarita River estuary, numbers of
nests have been variable, with 172 nesting pairs noted in the estuary in 2001 (MCBCP 2007).
Light-footed clapper rails are residents of coastal salt marshes in southern California. Clapper
rails nest in inundated salt marshes in floating nests nestled among stands of cordgrass or pickleweed.
Loss of habitat, disturbance and predation has led to a decline of this species and the Santa Margarita
River estuary is one of five sites on Camp Pendleton identified as essential to the species in its recovery
plan. Light-footed clapper rails nest between 1 March and 15 September. In 2003 and 2004, two pairs of
light-footed clapper rails were observed in the Santa Margarita River estuary (MCBCP 2007). .
The tidewater goby is a small fish restricted to brackish water habitats of coastal estuaries and
lagoons. The species is most commonly found in the upper reaches of a coastal estuary or in lagoons
where salinity is about 12 ppt. Occurrence and density of this species can be variable in local est uaries
and depend on water quality, tidal influence, predators and food availability. On Camp Pendleton
tidewater goby are found more consistently in smaller coastal drainages with persistent sand bars at their
mouths (MCBCP 2007). Peak spawning season for the species is 1 April to 30 June, but may extend
through December. Spawning and dispersal of adults during storm events allow this species to repopulate
estuaries that may not have hosted the species for several years. In the Santa Margarita River estuary,
tidewater gobies were found in the lagoon from 1988 to 1991 and in 2000 and 2001, but were not known
to occur in the estuary in 1987, from 1992 to 1999, or between 2002 and 2006 (MCBCP 2007).
Sandy Beaches
Sandy beaches are the predominant intertidal habitat in the SCB (Thompson et al. 1993).
Beaches are highly dynamic environments subjected to intense wave-related energy, exposure to air and
sun on low tide, constant reworking and large-scale seasonal substrate variations. Intertidal beach
communities in the SCB are typified by patchy distributions, temporal variations and generally sparse
abundances (Thompson et al. 1993). Individual animals that live in the sand are very mobile and
frequently change position in the sand with changes in water level. In the project area, typical year-round
inhabitants of the sandy intertidal include a pill bug (Alloniscus perconexus), an isopod (Tylos punctatus),
a beach hopper (Orchestoidea californica), the mole crab (Emerita analoga), an opossum shrimp
(Archaeomysis maculata), a polychaete worm (Euzonus mucronata), the bean clam (Donax gouldi), and
the pismo clam (Tivela stultorum) (EA 1997). In addition, California grunion (Leuesthes tenuis) seasonally
spawn and deposit eggs on local beaches.

Sandy beaches in the project area include the beach at the mouth of the Santa Margarita River
and a narrow sandy beach to north of the river below steep coastal bluffs. Beach habitat in this area is
considered to be southern foredune and is sparsely vegetated. At least eight sensitive plant species may
occur along the beaches in the project area including a small population Brand’s phacelia (Phacelia
stellaris), a federal candidate species (Appendix 1). In addition to these plant species, beaches in the
project area support seasonal nesting for California least terns and seasonal nesting and year-round
forging for western snowy plovers (Appendix 2).

NEARSHORE MARINE RESOURCES
In the project area, three distinct marine habitats have potential to be impacted by the project.
These include the sandy, soft-bottomed benthic habitat, a rocky intertidal or subtidal habitat, and pelagic,
or open water habitat. In addition, some habitats support special communities or groups that require
additional consideration such as kelp beds or sea turtles.
Sandy Subtidal. The seafloor offshore of the Santa Margarita River is characterized by softbottomed sediments, with sandy sediments more common at the shallower depths grading to finer muddy
sediments with increasing depth. The shallow subtidal benthic environment is subjected to frequent
disturbance from wave action, the magnitude of which decreases with water depth. In addition, seasonal
storms, currents and sand movement all contribute to the dynamics of the benthic habitat. In shallow
waters of the SCB, the epifaunal community (generally larger species that live on the sediment surface) is
well developed and dominated by suspension feeders (Thompson et al. 1993). Below about 10 m, the
epifauna community declines, and most species present are carnivores or scavengers. In regional
monitoring conducted in the southern area of the SCB in 1998, the white urchin (Lytechinus pictus) was
the most abundant species captured in trawl samples between 21 m and 185 m depth, followed by
ridgeback prawn (Sicyonia ingentis) and the California sea cucumber (Parastichopus californicus), which
also contributed most to biomass (MEC 1999).
The infaunal community of the shallow subtidal, however, increases in diversity and abundance
with depth (Thompson et al. 1993). In shallow waters of the SCB, the infaunal community at depths
characterized by strong wave surge tends to be dominated by small, mobile, deposit-feeding crustaceans,
with polychaete annelids becoming dominant with greater depth. In regional monitoring conducted in
1998 throughout the SCB, infaunal communities in depths of less than 32 m along the mainland shelf
were dominated by annelid species, followed by crustaceans and mollusks (SCCWRP 2003). In the
southern region of the SCB, which includes the project area, infaunal community abundance, biomass
and species diversity were all greatest at depths between 32 m and 50 m (MEC 1999).
Rocky Intertidal. No naturally occurring rocky substrate is found in the project area, but the
breakwater of Oceanside Harbor provides a man-made rocky intertidal habitat. Rocky intertidal
assemblages vary with tidal elevation, location, and season, and are influenced by the amount of time
they are exposed to drying winds and temperature extremes when not submerged. In areas subjected to
heavy wave action, the lower intertidal zone may be expanded upwards, and the upper intertidal zone
restricted. Plants in the rocky intertidal habitats of the SCB typically display vertical zonation, with distinct
species assemblages at different tidal levels, although the patterns may be disrupted by grazing by
marine animals. Lichens dominate the splash zone (highest zone), whereas the upper intertidal (below
the splash zone) flora includes green algae (Subphylum Chlorophyta) such as sea felt (Enteromorpha
spp) and sea lettuce (Ulva spp), brown algae (Subphylum Phaeophyta) such as rockweeds (Selvetia
spp), and various red algae (Subphylum Rhodophyta). The middle intertidal includes a more diverse algal
assemblage with red and brown algae. The lower intertidal consists of red and brown algae and may also
include surfgrass (Phyllospadix torreyi).
Invertebrates that live in the highest intertidal zones are typically shelled species able to tolerate
exposure to the air for long periods of time. These species typically include periwinkles (Littorina spp.),
barnacles (Balanus and Chthamalus spp.), limpets (Family Acmaeidae), and rock lice (Ligia spp.). In the

upper intertidal zone, species diversity increases, with additional species of snails (Class Gastropoda),
attached bivalves (Class Bivalvia), chitons (Class Polyplacophora), hermit crabs (Tribe Paguridea), and
striped shore crabs (Pachygrapsus crassipes). The middle intertidal is marked by California mussels
(Mytilus californianus), and gooseneck barnacles (Lepas spp.) both of which are filter feeders. A variety
of sea anenomes (Order Actiniaria), snails, sea slugs (Class Opisthobranchia), octopuses (Octopus spp.),
polychaetes (Class Polychaeta), barnacles, isopods, crabs and shrimp (Order Decapoda), and brittle
stars (Class Ophiuroidea) are also found in this zone (MBC 1993). The lower intertidal is similar to the
rocky subtidal. Sponges (Class Demospongiae), sea anenomes, polychaetes, snails, sea slugs, attached
bivalves, octopus, bryozoans (Phylum Ectoprocta), amphipods (Order Amphipoda), isopods, shrimp,
hermit crabs, crabs, sea stars (Class Asteroidea), brittle stars, sea cucumbers (Class Holothuroidea), sea
urchins (Class Echinoidea), and tunicates (Subphylum Urochordata) are abundant in the low intertidal.
Surfgrass Beds. Surfgrass is a marine angiosperm propagated through initial seeding and
expansion by rhizomal growth. This is a slow-growing species restricted to rocky intertidal and shallow
subtidal coastal habitats where it is susceptible to sand inundation and scouring. Surfgrass beds provide
habitat for invertebrates and a nursery area for some fish species. Surfgrass beds are considered
sensitive habitat because the plants are slow growing and they provide important habitat. Habitat for this
species may occur on the Oceanside Harbor breakwater.
Rocky Subtidal. No naturally occurring rocky subtidal substrate is found in the project area;
however, two artificial reefs are located relatively near the project site. The farther structure, called
Oceanside Artificial Reef 1 is located offshore and downcoast of the entrance of Oceanside Harbor. This
1.6 ha (4 ac) site was constructed in 1964 of 2,000 tons of quarry rock and augmented in 1987 with
concrete blocks (Lewis and McKee 1989). The second structure, Oceanside Artificial Reef 2 was
constructed in 1987 of 10,000 tons of quarry rock. This reef is a complex of twelve smaller reef units
spread over a 104 ha (256 ac) area of the sea floor at depths of 13 to 22 m (42 to 72 ft), with the closest
unit of the reef approximately 3,000 m south of the Santa Margarita River (Lewis and McKee 1989).
These reef areas were designed to increase fishing opportunities for desirable reef associated species
such as barred sand bass (Paralabrax nebulifer), kelp bass (Paralabrax clathratus) and California
sheephead (Semicossyphus pulcher) and are designated as “Fish Havens” on navigation charts.
Kelp Beds. Kelp beds form unique and conspicuous nearshore communities throughout the
SCB. Under favorable conditions giant kelp (Marocystis pyrifera) can form dense beds on exposed rocky
reefs in nearshore areas. Individual plants attach by holdfasts to hard substrate and extend upward
through the water column, often forming a surface canopy of floating fronds. Several stipes (branches)
may grow from each individual plant and stipes may grow to be up to 150 ft in length. Dense beds, or kelp
forests, support a diverse association of other species, including understory algal taxa like Eisenia and
Egregia, while attracting fish and invertebrate species to the area. Kelp beds in the SCB show seasonal
variability, subject to growing patterns, winter storms, sand inundation, predation and large-scale climatic
events such as El Niño and La Niña.
Despite both Artificial Reef 1 and Artificial Reef 2 being at depths where kelp would be expected
to occur, no surface kelp canopy has been noted in quarterly surveys of these sites since at least 2003
(MBC 2007). A small amount of kelp was noted offshore of the northern boundary of the project area in
1991, but this kelp bed has not been observed since.
Fish. Nearshore fish habitats in the project area include shallow exposed coast, demersal (those
fish species generally associated with the bottom), pelagic (open water), and subtidal reef. The proposed
project is located within an area designated as Essential Fish Habitat (EFH) for both the Coastal Pelagics
and Pacific Groundfish Management Plans.
In shallow coastal areas of the southern SCB, juvenile and adult flatfish, including speckled
sanddab (Citharichthys stigmaeus), spotted turbot (Pleronichthys ritteri) and California halibut
(Paralichthys californicus) are the most commonly encountered species (Allen and Herbinson 1991).
Larval and small queenfish (Seriphus politus), white croaker (Genyonemus lineatus) and northern

anchovy (Engraulis mordax) are less commonly encountered, but occasionally occur in coastal areas in
large abundances as expected with the schooling nature of these species.
Regional demersal fish studies conducted in the southern SCB in 1994 and 1998 found some
differences in the demersal fish community between surveys. In 1994, Pacific sanddab (Citharichthys
sordidus) and plainfin midshipman (Porichthys notatus) were the most abundant species, while in 1998
California lizardfish (Synodus lucioceps) and longfin sanddab (Citharichthys xanthostigma) dominated the
demersal fish community (MEC 1999c, SCCWRP 2003b). California lizardfish, a warm-water recruiter,
was not among the most abundant species in 1994, suggesting that the high abundances were related to
the ongoing El Niño during the 1998 sampling. A core group of species comprised of longfin sanddab,
yellowchin sculpin (Icelinus quadriseriatus), Pacific sanddab, and stripetail rockfish (Sebastes saxicola)
were found in similar abundances during both surveys suggesting that a stable and recurring demersal
fish community exists in the area.
Pelagic fish communities tend to be similar throughout the SCB, characterized by small schooling
fish species such as northern anchovy and Pacific sardine (Sardinops sagax), schooling predators such
as Pacific bonito (Sarda chiliensis) and yellowtail (Seriola lalandei), and large solitary predators such as
blue shark (Prionace glauca) and swordfish (Xiphias gladius) (Cross and Allen 1993). Distribution of
northern anchovy, likely the most abundant pelagic species in nearshore waters in the project area, is
patchy, and abundances when taken may be high. Other species that may be commonly taken in the
nearshore water column are queenfish, which aggregate near the bottom during the day, and white
croaker, which aggregate in the water column during the day. Both species disperse to feed at night.
Rocky subtidal fish communities include those species associated with rocky vertical relief, such
as barred sand bass and sargo (Anisotremus davidsonii), and kelp-associated species like giant kelpfish
(Heterostichus rostratus) and señorita (Oxyjulis californica). Many common fishes are attracted to both
habitats including kelp bass, California sheephead and garibaldi (Hypsypops rubicundus).
Birds. Beaches in the SCB provide important habitat for a number of bird species. Shorebirds,
those that generally feed in shallow water, are most abundant in the SCB in winter, when 21 species of
shorebirds can be found throughout southern California (Baird 1993). Common overwintering species
include black-necked stilt (Himantopus mexicanus), American avocet (Recurvirostra americana), longbilled curlew (Numenius americanus), black-bellied plover (Pluvialis aquatarola), sanderling (Calidris alba)
and sandpipers (Calidris spp). Other species such as willet (Catophorus semipalmatus), killdeer
(Charadrius vociferus) and western snowy plover may be found throughout the SCB year-round.
Forty-three species of seabirds are found in the SCB, the most numerous of which include
shearwaters, phalaropes, gulls, terns, and auklets (Baird 1993). Seabirds can be found in the SCB yearround with some species breeding, some overwintering and others migrating through the area. Of the
species that breed in the SCB all but the terns and skimmers nest on the Channel Islands. California
brown pelican (Pelecanus occidentalis californicus; State- and Federally-listed as Endangered), do not
utilize local coastal beaches to nest but may roost locally and feed in nearshore waters in the project
area.
Sea Turtles. There are three species of sea turtles that occur off Southern California, and a
fourth species that could potentially occur (Appendix 2). All four species have broad, worldwide ranges
and are highly migratory. Green turtle (Chelonia mydas), loggerhead turtle (Caretta caretta), and
leatherback turtle (Dermochelys coriacea) are known to occur off Orange and San Diego Counties. The
green sea turtle has established a population in San Diego Bay. This species, which has an affinity for
warm, tropical waters, resides near the South Bay Power Plant discharge channel and is the
northernmost habitat for turtles known on the west coast of the United States (Eckert 1993). Other than
this unique population sustained by the warm waters of the discharge, this tropical and subtropical
species would be considered uncommon to rare offshore. An olive ridley sea turtle (Lepidochelys
olivacea) was sighted off San Diego in 1973, and could potentially occur in the region (MBC 2002). All
green, loggerhead, and olive ridley sea turtles that could occur in the area are listed as threatened under

the Endangered Species Act of 1973, as amended. Leatherback sea turtle is listed as endangered
throughout its range.
Marine Mammals. There are a variety of marine mammals that occur in the SCB. While some
are year-round residents, others are only seasonal visitors or transients. Marine mammals likely to be
found offshore of the project area include baleen whales, toothed whales, seals and sea lions. Baleen
whales, including the gray whale (Eschrichtius robustus), do not have teeth, but instead have a series of
plates in the roof of their mouths containing bristles that are used like a sieve or mat for feeding. Toothed
whales, a group that includes the sperm whale (Physeter macrocephalus), killer whale (Orcinus orca),
dolphins and porpoises, have no baleen. Pinnipeds include eared seals (fur seals and the California sea
lion [Zalophus californianus]) and earless seals, including the Pacific harbor seal (Phoca vitulina).

SITE RECOMMENDATIONS
Santa Margarita River Estuary
Because of the specialized communities and sensitive species known to occur in the Santa
Margarita River estuary, it is recommended that project elements that modify habitats or alter hydrology or
water quality in the estuary, such as beach wells at the mouth of the river, be excluded from further
consideration. Peripheral project aspects, such as nearby siting of support buildings or tunneling below
the estuary which do not directly impact any estuary habitats may be considered, but will require
additional impact analysis.
Sandy Beaches
Several sensitive species utilize beaches in the project area and any modification of the beach
habitat is not recommended. However, if tunneling or construction of wells at beaches north of the Santa
Margarita River is possible without disturbing the surface sands and dunes, these aspects may be open
for further consideration. Beach wells below this area of beach are expected to be linked hydologically to
the ocean instead of the estuary, so impacts to the river are not expected, but will need to be further
investigated if proposed. If remote construction of beach wells is utilized, impacts on marine, estuarine, or
sandy beach biological resources are expected to be minimal.
Nearshore Marine Resources
An offshore intake system is the preferred alternative based on biological considerations. It is
recommended that the intake and discharge be designed and located to minimize potential impacts to
offshore reef communities, which could potentially support kelp beds, as well as to the rocky intertidal
community found on the Oceanside Harbor breakwater. In addition, the intake will need to be designed to
minimize loss of adult and larval fish and eggs to the extent practicable for the design volumes.
Placement and design of the offshore intake and discharge should also consider location in relation to
sand accretion and offshore sand diversion in the vicinity of Oceanside Harbor. Depending on the intake
option, construction in restricted navigation areas may be prohibited. Offshore intake options and
considerations are presented below.

OFFSHORE INTAKE OPTIONS
In the offshore intake options, source water for the desalination facility would be seawater
conveyed from the intake through a tunnel to the onshore desalination facility. Two types of offshore
intake are being considered: open-ocean intake and a seabed infiltration gallery (SIG).
Open-Ocean Intake
An open-water intake would utilize four T-shaped cylindrical wedge wire screen modules, each
2.4 m (8 ft) in diameter and about 9 m (30 ft) in length. Each module would be offset from each other by
about 30 m (100 ft) in a square pattern, connected to a common conveyance tunnel. Modules would be
mounted above the sea floor, with the top of the modules approximately 4 m (13 ft) above the bottom.
Because this is an active navigation zone, there may be minimum requirements for depth of the intake
structure, and construction in restricted navigation areas may be prohibited. Assuming a minimum
required navigable depth of 6 m (20 ft), this will require the modules be installed at a depth of no less than
10 m (33 ft) for the shallowest structures.
Seabed Infiltration Galleries
Two types of seabed infiltration gallery and slant wells area are being investigated. One concept
is a shallow SIG, which would consist of a series of horizontal drains located approximately 4 m deep in
the seabed. This would require the excavation of native sediments and replacement with an engineered
gravel pack consisting of crushed gravel and sand. This design would be at grade with the sea floor.
The second type of deep SIG would involve drilling collector wells from or into the offshore
conveyance tunnel. Wells would be spaced approximately 30 m (100 ft) apart along the length of the
tunnel. This design would be at grade with the sea floor, and would not require replacement of native
sediments.

OFFSHORE INTAKE BIOLOGICAL CONCERNS
Entrainment and Impingement
Entrainment occurs when planktonic organisms enter and pass through an intake structure.
These planktonic organisms can include organisms that have certain planktonic life stages
(meroplankton), as well as those that are planktonic for their entire life cycles (holoplankton).
Impingement occurs when organisms (invertebrates or vertebrates) become trapped against intake
screens. Operators of electric generating stations that utilize waters of the U.S. for cooling purposes are
regulated under Section 316(b) of the Clean Water Act, which requires the use of best technology
available for minimizing adverse environmental impact.
Entrainment and impingement at the proposed intake would vary depending on several factors,
including location and depth of withdrawal, volume of withdrawal, intake flow velocity, nearshore current
patterns, and the composition and density of organisms susceptible to withdrawal. It is assumed that any
organisms entrained in the feed water flow would experience 100% mortality due to screening.
There are three general potential methods to minimize entrainment, including:
1. Reducing the volume of water entrained;
2. Excluding organisms from entrainment; and
3. Screening and returning organisms to the source water body after entrainment.

To measure entrainment impacts, the densities of organisms entrained in the intake flow would be
multiplied by the flow volume. Minimizations in flow can therefore reduce the number of organisms
entrained. This can be achieved by reduced intake pump operation or the use of variable speed drives,
which allow intake pumps to be operated at capacities less than 100%.
Exclusion technologies lessen entrainment impacts by reducing the number of organisms entrained in
the intake flow. Examples of exclusion technologies include cylindrical wedge wire screens, aquatic filter
barriers, and infiltration intakes. The slot size of wedge wire screens can be tailored to exclude the size of
organisms considered (down to 0.5-mm). Similarly, the mesh size of an aquatic filter barrier can also be
custom made for the application. However, as a general rule, a decrease in slot/mesh size requires
greater surface area to allow intake of the same volume of water.
Screening technologies with return systems (or “trap and transfer”) serve to capture organisms once
entrained and return them to the source water alive. One example to minimize entrainment is fine mesh
Ristroph screens with a return system. Ristroph screens are very similar to conventional traveling screens
except they are designed with features to collect and transport organisms safely back to the source
waters. These screens are typically operated continuously to minimize impingement durations. This
continuous operation and spraywash system provide screen cleaning. Coarse mesh Ristroph screens are
another alternative, but would be used to minimize impingement.
Oceanside Fauna
Even though there has not been a recent, site-specific study of the fish and invertebrate communities at
the proposed intake location, data from other studies provides insight into what is likely to be found.
Recent studies to evaluate potential impacts have focused on egg-stage, larval and adult fish and
selected commercially important invertebrate species, and are not comprehensive for all planktonic
species or life stages for invertebrates. It is generally recognized that impacts to phytoplankton and
zooplankton are likely to be minimal due to their wide-ranging distributions, extremely short generation
times, and continuous generation strategies.
Larval Fish. Comprehensive studies on the larval fishes off San Onofre, California were
conducted from 1978 to 1986 (Barnett et al. 1984). Table 2 summarizes the results of the offshore
sampling efforts conducted at San Onofre. The most abundant taxa included northern anchovy (Engraulis
mordax), white croaker (Genyonemus lineatus), rockfishes (Sebastes spp), and queenfish (Seriphus
politus). Northern anchovy increased in abundance with distance from shore, while white croaker was
most abundant between depths of 9 and 45 m.
There are some obvious seasonal differences in abundance of ichthyoplankton, as well. The
California Cooperative Oceanic Fisheries Investigations (CalCOFI) program has monitored fish egg and
larvae distributions in the Southern California Bight (SCB), and from 1951 through 1998 over 11,000 net
tows were conducted (Moser et al. 2001). In the SCB, highest densities of fish eggs and larvae are
usually found between January and April, while lowest densities generally occur in fall (September
through November). Within this general pattern of egg/larval density, however, timing of spawning varies
by species, and as a result the densities of their eggs and larvae vary by season.
Northern anchovy, for example, spawns throughout the year off southern California, with peak
spawning between February and May (Brewer 1978). The CalCOFI program has recorded northern
anchovy eggs present year-round in the SCB, but eggs are usually found in highest densities during the
first five months of the year. A similar pattern was observed in previous studies off San Onofre, with
larvae most abundant in winter and spring, but present in lower densities the remainder of the year
(Walker et al. 1987).
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Table 2. Number of fish larvae under 100 m of sea surface off SONGS during 57 surveys (From
Barnett et al. [1984]).
Offshore limit (km): 0.5 - 1.1 1.1 - 1.9 1.9 - 3.7 3.7 - 5.4 5.4 - 7.2
Depth range (m):

6-9

9 - 12

12 - 22

22 - 45

45 - 75

Taxon
Engraulis mordax
Genyonemus lineatus
Sebastes spp
Seriphus politus
Paralichthys californicus
Paralabrax spp
Hypsoblennius spp
Stenobrachius leucopsarus
Atherinidae
Citharichthys spp
Pleuronichthys verticalis
Pleuronichthys ritteri
Chromis punctipinnis
Gobiidae Type A
Parophrys vetulus
Peprilus simillimus
Gobiesox rhessodon
Gibbonsia Type A
Hypsopsetta guttulata

970
132.7
<0.1
273.9
4.3
0.1
27.5
0.1
35.7
2.9
0.4
<0.1
0
24.5
0.5
2
4.6
6.4
3.1

1,833.4
312.4
<0.1
3.9
11.4
0.8
26.9
0.4
28.1
3.5
2.3
0.2
0
17.5
0.3
4.1
12.1
10.3
3.2

6,454.4
623.3
18.2
217.9
90
34.3
48.1
4.4
11.7
9.9
13.4
5.6
0.8
3.5
0.1
3.6
5.3
1.5
3.9

1,489

2,271

7,550

9,250.2 10,263.5
566.5
221.1
77.7
518.6
118.9
93.7
103.2
42.4
97.8
84.1
63
36.9
29.1
106.1
8.9
4.9
17.9
31
36.4
11.7
30.9
13.9
6.6
53.3
2.9
1.1
7.3
33.6
10
17.4
1.1
3
0.3
1.1
0.6
0.7
10,429

11,538

Walker et al. (1987) determined there were two major larval assemblages off San Onfore: a
winter-spring (December-May) assemblage, and a summer-fall (June-November) assemblage. The
winter-spring assemblage was most abundant from January to May, and was composed primarily of
northern anchovy, white croaker, rockfishes (Sebastes spp.), and California halibut (Paralichthys
californicus). The summer-fall assemblage was most abundant from July to September, and the most
abundant taxa included queenfish, sea basses (Paralabrax spp), combtooth blennies (Hysoblennius
spp.), and northern anchovy. The authors surmised that the year-round spawning of many demersalspawning species may be the result from a combination of broad temperature tolerance and low batch
fecundity, which may necessitate periodic spawning over long time spans to ensure reproductive
success. Water temperature is an important determinant in the seasonal pattern of larval occurrence off
San Onofre. Larvae found in cooler months (winter-spring) are generally species whose adults have
northern ranges that extend to Canada, whereas larvae found in warmer months (summer-fall) are
generally species whose northern ranges extend to Point Conception or northern California.
The presence of the Santa Margarita River lagoon could result in entrainment of estuarine fishes,
as well. A yearlong entrainment study was performed at Huntington Beach, California, in 2003-2004
(MBC and Tenera 2005). The most abundant larval fish taxa collected in 44 entrainment surveys were
gobies (Gobiidae; 37% of total larval concentrations), northern anchovy (18%), spotfin croaker (Roncador
stearnsii; 14%). The gobies were comprised of up to three species that cannot be easily identified in their
earliest life stages: arrow goby (Clevelandia ios), cheekspot goby (Ilypnus gilberti), and shadow goby
(Quietula y-cauda). The larval gobies most likely were spawned in the nearby coastal bays and estuaries,
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the primary habitat of adult gobies. Larval concentrations averaged 407 larvae per 1,000 m throughout
the study period.

Juvenile/Adult Fish. As with eggs and larvae, juvenile and adult fish and invertebrates exhibit
temporal variability on multiple scales. Off San Onofre, Allen and Demartini (1983) documented the
seasonality of pelagic fishes during a 19-month study using lampara nets. Three pelagic species—Pacific
bonito (Sarda chiliensis), Pacific mackerel (Scomber japonicus), and jack mackerel (Trachurus
symmetricus)—comprised a group of pelagic carnivores that occurred offshore (18-27 m, or 59 to 89 ft)
during spring-summer, while four other species—California barracuda (Sphyraena argentea), deepbody
anchovy, salema, and yellowfin croaker—were more abundant inshore (5-11 m, or 16 to 36 ft) during fallwinter. The authors noted that deepbody anchovy and yellowfin croaker occur primarily in bay/estuarine
habitats during summer months, and their presence off San Onofre in fall-winter suggested a seasonal
migration out of embayments in response to cooler temperatures.
Quarterly demersal fish surveys were conducted off San Onofre in 2006 at depths of 6.1 m (20 ft),
12.2 m (40 ft), and 18.3 m (60 ft) (SCE 2007). A total of 61 fish species were collected in 2006. The most
abundant fish species were white croaker (28% of total abundance), speckled sanddab (Citharichthys
stigmaeus; 17%), northern anchovy (16%), queenfish (11%), and shiner perch (Cymatogaster aggregata;
4%). In 2006, white croaker was found in highest numbers in May, while queenfish and northern anchovy
were most abundant in August, especially directly off the generating station. Fish abundance is usually
greatest on the 6.1-m isobath (SCE 2007).

INTAKE DESIGN CONSIDERATIONS
The intake designs currently under consideration include:
1. An open-ocean intake with cylindrical wire mesh screens;
2. Shallow and deep seabed infiltration galleries with various collector options.

Open-Ocean Intake
The conceptual design for cylindrical wire mesh screens consists of four 2.4-m (8-ft) diameter, 9.1-m
(30-ft) wide T-shaped cylindrical screens constructed of Z-Alloy™ or duplex stainless steel to reduce
fouling and corrosion. The screens would be equipped with a compressed air system to generate a
periodic blast of air through the screen structure to dislodge any material or marine life impinged on the
screens.
The effectiveness of reducing entrainment will depend on the selected slot size, the velocity through
the slot size, and the location of the intake structures. Physical exclusion occurs when the slot size of the
screen is smaller than the organisms susceptible to entrainment. Hydrodynamic exclusion results from
maintenance of a low through-slot velocity (USEPA 2004). A sufficient ambient current must also be
present in the source waters to aid organisms bypass the structure and to remove debris/organisms from
the screen face. The ability to maintain clean screening surfaces will affect the biological performance of
the cylindrical wire mesh. Increased fouling or impinged material will reduce the filtering area available,
thus increasing intake velocity.
Practical considerations include: (1) the ability to route compressed air to the offshore location of the
intakes; (2) the ability to remove fouling material/debris from inside the screen modules; (3) the leaching
of metals from the screens and its effect on product water and brine disposal limitations. Cylindrical wire
mesh is an attractive design option because it can likely be designed to attain a high level of biological
performance. A biological consideration for this option would also include evaluation of habitat loss due to
installation and operation of the screen modules.
There are no known field evaluations or installations of cylindrical wire mesh in southern California.
EPRI (2005) evaluated wedgewire screens in Narragansett Bay, Rhode Island, using a specially
constructed test facility. The study concluded that entrainment densities were lower with smaller slot

widths. Additionally, larval entrainment densities increased as ambient velocity increased, though egg
entrainment densities did not. Entrainment density decreased with larval length.
Laboratory testing of narrow metal slot screens (0.5-mm and 1.0 mm) was performed by Lawler
Matusky & Skelly Engineers at Redondo Beach, California, in 1978, 1979, and 1980 (LMS Engineers
1981). For the 0.5-mm metal mesh, the mean size ranges of retention (exclusion) were 11-13 mm for
topsmelt (Atherinops affinis) and California grunion (Leuresthes tenuis), and 16-18 mm for giant kelpfish
(Heterostichus rostratus). For the 1.0-mm metal mesh, the mean size ranges of retention were 17-19 mm
for topsmelt and croakers (Sciaenidae), 19-21 mm for giant kelpfish, and 28-32 mm for northern anchovy.
Wedge wire screen may not exclude the typically smaller larval forms of many invertebrate
species, including sessile species considered to be fouling in seawater intake systems. Laboratory testing
was also performed on cylindrical wire mesh units to assess debris loading and biofouling (LMS 1981).
Two stainless steel wedgewire meshes were examined for biofouling (1.0 by 70 mm and 2.0 by 70 mm
slot sizes). After six weeks in a simulated harbor environment, the percent coverage of fouling organisms
was 32-39% on the front and back of the test surfaces. After 16 weeks, the percentage coverage
increased to 60-91%. In a simulated coastal environment, the percent coverage by fouling organisms was
54-72% after seven weeks and 20-51% after 14 weeks. The decrease in growth was attributed to
sloughing of organisms. In time, sloughed debris and biofouling organisms on the screens and in the
intake tunnel could impede water flow and reduce intake efficiency. Unscreened open water intakes
currently in use at coastal generating stations have the advantage of a biofouling treatment option (heat),
and the ability to reverse flow through the intake to eject accumulated debris, neither of which will be
available for the desalination facility. A system of biofouling reduction and/or debris removal should be
considered and included in the design of an open-ocean intake system. Specialized epoxy coatings
designed to reduce settling of sessile organisms may be an option, but efficacy, cost, durability, and
potential chemical inputs to the source water will require further investigations.
The location and depth of installation would affect the fish and invertebrate taxa most affected by
such a system. Based on practical considerations, midwater taxa are more likely to be affected/protected
by cylindrical wire mesh installation than surface- or bottom-oriented species.
Seabed Infiltration Gallery
The seabed infiltration galleries considered for analysis include both shallow and deep variations.
The shallow gallery would use native sand backfilled with crushed gravel and sand located 3.0 to 4.6 m
(10 to 15 ft) below the seabed, and may have a footprint of 4-20 hectares (10-50 acres) of seafloor. The
deep gallery would utilize 12-inch collector wells (angled) from inside an offshore intake tunnel. The size
and location of the tunnel is unknown.
The effectiveness of reducing entrainment will depend on the type and size of material selected
for the infiltration galleries, the intake velocity at the seafloor, and the location of the galleries. Infiltration
galleries act on the premise that aquatic organisms will not pass through the sediment and into the intake.
A successful system would provide low withdrawal velocities and exclude small marine organisms.
Porous dikes have previously been considered for reducing entrainment and impingement (EPA
2004). They serve to act as both a physical and behavioral barrier to organisms. EPA (2004) noted
performance issues related to clogging by debris and silt, and colonization by fish and plant life. SCE
considered an infiltration filter with artificially placed, highly permeable gravel for the San Onofre Nuclear
Generating Station (LMS 1981). The system was deemed infeasible due to reduction in permeability over
time due to siltation and sand covering of the gravel medium. Similar issues may exist for infiltration
galleries. The consideration of infiltration galleries needs to balance the suitability of any selected
substrate to provide biological protection while at the same time optimizing feed water withdrawal.
A practical consideration for these options include the ability to intake flow through the filter media
while still providing biological protection. Another is the evaluation of habitat loss due to installation and
operation of the infiltration galleries, which are likely to have relatively large footprints. Assuming the

galleries are designed to maintain low intake velocities to minimize impingement, the most likely
organisms to be affected by these systems are those reside in or spend time in contact with the seafloor.
Changes in sediment characteristics could affect the biological communities (vertebrate and invertebrate)
which utilize the seafloor as habitat. Previous studies off San Onofre determined the highest densities of
certain larval taxa (such as gobies, white croaker, northern anchovy, and California clingfish [Gobiesox
rhessodon]) are located in the epibenthic layer just above the seafloor (Barnett et al. 1984).
Plankton Bloom Red Tide
The local phytoplankton community is dominated by dinoflagellates (Order Dinoflagellata),
diatoms (Class Bacillariophyceae), and blue-green algae (Class Myxophyceae), and their primary
productivity forms the basis of the pelagic marine food web. Dinoflagellates are usually dominant in the
water column, however diatoms may dominate the community under certain circumstances, such as
during upwelling conditions or after intense rainstorms. Phytoplankton abundance is greatest in spring
when nutrients are abundant in the mixed layer and there is ample sunlight. However, blooms may occur
in fall when stratification breaks down and nutrients from below enter the photic zone (surface to depth of
maximum light penetration). Most phytoplankton blooms in the SCB result in response to local conditions
that increase nutrient levels, such as runoff, upwelling, and wastewater discharges.
During periods of red tide plankton blooms very high near-surface dissolved oxygen
concentrations (up to 19 mg/l) are often found, attributable to increased phytoplanktonic photosynthesis in
the upper water column. In addition, phytoplankton blooms may initially cause an increase in pH in local
near shore waters. High photosynthetic rates increase the removal of carbon dioxide from water, thus
reducing the bicarbonate concentration, resulting in an increase in pH. Below the mixing zone, dissolved
oxygen concentrations typically decline rapidly with depth. During strong red tides, dissolved oxygen
concentrations below the threshold of biological concern of 5.00 mg/l may be found as a result a high rate
of organic decomposition of red tide organisms, particularly near bottom where expired phytoplankton
organisms can accumulate. Along with a reduction in dissolved oxygen, decomposition also results in the
production of humic acids, which reduces pH. In addition to these changes in water quality characteristics
related to red tide, certain dinoflagellates may produce domoic acid, a toxin that accumulates and
concentrates in shellfish during a red tide. Following extensive algal blooms in the spring and summer of
2006 there has been concern expressed over domoic acid in sea water desalination source water and the
ability of RO filters to reject the toxin. Another concern related to desalination is increased particulate load
of both living and dead phytoplankton organisms in the source water during phytoplankton blooms.
Open-Ocean Intake
Changes in water quality characteristics in source water related to plankton blooms are not
expected to impact operations of the RO facility. It should be confirmed that domoic acid is rejected by the
RO filters and is not a concern in the product water. Domoic acid may be concentrated in the brine.
Increased particulate load of phytoplankton organisms in the source water during a red tide may clog
intake filters and require increased maintenance or temporary shutdown of the desalination facility during
plankton blooms.
Seabed Infiltration Gallery
Changes in water quality characteristics in surface waters related to plankton blooms are not
expected to be detected in the subsurface source water. Increased particulate load and demoic acid
concentrations in phytoplankton organisms in surface waters are expected to be filtered from the source
water by overlaying sediments and should not concentrate in collection galleries even if dead organisms
accumulate on the seabed above the intake, although this should be confirmed for the overlaying
sediment material.

OFFSHORE INTAKE RECOMMENDATIONS
Open-Ocean Intake
Wedge wire screens provide an excellent option for reducing entrainment and impingement
impacts when designed to retrofit or replace an existing unscreened intake. Reduction in losses as a
result of intake screening in these cases is likely to be substantial. While a wedge wire screened intake is
still a viable option for the proposed project, some mortality of fish during sensitive life stages are likely to
result, and all individuals that are entrained (mostly smaller invertebrate species) will be lost. The
screened open-ocean intake has advantages in that it is a modification of an exiting, proven intake
technology (unscreened intakes), that will effectively provide project required source water volumes, and
may be the only option available if sediment contamination eliminates the potential for a subsurface
intake. However, considering navigation considerations, loss of sea floor habitat, continued (although
minimal) impingement and entrainment losses, conveyance tunnel debris concerns, chemical inputs from
specialized alloys and coatings, and potential for increased maintenance or temporary shutdown of the
desalination facility during plankton blooms, a screened open-water intake is not the preferred alternative.
Seabed Infiltration Gallery
The shallow seabed infiltration gallery will serve to act as both a physical and behavioral barrier to
organisms and remains a viable option for the proposed project. Installation of this type of intake will
require that excavation and modification of several acres of native sediments, along with loss of the
existing infaunal community, to be replaced by highly permeable sediments. While a benthic community
will undoubtedly recolonize the area, changes in sediment characteristics could affect the biological
communities (vertebrate and invertebrate) that utilize the seafloor as habitat. This community will likely be
different from the existing community because of the differences in grain size. In addition, performance
issues related to clogging by debris and silt, and colonization by fish and plants may limit the permeability
of the medium over time due to siltation and sand covering of the gravel. As a result, a shallow gallery
may require periodic replacement, resulting in recurring disturbance at the intake site. The consideration
of a shallow infiltration gallery needs to balance the suitability of any selected substrate to provide
biological protection while at the same time optimizing feed water withdrawal. Further studies may be
required to ensure that near-bottom intake velocities do not exceed threshold velocity of 0.15 m/sec (0.5
ft/sec) that could result in impingement losses. Navigation considerations may become a concern during
construction and maintenance, but otherwise this option will not impact local navigation. Conveyance
tunnel debris, chemical inputs from specialized alloys and coatings, or reduced operations during
plankton blooms are not anticipated. Still, loss of native benthic habitat and likelihood of clogging of
engineered sediments results in the shallow seabed infiltration gallery being a less preferred alternative
for an offshore intake.
The deep seabed infiltration gallery will also serve to act as both a physical and behavioral barrier
to organisms and remains a viable option for the proposed project. Subsurface depths and proposed
construction methods of the intake wells will minimize or eliminate modifications to sediments and marine
habitats. Benthic community replacement is not expected with this option, although further studies may be
required to ensure that at proposed intake volumes near-bottom intake velocities do not exceed threshold
velocity of 0.15 m/sec (0.5 ft/sec) that could result in impingement losses. Navigation considerations,
periodic maintenance and sediment disturbance, conveyance tunnel debris, chemical inputs from
specialized alloys and coatings, or reduced operations during plankton blooms are not anticipated. A
deep seabed infiltration gallery is the preferred offshore intake alternative from a biological perspective.

DISCHARGE OPTION
Brine will be discharged to the ocean through a new ocean outfall. In addition to brine, the outfall
will be designed to discharge treated wastewater effluent, either as whole effluent or mixed with brine.
The outfall pipe proposed will run inside of the larger intake tunnel in a smaller, isolated internal pipe. At
the end terminal of the intake tunnel, the internal discharge pipe will “daylight” to the sea floor, then
continue as an armored seafloor pipeline an additional 610 m (2,000 ft) offshore. The discharge will end
in a two-legged “Y” configuration, each leg approximately 305 m (1,000 ft) long, with a combined total of
130 diffuser ports. The brine and effluent will be pressurized to facilitate mixing on discharge from the
ports.
It is recommended that the discharge be designed and located to minimize potential impacts to
offshore reef communities, which could potentially support kelp beds, as well as to the rocky intertidal
community found on the Oceanside Harbor breakwater. Placement and design of the offshore discharge
should also consider location in relation to sand accretion and offshore sand diversion in the vicinity of
Oceanside Harbor.

FURTHER STUDIES
Additional studies will be required to more adequately evaluate design options as the planning
process continues. Depending upon the design options that proceed for further consideration different
studies may be required. The following list includes studies recommended based on current design
considerations.
For all design options, further investigations of the project area should include:
1. Current meter study to characterize current patterns in the intake and discharge areas.
Ideally, two or more meters deployed at intake and discharge depths in the project area
for a minimum of one year.
2. Discharge diffusion modeling. This will be utilized to site the discharge to minimize
potential impacts to important biological communities.
3. Habitat and biological reconnaissance at the proposed sites to determine composition
and size of organisms. Minimally, studies should include some seasonal monitoring of
ichthyoplankton, infauna, and adult fish studies to establish a baseline before
construction and operation.
4. Evaluation of RO filter rejection of domoic acid.
For an open-ocean intake, further investigations of the project area should include:
1. Monthly or semi-monthly diurnal ichthyoplankton sampling. This study should be
conducted for a one-year period in conjunction with current studies. This study will be
utilized to determine seasonal composition, densities, and sizes of fish eggs and larvae to
optimize the effectiveness of the wedge wire screen design.
2. Modeling of ichthyoplankton sources and mortality estimations.
3. Evaluation of metal inputs from screen alloys on source water quality.
4. Evaluation of inputs of antifouling coatings and treatments on source water quality.

For a seabed infiltration gallery intake, further investigations of the project area should include:
1. Biofouling and siltation rates for engineered and natural sediments.
2. Filtering effectiveness for phytoplankton and domoic acid for engineered and natural
sediments.
3. Modeling of sea floor intake approach velocities. If intake is modeled to exceed a
threshold velocity of 0.15 m/sec (0.5 ft/sec), a monthly or semi-monthly diurnal epibenthic
ichthyoplankton sampling study should be conducted to determine seasonal composition
and potential impacts to the local ichthyoplankton population.
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Appendix 1
Threatened, Endangered and sensitive plant species reported at Camp Pendleton with potential to
occur in project area. (MCBCP 2007, CNDDB 2007, CNPS 2007)
Scientific Name

Common Name

Status

Habitat / Location

CNPS 4

Coastal dunes

FE, SE, CNPS
1B

Coastal bluff and dune. Observed
at mouth of SMR

FT, SE,
CNPS 1B

Coastal sage scrub

Abronia maritime

Red sand-verbena

Astragalus tener var. titi

coastal dunes milk-vetch

Brodiaea filifolia

thread-leaved brodiaea

Calandrinia maritime

seaside calandrinia

CNPS 4

Coastal bluff scrub

Caulanthus simulans

Payson’s jewelflower

CNPS 4

Coastal sage scrub

Chorizanthe procumbens

prostrate spineflower

N/A

Coastal sage scrub

Chorizanthe staticoides ssp.
chrysacantha

Turkish rugging

N/A

Coastal sage scrub

Coreopsis maritima

sea dahlia

CNPS 2

Coastal bluff scrub and coastal
sage scrub

Corethrogyne filaginifolia var.
incana

San Diego sand aster

CNPS 1B

Coastal sage scrub

Dichondra occidentalis

western dichondra

CNPS 4

Coastal sage scrub

Dudleya blochmaniae ssp
blochmaniae

Blochman’s dudleya

CNPS 1B

Coastal bluff scrub and coastal
sage scrub

Dudleya multicaulis

many-stemmed liveforever
/ many-stemmed dudleya

CNPS 1B

Coastal sage scrub

Dudleya viscida

sticky dudleya

CNPS 1B

Coastal bluff scrub and coastal
sage scrub

Eryngium aristulatum var.
parishii

San Diego button-celery

FE, SE, CNPS
1B

Marshes and coastal scrub

Eryngium pendletonensis

Pendleton button-celery

CNPS 1B

Coastal bluff scrub

Erysimum ammophilum

coast wallflower

CNPS 1B

Coastal dune

Harpagonella palmeri

Palmer’s grappling hook

CNPS 2

Coastal sage scrub

Horkelia cuneata ssp cuneata

wedgeleaf horkelia

N/A

Juncus acutus ssp. leopoldii

Southwestern spiny rush

Old dune systems and coastal
sage scrub
Coastal dunes and salt marshes

Lasthenia glabrata ssp.
coulteri

Coulter's goldfields

G4T3, S2.1

Coastal salt marsh. Found in
upper marsh of SMR

Lepidium latipes var. latipes

dwarf peppergrass

N/A

Coastal sage scrub

CNPS 4

Lilium humboltii ssp. ocellatum

ocellated Humboldt lily

CNPS 4

Coastal scrub

Lotus nuttallianus

Nuttall's lotus

CNPS 1B

Coastal dunes and sage scrub.
Found on back dunes of beach
north of SMR in least tern nesting
site

Nemacaulis denudata var.
denudata

coast woolly-heads

CNPS 1B

Coastal dunes. Found on dunes
north of SMR

Phacelia stellaris

Brand's phacelia

FC, CNPS 1B

Occurs on back dunes of beach
north of SMR in least tern nesting
site

Romneya coulteri

Coulter’s matilija poppy

CNPS 4

Coastal sage scrub

Satureja chandleri

San Miguel savory

CNPS 1B

Coastal sage scrub

Selaginella cinerascens

ashy spike-moss

NA

Coastal sage scrub

Viguiera laciniata

San Diego County
sunflower / San Diego
County viguiera

CNPS 4

Coastal sage scrub

CSC – California State Species of Concern, FE – Federal Endangered, FT- Federal Threatened, FC- Federal
Candidate, SE – California State Endangered, CNPS – California Native Plant Society Ranking.
CNPS list plants on one of 5 “lists” in an effort to categorize degrees of concern:
List 1A: Plants Presumed Extinct in California
List 1B: Plants Rare, Threatened, or Endangered in California and Elsewhere
List 2: Plants Rare, Threatened, or Endangered in California, But More Common Elsewhere
List 3: Plants about Which We Need More Information - A Review List
List 4: Plants of Limited Distribution - A Watch List

Appendix 2
Threatened, Endangered and sensitive wildlife species reported at Camp Pendleton with potential
to occur in project area (MCBCP 2007, CNDDB 2007)
Scientific Name

Common Name

Status

Habitat / Location

FE, CSC

Occurs in upland areas
near the upper marsh of
SMR

CSC

Occurs in coastal sage
scrub. Observed near I-5
crossing of SMR

FT

Several nesting locations
in SMR flats and along
beaches north of SMR

CSC

Migrate through coastal
estuaries

FE, SE

May be found in upland
areas near the upper
marsh of SMR

Mammals

Perognathus longimembris pacificus

Pacific pocket mouse

Birds
Campylorhynchus brunneicapillus
sandiegensis

coastal cactus wren

Charadrius alexandrius nivosus

western snowy plover

Chlidonias niger

black tern

Empidonax traillii extimus

southwestern willow
flycatcher

Gavia immer

common loon

CSC

Open water

Ixobrychus exilis

least bittern

CSC

Marshes with good cover

Larus californicus

California gull

CSC

Beaches, shorelines,
tidal flats and marshes

Numenius americanus

long-billed curlew

CSC

Feeds along coasts and
wetlands

Pandion haliaetus

osprey

CSC

Feeds and nests near
good fishing areas
including coasts and
estuaries

Passerculus sandwichensis beldingi

Belding’s savannah
sparrow

SE

Feeds and breeds
throughout pickleweed
marsh at SMR

Pelecanus erythrorhynchos

American white pelican

CSC

Migrates through area

Pelecanus occidentalis californicus

California brown
pelican

FE, SE

Observed in SMR
estuary and on beaches

Phalacrocorax auritus

double-crested
cormorant

CSC

Open water, roosts on
land

Polioptila californica californica

coastal California
gnatcatcher

FT, CSC

Occurs in coastal sage
scrub. Observed near I-5
crossing of SMR.

Rynchops niger

black skimmer

CSC

Nests on beaches and
bars, feeds in open
water

Rallus longirostris levipes

light-footed clapper
rail

FE, SE

Nests in dense
cordgrass or pickleweed
marsh. Observed in
SMR

Sternula antillarum browni

California least tern

FE ,SE

Three active nesting
sites on the beaches and
salt flats near the mouth
of SMR

Thalasseus elegans

elegant tern

CSC

Nests on beaches, feeds
in open water

Vireo bellii pusillus

least Bell's vireo

FE, SE

Occurs in riparian areas.
May be found near the
upper marsh of SMR

Reptiles
Caretta caretta

loggerhead sea turtle

FT

Ocean

Chelonia mydas

green sea turtle

FE

Ocean

Dermochelys coriacea

leatherback sea turtle

FE

Ocean

Lepidochelys olivacea

Pacific Olive Ridley sea
turtle

FT

Ocean

Fish
Eucyclogobius newberryi

tidewater goby

FE, CSC

Occurs in lower reaches
of rivers and coastal
lagoons. Periodic
occurrences in SMR

Oncorhynchus mykiss irideus

southern steelhead southern California esu

FE, CSC

Has been found in San
Mateo watershed to the
north

CSC – California State Species of Concern, FE – Federal Endangered, FT- Federal Threatened, FC- Federal
Candidate, SE – California State Endangered. SMR – Santa Margarita River
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Feasibility of a Seawater Desalination Project at Camp Pendleton

1. Introduction
1.1. Background
As part of the Regional Water Facilities Master Plan, the San Diego County Water
Authority (SDCWA) is investigating the feasibility of implementing a seawater reverse
osmosis (SWRO) desalination facility in the southwest corner of Marine Corps Base
Camp Pendleton (MCBCP). The goal of the Master Plan is to secure a reliable yet
diversified water supply through the year 2030. By the year 2020, process water from the
proposed desalination facility at Camp Pendleton would account for 6 to 10 percent of the
entire source needed with a production capacity of 50 to 150 MGD. Currently, the
SDCWA is conducting a feasibility study for implementing this SWRO facility. Camp
Pendleton has been selected as a potential site of the SWRO plant for a number of
reasons.
1. The implementation of the desalination facility at Camp Pendleton would provide
a reliable drought-proof water supply to the base.
2. Desalinated product water can be blended with Camp Pendleton local well water
to improve the water quality of potable water on the base.
3. No federal funding from the Marine Corps‘ Military Construction Program
(MILCON) would be required for the project.
4. The outfall associated with the desalination plant for brine discharge could be
designed to also accommodate treated wastewater effluent from the base.
Currently, MCBP has relied on the Oceanside off-shore outfall for discharge of
treated effluent; however this agreement between the base and the municipality is
approaching expiration.
5. The SDCWA‘s Natural Communities Conservation Plan/Habitat Conservation
Plan (NCCP/HCP, in preparation) could likely resolve environmental concerns
associated with the facility.
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This technical memorandum is one of a series of technical documents addressing the
feasibility of various portions of the project. The first technical memorandum, TM-5.1,
created in August, 2007 by RBF Consulting, proposed viable sites and configurations for
the proposed facility. A revised version of TM-5.1 was created in January, 2008 which
addressed environmental concerns and other issues raised by Camp Pendleton staff and
biologists. A few of the proposed sites were eliminated for further consideration based on
these comments. A final site evaluation limited the location of the proposed facility to
three sites. The final version of TM-5.1 also provided more detailed descriptions of the
required components of the proposed large-scale desalination facility.
A technical memorandum (TM-3.1), prepared by Jacobs and Associates, investigated the
cost of an underground tunnel to convey process water to and from the proposed plant.
This document, prepared by Malcolm Pirnie with input from MBC, Technical
Memorandum 3.2 (TM-3.2) examines the feasibility of the intake structure for the
proposed desalination facility at Camp Pendleton.

1.2. Facility Overview
The proposed SWRO process would require that water be drawn from the ocean offshore
from the Santa Margarita River Estuary, routed to the site of the facility, desalinated
through a sea water reverse osmosis (SWRO) membrane, and waste brine discharged
back to the ocean through a series of diffusers. To assess the feasibility of this operation,
this process has been broken down into several separate components:
1.2.1.

On-shore Facility

Six sites for the plant location were originally proposed around the southwest corner of
the base (Figure 1-1A). These options were discussed in detail in the technical
memorandum published by RBF Consulting in January, 2008 (TM-5.1). Two of the six
sites were eliminated for further consideration (Sites 3 and 4), and the remaining four
sites were ranked in order of preference. Preferred sites 5 and 6 are on the north side of
the Santa Margarita River and are the largest in size. Sites 1 and 2 are on the south side of
the River and are bounded by the new tertiary treatment facility on the base.
A second site evaluation yielded three final viable sites capable of accommodating a
large-scale desalination facility (Figure 1-1B). These include:
1. MCTSSA Site. This site is a 19-acre portion of the original Site 5, located on
leased agricultural tomato fields just east of the Marine Corps Tactical Systems
Support Activity (MCTSSA) Center, west of I-5.
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2. SRTTP Site. This 25-acre site is a combination of the original sites 1 and 2,
located northwest of Camp Pendleton‘s Southern Regional Tertiary Treatment
Plant (SRTTP) south of the Santa Margarita River and east of I-5.
3. Stuart Mesa Site. This 25-acre Stuart Mesa site is located northeast of the Stuart
Mesa Housing Area (SMHA), east and adjacent to Stuart Mesa Road.
One of the three above sites will be dropped and the remaining two will be evaluated in a
final study.
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1.2.2.

Intake

The proposed facility would require a seawater intake structure to provide feed water to
the plant. Drawing a large volume of seawater from the ocean can be done with surface
intake structures submerged in the water column, or subsurface intake structures below
the seabed floor (which include wells). The associated costs, construction efforts,
effectiveness, and environmental impacts vary widely for various intake options. This
document will assess the feasibility of open ocean wedgewire screen intakes and three
separate types of submerged intakes: a shallow infiltration gallery, deep offshore
infiltration gallery (wells), and on shore beachwells. The feedwater will be routed to the
plant via a subsurface tunnel (discussed in Section 1.2.4 below). Figures 1-2 and 1-3
(RBF 2008) show some potential configurations for the four different structures. These
configurations were used as starting points for this evaluation.
1.2.3.

Brine Disposal

After desalination of the feed water, residual concentrated brine is produced and will be
discharged back into the ocean. Since there is currently no ocean outfall located at the
base, a new outfall will need to be constructed. This project has proposed a co-mingling
of the Camp Pendleton treated wastewater effluent with the waste brine from the
desalination facility. A separate technical memorandum (TM-4.1) will follow to discuss
the environmental design criteria of the discharge structure and location. Figure 1-4 (RBF
2008) shows some preliminary configurations for the brine disposal diffuser structure.
Further evaluation of discharge alternatives will be analyzed in technical memorandum
4.1.
1.2.4.

Intake and Discharge Conveyance

A unique conveyance system has been proposed for both the intake and discharge
streams. A tunnel drilled below the seafloor will hold two separate pipes – one nested
inside the other. The outer pipe will convey the intake feedwater (the larger volume of the
two streams) toward the plant. An inner core pipe will convey the brine discharge in the
opposite direction away from the plant. This pipe will surface at the location of the intake
(where the tunnel ends) and a pipe on the seafloor will continue a sufficient distance to
discharge the brine through a diffuser. If it is decided that the intake should be located at
an offshore distance of greater than 4,000 ft from shore, the tunnel will terminate at 4,000
ft and a pipe on the seafloor will extend the remaining surface.
Jacobs Associates released a second technical memorandum on April 15th, 2008
discussing the estimated cost of an underground offshore conveyance tunnel to bring both
flows to and from the desalination plant. This memorandum estimated the projected cost
of the tunnel and explained the basis for the estimate. The estimate included a 4,000 ftlong tunnel and the associated shaft at proposed Site 5. This site was used to its proximity
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to the shoreline and therefore, no land portion of the tunnel would be required. The tunnel
was sized at 16 feet in diameter for the intake pipe with an 8 or 9 foot diameter interior
pipe to convey the discharge brine. The shaft would be approximately 40 to 50 feet in
diameter and 100 to 150 feet deep.
1.2.5.

Product water conveyance

The desalinated effluent water would be conveyed south to the county‘s water
distribution system in San Marcos. Here, product water will be combined with treated
effluent from the new Twin Oaks Valley Water Treatment Plant (TOVWTP). Once
combined, water will be piped into the San Diego County Water Authority‘s aqueduct
system for distribution throughout the county.
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Figure 1-2. Figure from RBF Technical Memo 5.1.

Figure 1-3. Figure from RBF Technical Memo 5.1.

Figure 1-4. Figure from RBF Technical Memo 5.1.
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1.3. Objectives
This technical memorandum will build on the conclusions determined in TM-1 and TM2, and provide a preliminary feasibility assessment for the intake structure to supply
seawater to the plant.
The four intake structure options assessed in this report include:
1. Open Ocean Intake Using Wedgewire Screens: an open-ocean intake structure
with cylindrical wire mesh screens suspended in the water column;
2. Shallow Seabed Infiltration Gallery: A pipe gallery installed under the seabed
using the sand as a filter,
3. Deep Infiltration Gallery: a deep offshore well gallery drilled from an
underground tunnel below the sea-floor
4. Beachwells: wells drilled from onshore
We will first discuss the site-specific physical and biological characteristics of the project
area in order to establish a basis for identifying potential environmental design criteria for
the intake infrastructure which must be considered to minimize overall impact and ensure
operational success. The design criteria will then be applied to four intake structure
options to evaluate each alternative for the Pendleton desalination plant. The site-specific
physical and biological features discussed in this report may also be used in the
preliminary feasibility assessment of the offshore discharge structure.
The four designs are discussed in more detail in Section 5.

2. Site Characteristics
The proposed desalination facility will require new offshore intake and discharge
structures for feed water and brine, respectively. The feasibility of constructing offshore
intake and outfall structures relies on the assessment of physical site characteristics in the
vicinity of the offshore structures. This section includes a review of physical
oceanographic features and nearshore water quality data used to identify criteria which
may need to be considered during the design phase.
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2.1. Physical Features
Camp Pendleton is located in southern California three miles north of Oceanside, CA.
The project area identified for this evaluation is the Santa Margarita River estuary
wetland and the nearshore marine habitat 2 mi upcoast, downcoast and offshore of the
center point of the mouth of the Santa Margarita River (Figure 2-1).
Physiography, climate, and oceanography all contribute to the general character of the
project area. All of these factors have natural long- and short-term cycles as well as
aperiodic components. Winds, tides, and currents are particularly important since they
determine, to the greatest extent, the actual fate of any effluent released in the area.
Design and construction of the offshore structures will require knowledge of all
aforementioned features. This information will be used to assess the feasibility of various
intake structures.
2.1.1.

Physiography

The Southern California Bight (SCB) is an open embayment of the Pacific Ocean, which
extends from Point Conception, California to Cabo Colnett, Baja California and is
bounded approximately 125 mi offshore by the California Current. The general
orientation of the coastline between Point Conception and the Mexican border is
northwest to southeast. The continental margin has been slowly emerging (on a geologic
time scale), resulting in a predominantly cliffed coastline, broken by coastal plains in the
Oxnard-Ventura, Los Angeles, and San Diego areas. Drainage of the coastal region is
provided by many relatively small streams which with intermittent flow based on rainfall.
However, only a small part of the storm runoff ever reaches the ocean, most being
impounded by dams and diverted for other uses.
The coastline in the vicinity of the project area is sandy beach backed by the alluvial fan
at the mouth Santa Margarita River for about 0.5 mi upcoast and 0.75 mi downcoast of
the current river opening. Farther upcoast, the beach is backed by bluffs, with a small
drainage at the upcoast extent of the project area. Agricultural fields occupy most of the
bluff-top upcoast of the river in the project area.
Downcoast of the Santa Margarita River mouth, the beach is backed by low dunes that
grade into a lightly developed area. About 1.3 miles downcoast of the of the river
opening, a breakwater extends offshore of the beach and downcoast to provide protection
and a shared entrance channel for the Del Mar Boat Basin and the Oceanside Harbor
(Figure 2-1). At about the same distance from the river opening as the breakwater, the
beach is bisected by the entrance channel to the boat basin. Inside the protected artificial
embayment created by the breakwater, a peninsula that extends slightly into the harbor
separates the Del Mar Boat Basin, operated by Camp Pendleton, from the Oceanside
Harbor. The downcoast extent of the project area coincides with the northwest end of
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Harbor Beach, which is rip-rapped, with a small offshore breakwater to protect the
downcoast edge of the harbor and entrance channel. Navigational capabilities will have to
be maintained near and around the breakwater for access to Oceanside Harbor by boat.
This may limit intake and discharge structure locations as well as construction methods.
On a large scale, water circulation and oceanographic characteristics of the coastal region
are strongly influenced by eight offshore islands (Figure 2-2). The mainland shelf is
narrow, ranging in width from less than 1 mi to more than 11 mi, averaging about 4 mi.
Seaward of the mainland shelf is an irregular and geologically complex region known as
the continental borderland. The borderland is composed of basins and ridges which
extend from near the surface to depths of more than 1.5 mi. The continental shelf in the
SCB is cut by numerous submarine canyons, which facilitate the transport of water
between deep, offshore areas and the shallow nearshore environment. The Carlsbad
Canyon, one of 14 major canyons in the SCB, is located approximately 6.5 mi downcoast
of the Santa Margarita River.
The Santa Margarita River Estuary is one of 29 remaining coastal wetlands in southern
California between Point Conception and the Mexican border (Zedler 1996). The mouth
of the Santa Margarita River lacks a persistent sand bar, which would partially or totally
close the river mouth and reduce or eliminate tidal influence in the estuary during the dry
season (Warburton et al. 2000, MCBCP 2007). During the wet season, rains and winter
storms breach the sand bar and open the river to tidal flow for a period of weeks or
months. As a result, the marine influence in the estuary at the mouth of the river may
extend from 2 to 4 miles upstream of the ocean, with salinity in the lower river variable
between fresh and marine depending on the season and tidal flow and mixing. Studies
conducted between 1997 and 2000 noted that the estuary lagoon varied between 65 to
1,650 ft in width with an average depth of 5 ft or less and a relatively narrow, deeper
central channel (Warburton et al. 2000).
Offshore of the river, the nearshore marine habitat is characterized by an open coastline.
Sandy beach dominates the intertidal zone, except along the rocky riprap breakwater of
Oceanside Harbor. The sandy beach grades to a soft-bottomed sea floor that gently slopes
with distance to a depth of about 60 ft at 2 mi offshore of the river mouth.
2.1.2.

Climate

Southern California lies in a climatic regime broadly defined as Mediterranean, which is
characterized by short, mild winters and warm, dry summers. Long-term annual
precipitation near the coast averages about 18 inches, of which 90 percent occurs between
November and April. During the summer, sea breezes combine with the prevailing winds
that blow from the northwest to produce strong onshore winds. They typically start
around noon and may continue through late afternoon, with speeds reaching up to 25
miles per hour. In late fall and winter from November through February, a reverse
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pressure system frequently develops causing coastal offshore winds from the southeast,
typically between 1:00 PM and 8:00 PM. Monthly mean air temperatures along the coast
range from 8.3°C in winter to 20.6°C in summer, with the minimum dropping slightly
below freezing and maximum reaching above 37°C.
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2.1.3.

Currents

Water in the north Pacific Ocean is driven eastward by prevailing westerly winds until it
impinges on the western coast of British Columbia where it divides and flows both north
and south. The southern component is the California Current, diffuse southeastward
flowing water mass. No true western boundary of this current exists, but more than 90
percent of the southeastward transport is within 450 miles of the California coast. South
of Point Conception, the current diverges again. An inshore branch of the southbound
current turns northward and flows along the coast through the Channel Islands, forming
the inner edge of the Southern California Countercurrent, which is the predominant
current in the study area. Surface speed of the counter current averages between 0.15 and
0.35 ft/s. The flow pattern is complicated by small eddies within the Channel Islands
which fluctuate seasonally, being more developed in summer and autumn and weaker or
occasionally absent in winter and spring. The general pattern of surface water circulation
off southern California is shown in Figure 2-2.

Santa Margarita
River (approx)

Figure 2-2. Surface circulation in the Southern California Bight. Hickey 1992

In the nearshore region, larger scale current fields (Figure 2-2) are affected by many
factors, including wind, weather, tides, local topography, water column density structure,
and changes in the offshore oceanic currents. Tidal factors typically dominate these
effects, but typically exhibit a strong diurnal component in response to local wind
patterns. In summary, short-term observations of currents near the coast often vary in
both direction and speed as a result of these combined wind-induced, tidal and mean
currents.
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On the average, the California countercurrent will carry discharge northwest of the study
area along the coast. Conversely, the intake will predominantly affect free floating
organisms located south of the project area, which will on the average be advected north
toward the intake structure by the current.
2.1.4.

Tides

Tides along the California coast are mixed semi-diurnal, with two unequal highs and two
unequal lows during each 25-hr period. In the eastern North Pacific Ocean, the tidal
current directions rotate in a counterclockwise direction. As a result, flood tide currents
tend to flow upcoast and ebb tide currents flow downcoast.
2.1.5.

Upwelling

Northwesterly winds are predominantly responsible for the large-scale upwelling noted
along the California coast. From about February to October, these winds induce offshore
movement of surface water (Ekman transport), resulting in the upward and onshore
movement of offshore ocean waters near the coast. The upwelled water is colder, more
saline, lower in oxygen, and higher in nutrient concentrations than surface waters. This
phenomenon alters the physical properties of the surface waters including an influx of
nutrients which enhances biological productivity.
2.1.6.

El Niño / La Niña

The oceanic and climatic event known as El Niño occurs on a yearly basis off the coast of
Peru (Dailey et al. 1993). El Niños are characterized by displacement of coastal waters by
a warmer, lower salinity water mass. In strong El Niño years, this phenomenon can affect
global weather patterns, sea level and oceanic currents. Every few years, a weakening of
the California Current allows northward migration of warmer equatorial water into the
North Pacific Ocean and the SCB. This event, a result of equatorial El Niño effects, raises
local marine water temperatures, occasionally up to 10°C above normal, and may last
from one to three years. In the SCB, El Niño may influence local weather and lead to
increases in the number and severity of winter storms and reductions in seasonal
upwelling. Extended or severe El Niño events in the SCB can lead to reductions in
coastal productivity and dramatic alterations in the flora and fauna of the SCB. A
contrasting phenomenon, known as La Niña, recurs in the SCB every four to ten years
(Dailey et al. 1993). La Niñas are characterized by colder than normal water and
increased coastal productivity.
The El Niño and La Niña climate altering phenomena would have a direct effect on the
water quality in the project area. In La Nina years, increased productivity can result in
higher exposure of marine organisms to impingement and entrainment as well as an
increased rate of biofouling. Furthermore, process water would be higher in salinity than
in El Nino years. Additionally, a strengthened or weakened mean current could affect the
area impacted by the intake and discharge.
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2.1.7.

Sand Movement

The beaches in the project area are part of the Oceanside Littoral Cell, which extends
from Dana Point to La Jolla. Coastal sand movement within this cell includes both
onshore and offshore seasonal migration and longshore transport. Major fluvial inputs of
sand in this littoral cell include San Juan Creek, and the Santa Margarita, San Luis Rey
and San Dieguito Rivers (Patsch and Griggs 2007). Sand transport into the cell by rivers
is intermittent, depending on precipitation amounts and duration, and sediment
contributions by these rivers have been reduced from natural levels by upstream
damming. Another natural source of sand replenishment, erosion of coastal bluffs, has
also been reduced as a result of protective armoring, which covers about 20 percent of the
seacliffs in the Oceanside Littoral Cell. As a result of these reductions, sand contribution
by beach nourishment has become important in maintaining the sand balance in the cell.
On the average, sand contributed by rivers, erosion and nourishment eventually moves
downcoast toward the south as a result of longshore transport, and is ultimately lost to the
Scripps Canyon.
The Oceanside Harbor, in the middle of the littoral cell, effectively divides the cell into
two sub-cells, one from Dana Point to the Oceanside Harbor, and a second from the
Oceanside Harbor to the La Jolla and Scripps submarine canyons (Patsch and Griggs
2007). Sand input into the northern sub-cell eventually migrates to Oceanside Harbor,
which effectively breaks the natural transport process in the cell. Instead of continuing
downcoast, sand accretes along the upcoast breakwater of the harbor, gets deposited in
the entrance channel of the Oceanside Harbor, or gets diverted offshore by the
breakwater. Because of this, Oceanside Harbor requires regular dredging. Sand dredged
from the harbor is re-deposited in the southerly sub-cell, but almost one-half of the total
sand from the northern sub-cell gets diverted offshore at Oceanside Harbor.
2.1.8.

Geology

The project area lies in the western portion of the Peninsular Ranges geomorphic
province of southern California. Several major active faults traverse the Peninsular
Ranges. The active fault that would most likely have an effect on the intake and discharge
elements of the plant is the nearby Rose Canyon fault zone west of the site several miles
offshore. There is potential for generating strong ground motions offshore which may
upset the conveyance systems bringing water to and from the plant.
The offshore geology in the project area consists of mainly unconsolidated and poorly
consolidated Pleistocene sand, silt and clay deposits that mantle the modern seafloor
made of sandstone, siltstone, conglomerage and breccia. Depending on the option chosen
for intake conveyance to shore, a more detailed characterization of offshore geology will
need to be performed.
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2.2. Nearshore Water Quality
The RO process is sensitive to input water quality. Parameters including temperature,
salinity, turbidity, dissolved solids, and silt density index (SDI) will influence the overall
efficiency of the desalination process. Characterization of the water quality in the
proposed project area is useful to site the intake structure and identify pretreatment
requirements at the onshore facility. This section presents data on available nearshore
water quality parameters of interest for this project. A more detailed localized analysis
will be required before the intake is designed.
2.2.1.

Temperature

Natural nearshore water temperatures fluctuate throughout the year in response to
seasonal and diurnal variations in currents as well as meteorological conditions such as
wind, air temperature, relative humidity, cloud cover, ocean waves, and turbulence.
Natural temperature is defined by the California State Water Resources Control Board as
"the temperature of the receiving water at locations, depths, and times which represent
conditions unaffected by any elevated temperature waste discharge.‖ Previous studies
have shown that natural surface temperatures may vary several degrees in a single day
depending on time of day and year, as well as meteorological and oceanographic
conditions.
Diurnally, natural surface water temperatures typically vary 1 to 2°C in summer and 0.3
to 1°C in winter (EQA/MBC 1973). Factors contributing to rapid daytime warming of the
sea surface are light winds, clear skies, and warm air temperatures. Factors that reduce
diurnal temperature ranges are overcast skies, moderate air temperatures, and vertical
mixing of the surface waters by winds and waves.
The region where a sharp difference between more uniform surface water and bottom
water temperature exists is called a thermocline. A thermocline is a stable stratification,
separating the surface layer from the subsurface layer based on a general inverse
relationship between water temperature and density. In natural waters, a thermocline is
formed when surface water absorbs solar radiation and is mixed by light winds. Artificial
thermoclines may be found in the vicinity of thermal discharges where large volumes of
water at elevated temperatures result in heated water overlaying the cooler receiving
water. In the SCB, reasonably sharp natural thermoclines have been reported in nearshore
waters at depths of 40 to 50 ft during the summer months, but they are typically absent
during the winter (Allan Hancock Foundation 1965).
Sea surface temperatures (SSTs) have been recorded at a nearshore oceanographic buoy 8
mi off of Oceanside since May 1997 (CDIP 2007). Mean monthly temperatures during
this time ranged from a low of 14.7°C for February to a high of 21.1°C for August (Table
2-1). During this period, a low temperature of 11.5°C was found in March of 2002, while
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a high of 24.9°C occurred in August 2007, with similarly high values found in September
1997. Temperatures in the project area are likely to be similar to, but slightly higher than,
those reported at the buoy. Higher temperatures are common in the nearshore
environment as a result of solar heating (insolation) of the surf zone and shallow
intertidal and subtidal waters. In the project area, nearshore water temperature may also
be influenced diurnally by water ebbing out of Oceanside Harbor, which may be warmer
than waters offshore.
Table 2-1. Mean Nearshore Sea Surface Temperature (SST), Oceanside CA, May
1997 to October 2007. (CDIP 2007)
Month
January
February
March
April
May
June
July
August
September
October
November
December

Mean SST
(˚C)
14.9

14.7
14.9
15.4
17.7
19.1
20.9
21.1
20.6
19.0
17.2
15.5

Near the project area, receiving water monitoring conducted at the Encina Ocean Outfall
between 1985 and 1991 found similar mean SSTs during quarterly water quality
monitoring. In addition, water column sampling showed an average surface-to-bottom
difference at a depth of about 150 ft of 1.3°C in January, when the water column in
typically well mixed, and temperature varies little with depth in the nearshore
environment (MEC 1992). In spring, increased warming of surface waters was noted to a
depth of about 50 ft, below which cooler temperatures were found, resulting in a surfaceto-bottom temperature difference of 4.9°C in April. Upwelling is most common in the
spring, periodically bringing deep, cooler offshore water to the surface and reducing SST.
In summer, surface and bottom temperatures are markedly different, with an average
surface-to-bottom difference of 8.9°C found in August. During summer there is little
mixing in the nearshore water column, with warm surface waters found above the cooler
bottom waters forming a strong thermocline. In fall, surface temperatures decrease,
reducing surface-to-bottom differences in the nearshore water column. Bottom water
temperature averaged 3.1°C less than surface temperature in November.
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Unlike thermal desalination processes, warmer water is preferred for reverse osmosis
(RO) desalination performance. The ideal temperature for most membranes is
approximately 25°C. This is warmer than even summer surface ocean water
temperatures. Although siting intake screens in warmer, surface or near-shore waters
may improve operational efficiency of the RO process, such the benefits of such locations
may be negated by increased: (1) turbidity of the intake waters, (2) biofouling of the
intake structure, (3) exposure of marine organisms to impingement and entrainment, and
(4) risks associated with navigation.
2.2.2.

Salinity

Salinity in nearshore environments is affected by the introduction of fresh water (from
land runoff and direct rainfall), upwelling and by evaporation. Offshore, salinities
throughout the SCB are fairly uniform and normally range from 33.0 to 34.0 parts per
thousand (ppt) (Allan Hancock Foundation 1965). Reverse osmosis membranes can
desalinate feed water with up to 45 ppt salinity.
Similar to temperature, salinity in the nearshore environment has seasonal components.
Near the project area at Encina, a halocline (a region of rapid salinity change within a
relatively small change in depth) generally forms at a depth of 65 to 100 ft in the early
spring, with cooler, more saline water found near bottom (MEC 1992). In summer, as
surface waters warm, the halocline thickens and moves upward in the water column, and
higher salinities are typically found in surface waters. In fall, decreased solar isolation
and increased surface mixing push the halocline deeper in the water column, with the
nearshore halocline generally disappearing in winter. Despite these apparent salinity
trends, salinity at Encina between 1985 and 1991 was relatively similar in the area to a
depth of about 150 ft, varying between 31.9 and 34.1 ppt over the multi-year sampling
period, with a water column average of about 33.4 ppt.
2.2.3.

Density

Seawater density varies inversely with temperature and directly with salinity at a given
pressure. The pycnocline (a region of rapid density change within a relatively small
change in depth) is the dominant feature observed in the vertical density profile of the
water column and the major factor affecting its stability and resistance to vertical mixing.
Water temperature is the major component influencing water density and density
stratification in southern California because salinity is relatively uniform. As a result,
large density gradients are most pronounced further offshore when spring and summer
thermoclines are present.
The pycnocline in the project area could be affected by the brine discharge of the
desalination facility. Depending on the depth of discharge, and the temperature of the
effluent, high salinity discharge water could contribute to a stronger pycnocline. The
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dense brine would remain in the region below the pycnocline and consequently reinforce
the water column stability and effective vertical mixing (and dilution).
2.2.4.

Dissolved Oxygen

The dissolved oxygen (DO) concentration of seawater is affected by physical, chemical,
and biological variables. DO concentrations reflecting highly oxygenated water (i.e., > 5
to 6 mg/L), may be the result of cool water temperatures (solubility of oxygen in water
increases as temperature decreases), active photosynthesis, and/or mixing at the air-water
interface (Sverdrup et al. 1942). Conversely, low DO concentrations may result from
high water temperatures, high rates of organic decomposition, and/or extensive mixing of
surface waters with oxygen-poor subsurface waters. A vertical DO gradient is typically
seen in the water column during the summer months, while during winter DO exhibits
relatively constant values throughout the water column. Dissolved oxygen typically
fluctuates in the nearshore temperate environment around 7.5 milligrams per liter (mg/l)
(Kennish 2001), with the threshold of biological concern being 5 mg/l. Dissolved oxygen
concentrations in the SCB typically range from approximately 5 to 13 mg/l (Allan
Hancock Foundation 1965).
2.2.5.

Hydrogen Ion Concentration

In the open ocean, the hydrogen ion concentration (pH) remains fairly constant due to the
buffering capacity of seawater (Sverdrup et al. 1942). However, in nearshore areas, pH
may be more variable due to various physical, chemical, and biological influences. For
instance, in areas with a large organic influx, such as bays, estuaries, and river mouths,
microbial decomposition increases. Along with a reduction in dissolved oxygen,
decomposition also results in the production of humic acids, which decrease pH
(Duxbury et al 1984). Reduced pH values may also occur in areas of freshwater influx,
since fresh water usually has a lower pH than salt water. In contrast, phytoplankton
blooms (red tide), which are often associated with nearshore upwelling, may cause pH to
increase. High photosynthetic rates increase the removal of carbon dioxide from water,
thus reducing the carbonic acid concentration and raising pH. The hydrogen ion
concentration (pH) in surface waters off southern California varies narrowly around a
mean of approximately 8.0 and decreases slightly with depth. Climate change models
predict increase dissolved carbon dioxide concentrations in seawater, which would result
in reductions in pH.
2.2.6.

Total Dissolved Solids

Sea water reverse osmosis (SWRO) works by pressurizing saline water on one side of a
semi-permeable membrane. The membrane acts as a filter allowing the water to pass but
retaining salt ions. Because the ―filter‖ porosity is so fine, SWRO requires a very high
quality feedwater to maintain its efficiency and keep the pressure differential across the
membrane as low as possible. Also, due to the molecular scale of the membrane and its
configuration, backwashing, or reversing the flow, to remove particles which are
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clogging the filter may be impossible. SWRO feedwater is typically pre-treated because
of this sensitivity to water quality. Solids in feedwater are measured with total suspended
solids (TSS) and silt density index (SDI). Raw seawater has an average SDI value of 5.6.
This has to be reduced to less than approximately 3.5 for a SWRO feed to avoid clogging
the membrane. Chlorine is also used for feed water pretreatment, however, this has been
found to cause increased SDI since organic matter in the water (mainly algae) is broken
down and passes through the first of the filters with naturally occurring colloids.

3. Biological Resources
The presence of certain sensitive species or habitats could prove to be prohibitive for
certain design or placement options. Additionally, by identifying important
environmental criteria in advance, the offshore structures can be designed and located to
avoid potential impacts on specific sensitive species. This section describes biological
resources in the Santa Margarita River Estuary and the nearshore marine zone. The
estuarine area is not likely to be affected by offshore facility structures. Offshore
structure design will need to thoroughly consider the presence of biological resources in
the nearshore marine zone.

3.1. Santa Margarita River Estuary
The Santa Margarita River watershed, at 475,000 acres, is the largest of seven drainages
within Camp Pendleton. Less than 10 percent of the Santa Margarita River watershed is
within the marine base (MCBCP 2007). Near the ocean, the Santa Margarita River‘s
broad alluvial plain forms an estuarine lagoon at the mouth of the river. Because the river
lacks a persistent sand bar at the mouth, both freshwater input and tidal circulation
influence the physical properties and biological communities found in the estuary. During
the time when the sandbar is breached, marine conditions increase productivity of
estuarine invertebrate species that serve as a food source for fish and birds, while tidal
influence alternately inundates the salt marsh or exposes mudflats that provide foraging
for resident and migratory shorebirds.
The Santa Margarita River estuary exhibits four important habitat types: brackish marsh,
salt marsh, salt flats and coastal sand dunes (MCBCP 2007). These habitats support 148
plant species, nine reptiles and amphibians, 24 fish species, 184 bird species and 17
mammals. At least 28 sensitive plant species have been reported at Camp Pendleton in
habitats that could occur at the Santa Margarita River estuary, including coastal dunes
milk-vetch (Astragalus tener var. titi ) a federal and state listed endangered species
reported near the mouth of the river (Appendix 1). Among the animal species, 22
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sensitive species have been reported in the estuary, including 10 federally- or state-listed
as threatened or endangered species, including California least tern (Sternula antillarum
browni), western snowy plover (Charadrius alexandrius nivosus), Belding‘s savannah
sparrow (Passerculus sandwichensis beldingi), light-footed clapper rail (Rallus
longirostris levipes), and tidewater goby (Eucyclogobius newberryi) (Appendix 2).
3.1.1.

Estuarine Birds

Birds in the estuary are not likely to be directly affected by the presence of the
desalination facility or associated offshore structures. However, indirect impacts may
stem from predator-prey relationships. Therefore, identification of the presence of
vulnerable avian species will provide a complete impact assessment.
California least terns nest in sandy areas near shallow open near-shore or coastal water
areas, where they plunge dive to capture a variety of small fish. They are a migratory
species that nest on beaches in southern California between 1 March and 15 September
before leaving the area in winter. California least terns nest at the mouth of the Santa
Margarita River as well as on salt flats on the southern side of the estuary west of the I-5
over crossing. Known nesting sites are fenced to protect the nesting adults and fledglings
from disturbance and predation. In 2004, more than 1,200 California least tern pairs
nested in the vicinity of the Santa Margarita River, most on the north beach at the mouth
of the river (MCBCP 2007).
Western snowy plovers, like California least terns, nest in sandy areas and may nest
among or adjacent to California least tern nesting sites. Nesting occurs between 1 March
and 15 September. Western snowy plovers are considered to be both a migrant and
resident species, with some individuals found in southern California year-round. Chicks
of the species are precocious, able to forge shortly after birth and before they can fly.
Because of this, protected nested areas require special fencing that allows chicks to leave
and enter the site while fledging. Western snowy plovers nest on beaches at the mouth of
the Santa Margarita River as well as on salt flats on the southern side of the estuary west
of the I-5 over crossing. In 2004, 212 Western snowy plover nests were found on Camp
Pendleton (MCBCP 2007).
Belding‘s savannah sparrow is a non-migratory species found in southern California
coastal salt marshes year-round. Belding‘s savannah sparrow feeds on and nests in
pickleweed in the upper salt marsh. Nesting occurs between January and August. In the
Santa Margarita River estuary, numbers of nests have been variable, with 172 nesting
pairs noted in the estuary in 2001 (MCBCP 2007).
Light-footed clapper rails are residents of coastal salt marshes in southern California.
Clapper rails nest in inundated salt marshes in floating nests nestled among stands of
cordgrass or pickleweed. Loss of habitat, disturbance and predation has led to a decline of
this species and the Santa Margarita River estuary is one of five sites on Camp Pendleton
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identified as essential to the species in its recovery plan. Light-footed clapper rails nest
between 1 March and 15 September. In 2003 and 2004, two pairs of light-footed clapper
rails were observed in the Santa Margarita River estuary (MCBCP 2007).
3.1.2.

Estuarine Fish

The only threatened fish with may occur in the estuarine area is the tidewater goby
(Eucyclogobius newberryi). The tidewater goby is a small fish restricted to brackish
water habitats of coastal estuaries and lagoons. The species is most commonly found in
the upper reaches of a coastal estuary or in lagoons where salinity is brackish (about 12
ppt). Occurrence and density of this species vary in local estuaries and depend on water
quality, tidal influence, predators and food availability. On Camp Pendleton, tidewater
goby are found more consistently in smaller coastal drainages with persistent sand bars at
their mouths (MCBCP 2007). Peak spawning season for the species is 1 April to 30 June,
but may extend through December. Spawning and dispersal of adults during storm events
allow this species to repopulate estuaries that may not have hosted the species for several
years. In the Santa Margarita River estuary, tidewater gobies were found in the lagoon
from 1988 to 1991 and in 2000 and 2001, but were not known to occur in the estuary in
1987, from 1992 to 1999, or between 2002 and 2006 (MCBCP 2007).
A yearlong entrainment study was performed on estuarine fishes at Huntington Beach,
California, in 2003-2004 (MBC and Tenera 2005). The most abundant larval fish taxa
collected in 44 entrainment surveys were gobies (Gobiidae; 37 percent of total larval
concentrations), northern anchovy (18 percent), spotfin croaker (Roncador stearnsii; 14
percent). The gobies were comprised of up to three species that cannot be easily
identified in their earliest life stages: arrow goby (Clevelandia ios), cheekspot goby
(Ilypnus gilberti), and shadow goby (Quietula y-cauda). The larval gobies most likely
were spawned in the nearby coastal bays and estuaries, the primary habitat of adult
gobies. Larval concentrations averaged 407 larvae per 1,000 m3 throughout the study
period.
The tidewater goby was federally listed as an endangered species in 1994. There was a
subsequent proposal to remove it from the list in 1999. This proposal was withdrawn in
2002, so the species remains on the list. Since the tidewater goby remains in the brackish
water of the estuary, the presence and operation of the offshore intake and discharge
structures will not directly affect this federally endangered species.

3.2. Sandy Beaches
Sandy beaches are the predominant intertidal habitat in the SCB (Thompson et al. 1993).
Beaches are highly dynamic environments subjected to intense wave-related energy,
exposure to air and sun on low tide, constant reworking and large-scale seasonal substrate
variations. Intertidal beach communities in the SCB are typified by patchy distributions,
temporal variations and generally sparse abundances (Thompson et al. 1993). Individual
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animals that live in the sand are very mobile and frequently change position in the sand
with changes in water level. In the project area, typical year-round inhabitants of the
sandy intertidal include a pill bug (Alloniscus perconexus), an isopod (Tylos punctatus), a
beach hopper (Orchestoidea californica), the mole crab (Emerita analoga), an opossum
shrimp (Archaeomysis maculata), a polychaete worm (Euzonus mucronata), the bean
clam (Donax gouldi), and the pismo clam (Tivela stultorum) (EA 1997). In addition,
California grunion (Leuesthes tenuis) seasonally spawn and deposit eggs on local
beaches.
Sandy beaches in the project area include the beach at the mouth of the Santa Margarita
River and a narrow sandy beach to north of the river below steep coastal bluffs. Beach
habitat in this area is considered to be southern foredune and is sparsely vegetated. At
least eight sensitive plant species may occur along the beaches in the project area
including a small population Brand‘s phacelia (Phacelia stellaris), a federal candidate
species (Appendix 1). In addition to these plant species, beaches in the project area
support seasonal nesting for California least terns and seasonal nesting and year-round
forging for western snowy plovers (Appendix 2).

3.3. Nearshore Marine Resources
In the project area, three distinct marine habitats have potential to be impacted by the
project. These include the sandy, soft-bottomed benthic habitat, a rocky intertidal or
subtidal habitat, and pelagic or open water habitat. In addition, some habitats support
special communities or groups that require additional consideration such as kelp beds or
sea turtles.
3.3.1.

Sandy Subtidal

The seafloor offshore of the Santa Margarita River is characterized by soft-bottomed
sediments, with sandy sediments more common at the shallower depths grading to finer
muddy sediments with increasing depth. The shallow subtidal benthic environment is
subjected to frequent disturbance from wave action, the magnitude of which decreases
with water depth. In addition, seasonal storms, currents and sand movement all contribute
to the dynamics of the benthic habitat. In shallow waters of the SCB, the epifaunal
community (generally larger species that live on the sediment surface) is well developed
and dominated by suspension feeders (Thompson et al. 1993). At depths below about 33
ft, the epifauna community declines, and most species present are carnivores or
scavengers. In regional monitoring conducted in the southern area of the SCB in 1998,
the white urchin (Lytechinus pictus) was the most abundant species captured in trawl
samples between 70 ft and 600 ft depth, followed by ridgeback prawn (Sicyonia ingentis)
and the California sea cucumber (Parastichopus californicus), which also contributed
most to biomass (MEC 1999).
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The infaunal community of the shallow subtidal, however, increases in diversity and
abundance with depth (Thompson et al. 1993). In shallow waters of the SCB, the infaunal
community at depths characterized by strong wave surge tends to be dominated by small,
mobile, deposit-feeding crustaceans, with polychaete annelids becoming dominant with
greater depth. In regional monitoring conducted in 1998 throughout the SCB, infaunal
communities in depths of less than 105 ft along the mainland shelf were dominated by
annelid species, followed by crustaceans and mollusks (SCCWRP 2003). In the southern
region of the SCB, which includes the project area, infaunal community abundance,
biomass and species diversity were all greatest at depths between 105 ft and 165 ft (MEC
1999).
3.3.2.

Rocky Intertidal

No naturally occurring rocky substrate is found in the project area, but the breakwater of
Oceanside Harbor provides a man-made rocky intertidal habitat. Rocky intertidal
assemblages vary with tidal elevation, location, and season, and are influenced by the
amount of time they are exposed to drying winds and temperature extremes when not
submerged. In areas subjected to heavy wave action, the lower intertidal zone may be
expanded upwards, and the upper intertidal zone restricted. Plants in the rocky intertidal
habitats of the SCB typically display vertical zonation, with distinct species assemblages
at different tidal levels, although the patterns may be disrupted by grazing by marine
animals. Lichens dominate the splash zone (highest zone), whereas the upper intertidal
(below the splash zone) flora includes green algae (Subphylum Chlorophyta) such as sea
felt (Enteromorpha spp) and sea lettuce (Ulva spp), brown algae (Subphylum
Phaeophyta) such as rockweeds (Selvetia spp), and various red algae (Subphylum
Rhodophyta). The middle intertidal includes a more diverse algal assemblage with red
and brown algae. The lower intertidal consists of red and brown algae and may also
include surfgrass (Phyllospadix torreyi).
Invertebrates that live in the highest intertidal zones are typically shelled species able to
tolerate exposure to the air for long periods of time. These species typically include
periwinkles (Littorina spp.), barnacles (Balanus and Chthamalus spp.), limpets (Family
Acmaeidae), and rock lice (Ligia spp.). In the upper intertidal zone, species diversity
increases, with additional species of snails (Class Gastropoda), attached bivalves (Class
Bivalvia), chitons (Class Polyplacophora), hermit crabs (Tribe Paguridea), and striped
shore crabs (Pachygrapsus crassipes). The middle intertidal is marked by California
mussels (Mytilus californianus), and gooseneck barnacles (Lepas spp.) both of which are
filter feeders. A variety of sea anenomes (Order Actiniaria), snails, sea slugs (Class
Opisthobranchia), octopuses (Octopus spp.), polychaetes (Class Polychaeta), barnacles,
isopods, crabs and shrimp (Order Decapoda), and brittle stars (Class Ophiuroidea) are
also found in this zone (MBC 1993). The lower intertidal is similar to the rocky subtidal.
Sponges (Class Demospongiae), sea anenomes, polychaetes, snails, sea slugs, attached
bivalves, octopus, bryozoans (Phylum Ectoprocta), amphipods (Order Amphipoda),
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isopods, shrimp, hermit crabs, crabs, sea stars (Class Asteroidea), brittle stars, sea
cucumbers (Class Holothuroidea), sea urchins (Class Echinoidea), and tunicates
(Subphylum Urochordata) are abundant in the low intertidal.
The rocky intertidal habitat of the Oceanside Harbor breakwater is not likely to be
impacted by the construction or operation of the seawater intake structure. The structure
will be located upcoast and well offshore from this area.
3.3.3.

Surfgrass Beds

Surfgrass is a marine angiosperm propagated through initial seeding and expansion by
rhizomal growth. This is a slow-growing species restricted to rocky intertidal and shallow
subtidal coastal habitats where it is susceptible to sand inundation and scouring. Surfgrass
beds provide habitat for invertebrates and a nursery area for some fish species. Surfgrass
beds are considered sensitive habitat because the plants are slow growing and they
provide important habitat.
3.3.4.

Rocky Subtidal

No naturally occurring rocky subtidal substrate is found in the project area; however, two
artificial reefs are located relatively near the project site. The farther structure, called
Oceanside Artificial Reef 1 is located offshore and downcoast of the entrance of
Oceanside Harbor. This 4 ac site was constructed in 1964 with 2,000 tons of quarry rock
and augmented in 1987 with concrete blocks (Lewis and McKee 1989). The second
structure, Oceanside Artificial Reef 2 was constructed in 1987 with 10,000 tons of quarry
rock. This reef is a complex of twelve smaller reef units spread over a 256 ac area of the
sea floor at depths of 43 to 72 ft, with the closest unit of the reef approximately 1 mile
southwest of the Santa Margarita River (Lewis and McKee 1989). These reef areas were
designed to increase fishing opportunities for desirable reef associated species such as
barred sand bass (Paralabrax nebulifer), kelp bass (Paralabrax clathratus) and
California sheephead (Semicossyphus pulcher) and are designated as ―Fish Havens‖ on
navigation charts.
3.3.5.

Kelp Beds

Kelp beds form unique and conspicuous nearshore communities throughout the SCB.
Under favorable conditions giant kelp (Marocystis pyrifera) can form dense beds on
exposed rocky reefs in nearshore areas. Individual plants attach by holdfasts to hard
substrate and extend upward through the water column, often forming a surface canopy
of floating fronds. Several stipes (branches) may grow from each individual plant and
stipes may grow to be up to 150 ft in length. Dense beds, or kelp forests, support a
diverse association of other species, including understory algal taxa like Eisenia and
Egregia, while attracting fish and invertebrate species to the area. Kelp beds in the SCB
show seasonal variability, subject to growing patterns, winter storms, sand inundation,
predation and large-scale climatic events such as El Niño and La Niña.
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Despite both Artificial Reef 1 and Artificial Reef 2 being at depths where kelp would be
expected to occur, no surface kelp canopy has been noted in quarterly surveys of these
sites since at least 2003 (MBC 2007). A small amount of kelp was noted offshore of the
northern boundary of the project area in 1991, but this kelp bed has not been observed
since.
Kelp beds and their associated communities are used by seals as essential habitat. Any
effect that the intake or outfall structures have on the kelp beds or their biological
communities (like destroying larval forms of important species) can potentially impact
the seals as well.
3.3.6.

Fish

Nearshore fish habitats in the project area include shallow exposed coast, demersal (those
fish species generally associated with the bottom), pelagic (open water), and subtidal
reef. The proposed project is located within an area designated by NOAA Fisheries as
Essential Fish Habitat (EFH) for both the Coastal Pelagics and Pacific Groundfish
Management Plans. Even though there has not been a recent, site-specific study of the
fish and invertebrate communities at the proposed intake location, data from other studies
provides insight into what is likely to be found. Recent studies to evaluate potential
impacts have focused on egg-stage, larval and adult fish and selected commercially
important invertebrate species, and are not comprehensive for all planktonic species or
life stages for invertebrates.
In shallow coastal areas of the southern SCB, juvenile and adult flatfish, including
speckled sanddab (Citharichthys stigmaeus), spotted turbot (Pleronichthys ritteri) and
California halibut (Paralichthys californicus) are the most commonly encountered
species (Allen and Herbinson 1991). Larval and small queenfish (Seriphus politus), white
croaker (Genyonemus lineatus) and northern anchovy (Engraulis mordax) are less
commonly encountered, but occasionally occur in coastal areas in large abundances as
expected with the schooling nature of these species.
Regional demersal fish studies conducted in the southern SCB in 1994 and 1998 found
some differences in the demersal fish community between surveys. In 1994, Pacific
sanddab (Citharichthys sordidus) and plainfin midshipman (Porichthys notatus) were the
most abundant species, while in 1998 California lizardfish (Synodus lucioceps) and
longfin sanddab (Citharichthys xanthostigma) dominated the demersal fish community
(MEC 1999c, SCCWRP 2003b). California lizardfish, a warm-water recruiter, was not
among the most abundant species in 1994, suggesting that the high abundances were
related to the ongoing El Niño during the 1998 sampling. A core group of species
comprised of longfin sanddab, yellowchin sculpin (Icelinus quadriseriatus), Pacific
sanddab, and stripetail rockfish (Sebastes saxicola) were found in similar abundances
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during both surveys suggesting that a stable and recurring demersal fish community
exists in the area.
Quarterly demersal fish surveys were conducted off San Onofre in 2006 at depths of 20
ft, 40 ft and 60 ft (SCE 2007). A total of 61 fish species were collected in 2006. The most
abundant fish species were white croaker (28 percent of total abundance), speckled
sanddab (Citharichthys stigmaeus; 17 percent), northern anchovy (16 percent), queenfish
(11 percent), and shiner perch (Cymatogaster aggregata; 4 percent). In 2006, white
croaker was found in highest numbers in May, while queenfish and northern anchovy
were most abundant in August, especially directly off the generating station. Fish
abundance is usually greatest on the 20-ft isobath (SCE 2007).
Pelagic fish communities tend to be similar throughout the SCB, characterized by small
schooling fish species such as northern anchovy and Pacific sardine (Sardinops sagax),
schooling predators such as Pacific bonito (Sarda chiliensis) and yellowtail (Seriola
lalandei), and large solitary predators such as blue shark (Prionace glauca) and
swordfish (Xiphias gladius) (Cross and Allen 1993). Distribution of northern anchovy,
likely the most abundant pelagic species in nearshore waters in the project area, is patchy,
and abundances when taken may be high. Other species that may be commonly taken in
the nearshore water column are queenfish, which aggregate near the bottom during the
day, and white croaker, which aggregate in the water column during the day. Both
species disperse to feed at night.
Off San Onofre, Allen and Demartini (1983) documented the seasonality of pelagic fishes
during a 19-month study using lampara nets. Three pelagic species—Pacific bonito
(Sarda chiliensis), Pacific mackerel (Scomber japonicus), and jack mackerel (Trachurus
symmetricus)—comprised a group of pelagic carnivores that occurred offshore (18-27 m,
or 59 to 89 ft) during spring-summer, while four other species—California barracuda
(Sphyraena argentea), deepbody anchovy, salema, and yellowfin croaker—were more
abundant inshore (depths of 16 to 36 ft) during fall-winter. The authors noted that
deepbody anchovy and yellowfin croaker occur primarily in bay/estuarine habitats during
summer months, and their presence off San Onofre in fall-winter suggested a seasonal
migration out of embayments in response to cooler temperatures.
3.3.7. Larval Fish
Comprehensive studies on the larval fishes off San Onofre, California were conducted
from 1978 to 1986 (Barnett et al. 1984). Table 3-1 summarizes the results of the offshore
sampling efforts conducted at the San Onofre Nuclear Generating Station (SONGS) from
1984. The most abundant taxa included northern anchovy (Engraulis mordax), white
croaker (Genyonemus lineatus), rockfishes (Sebastes spp), and queenfish (Seriphus
politus). Northern anchovy increased in abundance with distance from shore, while white
croaker was most abundant between depths of 30 and 150 ft.
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Table 3-1. Number of fish larvae under 1076 ft2 of sea surface off SONGS during 57
surveys (From Barnett et al. 1984).

Offshore distance (mi): 0.3- 0.7 0.7 – 1.2 1.2 – 2.3 2.3 – 3.4 3.4 – 4.5
Depth range (ft): 20 – 30 30 – 39 39 - 72 72 – 148 148 - 246
Common Name
Northern Anchovy
White Croaker
Rockfishes
Queenfish
California Halibut
Sand Bass
Combtooth Blennies
Northern Lampfish
Silversides
Sanddabs
Horneyhead Turbot
Spotted Turbot
Blacksmith
Gobies
English Sole
Pacific Butterfish
California Clingfish
Clinid Kelpfishes
Diamond Turbot

Taxon
970
Engraulis mordax
132.7
Genyonemus lineatus
<0.1
Sebastes spp
273.9
Seriphus politus
4.3
Paralichthys californicus
0.1
Paralabrax spp
27.5
Hypsoblennius spp
Stenobrachius leucopsarus 0.1
35.7
Atherinidae
2.9
Citharichthys spp
0.4
Pleuronichthys verticalis
<0.1
Pleuronichthys ritteri
0
Chromis punctipinnis
Gobiidae Type A
24.5
0.5
Parophrys vetulus
2
Peprilus simillimus
4.6
Gobiesox rhessodon
Gibbonsia Type A
6.4
3.1
Hypsopsetta guttulata
1,489

Number of Larvae
1,833.4 6,454.4 9,250.2 10,263.5
312.4
623.3
566.5
221.1
<0.1
18.2
77.7
518.6
3.9
217.9
118.9
93.7
11.4
90
103.2
42.4
0.8
34.3
97.8
84.1
26.9
48.1
63
36.9
0.4
4.4
29.1
106.1
28.1
11.7
8.9
4.9
3.5
9.9
17.9
31
2.3
13.4
36.4
11.7
0.2
5.6
30.9
13.9
0
0.8
6.6
53.3
17.5
3.5
2.9
1.1
0.3
0.1
7.3
33.6
4.1
3.6
10
17.4
12.1
5.3
1.1
3
10.3
1.5
0.3
1.1
3.2
3.9
0.6
0.7
2,271
7,550 10,429 11,538

There are some obvious seasonal differences in abundance of ichthyoplankton, as well.
Ichthyoplankton include eggs and larvae of fish found in the upper 650 ft of the water
column. The California Cooperative Oceanic Fisheries Investigations (CalCOFI)
program has monitored fish egg and larvae distributions in the Southern California Bight
(SCB), and from 1951 through 1998 over 11,000 net tows were conducted (Moser et al.
2001). In the SCB, highest densities of fish eggs and larvae are usually found between
January and April, while lowest densities generally occur in fall (September through
November). Within this general pattern of egg/larval density, however, timing of
spawning varies by species, and as a result the densities of their eggs and larvae vary by
season.
Northern anchovy, for example, spawn throughout the year off southern California, with
peak spawning between February and May (Brewer 1978). The CalCOFI program has
recorded northern anchovy eggs present year-round in the SCB, but eggs are usually
found in highest densities during the first five months of the year. A similar pattern was
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observed in previous studies off San Onofre, with larvae most abundant in winter and
spring, but present in lower densities the remainder of the year (Walker et al. 1987).
Walker et al. (1987) determined there were two major larval assemblages off San Onfore:
a winter-spring (December-May) assemblage, and a summer-fall (June-November)
assemblage. The winter-spring assemblage was most abundant from January to May, and
was composed primarily of northern anchovy, white croaker, rockfishes (Sebastes spp.),
and California halibut (Paralichthys californicus). The summer-fall assemblage was most
abundant from July to September, and the most abundant taxa included queenfish, sea
basses (Paralabrax spp), combtooth blennies (Hysoblennius spp.), and northern anchovy.
The authors surmised that the year-round spawning of many demersal-spawning species
may be the result from a combination of broad temperature tolerance and low batch
fecundity, which may necessitate periodic spawning over long time spans to ensure
reproductive success. Water temperature is an important determinant in the seasonal
pattern of larval occurrence off San Onofre. Larvae found in cooler months (winterspring) are generally species whose adults have northern ranges that extend to Canada,
whereas larvae found in warmer months (summer-fall) are generally species whose
northern ranges extend to Point Conception or northern California.
Based on the surveys summarized above, the fish species existing in the project area in
greatest numbers (larval and adult) include the white croaker, northern anchovy,
queenfish, rockfish, and speckled sanddab. These species should be surveyed in the
project area seasonally to characterize their precise distributions.
3.3.8.

Birds

Beaches in the SCB provide important habitat for a number of bird species. Shorebirds,
those that generally feed in shallow water, are most abundant in the SCB in winter, when
21 species of shorebirds can be found throughout southern California (Baird 1993).
Common overwintering species include black-necked stilt (Himantopus mexicanus),
American avocet (Recurvirostra americana), long-billed curlew (Numenius americanus),
black-bellied plover (Pluvialis aquatarola), sanderling (Calidris alba) and sandpipers
(Calidris spp). Other species such as willet (Catophorus semipalmatus), killdeer
(Charadrius vociferus) and western snowy plover may be found throughout the SCB
year-round.
Forty-three species of seabirds are found in the SCB, the most numerous of which
include shearwaters, phalaropes, gulls, terns, and auklets (Baird 1993). Seabirds can be
found in the SCB year-round with some species breeding, some overwintering and others
migrating through the area. Of the species that breed in the SCB all but the terns and
skimmers nest on the Channel Islands. California brown pelican (Pelecanus occidentalis
californicus; State- and Federally-listed as Endangered), do not utilize local coastal
beaches to nest but may roost locally and feed in nearshore waters in the project area.
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Birds will not likely be directly affected by the intake structures. However, indirect
impacts to birds should be assessed based on risks to the marine habitat as a whole. Risks
to certain fish species might affect the food sources of birds.
3.3.9.

Sea Turtles

There are three species of sea turtles that routinely occur off Southern California
(Appendix 2), and each of the sea turtle species have broad, worldwide ranges and are
highly migratory. Green turtle (Chelonia mydas), loggerhead turtle (Caretta caretta), and
leatherback turtle (Dermochelys coriacea) are known to occur off Orange and San Diego
Counties. The green sea turtle has established a population in San Diego Bay. This
species, which has an affinity for warm, tropical waters, resides near the South Bay
Power Plant discharge channel and is the northernmost habitat for turtles known on the
west coast of the United States (Eckert 1993). Other than this unique population sustained
by the warm waters of the discharge, this tropical and subtropical species would be
considered uncommon to rare offshore. Of the three species listed above, the leatherback
sea turtle is the only listed as endangered throughout its range. An olive ridley sea turtle
(Lepidochelys olivacea) was sighted off San Diego in 1973, and could potentially occur
in the region as well (MBC 2002). All green, loggerhead, leatherback and olive ridley sea
turtles that could occur in the area are listed as threatened under the Endangered Species
Act of 1973.
3.3.10. Marine Mammals
There are a variety of marine mammals that occur in the SCB. While some are yearround residents, others are only seasonal visitors or transients. Marine mammals likely
found offshore of the project area include baleen whales, toothed whales, seals and sea
lions. Baleen whales, including the gray whale (Eschrichtius robustus), do not have teeth,
but instead have a series of plates in the roof of their mouths containing bristles that are
used like a sieve or mat for feeding. Toothed whales, a group that includes the sperm
whale (Physeter macrocephalus), killer whale (Orcinus orca), dolphins and porpoises,
have no baleen. Pinnipeds include eared seals (fur seals and the California sea lion
[Zalophus californianus]) and earless seals, including the Pacific harbor seal (Phoca
vitulina). Of these species, the sperm whale is federally listed as endangered, the killer
whale is federally proposed as threatened, and the Guadalupe Fur Seal is state listed as
threatened and federally listed as endangered.
3.3.11. Phytoplankton and Red Tides
The local phytoplankton community is dominated by dinoflagellates (Order
Dinoflagellata), diatoms (Class Bacillariophyceae), and blue-green algae (Class
Myxophyceae), and their primary productivity forms the basis of the pelagic marine food
web. Dinoflagellates are usually dominant in the water column, however, diatoms may
dominate the community under certain circumstances, such as during upwelling
conditions or after intense rainstorms. Phytoplankton abundance is greatest in spring
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when nutrients are abundant in the mixed layer and there is ample sunlight. However,
blooms may occur in fall when stratification breaks down and nutrients from below enter
the photic zone (surface to depth of maximum light penetration). Most phytoplankton
blooms in the SCB result in response to local conditions that increase nutrient levels,
such as runoff, upwelling, and wastewater discharges.
During periods of red tide plankton blooms, very high near-surface dissolved oxygen
concentrations (up to 19 mg/l) are often found, attributable to increased phytoplanktonic
photosynthesis in the upper water column. In addition, phytoplankton blooms may
initially cause an increase in pH in local near shore waters. High photosynthetic rates
increase the removal of carbon dioxide from water, thus reducing the bicarbonate
concentration, resulting in an increase in pH. Below the mixing zone, dissolved oxygen
concentrations typically decline rapidly with depth. During strong red tides, dissolved
oxygen concentrations below the threshold of biological concern of 5.00 mg/l may be
found as a result a high rate of organic decomposition of red tide organisms, particularly
near bottom where expired phytoplankton organisms can accumulate. Along with a
reduction in dissolved oxygen, decomposition also results in the production of humic
acids, which reduces pH.
In addition to these changes in water quality characteristics related to red tide, certain
dinoflagellates may produce domoic acid, a toxin that accumulates and concentrates in
shellfish during a red tide. Following extensive algal blooms in the spring and summer of
2006 there has been concern expressed over domoic acid in sea water desalination source
water and the ability of reverse osmosis (RO) filters to reject the toxin. Another concern
related to desalination is increased particulate load of both living and dead phytoplankton
organisms in the source water during phytoplankton blooms.
Changes in water quality characteristics in source water related to plankton blooms are
not expected to impact operations of the RO facility. It should be confirmed that domoic
acid is rejected by the RO filters and is not a concern in the product water. Domoic acid
may be concentrated in the brine. Increased particulate load of phytoplankton organisms
in the source water during a red tide may cause problems for the intake structure,
depending on the design chosen.
It is generally recognized that impacts to phytoplankton and zooplankton are likely to be
minimal due to their wide-ranging distributions, extremely short generation times, and
continuous generation strategies.
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4. Environmental Considerations
The approach and design of the intake structure must consider factors affecting its
feasibility. These factors are related to physical site issues affecting the efficacy or
permanence of the structure itself, environmental issues affecting the operation and
maintenance of the system, or ecological concerns potentially causing detrimental
impacts to biological populations. Certain factors will put constraints on the location of
the structure (e.g., distance offshore, depth in water column, distance upshore/downshore
from project area). Other factors may require some specific criteria incorporated into the
design of the structure or conveyance system (structure material or configuration). The
environmental and operational considerations described in this section should be kept in
mind as the feasibility of proposed designs is assessed.

4.1. Ecological Considerations
4.1.1.

Impingement & Entrainment

Impingement occurs when an organism (invertebrate or vertebrate) becomes trapped
against the intake screen due to a water velocity. Entrainment occurs when organisms
pass through an intake structure into the intake flow line. The mortality rate for entrained
species is considered 100 percent. The severity of impingement and entrainment at the
proposed intake can vary depending on several factors, including location and depth of
the intake structure, volume of withdrawal, intake flow velocity, nearshore current
patterns, and the composition and type, life stage, density of organisms that are
susceptible to encounter the intake system.
There are several potential methods to minimize the effects of impingement or
entrainment which include:
1. Reducing the flow or velocity of water to the intake such that the intake velocity
does not adversely affect an organisms ability to avoid the intake;
2. Physically excluding organisms from the intake structure; and
3. Screening and returning organisms to the source water body after entrainment.
4. Locating intake structure in an area of low biological sensitivity or productivity.
Impingement and entrainment impacts are influenced by both flow rate and intake
velocity. Mobile organisms can escape impingement and entrainment if the intake
velocity is not too large as to overpower their swimming capacity. Flow can be only be
minimized by reducing the intake capacity. Velocity can be reduced (while keeping flow
the same) by adding surface area to the intake cross section to diffuse the flow or by
adding additional intake structures each operating with lower intake capacity. It can also
be achieved by reduced intake pump operation or the use of variable speed drives, which
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allow intake pumps to be operated at capacities less than 100 percent. Intake velocities at
or below 0.5 ft/s can significantly reduce impingement. Additionally, fish are more
sensitive to variations of horizontal flow velocity. Therefore, if the intake is designed to
pull water horizontally rather than vertically, mobile fish are more likely to be able to
escape the intake.
Exclusion technologies lessen entrainment impacts by reducing the number of organisms
entrained in the intake flow. Examples of exclusion technologies include cylindrical
wedge wire screens, aquatic filter barriers, and infiltration intakes. The slot size of wedge
wire screens can be tailored to exclude the size of organisms considered (down to 0.5mm). Similarly, the mesh size of an aquatic filter barrier can also be custom made for the
application. However, there is a tradeoff; a decrease in slot/mesh size to reduce
entrainment will encourage more impingement and fouling of the intake structure. Small
slots will also require a greater total surface area to allow the same flow capacity. In this
study, we also considered intake systems that utilized either the natural or engineered
seafloor to separate the intake from aquatic organisms.
Lastly, effects of impingement and entrainment can be reduced by selecting a location for
the surface intake structure where surveys reveal that populations of the species and life
stages of highest concern are at a relative minimum and where threatened species are not
likely to occur. The classification of the project area as Essential Fish Habitat will require
impingement and entrainment effects to be especially limited in this zone. Additional
local surveys of the fish species most likely to exist in the project area should be
conducted. These species include white croaker, northern anchovy, queenfish, rockfish,
and speckled sanddab. The resilience of these species, indicated as population doubling
time, ranges from 1.4 to 14 years. Speckled sanddab are the most resilient with a
doubling time of less than 15 months. Rockfish have a lower resiliency with a high
doubling time of up to 14 years. White croaker, northern anchovy and queenfish are
moderately resilient with a doubling time from 1.4 to 4.4 years (Eschmeyer 1983). None
of these species are listed as federally endangered or threatened. According to quarterly
demersal fish surveys conducted off San Onofre in 2006, fish abundance is usually
greatest on the 20 ft isobath (SCE 2007).
The intake structure will be constructed beyond the intertidal zone to avoid sand motion
and structural instabilities caused by wave energy. Therefore, intertidal species are not
likely to be directly affected during operation.
4.1.2.

Endangered/Threatened Species

Threatened and endangered mammals are not likely to be affected by an offshore intake
structure or underground conveyance tunnel. The Guadalupe Fur Seal could potentially
be affected if kelp bed ecosystems were disrupted; however, kelp beds are not present in
the project area.
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All green, loggerhead, leatherback, and olive ridley sea turtles that could occur in the area
are listed as threatened. These species would be affected if beach or dune development
was incorporated into the project since sea-turtle reproduction relies on the use of
beaches and dunes to lay eggs. Additionally, sea turtles are one of the very few species to
rely on sea grass as a food source. Sea grass beds should be surveyed in the area of the
proposed offshore structure.
The tidewater goby (Eucyclogobius newberryi) is known to occur in lower reaches of
river and coastal lagoons with periodic occurrences in the Santa Margarita River. This
threatened species is not likely to occupy deeper water areas since it prefers salinities of
less than 10 ppt. An offshore intake structure or underground conveyance tunnel would
likely not affect the tidewater goby as long as the estuary remains undisturbed. The
construction of beach wells could affect this species if they influence the salinity profile
in the estuary.
Large marine mammals are not expected to be affected by the presence or operation of
the intake structures, although removal of plankton and smaller larval stages of some
species from the water column by the intake structure may have some small effect on the
overall quantity of marine mammal food stock from the water.
4.1.3.

Artificial Reefs

The Oceanside Artificial Reef #2 is located approximately 0.75 mi offshore between the
Del Mar Boat Basin and the Santa Margarita river estuary (see Figure 2-1). This reef is
the largest in the region and covers approximately 256 acres of seafloor. The reef was
built of 10,000 tons of quarry rock in 1987 and is now known habitat for barred sandbass
and Kelpbass. The intake structure should be located well north of this habitat to avoid
impact on resident populations.
Two of the four sites proposed for the onshore facility in TM1 are located south of the
Santa Margarita River Estuary. All else equal, sites south of the Santa Margarita River
may be less desirable than sites on the north side of the river if the intake and discharge
system (including the associated conveyance system) are located perpendicular to shore
due to their increased proximity to the reefs. However, the southern sites could be
mitigated by angling the conveyance system upshore to reach a comparable location as
the northern sites. There would be an expected increase in the costs for the conveyance
system for the southern sites to reach a comparable depth.
Although none of the species living in the rocky intertidal substrate are federally listed as
threatened or endangered, the artificial reefs should be a key consideration for the
placement of the intake structure. The structure should be located well north of the reefs
so that eggs and larvae which stray upcoast with the average current are not impinged or
entrained
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4.1.4.

Kelp Beds

The Department of Fish and Game surveyed the kelp canopy along the coast of California
in the Summer/Fall seasons of 2005. The closest bed location from this dataset is located
4.4 mi downshore from the Santa Margarita River estuary, and 0.6 mi offshore. A second
larger bed covering 1,000 acres is located 6.8 mi upshore. Since this location is even
farther north than the restricted area imposed by the base for training activities, the intake
structure and dual-use tunnel will not be located near these surveyed kelp beds.

4.2. Operational/Locational Considerations
4.2.1.

Navigation / Restricted Areas

Two restricted navigation areas have been established offshore from Camp Pendleton for
military training and activities (Figure 2-1). Approximately 1.3 mi downcoast of the
mouth of the Santa Margarita River, a restricted area extends north about 1,640 ft to the
edge of the Oceanside Harbor breakwater and 1.1 mi offshore. Any activity in this
restricted area which may endanger underwater installments, such as anchoring, fishing
or trawling, is prohibited at all times. Traffic may cross the area if the vessel maintains a
direct route without delay. A second restricted area borders the project area north of the
Santa Margarita River. This is a military exercise area, which cautions mariners of
activity between 6:00AM and 12:00AM.
In addition to these restricted areas, there is one artificial reef (discussed above) and two
buoys within the project area. The two buoys southwest of the Oceanside Harbor pose no
navigational restrictions. As discussed previously, the intake should be located far
enough north to reduce entrainment or impingment of any organisms inhabiting the
artificial reefs.
Additional navigational restrictions may exist in the area depending on the vessel types
and frequency of maritime traffic. The intake system and its conveyance system should
be designed to provide adequate clearance and avoidance of associated disturbance of
marine traffic. The local U.S. Coastguard Private Aids to Navigation office need to be
consulted when the final intake type, depth and location is determined.
4.2.2.

Biofouling

All structures constructed in the ocean are subject to biofouling, or the growth of
bacterial and algal microorganisms on the structure. This growth causes blockages of
screens or filter media and an increased pressure differential across the intake.
Biofouling of the intake structure would increase maintenance cost and risk of failure of
the feed-water intake system. Biofouling would also reduce the overall efficacy of the
intake since the pressure differential would increase. The degree to which biofouling will
occur for a certain intake or outfall structure depends heavily on its location and the
material from which it is made.
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4.2.3.

TSS/Turbidity

The RO process requires a feed-water with a maximum mean particle size of 5 to 20 μm
and a silt density index (SDI) of less than 3.5. The silt density index is a measurement of
the fouling capacity of water and it is independent of turbidity. Raw seawater will require
pretreatment to reach this quality, however obtaining the best possible water quality from
the intake system will reduce overall treatment requirements and therefore reduce cost.
Water quality of the feedwater is heavily dependent on the type and location of the intake
structure. Well water, for example, has a lower solids content than seawater extracted
directly from the ocean. All else being equal, nearshore shallow waters are typically more
turbid than offshore, deeper waters due to the effects from wave action and currents.
4.2.4.

Wave Energy

The degree to which wave energy will affect structures near the seabed is directly related
to the water velocity at the depth of the structure. This velocity is also a function of the
wave height.
Offshore wave data was collected from the NOAA National Data Buoy Center. A buoy
located near Oceanside, CA operated by Scripps Institute (NDBC/WMO identifier
46224) was chosen as a representative substitute for project site specific data. The buoy is
offshore at a depth of 722 ft. Hourly data at this buoy is taken for the dominant wave
period (the period with the maximum wave energy) and significant wave height (the
average height of the highest one-third of the waves during a 20-minute sampling period).
Averaging values for all of 2007 yielded an average dominant wave period of 13.0
seconds and an average significant wave height of 3.05 ft.
Assuming deepwater waves at the buoy, the approximate average wavelength was
calculated to be 863 ft. Waves are assumed to behave like deep water waves until a depth
of half the dominant wavelength, or about 430 ft. Horizontal seabed velocity at this depth
attributable to wave action is theoretically zero. Shallow water waves begin to occur at a
depth of 1/20 the dominant wavelength, or at about the 43-foot depth contour. At this
depth, using the shallow water wave equation, maximum sinusoidally varying horizontal
seabed velocity based on a 1-m wave height is calculated to be 1.41 ft/s. Interpolating
exponentially between deep (430 ft) and shallow (43 ft) conditions to characterize an
‗intermediate‘ wave, the relationships shown in Figure 4-1 emerge for various wave
heights.
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Figure 4-1. Seabed velocity as a function of depth for various wave heights.

The effect these velocities have on the operation of an intake structure will depend
heavily on the type of structures and the location (i.e. depth) it is located at. Wave energy
effects for specific intake structure designs will be discussed further in Section 5.
4.2.5.

Separation of Intake and Outfall Systems

Many factors affecting the design and location of the intake system are evaluated in this
Technical Memorandum. An additional factor impacting the design and location of the
intake system is to ensure adequate separation between the intake system and the
discharge of brine to prevent recirculation of effluent and degradation of intake water
quality. This factor is discussed in Section 5.5.
4.2.6.

Generation of Environmental Design Criteria

Based on the considerations presented above, the following design criteria will be
addressed for each of the four potential intake designs discussed in the following
sections:


impingement/entrainment,



intake water quality,



benthic communities,



biofouling,



wave energy,



hydrogeology, and



navigational restrictions.
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5. Intake Design Options
The proposed desalination plant at Camp Pendleton would provide a freshwater
production rate of between 50 and 150 million gallons per day (MGD). The reverse
osmosis desalination process is between 45 and 50 percent efficient, depending on the
feedwater quality and what type of intake structure is used. The required flow rate of the
saline feedwater must be between 100 and 330 MGD depending on the plant capacity and
efficiency. The intake structure must be sized to supply this capacity.
The intake designs currently under consideration include:
1. Open Ocean Intake Using Wedgewire Screens: an open-ocean intake structure
with cylindrical wire mesh screens suspended in the water column,
2. Shallow Seabed Infiltration Gallery: A pipe gallery installed under the seabed
using the sand as a filter,
3. Deep Infiltration Galleries: a deep offshore well gallery drilled from an
underground tunnel below the sea-floor
4. Beachwells: wells drilled from onshore

5.1. Open Ocean Intake (Wedgewire Screen)
Wedge wire screens are one of the most commonly used water intake structures. They are
considered passive surface water intake structures. Passive intakes require no moving
parts and are designed to maintain a uniform low intake velocity. The screen consists of a
large cylindrical cap on the end of an intake pipe below the water surface which is
designed to diffuse the flow velocities. Wires are wrapped around the circumference of
the cylinder. These wires have a triangular cross-section which allows an increase in slot
opening size from the exterior to the interior of the cylinder.
5.1.1.

Wedgewire Design

Screens can be made in a ―tee‖ or ―drum‖ configuration (Figure 5-1). Drum screens, or
―S‖ screens (single), are typically oriented vertically in flowing waters and horizontally
in quiet waters. Tee screens are oriented horizontally and typically equipped with a debris
deflector, or conical cap, which is attached to the upstream end of the cylinder in flowing
waters to prevent accumulation of material on the closed end.
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Wedge wire
Source: Johnson Screens

Drum or S Screen
Source: Screen Services
http://www.screenservices.com/

Tee Screen
Source: Hendrick Screen Company
http://www.waterintake.com/

Tee Screen with debris deflector
Source: Johnson Screens

Figure 5-1 Example wedgewire screen designs and orientations.

Inside the wedgewire cylinder, water is pumped through a smaller open-ended core
cylinder. The open end is located at the midpoint of the wedgewire length to distribute
flow uniformly. Johnson screens® has patented a dual open pipe flow modifier system
which uses two flow modifiers to distribute the flow more evenly to the wedge wire
surface, thereby increasing total flow without increasing peak velocity (Figure 5-2).
Hendrick® Screens also has a proprietary core cylinder design which is a cylinder with
perforations increasing in diameter from the center of the Tee screen. This is also an
attempt to achieve uniform flow velocity (Figure 5-3).
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Figure 5-2 Johnson Screen’s® patented dual flow modifier effect on velocity distribution.
(Patented design shown in blue, traditional design in red). Figure taken from Johnson
Screens® promotional material.

Figure 5-3 Hendrick® patented core cylinder design.
Figure from Hendrick promotional material.

The slot size is defined as the distance between two of the screen‘s wires. It is effectively
the ‗filter size‘ of the screen. Slot size is determined based on the characteristics of the
installation site, including the plant and animal species expected to be present. Typical
slot sizes range from 0.5 to 5 mm. Structures are built with varying diameters typically
ranging from 3 to 7 ft. The length and number of structures is determined based on
diameter, slot size, and required flow capacity. Intake velocity is also a constraint with a
goal of 0.5 ft/s or less to reduce impingement (discussed in more detail below).
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5.1.2.

Applicability to Pendleton

The anticipated freshwater product output from the proposed Pendleton facility is
between 50 and 150 MGD. Since the approximate efficiency of a reverse osmosis
desalination process using feedwater from a surface intake is 45 percent, an intake flow
of 110 MGD to 330 MGD seawater is required. Average velocity is assumed to be 90
percent of maximum velocity since it is assumed that the velocity profile across the entire
cylinder will not achieve uniformity. Screen porosity is defined as the fraction of open
area on a portion of the screen. Using the formula below, several sizing scenarios were
examined and results are shown in 5-1. Of course, there are a multitude design
possibilities with various dimension combinations. Figure 5-4 shows several
configuration options for multiple screens.

F
= Aopen = N ⋅ n ⋅ Acyl = N ⋅ n ⋅ (πDl )
Vavg

V avg= 0.9 ⋅ Vmax

n=

Ws

Ww

Ws
(Ws + Ww)

Where:
F
=
Vavg =
Vmax =
Aopen =
Acyl =
N
=
n
=
D
=
l
=
Ws =
Ww =

Intake Flow
Average Velocity over Area
Maximum Allowable Velocity
Total area covered by wedge wire
Area covered by wedge wire on one cylinder
Number of cylinders
Porosity
Diameter of cylinder
Length of cylinder
Slot width of wedgewire
Wire width of wedgewire
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Table 5-1. Various scenarios for screen sizing assuming an intake flow of 110 MGD and
330 MGD and maximum velocity of 0.5 ft/s.
Intake Flow

Number of
Units (N)

Slot Width
(Ws)

Wire Width
(Ww)

Diameter (D)

Length (l)

330 MGD

10

0.5 mm

2.0 mm

84 in

26 ft

8

1.0 mm

2.0 mm

84 in

20 ft

6

3.0 mm

5.0 mm

84 in

23 ft

10

1.0 mm

2.0 mm

60 in

22 ft

10

3.0 mm

5.0 mm

60 in

20 ft

5

0.5 mm

2.0 mm

36 in

41 ft

4

0.5 mm

2.0 mm

60 in

30 ft

3

0.5 mm

2.0 mm

60 in

41 ft

4

1.0 mm

2.0 mm

60 in

18 ft

4

3.0 mm

5.0 mm

60 in

16 ft

110 MGD

FLOW DIRECTION

FLOW DIRECTION

Figure 5-4 Installation configuration options for multiple screens.
Source: Hendrick Screens® promotional material.

The total seabed area required for the placement of the screens would depend on the final
intake capacity which governs the number and dimension of the screens. Screens should
be placed at least 1 meter above the seafloor to avoid pulling up sand particles which
would be smaller than the slot width.
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The offshore placement of the screens will be influenced by the following factors:










Wave intensity and frequency
Water quality (TSS, SDI, etc)
Navigational restrictions
Fish species present, size and distribution of eggs/larvae
Plankton blooms and/or red tide frequency and coverage
Zone of discharge influence
Thermocline depth
Access for manual clearing of fouled screens
Pumping energy required

Several of these criteria relate directly to the depth at which the structure is constructed.
5.1.2.1.

Cost

Hendrick Screens® published promotional material with the following cost estimates for
various screen options. At 330 MGD, the proposed intake is larger than any of the
estimates shown in Table 5-2. All estimates include a remotely controlled air backwash
system.
Table 5-2. Sizing and approximate cost estimates from Hendrick Screens®
Flow

Number of
Structures

Diameter

Air Burst

Cost

26 MGD

3

60 in

Yes

$ 50,000

60 MGD

5

46 in

Yes

$ 60,000

86 MGD

10

36 in

Yes

$ 100,000

100 MGD

2

72 in

Yes

$ 80,000

250 MGD

4

84 in

Yes

$ 185,000

The installation of a wedge wire screen requires no seafloor excavation or tunneling and
therefore has a relatively low installation cost. Additional operation and maintenance
costs would be incurred for a wedgewire screen system to keep the screens in operating
condition (see Biofouling, below). In addition to regular air backwashing, it should be
expected that more severe fouling of the screens will occasionally require a diver to
manually clear the clogged area.
5.1.3.

Response to Design Criteria

Traditional systems that pump large volumes of raw seawater from the ocean through
screened pipes typically experience many of the ecological and operational challenges
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presented in Section 4. This section explores potential mitigation methods for wedgewire
screens in response to the applicable criteria. The following is a list of criteria identified
in Section 4. Certain criteria will be examined in depth in the following section.
 Impingement/Entrainment. When pulling large volumes of seawater through an
open orifice, flow velocities can become high enough to draw in fish, eggs, larvae and
other marine life. Additionally, fish can be impinged, or trapped in the intake
structure. The coastal zone, with high biodiversity, is sensitive to a constant loss of
organisms.
 Intake water quality. Unfiltered water from a surface intake structure can contain
high levels of suspended solids. This raw water requires a settling stage and often
additional chemical pre-treatment before the RO desalination process. This is
especially true during storms or weather that would cause turbulent conditions near
the shore.
 Benthic Communities. Benthic communities should be considered during the
placement and construction of the structure. It is not expected that populations will be
affected on the long term.
 Biofouling. Seaweeds, algae and small organisms like mussels tend to get caught in
or grow on the screens of surface intakes. This can greatly reduce pumping efficiency
and possibly impair the intake structure enough to require shutting down the plant.
 Wave Energy. Strong wave forces may affect the stability of a structure suspended in
the water column.
 Hydrogeology. Local hydrology is not likely to be affected by the presence of the
wedgewire screens.
 Navigational Restrictions. The intake system and its conveyance system should be
designed to provide adequate clearance and avoidance of associated disturbance of
marine traffic. The local U.S. Coastguard Private Aids to Navigation office should be
consulted when the final intake type, depth and location is determined.
5.1.3.1.

Impingement/Entrainment

The effectiveness of reducing entrainment will depend on the screen size, the slot size,
and the location of the structures. Physical exclusion occurs when the slot size of the
screen is smaller than the organisms susceptible to entrainment. A sufficient ambient
current must also be present in the source waters to aid organisms to bypass the structure
and to remove debris/organisms from the screen face. The ability to maintain clean
screening surfaces will affect the biological performance of the cylindrical wire mesh.
Increased fouling or impinged material will reduce the filtering area available, thus
increasing intake velocity. The location and depth of installation determine the fish and
invertebrate taxa most affected by such a system.
There are no known field evaluations or installations of cylindrical wire mesh in southern
California. The Electric Power Research Institute (EPRI 2005) evaluated wedgewire
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screens in Narragansett Bay, Rhode Island, using a specially constructed test facility. The
study concluded that entrainment densities were lower with smaller slot widths.
Additionally, larval entrainment densities increased as ambient velocity increased, though
egg entrainment densities did not. Entrainment density decreased with larval length. A
slot size of 0.5 mm reduces total entrainment by >72 percent compared to a control port.
The 1.0 mm slot size significantly reduced entrainment in only one of three species tested
by >44 percent. Egg entrainment was reduced by >92 percent at the 0.5mm slot width,
however no significant reduction in egg entrainment was observed at the 1.0 mm slot
width.
Laboratory testing of narrow metal slot screens (0.5-mm and 1.0 mm) was performed by
Lawler Matusky & Skelly Engineers at Redondo Beach, California, in 1978, 1979, and
1980 (LMS Engineers 1981). For the 0.5-mm metal mesh, the mean size ranges of
retention (exclusion) were 11-13 mm for topsmelt (Atherinops affinis) and California
grunion (Leuresthes tenuis), and 16-18 mm for giant kelpfish (Heterostichus rostratus).
For the 1.0-mm metal mesh, the mean size ranges of retention were 17-19 mm for
topsmelt and croakers (Sciaenidae), 19-21 mm for giant kelpfish, and 28-32 mm for
northern anchovy.
5.1.3.2.

Intake Water Quality

Water turbidity and SDI decrease with depth. A less turbid feedwater increases efficacy
of the RO process. Therefore, water drawn from as deep as practical has some desirable
attributes. Gille 2003 writes that “a much better seawater quality can be extracted from
the depth below 35 m (115 ft) because the debris load in such depths is at least 20 times
smaller than in surface water.” Ideally, the desalination facility using a surface water
intake would be located where depths of 100 ft can be reached close to the shoreline
provided a gradual slope of the seafloor exists. At the proposed site, a depth of 100 ft
occurs at an offshore distance of 2.4 miles. A conveyance tunnel of this length would be
more costly than a shallower intake close to shore. Costs can be offset to some extent by
using a surface conveyance pipe beyond 4,000 feet from shore. The benefits of higher
quality intake water theoretically available from a deep intake structure would need to be
balanced against other operational and capital costs. If a surface water intake structure is
moved to shallower water, it would be preferred to keep the structure below the depth of
the thermocline as turbidity and biofouling would be expected to be much higher above
the thermocline. This suggests the top of the intake structures be in 50 ft to 65 ft in depth
or deeper, which occurs at approximately 1.4 mi offshore from the proposed facility site.
Figure 5-5 shows the temperature profiles averaged seasonally along with a sketch of
surface intake structures located at a depth of approximately 50 ft. Three zones are
defined in the Figure. Above the thermocline, temperatures do not vary with depth and
there is a higher fouling potential in the warmer months. In the thermocline zone,
temperature, and therefore water quality varies with depth during the warmer months.
Lastly, below the thermocline zone, temperature does not vary substantially with depth.
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A strong thermocline is only observed during summer months, however. Therefore,
locating an intake structure at a depth below the thermocline may only provide better
quality water for a portion of the year.
Warmer water is preferred for reverse osmosis (RO) desalination performance. The ideal
temperature for most membranes is approximately 25°C. A surface intake structure will
provide the warmest feedwater possible, but has other biological drawbacks. Water is
cooler from depths below the thermocline at 50 to 60 feet, but reduced pre-treatment may
be a fair tradeoff for cooler water. Since water will be consistently below 25°C, heating a
fraction of the feedwater may be required to boost RO efficiency.
The implications of the above discussion is that there are trade-offs in selecting higher
quality water from deeper depths and warmer more turbid water from shallower depths
beyond the capital and operational costs associated with distance from shore. Existing
site-specific data are insufficient to fully evaluate the trade-offs for this study.
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Approximate Depth

Average Temperature

15 C

20 C

Spring (Mar-May)
Summer (Jun-Aug)
Fall (Sept-Nov)
Winter (Dec-Feb)

3

2

1

Lowest fouling potential. Temperature does not vary
substantially with depth.

Wedgewire Screen
feedwater to
SWRO plant

Below Thermocline Zone

8 to 10 ft
from seabed

Thermocline
Zone
Varying fouling potential. Temperature varies with depth.

Higher fouling potential. Temperature does not vary with depth.

Above Thermocline Zone

FIGURE 5-5. Depth Profile with seasonal temperature data measured at the Encina Ocean
Outfall.
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5.1.3.3.

Biofouling of Wedgewire Screens

A screen suspended in the water column is at risk for biofouling. Wedge wire screens
may not exclude the typically smaller larval forms of many invertebrate species,
including sessile species which cause fouling of seawater intake systems. Biofouling of
the screens is affected directly by the water quality. This means that the same conflict
identified above regarding water quality is also applicable in a discussion of biofouling.
Deeper waters below the thermocline are less biologically productive and therefore less
at-risk for biofouling. This is the result of lower water temperature and reduced light
penetration. However, conveyance and maintenance at deeper depths adds additional
costs.
Increased particulate load of phytoplankton organisms in the source water during a red
tide may clog intake filters and require increased maintenance or temporary shutdown of
the desalination facility during plankton blooms.
Laboratory testing was performed on cylindrical wire mesh units to assess debris loading
and biofouling (LMS 1981). Two stainless steel wedgewire meshes were examined for
biofouling (1.0 by 70 mm and 2.0 by 70 mm slot sizes). After six weeks in a simulated
harbor environment, the percent coverage of fouling organisms was 32-39 percent on the
front and back of the test surfaces. After 16 weeks, the percentage coverage increased to
60-91 percent. In a simulated coastal environment, the percent coverage by fouling
organisms was 54-72 percent after seven weeks and 20-51 percent after 14 weeks. The
decrease in growth was attributed to sloughing of organisms. In time, sloughed debris and
biofouling organisms on the screens and in the intake tunnel could impede water flow and
reduce intake efficiency. A system of biofouling reduction and/or debris removal should
be considered and included in the design of an open-ocean intake system.
Several design considerations can help minimize biological fouling of the structure,
including the material, non-toxic coatings and/or chemical injection. These options are
considered based on efficacy, cost, and durability.
 Copper-nickel alloys containing 70 to 90 percent copper have been shown to resist
corrosion and biofouling (Powell 2002). Johnson Screens® employs a proprietary
copper-nickel alloy called ―z-alloy‖. There is no evidence of metal leaching into the
water source.
 Non-toxic coatings which discourage the settling of sessile organisms. Cook coating
company has patented such a material called Jacquelyn coating which has proven to
prevent bio-fouling for at least two years after installation. Potential chemical inputs
to the source water will require further investigations.
 Chemical shock injection of chlorine at the intake has been found to reduce
biological fouling of the structure. Chlorine is not ultimately lost to the surrounding
environment since the flow is towards the intake, however, this has been shown to
increase feed water silt density index (SDI).
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Despite use of these mitigation techniques, however, the screen will inevitably
accumulate some debris in the slot openings which will reduce efficiency of the intake.
Most wedge wire screen intakes utilize a manual air-burst system to clear out the screen.
A small package compressor and air-receiver for the system are installed on-shore with
the pump. When the pressure drop across the filter reaches a pre-defined threshold, a
single burst of air is sent through a perforated inner cylinder at the bottom the screen to
push debris out of the wedged openings. The volume of air that is backwashed through
the system is typically three times the volume of the wedge wire cylinder.
It is virtually impossible to distribute the air-burst evenly since it will follow the path of
least resistance. Therefore, it will be difficult to eject all material fouling the intake
during a backwash. Fibrous debris is likely to get tangled in the screen which is also hard
to remove by backwashing. Divers will ultimately have to clean the screens manually.
The frequency of these manual cleanings will depend on the severity of clogging and the
effectiveness of backwashing. Clogs not only cause head loss, they also increase flow to
un-clogged parts of the screen and ultimately accelerate the corrosion process in those
areas. Additionally, ambient velocity is increased and further clogging is accelerated.
Manually cleaning deep water screens poses a higher risk to divers than cleaning screens
in shallow water. However, deep water screens may not require as frequent cleaning due
to reduced light penetration and cooler water temperatures.
If the structure is located at a distance of greater than 4,000 ft from shore, feedwater will
be conveyed in a pipe on the seabed for the length beyond 4,000 ft. The presence of this
pipe may provide a media on which biota may accumulate. This may not be detrimental
to the operation of the intake, but it should be noted that additional artificial habitat may
be created by the presence of the pipe.
5.1.3.4.

Wave Energy

Static structures build in the ocean are constantly experiencing direct forces induced by
currents, tides and waves. This section examines the wave component of this force by
examining water velocities at the seabed at various depths and for various size waves.
According to the wave data from Oceanside, CA presented in Section 4, at a depth of 100
feet, maximum seabed velocity caused by wave action is likely to remain below 1.6 ft/s
for waves up to 13 ft in height. This velocity doubles when depth is decreased to 65 ft.
Table 5-3 shows average and maximum wave heights measured at the Oceanside Buoy
NDBC ID 64224 for January, 2007 to March, 2008. Wave energy conditions are more
favorable at depths of 100 feet or greater. The installation of an intake structure at
shallower depths will require consideration of additional impacts on the structure
including, scouring, structural integrity, and water quality. This depth occurs at an
offshore distance of 2.4 miles from the proposed project area. Local wave and seabed
velocity data should be collected to verify assumptions used in this analysis.
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Any project structures that are located above the seabed will also experience higher
velocities than those shown at the seabed. For structures located within several meters of
the bottom in water depths greater than 30 meters, the additional forces will be minimal
(under 5 percent).
Table 5-3. National Data Buoy Center – ID 642224 Data
Year

Month

Average Significant
Wave Height (ft)

Maximum Significant
Wave Height (ft)

2007

1
2
3
4
5
6
7
8
9
10
11
12
1
2
3

2.7
3.5
2.9
3.8
2.9
2.7
2.8
2.7
3.1
3.1
2.5
3.3
3.5
3.4
3.5

11.8
7.2
11.8
11.2
5.6
5.6
3.9
3.9
4.9
8.2
4.6
7.9
8.2
9.3
8.8

2008
5.1.4.

Sumary on Wedgewire Screen Alternative

Figure 5-6 indicates the general area for siting an intake based on wedgewire screen
technology. There are tradeoffs between the consistency of feedwater quality, ease of
maintenance, impacts associated with water current and cost tha need further
consideration prior to selecting a final location. Placing the structure in deeper water
below the thermocline will provide a more consistently clear feedwater quality.
According to the wave energy analysis, the recommended depth for a surface structure is
at least 100 ft. However, reaching the depths recommended to avoid some of the criteria
listed above may be prohibitively expensive. Maintenance for such a deep water structure
can be costly and dangerous and building a tunnel to this depth is very costly. It is
recommended that more site specific data be obtained to solidify the preliminary
assumptions and recommendations made in this report.
Overall, open ocean intakes like the wedgewire screen are part of an existing, proven
intake technology which will be able to effectively provide required source water
volumes. Additionally, if costs or technical feasibility rule out the use of a subsurface
intake, the wedgewire option may still be viable. However, issues that may pose an
obstacle to feasibility include navigational considerations, loss of sea floor habitat,
continued (although minimal) impingement and entrainment losses, and potential
forincreased maintenance or temporary shutdown of the desalination facility during
plankton blooms.
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5.2. Seabed Infiltration Galleries
An alternative to a surface seawater intake is a seabed infiltration intake system. This
intake structure consists of a series of horizontal wells buried 2 to 4 meters deep in the
subtidal zone. The system is designed as a slow underground sand filter using the media
(sand bed) surrounding the wells to remove suspended material. Seawater from sea-bed
infiltration systems is generally of a higher quality than seawater taken from surface
intakes due to this natural filtration. Subsurface intakes are more stable and less affected
by inclement weather since they are below surface and not affected by turbulence in the
water column. They are also less visually and physically obtrusive on the beach and in
the water since both the pipe gallery and the aqueduct are buried.
5.2.1.

Design of the Seabed Infiltration Gallery

A shallow seabed infiltration gallery is an intake structure made up of a network of
perforated pipes buried in the sand of the seafloor. The water pumped into the system is
effectively ―filtered‖ by both the sand of the seabed and the gravel placed around the
pipes before entering the pipes. This provides a better quality feedwater than a surface
intake and also reduces the risk of pulling biota into the conveyance system. The shallow
infiltration gallery does pose its own set of challenges however, including siltation (small
particles passing into the graded filter) and maintenance.
The construction of a shallow sea-bed infiltration system involves excavation of the
ocean floor over the entire footprint of the intake pipe gallery which is buried
approximately 5 to 15 feet deep in the seafloor. Perforated pipes are placed at the bottom
of the excavated pit and backfilled with several feet of coarse media (crushed stone).
Several layers of graded coarse media can be used to avoid piping. Sand is used to
return the excavation to the original sea-bed level. Historical data on wave action should
be used to determine pipe gallery placement relative to the shore. While strong wave
action closer to shore may cause a too large a disturbance to the filter bed and pipes, there
is a need for some wave action above the gallery to redistribute the fines on the top of the
filter that are lost to filter compaction over time.
If the system is operating in the ideal environmental conditions, the seabed filter is
backwashed naturally by sufficient, but not overpowering, wave action and there is very
minimal maintenances required. The reduced level of suspended solids in intake water
reduces corrosion in the pipe system and further reduces operation and maintenance costs
once the water reaches the plant. The reduction of suspended particles may offset the
need for a settling basin at the facility. However, reaching ideal conditions may be hard
to attain for an intake capacity of 50 to 150 MGD. Criteria affecting the successful
operation of a shallow infiltration gallery will be discussed in Section 5.2.2.
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5.2.1.1.

Fukuoka District RO Facility

The city of Fukuoka, Japan began construction of a new desalination plant in 1999, and
the plant began operations in June 2005. The plant is the largest in Japan, with a fresh
water production rate of 13.2 MGD. Since the freshwater output is about 50 percent of
the water needed for the entire process, the intake capacity required is about 27 MGD.
Several new technologies were featured in the Fukuoka plant to increase throughput and
efficiency, including the offshore sea-bed infiltration intake system, a membrane pretreatment system, and desalination by hollow fiber reverse osmosis. Currently, the
Fukuoka plant is the only large desalination facility (>5 MGD) with a seabed infiltration
intake system in operation.
The intake system consists of an offshore network of perforated subsurface pipes (see
Figure 5-7). The entire footprint of the pipe gallery is approximately 5 acres. Onehundred-foot-long perforated infiltration pipes (laterals) are buried 10 ft under the sea
floor, approximately 2,100 ft offshore. The laterals are constructed of 2 ft diameter HDPE
with punched holes and an external mesh layer to keep sand out of the intake water. The
laterals are arranged perpendicular to the shoreline 5 m (16.5 ft) apart and stem
horizontally off a header running parallel to the shore. The header is 6 ft diameter HDPE
and is connected in the center to a concrete aqueduct (5 ft diameter) which leads to an
onshore seawater intake tank. The intake tank is maintained at sea level by gravity. Water
is pumped from the tank to the plant for pre-treatment. The water depth at the pipe
gallery is 37 to 38 feet.
The horizontal pipe network routes the seawater into an intake tank on site. This large
sump is filled by gravity to sea level and water is pumped from this tank into the plant.
Overall pumping energy is greatly reduced from an open water system since water is
brought to the on-site sump by gravity with no energy input. The ability of the sump to
recharge is dependant on the total filtration bed area.
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Figure 5-7 (Adapted from Pankratz 2006) Conceptual design of Fukuoka Seabed Infiltration Gallery
Intake (NOT TO SCALE)

To determine the optimal location of the infiltration gallery with respect to the distance
from shore, approximately four years of sea level/wave data were analyzed. The Fukuoka
intake structure was designed to withstand a 50-year frequency wave event. The
connection points between the laterals and the header were designed to withstand groundshaking and liquefaction due to earthquakes. Each connection has a plastic cover which is
secured with bolts (design is patent pending). Since operations began in 2005, the plant
has been hit by an earthquake (seismic intensity of more than 5) and aftershocks (seismic
intensity of around 4). Additionally, a typhoon passed on September 4, 2005. The only
reported effect on the intake system during these events was an increase in seawater
turbidity to a maximum reading of 1.0 mg/L after the typhoon. Other smaller earthquakes
have had no effect on the intake system. During these events, the stability of the gravityfed intake tank has been maintained at the maximum production rate of 13.2 MGD
(Hamano et al, 2006).
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5.2.1.2.

Applicability to Pendleton

The proposed facility at Camp Pendleton would have a freshwater output 4 to 8 times
larger than that of the Fukuoka desalination facility. This implies a similar scale
difference for the intake structure. Assuming the proposed freshwater production at
Camp Pendleton (50 to 150 MGD) is 50 percent of the total seawater intake, the average
intake water feed rate would be 100 to 300 MGD. Using the loading rate at Fukuoka, we
were able to scale up the Japanese design to extrapolate the sea-bed size at Pendleton.
This estimate is based on assumptions at the site and a more detailed analysis would be
required to yield accurate specifications.
Using the Fukuoka facility‘s loading rate1 of 0.087 gpm/ft2, the total area of the ocean
floor needed to be excavated to build a seabed intake system with a capacity of 100 to
300 MGD is 18 to 55 acres.
There are many options to determine the ratio of length to width for the infiltration
gallery in order to obtain a calculated footprint size. Using the same 100 ft laterals used at
the Fukuoka District Plant, the gallery would have a width of 200 ft and a header length
of 0.75 to 2.25 mi for capacities of 100 to 300 MGD, respectively. This configuration
may require 4 to 10 redundant systems, each with a header and concrete aqueduct leading
to an onshore intake tank. Alternatively, longer laterals could be used with a shorter
header to make the entire footprint more consolidated, spanning less shoreline. For
example, with laterals of 500 ft, the width of the entire footprint would become 1,000 ft
and the length would be 780 to 2,400 ft for capacities of 100 to 300, respectively. Both
options cover the same total area.
Considerations for these two aspect ratios include:
 Environmental impacts. Local sensitive populations may prohibit certain placement
configurations. For example, if the gallery extends too far to the south, the Artificial
Reef will be disrupted.
 Security issues. Protecting a more consolidated intake to intentional fouling may be
easier than a long, extended system.
 Expandability. It may be easier to scale up a system with shorter laterals for future
intake needs. It has been proposed that the plant would eventually produce 150 MGD
of product water.
 Variable conditions across near-tidal zone. A system with a greater length may span
variable sea-bed conditions which may affect operations and introduce difficulty
during construction.

1

2

2

Surface loading rate = Intake rate / Surface area = 27,000,000 gpd / 215,280 ft / 24 h / 60 m = 0.087 gpm/ft .
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5.2.2.

Response to Environmental/Operational Criteria

Many ecological and operational concerns invoked by the use of surface intakes are
eliminated when water is collected under the seabed. For example, the filtering action of
the seabed reduces the need for feedwater pre-treatment. Additionally, fish and
suspended larvae and eggs are unaffected by the subsurface pipes since no high velocity
flows occur in the water column of sufficient intensity to cause entrainment or
impingement (drawing in or trapping marine life). This section identifies applicable
concerns identified in Section 4 and in some cases, proposes methods of mitigation in
response to said challenges.
5.2.2.1.

Impingement / Entrainment

Impacts due to impingement and entrainment are not anticipated during operation of the
seabed infiltration designs. The effectiveness of eliminating impingement and
entrainment will depend on the type and size of material selected for the infiltration
galleries, the intake velocity at the seafloor, and the location of the galleries. Infiltration
galleries act on the premise that aquatic organisms will not pass through the sediment and
into the intake. A successful system would provide low withdrawal velocities and
exclude small marine organisms.
The infiltration gallery at Camp Pendleton would be located well offshore to avoid
impact to abundant intertidal species.
5.2.2.2.

Intake Water Quality

Feedwater quality from a submerged intake will be better than that from a surface water
intake due to the substrate‘s filtering action. This reduces the costs and effort associated
with the pre-treatment process. Changes in water quality characteristics in surface waters
related to plankton blooms are not expected to be detected in the subsurface source water.
Increased particulate load and demoic acid concentrations in phytoplankton organisms in
surface waters are expected to be filtered from the source water by overlaying sediments
and should not concentrate in collection galleries even if dead organisms accumulate on
the seabed above the intake, although this should be confirmed for the overlaying
sediment material.
Water quality may be substantially improved during summer months from being located
at a depth below the thermocline since biological productivity it this depth is substantially
lower. However, according to data from the nearby Encina Ocean Outfall, the
thermocline exists at approximately 50 ft depth. Construction of the gallery at this depth
may be difficult and conveyance to shore from this depth would be substantially more
expensive. The Fukuoka District RO facility seabed gallery intake is located at a depth of
38 ft. Relationships between local temperature profile data and particulate loading should
be assessed to make a conclusion on this.
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Particulate loading at the site is also a function of the depositional characteristics of the
area. This is discussed in more detail below, in the Clogging/Siltation Section.
Mean water temperature of feedwater from a subsurface intake will be even lower than
water taken from a wedgewire screen on the seafloor, particularly in La Nina years.
Warmer water is more ideal for the efficiency of the RO process, however this may be a
fair tradeoff since overall solids content will be significantly lower.
5.2.2.3.

Benthic Communities

Assuming the galleries are designed to maintain low intake velocities to minimize
impingement, the organisms which are most likely to be affected by the operation of the
infiltration gallery include those which reside in or spend time in contact with the
seafloor. Installation of this type of intake will require excavation and modification of
between 18 and 55 acres of native sediments causing a large disruption to the benthic
community. While a benthic community will undoubtedly recolonize the area, changes in
sediment characteristics could affect other biological communities (vertebrate and
invertebrate) that utilize the seafloor as habitat. The community that recolonizes the area
will likely be different from the existing community because of the different substrate
characteristics (e.g. grain size and porosity).
Previous studies off San Onofre determined the highest densities of certain larval taxa
(such as gobies, white croaker, northern anchovy, and California clingfish [Gobiesox
rhessodon]) are located in the epibenthic layer just above the seafloor (Barnett et al.
1984).
The main environmental impacts caused by shallow seabed infiltration galleries are due
to the excavation of natural seabed substrate and replacement with an engineered filter
bed. In-water construction activities would increase short-term localized suspended
sediment, turbidity and possibly contaminant levels in the area surrounding the off-shore
construction site. The required excavation to install the pipe gallery would result in very
large volumes of suspended sediments which would move with the current and be redeposited down current (upshore in this case). This reduced water quality in the vicinity
of the construction site could disrupt migratory fish. Predicting the effect of
sedimentation and turbidity on local biota requires knowledge of the sediments, duration
of exposure, the type of material, the species and life stage of the organism and other
factors. Sound levels attained during construction may result in avoidance or migration
delays for certain species of fish and/or marine mammals. Depending on the local
substrate in the area and the depth of excavation, a vibration hammer may be used during
construction. Underwater sound pressure levels above 180 decibels may result in sublethal or lethal effects for certain species.
Mitigation efforts during construction to minimize excavation and collect suspended
sediment in screens would help to reduce overall impact. If benthic communities can
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recover after construction, the overall project impact would be greatly reduced. This
would depend on the construction process and the type of fill used after the installation of
the pipe gallery.
Demersal fish may also be disrupted during the construction and installation of the intake
structure. Disturbance of the benthic zone would disrupt food and nutrient sources for
these fish.
If the intake is required to be at a distance of greater than 4,000 ft from the shoreline, a
surface pipe will extend from the tunnel and carry intake water from the structure along
the seafloor until the tunnel is reached at 4,000 ft from shore. This pipe may actually host
its own artificial habitat since biota tend to accumulate on hard surfaces. This would
probably not be detrimental to the structure, but the presence of this habitat should be
noted.
5.2.2.4.

Biofouling / Siltation

Biofouling of an intake structure under the seabed is less likely, however shallow
submerged intake structures are subject to clogging by debris and silt, and re-colonization
of the benthic habitat by plants, microorganism and animals. This type of fouling would
cause a more severe disruption to plant operations since the clearing of underground
structures and restructuring of filter media would be a costly and involved process. To
reduce the risk of siltation, the pipe gallery should be located at a sufficient distance
offshore where wave and current energy will not overly disrupt the seabed filter, but it
should also remain in a location which will still receive some wave/current energy where
the seabed is not constantly in a depositional state. Finding this equilibrium is the main
challenge in siting a seabed infiltration gallery.
SCE considered an infiltration filter with artificially placed, highly permeable gravel for
the San Onofre Nuclear Generating Station (LMS 1981). The system was deemed
infeasible due to reduction in permeability over time due to siltation and sand covering of
the gravel medium. Similar issues may prove problematic for shallow infiltration
galleries at the Pendleton site. The consideration of shallow infiltration galleries needs to
balance the suitability of any selected substrate to provide biological protection while at
the same time optimizing feed water withdrawal.
5.2.2.5.

Wave Energy

Although too much wave energy may encourage siltation of the seabed filter due to
stirring of the sand and allowing the constructed grading to be re-mixed, some wave
energy is beneficial for a subsurface infiltration gallery. The turbulence associated with
some wave action causes the sand filter to be cleaned and re-graded, making the waves an
effective natural ‗backwashing‘ system for the filter. Wave energy also ensures that the
location is not entirely depositional, and some clearing of organic deposition will occur.
The wave energy also helps to aerate the filter and recharge dissolved oxygen
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concentrations. This reduces biological fouling by microbial organisms. If the submerged
intake is exposed to high wave energy, the filter media could be mixed, lose its grading
and require reconstruction. The degree to which wave energy is necessary and not
overpowering is hard to quantify, however, especially given the large variability in
offshore conditions.
5.2.2.6.

Hydrogeology

The groundwater/seawater profile of the proposed site will need to be assessed for a
shallow infiltration gallery. This information may affect the required distance offshore or
the depth to which the gallery should be buried.
5.2.2.7.

Navigational Restrictions

Navigation restrictions may become a concern during construction and maintenance for
the structure. Additionally, if the pipe gallery is located in shallow water, the presence of
certain vessels may pose a risk. The local U.S. Coast Guard Aid to Navigation officer
should be consulted during the preliminary design phase of the project.
5.2.3.

Summary on Shallow Infiltration Gallery Alternative

In general, the potential location of a seabed (or shallow) infiltration intake system is
similar as the location for the wedgewire screen alternative (Figure 5-8). Many of the
potential environmental concerns associated with the wedgewire screen alternative (e.g.,
impingement and entrainment) are eliminated with the shallow infiltration gallery
alternatives. However, this system will raise additional environmental concerns
associated with the disruption of natural bottom sediments over a much larger area than
impacted by the wedgewire screen alternative. The projected seafloor area needed for the
wedgewire screen intake system is approximately 1 acre. For the shallow infiltration
gallery, 18 to 55 acres would be needed (depending on the desired production rate of the
plant). A shallow infiltration gallery may be able to be sited closer towards shore than
wedgewire screens to take advantage of expected increased current velocity to prevent
significant deposition on or in the sediment filter. This could also lower the costs for the
intake and discharge convenience system. However, shallower, near-shore locations are
also expected to be more turbid due to natural wave action and may result in increased
clogging of the sediment filter. As with the wedgewire screen alternative, additional
information is needed to refine the recommended location of a shallow infiltration
gallery.
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5.3. Deep Infiltration Gallery
A deep infiltration gallery would be comprised of a series of angled collector wells
drilled radially from the inside of the conveyance tunnel between 500 ft and 4,000 ft
offshore. The tunnel pipe would be approximately 16 feet in diameter requiring a bore of
approximately 20 feet in diameter. It is assumed that the soil surrounding the tunnel is
stable and therefore would not supply a large amount of feedwater due to low
permeability. Therefore, the radial collector wells would be drilled at an upward angle
from the tunnel pipe to tap the sandy alluvium above. The collector wells would be about
12 inches in diameter and would be drilled from the inside of the tunnel, penetrating the
surface of the seabed. A casing would then be installed from a barge down to the tunnel
pipe. The well screen and gravel pack would be placed, and then the casing would be
removed. An access hatch would be welded to the top of the well screen, and the benthic
area disturbed by the drilling would be replaced with sand.
5.3.1.
5.3.1.1.

Response to Environmental/Operational Criteria
Impingement / Entrainment

Because this option would be located and constructed completely underground, the
design removes nearly all risks to marine organisms.
5.3.1.2.

Intake Water Quality

Feedwater from a deep infiltration well would be slightly less salinated than seawater.
This may increase overall RO efficiency. Suspended particulates would also be reduced.
5.3.1.3.

Benthic Communities

Minimal benthic community disturbance is expected only during construction of the
collector that stems from the tunnel pipe. The bores drilled will penetrate the seabed so
that casings can be installed from a barge above. After the wells and gravel pack are in
place, the casings will be removed, so any disturbance would be temporary. The distance
between the seafloor and the top of the well screens is unknown, however, sand would be
replaced in this area after construction.
5.3.1.4.

Biofouling

Biofouling is not a concern for underground wells.
5.3.1.5.

Wave Energy

Wave energy will not have an effect on the operation of a deep infiltration well intake
system.
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5.3.1.6.

Hydrogeology

Salinities drawn from a subsurface intake system would likely be significantly lower than
those observed in the water column. Depending on the depth below the seabed and the
distance offshore, the freshwater groundwater table may be reached. The aquifer should
be characterized before the design of a deep well system to assess the risk of salt water
intrusion. A confined aquifer is vulnerable to salt water intrusion during high volume
pumping.
5.3.1.7.

Navigational Restrictions

Navigational restrictions are not a concern since the intake would be fully underground.
5.3.2.

Summary on Deep Infiltration Gallery

The location of a deep infiltration gallery is along the convenience tunnel starting
approximately 500 feet from shore extending along the tunnel to 4,000 feet or whatever
distance is determined sufficient to yield sufficient quantity of intake water (Figure 5-9).
The deep infiltration gallery alternative would likely result in the fewest environmental
impacts of the four alternatives evaluated. However, the appropriateness of site
geological conditions and potential costs for this approach require further evaluation to
determine if it is both feasible and cost-effective.
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5.4. Beachwell Intake
The use of beachwells constitutes an additional option to supply a source of feedwater to
the proposed facility. Unlike the offshore tunnel intake option, beachwells are located
onshore, typically only a few hundred feet from the ocean and collect water from a depth
of up to 250 feet (Huntington Beach EIR, 2005). As with subsurface intake structures, the
wells reduce or eliminate many concerns regarding feed water quality associated with
most large scale intake structures located in the water column. The factors most affecting
the feasibility of the use of beachwells as the primary intake for the proposed facility at
Camp Pendleton are (1) the amount of shoreline required for beachwells to feed a plant
generating 150 MGD of process water, (2) the local hydrogeological conditions
(including the salt and freshwater aquifer profiles) and (3) potential ecological effects on
the intertidal zone and the Santa Margarita River Estuary.
5.4.1.

Design of Beachwell System

There are two main types of beachwells: slant wells and vertical wells. Only slant wells
are being investigated for this project. It has been determined that vertical wells would
not be adequate to provide the required feedwater flow for the plant’s proposed
production rate. Slant wells are typically drilled from the beach and extend beyond the
shoreline underground to tap the saline aquifer under the ocean. Well depth, production
rate, and water quality vary based on the groundwater profile and soil matrix at a
particular beach.
Beachwells are located within several hundred feet from the ocean. Housing of the well
pumps, piping, electrical, instrumentation and other auxiliary equipment of large-capacity
wells requires an onshore pump house associated with each well (Huntington Beach EIR,
2005).
Slant well intake options will be modeled and evaluated in more detail in Technical
Memorandum 3.3 (TM-3.3) prepared by Geoscience.
5.4.2.
5.4.2.1.

Response to Environmental/Operational Criteria
Impingement/Entrainment

Underground wells do not face some of the ecological issues caused by surface intakes,
including impingement and entrainment of biota. However, siting a beachwell should still
take into consideration the presence of sensitive environmental populations in the
vicinity. The wells should be located upshore and/or downshore from the Santa Margarita
River Estuary so that salinity profiles in this area do not change. Certain species,
including the tidewater goby, require a relatively small salinity concentration window to
survive. Changing the profile in or around the estuary my cause a disruption to sensitive
species like the goby. Offshore sensitive habitats including the Artificial Reefs are not
likely to be disrupted.
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Since the estuary habitat is, for the most part, hydraulically separate from the ocean,
wells near it could potentially de-water the system. Even if they did not affect the salinity
profile, the overall reduction in water in the estuary could be detrimental.
5.4.2.2.

Intake Water Quality

The sand provides an effective means pre-filtering source water to remove suspended
sediments, macro and micro organisms. Lower TSS concentrations and SDI in beachwell
source water have been observed (Hassan 2007). Like with the other subsurface options,
the ecological impact associated with impingement and entrainment is virtually
eliminated since the seafloor and water column are left undisturbed (Pankratz, 2006).
A study conducted at the seawater RO plant at Al-Birk on the southwestern Red Sea
coast of Saudi Arabia examined the option of replacing the original surface intake system
with a beachwell system due to significant membrane fouling problems. The plant was
unable to successfully pre-treat the source water to the level of quality needed for the
consistent operation of the RO membrane (Saeed et al. 2004). Bacteriological and
nutrient analysis showed that bacterial counts at the time of intake was one order of
magnitude lower in beachwell water as compared to seawater. However, beachwell water
showed an accelerated bacterial growth due to a significantly high concentration of
inorganic nutrients as compared with the seawater. Negligible concentrations of organic
nutrients in the beachwell water retarded biofilm formation.
Turbidity and SDI of feedwater from a beachwell have been observed at levels as low as
1 NTU and less than 2, respectively. These values can be compared with the same
parameters measured in feedwater from surface intakes which reach turbidities of
20 NTU and SDI values of 6.7 or above (Hassan et al. 1997).
Temperature fluctuations are buffered in beachwell source water, however mean
temperatures are typically lower than surface water temperatures. RO process efficiency
increases with warmer feed water, however this potential decrease in efficiency may be
mitigated by the efficiency increase associated with the high feed water quality.
5.4.2.3.

Benthic Communities

Since the beachwells would be drilled underground, it is not anticipated that benthic
communities will be affected. However, indirect effects of dewatering the estuary could
be a concern for benthic organisms as discussed above. Similarly, a change in the
nearshore saltwater profile could affect sensitive species.
5.4.2.4.

Biofouling

Biofouling is not a concern for underground wells.
5.4.2.5.

Wave Energy

Wave energy will not have an effect on the operation of a beachwell intake system.
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5.4.2.6.

Hydrogeology

Pumping from coastal wells could potentially invoke a negative impact on nearby fresh
groundwater aquifers (Pankratz, 2006). Traditional onshore groundwater wells in
confined coastal aquifers have increased in quantity due to rising populations. As the
freshwater aquifer is depleted without being recharged through natural processes, salt
water intrusion from the ocean occurs. Desalination has often been cited as a way to
reduce saltwater intrusion by producing potable water without disturbing freshwater
aquifers. However, depending on the local groundwater profile, beachwells to supply the
desalination plant could exacerbate intrusion problems. A site specific hydrogeological
survey needs to be consulted before a conclusion can be made on the feasibility and
impacts of beachwells at this site.
5.4.2.7.

Navigational Restrictions

Navigational restrictions are not a concern since the intake would be fully underground.
5.4.3.

Summary on Beachwell Intake

Similar to both a shallow and deep infiltration gallery, a number of environmental
concerns such as impingement and entrainment are reduced through a beachwell system.
The potential location of the beachwell intake system should be restricted to the ocean
beach area north of the Santa Margarita estuary and/or the breakwater area south of the
estuary (Figure 5-10). Beachwells should not be installed within the estuary itself. The
Santa Margarita estuary provides habitat for many potentially sensitive species, and a
beachwell system within the estuary could adversely impact the quantity and quality of
surface waters. Additional information is required to determine whether sufficient area
of coastal shoreline is available for the quantity of water required for the desalination
facility. Potential impacts associated with dewatering the inter-tidal zone from overpumping should be avoided.
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5.5. Relationship between Intake and Discharge Systems
The location of the intake structure will be impacted by the design and location of the
discharge structure. Malcolm Pirnie is preparing a separate technical memorandum (TM4.1) regarding the feasibility and preliminary design of a discharge system for brine and
treated wastewater from Camp Pendleton. TM-4.1 considers the ability to design a
system which is primarily used for brine disposal but allows for discharge of treated
wastewater from Camp Pendleton during times when the facility is unable to utilize
reclaimed wastewater. Presently, sufficient information is available to evaluate the nearfield dilution of brine/wastewater discharge based on a high velocity discharge in a
multiple port diffuser. Although existing information suggests that a discharge of brine
and/or treated wastewater will have a net movement out of the area of the discharge to the
northwest, varying tides and wind-driven currents are expected to result in an oscillating
plume trajectory which can potential cause a buildup of discharge constituents in the
vicinity of the discharge and recirculation of effluent into the intake system. Selection of
a final intake location depends, therefore, in part on the design and location of the
discharge system. Such concerns can be readily addressed by development of a far-field
water quality model; however, there is insufficient data presently available for this effort.
Our approach for this study was to evaluate and make recommendations on alternative
intake designs without significant consideration of the outfall system beyond the
assumption that a surface convenience pipe of the discharge will continue sufficient
distance past the intake system such that adequate separation exists to avoid unacceptable
far-field interactions between the intake and discharge system. Figure 5-11 presents
potential intake and discharge locations for the various intake alternatives. Given a
number of factors impact the selection of both intake and discharge systems designs,
some in conflicting manners, and there is no single prescribed location for either system,
our approach for this technical memorandum and for TM-4.1 is likely conservative and
can be refined with additional site-specific oceanographic information.
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5.6. Further Investigation
Additional studies will be required to more adequately evaluate design options as the
planning process continues. Depending upon the design options that proceed for further
consideration different studies may be required. The following list includes studies
recommended based on current design considerations.
For all design options, further investigations of the project area should include:
 Current meter study to characterize current patterns in the intake and discharge areas.
Ideally, two or more meters deployed at intake and discharge depths in the project
area for a minimum of one year.
 This document has not evaluated the required separation distance of the intake and
discharge structures in order to avoid recirculation of the brine to the intake.
Additional discharge diffusion modeling is required to determine the saline zone of
influence given recirculation. This will impact final placement of the intake structure.
 Habitat and biological reconnaissance at the proposed sites to determine composition
and size of organisms. Minimally, studies should include some seasonal monitoring
of ichthyoplankton, infauna, and adult fish studies to establish a baseline before
construction and operation.
 Evaluation of RO filter rejection of domoic acid.
For an open-ocean intake, further investigations of the project area should include:
 Monthly or semi-monthly diurnal ichthyoplankton sampling. This study should be
conducted for at least a one-year period (preferably longer) in conjunction with
current studies. This study will be utilized to determine seasonal composition,
densities, and sizes of fish eggs and larvae to optimize the effectiveness of the wedge
wire screen design.
 Evaluation of metal inputs from screen alloys or coatings on source water quality.
 Water column water quality, light penetration, and biofouling
For a seabed infiltration gallery intake, further investigations of the project area should
include:
 Biofouling and siltation rates for engineered and natural sediments.
 Filtering effectiveness for phytoplankton and domoic acid for engineered and natural
sediments.
Modeling of sea floor intake approach velocities. If intake is modeled to exceed a
threshold velocity of 0.15 m/sec (0.5 ft/sec), a monthly or semi-monthly diurnal
epibenthic ichthyoplankton sampling study should be conducted to determine seasonal
composition and potential impacts to the local ichthyoplankton population.
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Appendix 1. Threatened, Endangered and sensitive plant species reported at Camp Pendleton with potential
to occur in project area. (MCBCP 2007, CNDDB 2007, CNPS 2007)
Scientific Name

Common Name

Abronia maritime

Red sand-verbena

Astragalus tener var. titi

coastal dunes milk-vetch

Brodiaea filifolia

thread-leaved brodiaea

Calandrinia maritime

Status
CNPS 4
FE, SE, CNPS 1B

Habitat / Location
Coastal dunes
Coastal bluff and dune. Observed at
mouth of SMR

FT, SE,
CNPS 1B

Coastal sage scrub

seaside calandrinia

CNPS 4

Coastal bluff scrub

Caulanthus simulans

Payson’s jewelflower

CNPS 4

Coastal sage scrub

Chorizanthe procumbens

prostrate spineflower

N/A

Coastal sage scrub

Chorizanthe staticoides ssp.
chrysacantha

Turkish rugging

N/A

Coastal sage scrub

Coreopsis maritima

sea dahlia

Corethrogyne filaginifolia var.
incana

San Diego sand aster

Dichondra occidentalis

western dichondra

Dudleya blochmaniae ssp
blochmaniae

Blochman’s dudleya

CNPS 1B

Coastal bluff scrub and coastal sage
scrub

Dudleya multicaulis

many-stemmed liveforever
/ many-stemmed dudleya

CNPS 1B

Coastal sage scrub

Dudleya viscida

sticky dudleya

CNPS 1B

Coastal bluff scrub and coastal sage
scrub

Eryngium aristulatum var.
parishii

San Diego button-celery

FE, SE, CNPS 1B

Eryngium pendletonensis

Pendleton button-celery

CNPS 1B

Coastal bluff scrub

Erysimum ammophilum

coast wallflower

CNPS 1B

Coastal dune

Harpagonella palmeri

Palmer’s grappling hook

Horkelia cuneata ssp cuneata

wedgeleaf horkelia

Juncus acutus ssp. leopoldii

Southwestern spiny rush

Lasthenia glabrata ssp. coulteri

Coulter's goldfields

G4T3, S2.1

Lepidium latipes var. latipes

dwarf peppergrass

N/A

CNPS 2

Coastal bluff scrub and coastal sage
scrub

CNPS 1B

Coastal sage scrub

CNPS 4

Coastal sage scrub

CNPS 2
N/A
CNPS 4

Marshes and coastal scrub

Coastal sage scrub
Old dune systems and coastal sage
scrub
Coastal dunes and salt marshes
Coastal salt marsh. Found in upper
marsh of SMR
Coastal sage scrub

Lilium humboltii ssp. ocellatum

ocellated Humboldt lily

Lotus nuttallianus

Nuttall's lotus

CNPS 1B

Coastal dunes and sage scrub.
Found on back dunes of beach north
of SMR in least tern nesting site

Nemacaulis denudata var.
denudata

coast woolly-heads

CNPS 1B

Coastal dunes. Found on dunes
north of SMR

Phacelia stellaris

Brand's phacelia

Romneya coulteri

Coulter’s matilija poppy

Satureja chandleri

San Miguel savory

Selaginella cinerascens

ashy spike-moss

Viguiera laciniata

San Diego County
sunflower / San Diego
County viguiera

CNPS 4

FC, CNPS 1B

Coastal scrub

Occurs on back dunes of beach
north of SMR in least tern nesting
site

CNPS 4

Coastal sage scrub

CNPS 1B

Coastal sage scrub

NA

Coastal sage scrub

CNPS 4

Coastal sage scrub

CSC – California State Species of Concern, FE – Federal Endangered, FT- Federal Threatened, FC- Federal
Candidate, SE – California State Endangered, CNPS – California Native Plant Society Ranking.
CNPS list plants on one of 5 “lists” in an effort to categorize degrees of concern:
List 1A: Plants Presumed Extinct in California
List 1B: Plants Rare, Threatened, or Endangered in California and Elsewhere
List 2: Plants Rare, Threatened, or Endangered in California, But More Common Elsewhere
List 3: Plants about Which We Need More Information - A Review List
List 4: Plants of Limited Distribution - A Watch List
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Appendix 2. Threatened, Endangered and sensitive wildlife species reported at Camp Pendleton with
potential to occur in project area (MCBCP 2007, CNDDB 2007)
Scientific Name

Common Name

Status

Habitat / Location

FE, CSC

Occurs in upland areas
near the upper marsh of
SMR

CSC

Occurs in coastal sage
scrub. Observed near I-5
crossing of SMR

FT

Several nesting locations
in SMR flats and along
beaches north of SMR

CSC

Migrate through coastal
estuaries

FE, SE

May be found in upland
areas near the upper
marsh of SMR

Mammals

Perognathus longimembris pacificus

Pacific pocket mouse

Birds
Campylorhynchus brunneicapillus
sandiegensis

coastal cactus wren

Charadrius alexandrius nivosus

western snowy plover

Chlidonias niger

black tern

Empidonax traillii extimus

southwestern willow
flycatcher

Gavia immer

common loon

CSC

Open water

Ixobrychus exilis

least bittern

CSC

Marshes with good cover

Larus californicus

California gull

CSC

Beaches, shorelines,
tidal flats and marshes

Numenius americanus

long-billed curlew

CSC

Feeds along coasts and
wetlands

Pandion haliaetus

osprey

CSC

Feeds and nests near
good fishing areas
including coasts and
estuaries

Passerculus sandwichensis beldingi

Belding’s savannah
sparrow

SE

Feeds and breeds
throughout pickleweed
marsh at SMR

Pelecanus erythrorhynchos

American white pelican

CSC

Migrates through area

Pelecanus occidentalis californicus

California brown
pelican

FE, SE

Observed in SMR
estuary and on beaches

Phalacrocorax auritus

double-crested
cormorant

CSC

Open water, roosts on
land

Polioptila californica californica

coastal California
gnatcatcher

FT, CSC

Occurs in coastal sage
scrub. Observed near I-5
crossing of SMR

Rynchops niger

black skimmer

CSC

Nests on beaches and
bars, feeds in open
water

Rallus longirostris levipes

light-footed clapper
rail

FE, SE

Nests in dense
cordgrass or pickleweed
marsh. Observed in
SMR

Sternula antillarum browni

California least tern

FE ,SE

Three active nesting
sites on the beaches and
salt flats near the mouth
of SMR

Thalasseus elegans

elegant tern

CSC

Nests on beaches, feeds
in open water

Vireo bellii pusillus

least Bell's vireo

FE, SE

Occurs in riparian areas.
May be found near the
upper marsh of SMR

Reptiles
Caretta caretta

loggerhead sea turtle

FT

Ocean

Chelonia mydas

green sea turtle

FE

Ocean

Dermochelys coriacea

leatherback sea turtle

FE

Ocean

Lepidochelys olivacea

Pacific Olive Ridley sea
turtle

FT

Ocean

Fish
Eucyclogobius newberryi

tidewater goby

FE, CSC

Occurs in lower reaches
of rivers and coastal
lagoons. Periodic
occurrences in SMR

Oncorhynchus mykiss irideus

southern steelhead southern California esu

FE, CSC

Has been found in San
Mateo watershed to the
north

CSC – California State Species of Concern, FE – Federal Endangered, FT- Federal Threatened, FC- Federal
Candidate, SE – California State Endangered. SMR – Santa Margarita River
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•

North of the Santa Margarita River, west of Interstate 5 (Sites 5 and 6). A major advantage of
this location is its close proximity to the shoreline, and therefore no land portion of the tunnel
would be required. Whether utilizing Site 5 or 6, the tunnel portal would be located in the same
location. Therefore, one disadvantage of utilizing Site 6 is the fact that two large diameter (72inch) feedwater pipelines would have to cross Interstate 5 and the railroad. Fortunately they
could be located under the Santa Margarita River bridge crossing and therefore not be tunneled.

4 Anticipated Ground Conditions
The Project site geology is described in a report “Geotechnical Reconnaissance Desalination Plant
Feasibility Study MCB Camp Pendleton” dated November 16, 2007 by Ninyo and Moore. Refer to the
report for more information. The soil types are:
•
•
•
•
•
•
•

Fill;
Top Soil;
Alluvium;
Older Paralic deposits;
San Mateo Formation;
San Onofre Breccia;
Offshore Geology

The offshore geology is presumed to be beach sands overlying Older Paralic deposits. The beach sands
decrease in thickness as the ocean depth increases. The beach sands also appear to increase in depth
across the river channel.

5 Anticipated Ground Behaviors
Ground behaviors are described in the attached Tunnelman’s Classification (Appendix A). The Older
Paralic Deposits are anticipated to behave as firm while the sands are anticipated to become flowing if the
granular soil is disturbed by ground movement, over-excavation, or if the hydrostatic pressure is not
controlled or balanced.

6 Tunnel Construction
The tunnel will serve as the intake and the carrier for the outfall pipe. The tunnel is anticipated to be a
single 16-foot inside diameter intake tunnel with an 8- or 9-foot inside diameter interior pipe serving as
the outfall line. For all options, the tunnel is to be located in the Old Paralic Deposits. The tunnel is to be
constructed with a seaward down gradient and parallel the Old Paralic Deposits. Once the tunnel is
completed, there are three options to collect water for the desalination process: a) drill angled collector
wells from the tunnel into permeable sands; b) construct a shallow seabed infiltration gallery on the ocean
floor; or c) an open-ocean intake utilizing wire mesh screens. The outfall can rise to the ocean floor and
then extend further offshore using marine construction to an acceptable location.
The tunneling method will need to control the tidal-influenced hydrostatic pressure, which may be as
much as 200 feet. The tunnel is to terminate at a maximum depth of 100 feet below the ocean floor with a
maximum ocean depth of 100 feet. Depending on the final design and actual site conditions, the
tunneling machine is likely to be a slurry pressure balanced machine. This machine design is compatible
with the anticipated ground behavior and high hydrostatic head. The cutter wheel and excavation tooling
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need to be designed to survive the entire drive or the contractor needs to design the machine so the
excavation tooling can be replaced from within the tunneling machine without the use of a shaft.
The tunnel has to be designed to withstand the construction loads, hydrostatic forces, and the collection
and discharge requirements. Pipe jacking and gasketed liner segments are typical methods in this size
range. The length of the tunnel would lend itself to the use of gasketed liner segments and preclude pipe
jacking. The selection of tunneling equipment will partially determine the shaft diameter and
construction method.

7 Shaft Construction
The shaft should be located close to the shoreline to reduce tunneling footage. The 100- to 150-foot deep
shaft is to be excavated in Older Paralic Deposits. The shaft size will be partially determined by the
tunnel excavation method, support equipment, ground conditions, and the need to accommodate the
permanent facilities. The shaft is anticipated to be 40 to 50 feet in diameter. After tunnel construction,
the shaft is anticipated to provide permanent access to the intake and outfall lines and permanent civil
facilities. Shaft construction methods will need to be designed to withstand the hydrostatic forces,
construction loads, and be constructed without dewatering necessitating the use of in-the-wet construction
methods. Typical construction methods that meet these design requirements are: a) slurry wall, secant
pile, or soil mixing; b) ground freezing; c) cast-in-place caisson; and d) reverse circulation drilling. The
anticipated ground conditions are likely to dictate that a cast-in-place caisson shaft would be the most
likely shaft support system.

8 Design Alternatives
Utilizing Sites 1 or 2 will require approximately 4,000 feet of additional tunneling to reach the shoreline
creating an 8,000-foot long tunnel. With 8,000 feet of tunneling, a new tunneling machine may be needed
or preferred.
Alternative shaft designs and tunnel slope may reduce the project cost. Shaft costs may be reduced by
constructing an oval shaft or a smaller diameter. If the tunnel slope is changed, the shaft may not be as
deep, also resulting in lower costs.
The land portion of an 8,000-foot tunnel provides an opportunity to sink a maintenance shaft near the
shore line. The maintenance shaft provides the ability to replace the tooling and access the cutter face
before commencing the off shore portion of the tunnel.

9 Project Feasibility
The shaft and tunnel portion of this project is technically feasible based on our understanding of the
project as described to us and on the assumptions made in order to prepare this estimate. Successful
construction of the shaft and tunnel portion of the project will depend to a large degree on completing a
thorough geotechnical investigation (land and sea) to confirm the subsurface conditions and the soil
behaviors upon which this estimate is predicated. In addition, the project must is designed using sound
engineering principles and practices as it applies to shaft and tunnel construction under marine conditions.
The design must also ensure that the collector well system can be successfully integrated into the tunnel
liner design without compromising its structural integrity.

Basis of Estimate
April 9, 2008

3

CAMP PENDLETON DESALINATION PROJECT
SLANT WELL INTAKE FEASIBILITY STUDY
TECHNICAL MEMORANDUM 3.3 (TM-3.3)

Prepared for:

and

October 29, 2008

GEOSCIENCE Support Services, Inc.
Tel: (909) 920-0707
Fax: (909) 920-0403
Mailing: P. O. Box 220, Claremont, CA 91711
1326 Monte Vista Ave., Suite 3, Upland, CA 91786
www.gssiwater.com

Camp Pendleton Desalination Project
Slant Well Intake Feasibility Study (TM-3.3)

29-Oct-08

CAMP PENDLETON DESALINATION PROJECT
SLANT WELL INTAKE FEASIBILITY STUDY
TECHNICAL MEMORANDUM 3.3 (TM-3.3)
CONTENTS
1.0

INTRODUCTION .............................................................................................................. 1
1.1 Purpose and Scope......................................................................................................... 1
1.2 Sources of Data.............................................................................................................. 2

2.0

GEOHYDROLOGY........................................................................................................... 3
2.1 Regional Geology .......................................................................................................... 3
2.2 Stratigraphy ................................................................................................................... 3
2.3 Aquifer Systems ............................................................................................................ 4
2.4 Ground Water Elevations .............................................................................................. 4
2.5 Ground Water Quality ................................................................................................... 4

3.0

GROUND WATER FLOW AND SOLUTE TRANSPORT MODEL........................... 5
3.1 Purpose of the Model..................................................................................................... 5
3.2 Description of Model Code ........................................................................................... 5
3.3 Conceptual Model.......................................................................................................... 6
3.4 Model Grid and Boundary Conditions .......................................................................... 6
3.5 Aquifer Parameters ........................................................................................................ 7
3.5.1

Top and Bottom Elevations of Model Layers.................................................. 7

3.5.2

Hydraulic Conductivity ................................................................................... 8

3.5.3

Storativity and Effective Porosity.................................................................... 8

3.5.4

Dispersivity...................................................................................................... 9

GEOSCIENCE Support Services, Inc.

RBF Consulting/San Diego County Water Authority

i

Camp Pendleton Desalination Project
Slant Well Intake Feasibility Study (TM-3.3)

29-Oct-08

3.6 Recharge and Discharge ................................................................................................ 9
3.7 Model Calibration........................................................................................................ 10
3.7.1

Calibration Methodology............................................................................... 10

3.7.2

Initial Conditions ........................................................................................... 11

3.7.3

Steady State Calibration Results.................................................................... 11

3.7.4

Transient Calibration Results ........................................................................ 12

3.8 Model Predictive Scenarios ......................................................................................... 13
3.8.1

Description of Model Predictive Scenarios ................................................... 13

3.8.2

Preliminary Slant Well Design and Layout ................................................... 15

3.9 Model Results .............................................................................................................. 15
3.9.1

3.9.2

3.9.3

3.9.4

Model Run 1 (Southern Well Field – 74,000 gpm) ....................................... 16
3.9.1.1 Ground Water Elevations and Drawdown

16

3.9.1.2 TDS Concentrations

16

Model Run 2 (Northern Well Field – 36,000 gpm) ....................................... 16
3.9.2.1 Ground Water Elevations and Drawdown

16

3.9.2.2 TDS Concentrations

17

Model Run 3 (Combined Well Fields – 110,000 gpm) ................................. 17
3.9.3.1 Ground Water Elevations and Drawdown

17

3.9.3.2 TDS Concentrations

18

Water Budget ................................................................................................. 18

4.0

FINDINGS......................................................................................................................... 20

5.0

RECOMMENDATIONS.................................................................................................. 22

6.0

REFERENCES.................................................................................................................. 23

FIGURES, TABLE

GEOSCIENCE Support Services, Inc.

RBF Consulting/San Diego County Water Authority

ii

Camp Pendleton Desalination Project
Slant Well Intake Feasibility Study (TM-3.3)

29-Oct-08

FIGURES

No.

Description

1

General Project Location

2

Surficial Geology of the Camp Pendleton Coastline Area

3

Geologic Cross Sections of A-A’ and B-B’

4

Ground Water Elevations – 1951 to 1970

5

TDS Concentrations – 1951 to 1970

6

Model Area Grid and Boundary

7

Model Boundary Conditions

8

Aquifer Thickness

9

Hydraulic Conductivity Zones

10

Measured versus Model-Calculated Ground Water Elevations – Steady State
Model Calibration (1951)

11

Hydrograph for Well 11S/5W-02E1 - Transient Model Calibration (1951-1970)

12

Hydrograph for Well 11S/5W-02N5 - Transient Model Calibration (1951-1970)

13

Hydrograph for Well 11S/5W-09J1 - Transient Model Calibration (1951-1970)

14

Hydrograph for Well 11S/5W-10B1 - Transient Model Calibration (1951-1970)

15

Measured versus Model-Calculated Ground Water Elevations – Transient Model
Calibration (1951-1970)

GEOSCIENCE Support Services, Inc.

RBF Consulting/San Diego County Water Authority

iii

Camp Pendleton Desalination Project
Slant Well Intake Feasibility Study (TM-3.3)

29-Oct-08

16

Histogram of Ground Water Level Residuals – Transient Model Calibration

17

Total Dissolved Solids Concentration in Well 11S/5W-09J1 - Transient Model
Calibration (1951-1970)

18

Total Dissolved Solids Concentration in Well 11S/5W-10B1 - Transient Model
Calibration (1951-1970)

19

Measured versus Model-Calculated TDS Concentration – Transient Model
Calibration (1951-1970)

20

Location of Potential Slant Well Well Fields

21

Initial Ground Water Elevations for Predictive Model Scenarios

22

Initial Total Dissolved Solids Concentrations for Predictive Model Scenarios

23

Ground Water Elevations at the End of 10 Years for Scenario 1 (Southern Well
Field Pumping at 74,000 gpm)

24

Regional Drawdown at the End of 10 Years for Scenario 1 (Southern Well Field
Pumping at 74,000 gpm)

25

Selected Hydrographs for Model Scenario 1 (Southern Well Field Pumping at
74,000 gpm)

26

Predicted Average TDS Concentration in Slant Wells for Model Scenario 1
(Southern Well Field Pumping at 74,000 gpm)

27

Ground Water Elevations at the End of 10 Years for Scenario 2 (Northern Well
Field Pumping at 36,000 gpm)

28

Regional Drawdown at the End of 10 Years for Scenario 2 (Northern Well Field
Pumping at 36,000 gpm)

GEOSCIENCE Support Services, Inc.

RBF Consulting/San Diego County Water Authority

iv

Camp Pendleton Desalination Project
Slant Well Intake Feasibility Study (TM-3.3)

29

29-Oct-08

Selected Hydrographs for Model Scenario 2 (Northern Well Field Pumping at
36,000 gpm)

30

Predicted Average TDS Concentration in Slant Wells for Model Scenario 2
(Northern Well Field Pumping at 36,000 gpm)

31

Ground Water Elevations at the End of 10 Years for Scenario 3 (Combined Well
Fields Pumping at 110,000 gpm)

32

Regional Drawdown at the End of 10 Years for Scenario 3 (Combined Well
Fields Pumping at 110,000 gpm)

33

Selected Hydrographs for Model Scenario 3 (Combined Well Field Pumping at
110,000 gpm)

34

Predicted Average TDS Concentration in Slant Wells for Model Scenario 3
(Combined Well Field Pumping at 110,000 gpm)

GEOSCIENCE Support Services, Inc.

RBF Consulting/San Diego County Water Authority

v

Camp Pendleton Desalination Project
Slant Well Intake Feasibility Study (TM-3.3)

29-Oct-08

TABLE
No.

Description

1

Summary of Slant Well Pumping Rates for Model Scenarios 1, 2 and 3

GEOSCIENCE Support Services, Inc.

RBF Consulting/San Diego County Water Authority

vi

Camp Pendleton Desalination Project
Slant Well Intake Feasibility Study (TM-3.3)

29-Oct-08

CAMP PENDLETON DESALINATION PROJECT
SLANT WELL INTAKE FEASIBILITY STUDY

TECHNICAL MEMORANDUM 3.3 (TM-3.3)

1.0 INTRODUCTION
RBF Consulting is assisting in a feasibility study being conducted by the San Diego County
Water Authority for the construction of a seawater desalination facility in Camp Pendleton, San
Diego County, California (see Figure 1). This project would involve the construction of a
desalination plant with a capacity of up to 150 million gallons per day (MGD), an offshore
seawater intake, or a brine disposal system. Seawater would be obtained from slant wells located
on the beach or from a new surface water intake or seabed infiltration gallery (SIG) system. This
technical memorandum presents the results of a ground water flow and solute transport model
which was developed to analyze the feasibility of using a system of slant wells for the feed water
intake supply.

1.1 Purpose and Scope
The purpose of this investigation is to assess the feasibility of obtaining feedwater supply for a
proposed desalination plant using slant well fields located on the beach along the Camp
Pendleton coastline. The ground water modeling work was performed to determine the potential
yield of a slant well intake system, to predict water quality variations with time, and to predict
effects on ground water levels in the onshore ground water basin.

Specifically, the work

included the following tasks:
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•

Review all available geohydrologic data;

•

Develop a conceptual three dimensional ground water flow and solute transport model;

•

Summarize relevant geohydrologic data including ground water levels and ground water
quality (TDS);

•

Prepare model input files;

•

Calibrate the model using available water level and water quality (TDS) data;

•

Develop preliminary desalination intake system and slant well scenarios;

•

Run preliminary project feed water intake scenarios; and

•

Prepare a technical memorandum summarizing the findings and recommendations.

1.2 Sources of Data
Relevant geohydrologic reports in the project area were reviewed. Data used to develop the
model parameters including geology, lithology, ground water level data, ground water quality
data, and aquifer parameters were obtained from published and unpublished reports and Camp
Pendleton data records. Detailed data sources are described in Section 6.0.
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2.0 GEOHYDROLOGY
2.1 Regional Geology
The project area is located in the western-most portion of the Santa Margarita River Valley
watershed in northern San Diego County, California (see Figure 1). This area of the watershed is
in the Pacific Coastal Plain of the Peninsular Ranges geomorphic province of Southern
California. The Peninsular Ranges are characterized by a relatively narrow coastal plain on the
west that is bounded by northwesterly trending mountains and interconnected valleys on the east.

2.2 Stratigraphy
The principle geologic units that occur within the project area include (from oldest to youngest):

•

Santiago Formation (Tsa)

•

San Onofre Breccia (Tso)

•

San Mateo Formation (Tsm)

•

Old Paralic1 Deposits (Qop, Qvop)

•

Alluvium (Qa, Qya, Qoa)

•

Wash Deposits (Qw)

The areal distribution of these units is shown on Figure 2. Cross sections illustrating geologic
relationships are shown on Figure 3 (cross section locations are shown on Figure 2). Detailed
description of these geologic units can be found in the report prepared by Ninyo and Moore
(2007).

1

Sediments deposited by the sea, but of nonmarine origin (e.g. lagoonal or littoral); said of intertongued
marine and continental deposits laid down on the landward side of a coast or in shallow water subject to
marine invasion.
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2.3 Aquifer Systems
Holocene Alluvium is the principal water-bearing aquifer in the Camp Pendleton coastline and
near-shore land areas. These unconsolidated sediments are divided into Upper and Lower
Alluvium. The Upper Alluvium consists of less permeable silt and clay intermixed with sand
with a thickness of approximately 70 ft. The Lower Alluvium is very permeable and contains
gravel, sand, silt and clay with a thickness of approximately 130 ft. Old Paralic deposits are
unconsolidated but typically occur within the unsaturated zone. Underlying the Alluvium and
Old Paralic deposits is the Pliocene San Mateo Formation, which consists of gravel, sand, silt
and sandy shale of marine origin with a thickness up to 1,000 ft or more. The San Mateo
Formation yields water to well at an average rate of 700 gallons per minute (gpm) in the northern
part of Camp Pendleton (Worts and Boss, 1954).

The San Onofre Breccia and Santiago

Formation are consolidated sedimentary deposits and yield essentially no water.

2.4 Ground Water Elevations
Ground water elevation hydrographs for wells within the vicinity of the study area are shown on
Figure 4. The hydrographs show that the water level in Well 11S/5W-02E1 was -10 ft above
mean sea level (amsl) in 1951. It appears that seawater moved inland during that time period.
From the early 1950s through the late 1960s, ground water elevations recovered and became
relatively stable.

2.5 Ground Water Quality
Ground water quality in the study area is poor. Total dissolved solids (TDS) concentration in
well 11S/5W-10B1 has ranged from 1,000 to 2,700 milligrams per liter (mg/L) during the period
from 1951 to 1970 (see Figure 5). TDS concentrations in well 11S/5W-09J1 decreased from
approximately 31,000 mg/L in 1951 to approximately 20,000 mg/L in 1963 (see Figure 5). The
decreasing TDS concentrations in well 11S/5W-09J1 correspond with the period of ground water
level recovery from the 1950s to 1960s.
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3.0 GROUND WATER FLOW AND SOLUTE TRANSPORT MODEL
3.1 Purpose of the Model
To facilitate future planning and evaluate potential impacts on ground water levels and quality
from the proposed project, a ground water flow and solute transport model was developed.
Specifically, the MODFLOW ground water flow and MT3DMS solute transport model was used.
The model was developed in order to assess the layout and sustainable yield of the slant well intake
system and project impacts on aquifers in the Camp Pendleton coastline and near-shore land areas.

3.2 Description of Model Code
MODFLOW and MT3DMS are the model computer codes used for the Camp Pendleton
Desalination ground water model. MODFLOW is a block-centered, three-dimensional, finite
difference groundwater flow model developed by the USGS for the purpose of modeling
groundwater flow. MT3DMS is a modular three-dimensional multispecies transport model for
simulation of advection, dispersion, and chemical reactions of contaminants in groundwater
systems (Zheng and Wang, 1998). The SEAWAT2 program was also used to compare the results
from MODFLOW and MT3DMS. In general, MODFLOW and MT3DMS yield very similar
results compared to the SEAWAT with slight differences in water level elevation (approximately
one foot).

2

The SEAWAT program was developed by the United States Geologic Survey (Guo and Langevin, 2002) to simulate threedimensional, variable density, groundwater flow and solute transport in porous media. The source code for SEAWAT was
developed by combining MODFLOW and MT3DMS into a single program that solves the coupled flow and solute transport
equations.

GEOSCIENCE Support Services, Inc.

RBF Consulting/San Diego County Water Authority

5

Camp Pendleton Desalination Project
Slant Well Intake Feasibility Study (TM-3.3)

29-Oct-08

3.3 Conceptual Model
The ground water model for the potential Camp Pendleton slant well site was developed for the
unconsolidated alluvium sediments, and the upper 600 ft of Quaternary San Mateo Formation of
the Camp Pendleton coastline and near-shore land areas.

The ground water model consists of four model layers:
Layer 1 : Only active beneath the ocean and assumed to be 1 ft thick,3
Layer 2: Upper Alluvium,4
Layer 3: Lower Alluvium,5
Layer 4: Top 600 ft of the San Mateo Formation
The model layers were developed in GIS6 based on review of geologic logs in published reports
and drillers logs for local wells. Figure 3 is geologic cross section in the model area showing the
base of the Upper Alluvium and Lower Alluvium.

3.4 Model Grid and Boundary Conditions
The four-layer ground water flow model grid covers an area of approximately 36.7 square miles
with a finite-difference grid consisting of 320 rows in the northwest to southeast direction and
320 columns in the southwest to northeast direction for a total of 409,600 cells. The model cells
measure 100 ft by 100 ft uniformly throughout the entire model area. See Figure 6 for the
location and layout of the model grid.
3

The sole purpose of model layer 1 is to allow vertical leakage from the ocean into underlying aquifers.

4

Where there is no alluvium, the bottom elevation of the Upper Alluvium was extended to define the base of
model Layer 2

5

Where there is no alluvium, the bottom elevation of the Lower Alluvium was extended to define the base of
model Layer 3.

6

Geographic Information System.
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The boundary conditions used in the model are no-flow (constant flux-Neumann) and constant
head (Dirichlet) boundaries. No-flow cells were assigned to the non-alluvial or bedrock portions
of the model area. The no-flow cells in Model Layers 1 through 4 are shown in Figure 7.

Two constant head boundaries were used – one at the northeastern boundary of the model and
the other in the Pacific Ocean to the southwest. The northeastern constant head boundary was
used to simulate the underflow inflow/outflow across the Ysidora Narrows located between the
Ysidora Basin and Camp Pendleton coastline and near-shore land areas (see Figure 7). The
southwestern constant head boundary extends from the shoreline to the southwestern end of the
model. The southwestern constant head boundary at the ocean was specified only in Model
Layer 1 between the shoreline and the southwestern model boundary to allow vertical leakage
from the ocean into the uppermost aquifer (model Layer 2). This boundary condition consists of
a ground water elevation of zero ft amsl.

3.5 Aquifer Parameters
3.5.1

Top and Bottom Elevations of Model Layers

Land surface elevations, as determined from the standard 10-m resolution USGS DEM, were
used as the top elevation of the uppermost aquifer layer (model Layer 2).7 The model layers
were developed based on review of geologic logs in published reports and drillers logs for local
wells. The bottom elevations of model Layers 2 and 3 were considered to be the bases of the
Upper Alluvium and Lower Alluvium, respectively. The bottom elevation of model Layer 4 was
determined based on the bottom of the top 600 ft of San Mateo Formation or bedrock San Onofre
Breccia. Geologic cross sections across the alluvial channel and along the axis of the channel are
presented in Figure 3 and the thickness of each model layer is shown in Figure 8.

7

Model layer 1 is a one-ft thick aquitard layer active only beneath the ocean to allow vertical leakage from the
ocean to underlying aquifers.
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Hydraulic Conductivity

Initial horizontal hydraulic conductivity values were estimated based on lithology from wells and
boreholes. During model calibration, the horizontal hydraulic conductivity values were adjusted
so that the water level residuals (observed ground water elevation minus model-generated ground
water elevation) were minimized. The final calibrated horizontal hydraulic conductivity values
are shown in Figure 9.

The calibrated horizontal hydraulic conductivity values were

approximately 30 ft/day (224.4 gpd/ft2) for the Upper Alluvium and 350 ft/day (2,618 gpd/ft2)
for the Lower Alluvium. These values are consistent with published data (Stetson Engineers,
Inc., 2001).

The vertical hydraulic conductivity values were estimated assuming 1/20 of the horizontal
hydraulic conductivity values (i.e., the ratio of horizontal hydraulic conductivity to vertical
hydraulic conductivity equals 20). Typically, the ratios of horizontal hydraulic conductivity to
vertical hydraulic conductivity fall within the range of 2 to 10 for alluvium and up to 100 or
more where clay layers are present (Todd, 1980).

3.5.3

Storativity and Effective Porosity

An unconfined storage value (i.e. specific yield or effective porosity) of 0.1 was assigned for
model Layer 2 based on the character of aquifer materials encountered. The storativity values
were initially estimated based on the typical values for semi-confined to confined aquifers.
Based on model calibration results, a storativity value of 0.001 was used for model Layer 3 and
0.00005 for model Layer 4.
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Dispersivity

Longitudinal dispersivity was initially estimated from the relationship between longitudinal
dispersivity and scale of observation (Zheng and Bennett, 2002) and then adjusted during model
calibration.

A longitudinal dispersivity of 40 ft results in a good match between model-

calculated and measured TDS concentrations. The ratio of horizontal transverse dispersivity to
longitudinal dispersivity was assumed to be 0.1, while the ratio of vertical transverse dispersivity
to longitudinal dispersivity was assumed to be 0.01.

3.6 Recharge and Discharge
The ground water model River package was used to simulate the interaction between the Santa
Margarita River and aquifers in the model area. Based on steady state and transient model
calibration, a riverbed hydraulic conductance of 75 ft2/day was used for the streambed layer and
the creek stage was assumed to be one foot above the bottom elevation of the streambed.

For the underflow inflow/outflow across the Ysidora Narrows, a constant head boundary in the
northeastern model boundary was simulated using the Time-Variant Specified-Head Package.
The water levels were specified based on measured water levels in the area.

The southwestern constant head boundary at the ocean was specified in model Layer 1 between
the shoreline and the southwestern model boundary to allow vertical leakage from the ocean into
the uppermost aquifer (model Layer 2). This boundary condition consists of a ground water
elevation of zero ft amsl.
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3.7 Model Calibration
3.7.1

Calibration Methodology

Model calibration is performed to compare model-simulated water levels and TDS
concentrations to field-measured values (Anderson and Woesnsner, 1992).

The method of

calibration used by the ground water model was the industry standard “history matching”
technique. In this method, a steady state calibration of 1951 and a transient calibration period
from 1951 to 1970 were chosen.8

To assist in the trial-and-error adjustment of parameters, the software package Visual PEST
(Parameter ESTimation) (Doherty, 2000) was used to aid in the calibration of both the steadystate and transient ground water models. PEST was used to optimize aquifer parameters in the
model, based on observed water levels and TDS concentrations over time.

These aquifer

parameters included horizontal hydraulic conductivity, vertical hydraulic conductivity, storativity
and dispersivity. Aquifer parameters were input to PEST in the form of ranges of acceptable
values for each established parameter zone. Through a nonlinear estimation technique known as
the Gauss-Marquardt-Levenberg method, PEST adjusted the values assigned to each of the
parameter zones to best fit the model-generated heads and TDS concentrations to the observed
heads and TDS concentrations (reduce residual error) at wells across the model area.

The calibration process requires the use of calibration target wells from which to match
model-generated head values and TDS concentrations against measured values. Target wells
used for model flow calibration include wells 11S/5W-02E1, 11S/5W-02N5, 11S/5W-09J1, and
11S/5W-10B1 (see Figure 4 for well locations). Target wells used for solute transport model
calibration include wells 11S/5W-09J1 and 11S/5W-10B1 (see Figure 5 for well locations).

8

These periods were chosen based on available data in the proposed project and nearby areas.
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Initial Conditions

Initial conditions for the steady state calibration of the ground water model included measured
ground water elevations and estimated TDS concentrations for 1951. Ground water elevation
contours in the basin were generated for static conditions in 1951 with initial ground water
elevations incorporating data collected from wells 11S/5W-02E1, 11S/5W-02N5, 11S/5W-09J1,
and 11S/5W-10B1.

TDS concentrations for the steady state calibration incorporated data

collected from wells 11S/5W-09J1 and 11S/5W-10B1 in 1951.

Initial conditions for the transient model calibration used the results of the steady state
calibration. Initial conditions for model operational scenarios consisted of output at the end of
the transient model calibration.

3.7.3

Steady State Calibration Results

A graphical comparison between measured and model-predicted ground water levels (from the
four target wells) for the steady state calibration is shown in Figure 10 and summarized in the
table below. In Figure 10, the closer the ground water elevations fall on the straight line, the
better the "goodness-of-fit".

Ground Water Elevation Steady State Calibration Statistics

1
2

Mean Residual1

0.79 ft

Standard Deviation of Residual

0.67 ft

Relative Error2

9.5%

Residual = measured head less predicted head
Relative Error = standard deviation of the residuals divided by the observed head range
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Apart from the calibration evaluation of “goodness-of-fit”, another more quantitative approach is
to calculate the relative error of the residuals (i.e. standard deviation of the residuals divided by
the observed ground water elevation range). Common modeling practice is to consider a good fit
between historical and model-predicted data if the relative error is below 10% (Spitz and
Moreno, 1996; and Environmental Simulations, Inc., 1999). As seen in the table above, the
relative error for the five target wells is 9.5% which is below the recommended error of 10%.

3.7.4

Transient Calibration Results

The results of the initial steady state calibration provided initial aquifer parameter estimates and
ground water elevations for the transient calibration.

PEST was used to iteratively adjust

horizontal hydraulic conductivity, and storativity/specific yield until a good match between
measured and model-generated ground water elevations was achieved. The resultant calibration
statistics are provided in the table below. Figures 11 to 14 show the hydrographs of the four
target wells showing model-generated water levels compared to measured levels.

Transient Calibration Statistics
Statistic

Flow Model

Solute Transport Model

Mean Residual1

-0.04 ft

734 mg/L

Standard Deviation of Residual

3.55 ft

2,648 mg/L

Relative Error2

9.0%

8.8%

1
2

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

Figure 15 shows a cross-plot of model-calculated changes versus measured changes in water
level from initial conditions. The relative error of the residuals calculated by this method of
analyzing model calibration results was 9.0%, which is also below the recommended error of
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10%. A histogram of water level residuals (measured water level less model-generated water
level) is shown on Figure 16. The histogram shows a bell shape with most of the residual9 water
levels being in the range of +/- 3 ft (74% of 937 water level measurements), indicating an
acceptable model calibration.

Figures 17 and 18 show the TDS concentrations of the two target wells showing modelgenerated TDS concentrations compared to measured data.

Figure 19 shows that model-

calculated and measured TDS concentrations have similar trends. The relative error for the
transient calibration of the water quality component (TDS) of the ground water model was 8.8%.

3.8 Model Predictive Scenarios
3.8.1

Description of Model Predictive Scenarios

Three model predictive scenarios were run for a 10-year period with an annual stress period.
•

Scenario 1: Southern Well Field – 74,000 gpm (106 MGD)
This scenario simulated a feedwater intake supply of 74,000 gpm (106 MGD) for a
10-year period using 30 slant wells located south of the Santa Margarita River mouth.
Figure 20 shows the location of these slant wells and Table 1 summarizes the pumping
rate used for each slant well.

•

Scenario 2: Northern Well Field – 36,000 gpm (52 MGD)
Scenario 2 simulated a feedwater intake supply of 36,000 gpm (52 MGD) for a 10-year
period using 30 slant wells located north of the Santa Margarita River mouth. Figure 20
shows the location of these slant wells and Table 1 summarizes the pumping rate used for
each slant well.

9

The residual is the difference between measured water levels and model-generated water levels.
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Scenario 3: Combined Well Field – 110,000 gpm (158 MGD)
This scenario simulated a feedwater intake supply of 110,000 gpm (158 MGD) for a 10-year
period using 30 slant wells located south of the Santa Margarita River mouth and 30 slant
wells located north of the Santa Margarita River mouth. Figure 20 shows the location of
these slant wells and Table 1 summarizes the pumping rate used for each slant well.

The following table summarizes the description of these three predictive scenarios.

Description of Model Predictive Scenarios

Model
Scenario

Location of
Slant Wells

Number of
Slant Wells

Duration10

Stress
Period

Project
Extraction
Quantity

Well Pumping
Rate

1
(Southern
Well Field)

South of
Santa
Margarita
River Mouth

30 Wells

10 years

Annual

74,000 gpm
(106 MGD)

1,000 gpm to
3,000 gpm

2
(Northern
Well Field)

North of Santa
Margarita
River Mouth

30 Wells

10 years

Annual

36,000 gpm
(52 MGD)

1,000 gpm to
3,000 gpm

3
(Combined
Well Field)

Both South
and North of
Santa
Margarita
River Mouth

60 Wells

10 years

Annual

110,000 gpm
(158 MGD)

1,000 gpm to
3,000 gpm

Initial conditions for model operational scenarios consisted of output at the end of the transient
model calibration. Figure 21 depicts initial ground water elevations and Figure 22 depicts initial
TDS concentrations used for the model operational scenarios.

10

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

The feedwater supply wells in the southern well field (Scenarios 1 and 3) are conceptualized as
straight wells drilled at a 20° angle below horizontal and to a total length of 600 lineal ft. The
total vertical depth at maximum well length would be 205 ft. The screened intervals would be
placed from approximately 200 to 600 lineal ft.11 An optimum configuration of 30 supply wells
was modeled, consisting of six groups of three to six wells each, extending radially outward from
a common entry location (see Figure 20).

The feedwater supply wells in the northern well field (Scenarios 2 and 3) are conceptualized as
straight wells drilled at a 20° angle below horizontal and to a total length of 750 lineal ft. The
total vertical depth at maximum well length would be 257 ft. The screened intervals would be
placed from approximately 250 to 750 lineal ft. An optimum configuration of 30 supply wells
was modeled, consisting of ten groups of three wells each, extending radially outward from a
common entry location (see Figure 20).

Pumping rates used for each of the three model predictive scenarios are based on the model
calibrated hydraulic conductivity values for the Lower Alluvium (350 ft/day) and the San Mateo
Formation (20 ft/day). A pumping rate of 1,000 gpm was used for slant wells that are screened
within the San Mateo Formation, and 3,000 gpm was used for slant wells that are screened
within the Lower Alluvium.

3.9 Model Results
Results of the ground water simulations are spatially presented for model Scenarios 1, 2 and 3 in
terms of ground water elevations and regional drawdowns for each model layer. Hydrographs of
ground water elevations at selected slant wells are also presented in order to assess the predicted
11

The length of blank section (pump house casing) may vary somewhat in the final design depending upon results
from extended test well pumping and final well locations.
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water levels in the slant wells. Plots of TDS concentrations throughout the modeling period are
presented for the slant well field for model Scenarios 1, 2 and 3.

3.9.1

Model Run 1 (Southern Well Field – 74,000 gpm)

3.9.1.1 Ground Water Elevations and Drawdown
Figure 23 shows ground water elevations and Figure 24 shows regional drawdown after ten years
of pumping from the Southern Well Field at a total capacity of 74,000 gpm. The maximum
regional drawdown in the vicinity of well field would be approximately 25 ft, 55 ft and 20 ft for
model layers 2, 3 and 4, respectively. Hydrographs for selected slant wells (see Figure 25) show
that predicted ground water elevations are relatively stable, reaching a minimum elevation in one
year of approximately -27 to -52 ft amsl in the Southern Well Field. This corresponds to a
drawdown in the aquifer of approximately 27 to 52 ft. Assuming a well efficiency of 80%, the
drawdown in the slant wells would be 34 to 65 ft. The projected pumping levels in the slant
wells would be above the screen interval.

3.9.1.2 TDS Concentrations
Figure 26 shows the weighted average TDS concentration from the slant wells of the Southern
Well Field. Over the ten-year period, the TDS concentration of the feedwater extracted by the 30
slant wells would average approximately 34,200 mg/L.

3.9.2

Model Run 2 (Northern Well Field – 36,000 gpm)

3.9.2.1 Ground Water Elevations and Drawdown
Figure 27 shows ground water elevations and Figure 28 shows regional drawdown after ten years
of pumping from the Northern Well Field at a total capacity of 36,000 gpm. The maximum
GEOSCIENCE Support Services, Inc.
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regional drawdown in the vicinity of well field would be approximately 25 ft, 50 ft and 30 ft for
model layers 2, 3 and 4, respectively. Hydrographs for selected slant wells (see Figure 29) show
that predicted ground water elevations are relatively stable, reaching a minimum elevation in one
year of approximately -45 to -52 ft amsl in the Northern Well Field. This corresponds to a
drawdown in the aquifer of approximately 45 to 52 ft. Assuming a well efficiency of 80%, the
drawdown in the slant wells would be 56 to 65 ft. The projected pumping levels in the slant
wells would be above the screen interval.

3.9.2.2 TDS Concentrations
Figure 30 shows the weighted average TDS concentration from the slant wells of the Northern
Well Field. Over the ten-year period, the TDS concentration of feedwater extracted by the 30
slant wells would average approximately 34,300 mg/L.

3.9.3

Model Run 3 (Combined Well Fields – 110,000 gpm)

3.9.3.1 Ground Water Elevations and Drawdown
Figure 31 shows ground water elevations and Figure 32 shows regional drawdown after ten years
of pumping from the Combined Well Field at a total capacity of 110,000 gpm. The maximum
regional drawdown would be approximately 25 ft, 55 ft and 30 ft for model layers 2, 3 and 4,
respectively. Hydrographs for selected slant wells (see Figure 33) show that predicted ground
water elevations are relatively stable, reaching a minimum elevation in one year of approximately
-28 to -52 ft amsl in the Southern Well Field and approximately -45 to -52 ft amsl in the Northern
Well Field.

This corresponds to a drawdown in the aquifer of approximately 28 to 52 ft.

Assuming a well efficiency of 80%, the drawdown in the slant wells would be 35 to 65 ft. The
projected pumping levels in the slant wells would be above the screen interval.
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3.9.3.2 TDS Concentrations
Figure 34 shows the weighted average TDS concentration from the slant wells of the Combined
Well Field. Over the ten-year period, the TDS concentration of the feedwater extracted by the 60
slant wells would average approximately 34,300 mg/L.

3.9.4

Water Budget

The water budget presented in the table below summarizes all the model inflow and outflow
components as calculated using the model’s cell-by-cell flow budgets.

Summary of Water Budget
Annual Average Values for Ten Years

INFLOW
Model Scenario

Underflow
from Eastern
Model
Boundary

OUTFLOW

Santa
Margarita
River Recharge

Ocean Inflow

Slant Well
Pumping

CHANGE IN
GROUND
WATER
STORAGE

[acre-ft/yr]
Scenario 1
(Southern Well
Field Pumping
at 74,000 gpm)
Scenario 2
(Northern Well
Field Pumping
at 36,000 gpm)
Scenario 3
(Combined
Well Field
Pumping at
110,000 gpm)

7,527

482

110,111

119,371

-1,251

1,970

472

53,666

58,073

-1,965

8,199

487

165,554

177,443

-3,203
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As shown, operation of the slant wells as feedwater supply for the desalination plant generally
increases the amount of ocean inflow. For Scenario 1, the ocean inflow is approximately 92% of
the amount of pumping from the slant wells (110,111 / 119,371 = 0.92). The ocean inflow is
approximately 92% (53,666 / 58,073 = 0.92) of the amount of pumping for Scenario 2 and 93%
(165,554 / 177,443 = 0.93) of the amount of pumping for Scenario 3.

For the entire model area, the changes in ground water storage would be a decline of 1,251 acre-ft/yr,
1,965 acre-ft/yr and 3,203 acre-ft/yr for Scenarios 1, 2 and 3, respectively. The maximum
decline in ground water level as the result of decline in ground water storage would be in the
slant well fields.
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4.0 FINDINGS
The following findings are based on the results from the Subsurface Feasibility Intake System
modeling and analysis:
•

The feasible design for the Southern Well Field (Scenario 1) would consist of 30 slant wells
with each well capable of 1,000 to 3,000 gpm. The slant wells would be constructed at a
20 degree angle below horizontal and have approximately 200 ft of blank casing and 400 ft
of well screen.

The total capacity for the Southern Well Field would be 74,000 gpm

(106 MGD).
•

The feasible design for the Northern Well Field (Scenario 2) would also consist of 30 slant
wells with each well capable of 1,000 to 3,000 gpm. The slant wells would be constructed at
a 20 degree angle below horizontal and have approximately 250 ft of blank casing and 500 ft
of well screen.

The total capacity for the Northern Well Field would be 36,000 gpm

(52 MGD).
•

The feasible design for the Combined Well Field (Scenario 3) would consist of 60 slant wells
including 30 slant wells in the Southern Well Field and 30 slant wells in the Northern Well
Field. The total capacity for the Combined Well Field would be 110,000 gpm (158 MGD).

•

Ground water model predictions show that the Scenario 1 Southern Well Field pumping at a
total discharge rate of 74,000 gpm for a ten-year period will have water level elevations of
approximately -27 to -52 ft amsl in the slant wells. This corresponds to a drawdown in the
aquifer of approximately 27 to 52 ft. Assuming a well efficiency of 80%, the drawdown in
the slant wells would be 34 to 65 ft. The pumping level in the slant wells would be above the
screen interval.

•

During the ten years of continuous pumping at 74,000 gpm from the Southern Well Field
(Scenario 1), the average TDS in the slant well discharge would be approximately 34,200 mg/L.
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For Scenario 1, the ocean inflow would be 110,111 acre-ft/yr. This accounts for 92% of the
total volume pumped from the slant wells (110,111 / 119,371 = 0.92).

•

Ground water model predictions show that the Scenario 2 Northern Well Field pumping at a
total discharge rate of 36,000 gpm for a ten-year period will have water level elevation of
approximately -45 to -52 ft amsl in the slant wells. This corresponds to a drawdown in the
aquifer of approximately 45 to 52 ft. Assuming a well efficiency of 80%, the drawdown in
the slant wells would be 56 to 65 ft. The pumping level in the slant wells would be above the
screen interval.

•

During the ten years of continuous pumping at 36,000 gpm from the Northern Well Field
(Scenario 2), the average TDS in the slant well discharge would be approximately 34,300 mg/L.

•

For Scenario 2, the ocean inflow would be 53,666 acre-ft/yr. This accounts for 92% of the
total volume pumped from the slant wells (53,666 / 58,073 = 0.92).

•

Ground water model predictions show that the Scenario 3 Combined Well Field pumping at a
total discharge rate of 110,000 gpm for a ten-year period will have water level elevation of
approximately -28 to -52 ft amsl in the slant wells. This corresponds to a drawdown in the
aquifer of approximately 28 to 52 ft. Assuming a well efficiency of 80%, the drawdown in
the slant wells would be 35 to 65 ft. The pumping level in the slant wells would be above the
screen interval.

•

During the ten years of continuous pumping at 110,000 gpm from the Combined Well Field
(Scenario 3), the average TDS in the slant well discharge would be approximately 34,300 mg/L.

•

For Scenario 3, the ocean inflow would be 165,554 acre-ft/yr. This accounts for 93% of the
total volume pumped from the slant wells (165,554 / 177,443 = 0.93).
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5.0 RECOMMENDATIONS
Based on the findings from this study, the following is recommended:

•

As the geohydrologic analysis of slant well feasibility presented in this report is
considered preliminary, a detailed site investigation should be conducted.

•

Before designing a pilot program, it will be necessary to determine site-specific aquifer
properties, which can be obtained from exploratory test boreholes.

•

A detailed geohydrologic study should be conducted which should include results from
exploratory test boreholes.

•

Borehole geophysical surveys and aquifer pumping tests should be conducted to assess
aquifer thicknesses, the location of the seawater/freshwater interface, aquifer hydraulic
conductivity, and well capacity.

•

“Test” wells should be constructed to demonstrate the viability of using a slant well. Test
wells should be monitored for a sufficient period of time to adequately measure changes
in ground water levels and TDS concentrations as the result of extraction.
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Statistic analysis of TDS concentration residuals
were based on 43 TDS measurements from
Wells 11S/5W-09J1 and 11S/5W-10B1 during the
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TABLE

Table 1

RBF Consulting/San Diego County Water Authority
Camp Pendleton Desalination Project
Slant Well Intake Feasibility Study (TM-3.3)

Summary of Slant Well Pumping Rates for Model Scenarios 1, 2 and 3

Slant Well Number
S1-1
S1-2
S1-3
S2-1
S2-2
S2-3
S3-1
S3-2
S3-3
S3-4
S3-5
S3-6
S4-1
S4-2
S4-3
S4-4
S4-5
S4-6
S5-1
S5-2
S5-3
S5-4
S5-5
S5-6
S6-1
S6-2
S6-3
S6-4
S6-5
S6-6
N1-1
N1-2
N1-3
N2-1
N2-2
N2-3
N3-1
N3-2
N3-3
N4-1
N4-2
N4-3
N5-1
N5-2
N5-3
N6-1
N6-2
N6-3
N7-1
N7-2
N7-3
N8-1
N8-2
N8-3
N9-1
N9-2
N9-3
N10-1
N10-2
N10-3
Total

Scenario 1 Southern Well Field Scenario 2 Southern Well Field Scenario 3 Southern Well Field
[gpm]
[gpm]
[gpm]
3,000
0
3,000
3,000
0
3,000
3,000
0
3,000
3,000
0
3,000
3,000
0
3,000
3,000
0
3,000
3,000
0
3,000
3,000
0
3,000
3,000
0
3,000
3,000
0
3,000
3,000
0
3,000
3,000
0
3,000
3,000
0
3,000
3,000
0
3,000
3,000
0
3,000
3,000
0
3,000
3,000
0
3,000
3,000
0
3,000
3,000
0
3,000
3,000
0
3,000
1,000
0
1,000
1,000
0
1,000
3,000
0
3,000
3,000
0
3,000
1,000
0
1,000
1,000
0
1,000
1,000
0
1,000
1,000
0
1,000
1,000
0
1,000
1,000
0
1,000
0
3,000
3,000
0
3,000
3,000
0
3,000
3,000
0
1,000
1,000
0
1,000
1,000
0
1,000
1,000
0
1,000
1,000
0
1,000
1,000
0
1,000
1,000
0
1,000
1,000
0
1,000
1,000
0
1,000
1,000
0
1,000
1,000
0
1,000
1,000
0
1,000
1,000
0
1,000
1,000
0
1,000
1,000
0
1,000
1,000
0
1,000
1,000
0
1,000
1,000
0
1,000
1,000
0
1,000
1,000
0
1,000
1,000
0
1,000
1,000
0
1,000
1,000
0
1,000
1,000
0
1,000
1,000
0
1,000
1,000
0
1,000
1,000
0
1,000
1,000
74,000

36,000

110,000

Note: see Figure 20 for well locations

29-Oct-08

GEOSCIENCE Support Services, Inc
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APPENDIX C:
CONCENTRATE DISPOSAL STUDIES
1. Malcolm Pirnie:
Brine Disposal Technical Memorandum 4.1 (TM-4.1): Camp Pendleton Desalination
Discharge Feasibility Study (Dated: September 2008).
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Feasibility of a Seawater Desalination Project at Camp Pendleton

1. Introduction
1.1. Background
The San Diego County Water Authority is currently conducting a feasibility study for a
desalination plant located at the Marine Corps Base Camp Pendleton (Camp Pendleton),
near Oceanside, CA. The goal of the project is to expand and diversify the sources of
potable water for the county. The proposed desalination plant would take seawater in
from an offshore pipeline to the desalination facility located near the coast. The water
would be desalinated by a reverse osmosis membrane process. Potable product water
would be conveyed to the county’s water distribution system in San Marcos, CA. The
remaining concentrated brine would be discharged back to the ocean via an offshore
ocean outfall.
Several sites have been proposed for the facility near the mouth of the Santa Margarita
River in the southwest corner of Camp Pendleton. The first Technical Memorandum 5.1
(TM-5.1) regarding this project, written by RBF Consultants (RBF, 2008), proposed six
viable sites for the facility. Three of the six proposed sites have been eliminated from
further considerations. The three remaining sites (MCTSSA, SRTTP, and Stuart Mesa)
are depicted in Figure 1 (RBF, 2008). TM-5.1 provides an overview of the required
components of the proposed large-scale desalination facility.
The proposed facility would require a seawater intake structure to provide feed water to
the plant. Drawing a large volume of seawater from the ocean can be done with surface
intake structures submerged in the water column, or subsurface intake structures below
the seabed floor (which include wells). The associated costs, construction efforts,
effectiveness, and environmental impacts vary widely for various intake options.
Malcolm Pirnie (Malcolm Pirnie, 2008) prepared a Technical Memo called the Camp
Pendleton Desalination Intake Feasibility Study (TM-3.2) to addresses the feasibility of
locating an offshore intake at the site to provide seawater for the desalination process.
That feasibility study assessed the feasibility of open ocean wedgewire screen intakes and
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three separate types of submerged intakes: a seabed infiltration gallery, deep offshore
infiltration gallery (wells), and on-shore beachwells.
A unique conveyance system has been proposed for both the intake and discharge
streams. A tunnel drilled below the seafloor will hold two separate pipes – one nested
inside the other. The outer pipe will convey the intake feedwater (the larger volume of the
two streams) toward the plant. An inner pipe will convey the brine discharge in the
opposite direction away from the plant. This pipe will surface at the location of the intake
(where the tunnel ends) and a pipe on the seafloor will continue to a sufficient distance to
discharge the brine through a diffuser. If it is decided that the intake should be located at
an offshore distance of greater than 4,000 ft from shore, the tunnel will terminate at 4,000
ft and a pipe on the seafloor will extend the remaining distance.
Jacobs Associates released Technical Memorandum 3.1 on April 15, 2008 discussing the
conceptual design of an underground offshore conveyance tunnel to bring both flows to
and from the desalination plant. This memo estimated the projected cost of the tunnel and
explained the basis for the estimate. The tunnel was sized at 16 feet in diameter for the
intake pipe with an 8 or 9 foot diameter interior pipe to convey the discharge brine. The
shaft would be approximately 40 to 50 feet in diameter and 100 to 150 feet deep.
The projected production capacity of the plant is in the range of 50 to 150 million gallons
per day (MGD). It is possible that the initial capacity be set at 50 MGD with the
capability of expansion to meet future needs of up to 150 MGD potable water. Since the
production efficiency of the reverse osmosis process from a seawater intake is about 45
percent, less than half of the seawater that is drawn into the facility will become potable
water; while the remaining 55 percent will become the return concentrate stream (brine)
with salinity levels twice as high as seawater. This brine will be discharged back to the
ocean via a new ocean outfall.
Camp Pendleton is also considering the use of the proposed outfall for disposing effluents
from its wastewater treatment plant. Currently, the base is operating a new Southern
Region Tertiary Treatment Plant (SRTTP) which allows for 100 percent reclamation of
wastewater for re-use. In the event of a shutdown of this facility for maintenance, there
needs to be a backup option for disposal of primary treated effluent. Currently, the Base
relies on the Oceanside Ocean Outfall (OOO) for discharge of this potential effluent
which could amount up to 5 MGD. This agreement with the City of Oceanside is
temporary and Camp Pendleton is investigating the outfall associated with the proposed
desalination facility as a way to also discharge treated wastewater effluent from the Base.
This possibility is also considered in this report. Although the wastewater discharge
(when discharged) would be normally co-mingled with the brine, the wastewater
discharge may continue alone if the desalination plant is not in service (e.g. during low
potable water demand season).
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1.2. Report Objectives
The goal of this document is to determine the feasibility of an offshore discharge
structure designed to convey and dilute the concentrated brine, which would be a
byproduct of the proposed facility. This report uses various water modeling techniques to
determine the dilutions achieved using several alternative outfall diffuser designs. Local
marine resource data is used to define design parameters used in the models. This
technical memo will begin the process to identify feasible outfall locations and
recommend preliminary diffuser configurations that are modeled to meet dilution and
water quality criteria.
Two waste streams will be considered in this analysis: (1) brine effluent from the
proposed desalination feasibility, and (2) treated wastewater effluent from Camp
Pendleton. Diffuser parameters such as port diameter, orientation of the ports, number of
ports, and the spacing between ports will be determined in this near field dilution study
by modeling the dilution of the waste streams discharged both together and
independently. The diffuser location will also be assessed in this report. The proposed
outfall location should avoid sensitive biological communities and restricted areas. In the
initial conceptual design, the outfall extends up to 10,000 feet offshore through
approximately 2,000 linear feet of diffuser

1.3. Report Organization
This Technical Memorandum (TM-4.1) is organized into the following seven sections:
o Section 1 - Background
o Section 2 - Overview of the marine environment.
o

Section 3 - Expected characteristics and dilution requirements of the effluent.

o Section 4 – Modeling approach for this feasibility study
o Section 5 - Modeling results
o Section 6 - Preliminary outfall system layout.
o Section 7 - Conclusions and recommendations.
.

Page 4 of 36

Pendleton Desalination Project – TM 4.1
September, 2008

2. Summary of Marine Environment
The project site is located 40 miles north of San Diego, near the City of Oceanside in the
southwest corner of Marine Corps Base Camp Pendleton. Camp Pendleton contains the
largest undeveloped portion of coastline in southern California. The coastal zone supports
diverse ecosystems in its lagoons, estuaries, beaches and open coastal water.
Design of an offshore outfall should take into account physical site characteristics and
existing marine habitat data to determine overall feasibility. Overall success of an
offshore outfall design includes the strategic placement of the discharge structure to avoid
sensitive biological communities and takes into account the physical properties of the
area including depth profile and water quality. This is in addition to creating a diffuser
design which achieves a target dilution to minimize impact to a limited area surrounding
the outfall.

2.1. Existing Information
Data on the existing physical characteristics and biological resources in the project area
were summarized in Camp Pendleton Desalination Intake Structure Feasibility Technical
Memorandum 3.2 (Malcolm Pirnie, 2008). The report presents data regarding physical
oceanography, water quality, and marine resources. The physical characteristics assessed
in the report include local bathymetry, currents, tides, upwelling, sediment movement,
and navigation. The water quality data presented includes seasonal variation of
temperature, salinity, density, dissolved oxygen and hydrogen ion concentration.
Some of the data presented in Technical Memorandum 3.2 were collected during the
planning and permitting stages of the City of Oceanside’s Ocean Outfall (OOO). This
outfall is located approximately 3 miles down coast of the proposed site of the Camp
Pendleton Desalination Plant. The OOO outfall is approximately 8,850 feet offshore at a
depth of approximately 100 feet and is designed to accommodate 30 MGD average daily
flow.
Two restricted offshore navigation areas have been established by Camp Pendleton for
military training and activities. Approximately 1.3 miles down coast of the mouth of the
Santa Margarita River, a restricted area extends north about 1,700 feet to the edge of the
Oceanside Harbor breakwater and 1.1 miles offshore. A second restricted area borders the
project area 1 mile north of the Santa Margarita River. This is a military exercise area,
which cautions mariners of activity between 0600 and 2400 hrs.
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2.2. Biological Resources
There are several distinct marine habitats in the offshore study area: benthic, inter-tidal,
sub-tidal and open water. A detailed summary can be found in Tech Memorandum 3.2
(Malcolm Pirnie, 2008).
One of the predominant known sensitive habitats in the project area is the Oceanside
Artificial Reef #2 located one to two miles offshore and extends from the Santa Margarita
River estuary to the Del Mar boat basin (Figure 2). The reef was constructed in 1987 and
covers an area of approximately 256 acres. Barred sandbass and kelpbass are thought to
occur in large numbers in this area.
The other sensitive habitat is the Santa Margarita River Estuary. The Santa Margarita
River watershed, at 475,000 acres, is the largest of seven drainages within Camp
Pendleton. Less than 10 percent of the Santa Margarita River watershed is within the
marine base (MCBCP, 2007). Near the ocean, the Santa Margarita River’s broad alluvial
plain forms an estuarine lagoon at the mouth of the river. Because the river lacks a
persistent sand bar at the mouth, both freshwater input and tidal circulation influence the
physical properties and biological communities found in the estuary. During the time
when the sandbar is breached, marine conditions increase productivity of estuarine
invertebrate species that serve as a food source for fish and birds, while tidal influence
alternately inundates the salt marsh or exposes mudflats that provide foraging for resident
and migratory shorebirds.
The Santa Margarita River estuary exhibits four important habitat types: brackish marsh,
salt marsh, salt flats and coastal sand dunes (MCBCP, 2007). These habitats support 148
plant species, nine reptiles and amphibians, 24 fish species, 184 bird species and 17
mammals. At least 28 sensitive plant species have been reported at Camp Pendleton in
habitats that could occur at the Santa Margarita River estuary, including coastal dunes
milk-vetch (Astragalus tener var. titi ) a federal and state listed endangered species
reported near the mouth of the river. Among the animal species, 22 sensitive species
have been reported in the estuary, including 10 federally- or state-listed as threatened or
endangered species, including California least tern (Sternula antillarum browni), western
snowy plover (Charadrius alexandrius nivosus), Belding’s savannah sparrow
(Passerculus sandwichensis beldingi), light-footed clapper rail (Rallus longirostris
levipes), and tidewater goby (Eucyclogobius newberryi).
The Department of Fish and Game surveyed the kelp canopy along the coast of California
in the Summer/Fall seasons of 2005. The closest kelp beds in this dataset were found 4.5
miles downshore from the San Margarita River estuary, and 0.5 miles offshore. These
beds are considered outside the project area. A second larger group of beds was found
upshore 6 miles. These beds cover approximately 1,000 acres of seafloor. Since this area
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is even farther north than the restricted area imposed by the base for training activities,
the outfall structure will not be located near these surveyed kelp beds.
The outfall should be sited to avoid impacts to biologically sensitive areas from its
discharge.

2.3. Receiving Water Physical Parameters
Certain physical parameters discussed in Technical Memorandum 3.2 are also applicable
to the outfall design. General bathymetry and current data are useful for the placement of
the structure while water quality parameters including salinity and temperature are used
as inputs for the dilution models.
2.3.1.

General Bathymetry

The bathymetry contours are in general parallel to the shoreline. Directly offshore from
the mouth of Santa Margarita River, the water depth increases gradually to 100 feet in the
first 2.4 miles, then deepens quickly to 600 feet in the next two miles. There are no major
islands or channels in the vicinity of the project site. The model results will determine
required depth for the diffuser based on plume movement. Then, required distance from
shore can be estimated using bathymetry data.
2.3.2.

Salinity and Temperature Profiles

Ambient temperature and salinity stratifications are major factors affecting near field
dilution. The San Diego Regional Water Quality Control Board (SDRWQCB) conducted
UM3 model simulations for the Oceanside Ocean Outfall (OOO) in 2005 using monthly
ambient salinity and temperature profiles for the period of July 2003 through June 2004.
This data will be used for the dilution study due to the proximity of the OOO to the
proposed location. The temperature and salinity profiles used are shown in Figures 3 and
4, respectively (SDRWQCB, 2005). As seen in Figure 4, salinity remains relatively
constant over the water depth and for different months of the year. However, as seen in
Figure 3, the temperature profile exhibits variation over the water depth. These variations
appear seasonal and more prominent from May through September.

Page 8 of 36

Pendleton Desalination Project – TM 4.1
September, 2008

Because a brine plume discharged upward tends to sink towards the ocean floor once it
loses its initial momentum, the plume is likely to interact only with lower portion of the
water column. Detailed salinity and temperature profiles at upper portion of the water
column are conceivably not critical for modeling brine plume movement and dilution if
the brine discharge occurs at depth of over 100 feet and the plume trajectory remains 75
to 80 feet below the water surface.
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2.3.3.

Ambient Currents

Currents drive plume migration and affect dilution by causing mixing. Because of this, it
is useful to characterize ambient current data in the project area. Because the project site
is located in open coastal area, both large eddies in Southern California Bight and tidal
current can contribute to ambient current (Figure 5). There is no conclusive evidence on
the magnitude and direction of short-term or long-term currents at the project site. A
literature search identified several regional current monitoring programs and drogue
studies. Some of these revealed a southward net current along the shore, others concluded
that the direction of net current is not well-defined. The Southern California Coastal
Ocean Observing System (SCCOOS) provides real time surface current using radar
network (www.sccoos.org). Daily surface currents near the project site show that
ambient current can prevail in one direction for days and in the reverse direction for the
next several days. The onshore-offshore component and long-shore component are
equally noticeable. It should be noted that surface currents might not be indicative of
bottom current, where the brine discharge is likely to occur. In future stages of the
project, local data monitoring would be required to quantify ambient current condition at
the site and at the depth of discharge.

Figure 5 – Surface Circulation in the Southern California Bight (Hickey 1992).

The models require a base condition for the current in the zone of discharge. The
California Ocean Plan requires that zero ambient current be used in computing initial
dilution values intended to predict compliance with the permit conditions. Zero ambient
current is conservative in the sense that the current does not accelerate the dilution at all.
In the EPA regulations for the permit modified by section 301(h) of the Clean Water Act,
EPA allows the lowest ten percentile current be used in computation of the critical initial
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dilution value. Previous UM3 dilution studies for OOO were based on zero ambient
current. Similarly, this conceptual dilution study for the proposed new outfall will also
use zero ambient current conditions.
To assess final impacts in the far-field, local overall ambient current data will need to be
collected and analyzed. This data can be used to define areas which might be exposed to
a higher concentration of discharge constituents. The outfall structure can then be
appropriately located so that higher impact areas do not overlap a zone of sensitive
habitat.

3. Characteristics and Required Dilution
The first step in modeling dilution is characterizing the constituents and quantities present
in the effluent. This preliminary approach will consider the brine effluent from the
desalination process only. Although the addition of the treated wastewater effluent will
introduce a larger range of constituents to the discharge stream, these will be modeled
separately.

3.1. Brine Characterization
Because the desalination plant intakes seawater and discharges concentrate seawater, the
notable difference between brine discharge and ambient seawater is salinity, and,
therefore, the resultant difference in density. Though the discharge from the desalination
plant would also “double” other constituents present in the seawater, these constituents
are unlikely to affect the physical characteristics of the discharge. Moreover, their effects,
i.e., potential increases of the constituents of interest would be similar to that of the
salinity. Therefore, only the potential salinity increases are considered in this portion of
the feasibility study.
The proposed plant capacity for product water is in the range of 50 to 150 MGD.
Production or recovery rate P can vary from 45 to 60 percent, depending on the type of
intake structure. Seawater can be expected to have a higher salinity (thus lower yield)
than a subsurface intake. As a result, the feed water withdrawn from the intake and
concentrate discharged to the outfall will vary. The salinity of the brine discharge also
varies with varying production rate.
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We can write flow balance equations to relate feed water, Qi, and brine discharge, Qd, to
plant production rate, Qp:

Qi P Qp
Qd

Qi

Qp

Rewriting and combining the two equations gives:

1
1 Q p Qi
P

Qd

1
Qp
P

As an example, for 50 MGD production flow rate and 45 percent production rate, the
intake flow rate would be 111.1 MGD and the brine discharge would be 61.1 MGD. If
the production rate is increased to 60 percent, the intake rate would be 83.3 MGD with a
brine discharge of 33.3 MGD.
Similarly, we can write a salinity mass balance equation to relate salinity of brine
discharge to seawater salinity:
Qi Sb

QpS p

Qd Sd

Where Sb is the salinity of the seawater, Sp and Sd are the salinities of the potable water
and brine. Assuming that production water has negligible salinity, i.e., Sp = 0, then the
salinity of the brine discharge becomes:

Sd

Qi
Sb
Qd

Substitute the flow equations derived before, the brine discharge salinity can be related to
the production rate as:

Sd

1
1 P

Sb

For seawater with average salinity 33.5 psu and 45 percent production rate, the brine
discharge salinity is 60.9 psu. The discharge salinity would increase to 83.8 psu if the
production rate is increased to 60 percent.
For clarity of presentation, the production rate is assumed to be 45 percent in this report.
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3.2. Brine Dilution Requirements
Currently, there are no specific water quality standards that regulate brine discharge. Ten
percent (10 percent) increase in salinity was allowed in some brine discharge permits. To
be conservative, 5 to 10 percent salinity increase over ambient is assumed acceptable at
the edge of the zone of initial mixing (ZID). The ZID is the area defined in the permit
where the water quality standards can be exceeded.
The allowable excess salinity at the edge of the ZID can be related to the required
dilution D based on the equation below (Fischer et al. 1979):

D

Sd Sb
S Sb

Where Sd is the salinity of discharge, Sb is the salinity of the seawater, and S is the salinity
at the edge of ZID. The calculation can be demonstrated using the following example.
For a 45 percent production rate, 45 percent of the feed seawater becomes potable water
with a salinity assumed to be zero. The osmosis process rejects all salinity contained in
the feed water to the remaining 55 percent of the feed water, which becomes concentrated
brine discharge. This results in a brine discharge salinity Sd = Sb / (1-0.45) or 1.818 Sb. If
10 percent salinity increase is allowed at the edge of ZID, S = 1.1Sb. Substituting Sd and
Sb into the equation above, the required dilution D becomes:

D

1.818Sb Sb
1.1Sb Sb

0.818
0.1

8.18

Table 1 below summarizes the required dilutions based on two different production rates,
45 percent and 60 percent, and three different allowable salinity increases at the end of
ZID, 10 percent, 7.5 percent and 5 percent. In general, a dilution of 30 would keep
excess salinity below 5 percent for the typical production rate of 45- 60 percent.
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Table 1 – Dilution Required for Typical Production Rates and Allowable Excess
Salinity
Recovery Rate P = 45%

Recovery Rate P = 60%

1.818 Sb

2.5 Sb

Discharge Salinity
Sd = Sb / (1-P)
Allowable Salinity
Increase at ZID

10%

7.5%

5%

10%

7.5%

5%

Salinity at ZID

1.10 Sb

1.075 Sb

1.05 Sb

1.10 Sb

1.075 Sb

1.05 Sb

Required Dilution

8.18

10.91

16.36

15

20

30

For this feasibility study, a recovery rate of 45 percent is used and a target dilution of 20
is selected.

3.3. Wastewater Dilution Requirements
As described above, the desalination diffuser may also be used to discharge treated
wastewater effluent from Camp Pendleton. The wastewater discharge could occur even
when the desalination plant is out of service during low potable water demand period.
This introduces issues with a minimum flow rate requirement.
For the purpose of this feasibility study, the dilution requirement for the wastewater
discharge was considered to be the same as was applied in the OOO study. Therefore, the
dilution requirement of the wastewater discharge is selected to be 80 (CRWQCBSDR,
2003).

4. Modeling Approach
4.1. Site Specific Issues
One of the preliminary criteria for this study is that the selected model is able to address
the different characteristics of both waste streams: brine and treated wastewater effluent.
Conventional wastewater discharge plumes are generally buoyant and tend rise to the
surface when discharged into the ocean. This buoyancy is due to the density differential
between the discharge and the receiving water. Wastewater is usually warmer and lower
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in salinity than the receiving seawater. The brine discharge from the desalination plant,
however, has a relatively higher density due to the increased salinity and therefore, it
tends to sink upon release. The models selected to predict the dilution of the discharge
stream for this project should have the ability to model negatively buoyant (sinking)
plumes.
An additional issue for this project is the wide range of possible production capacities for
the plant. It is possible for the plant to start up at a capacity of 50 MGD with potential to
build up to a capacity of 150 MGD. One of the ways that this is accounted for in the
following analysis is the outfall diffuser configuration. The diffuser could be linear with
ports along the entire length of approximately 2,000 ft, or it could have a “Y”
configuration with two 1,000-foot branches. A diffuser with a Y configuration would
afford the plant the ability to open up one of the branches when the plant builds up from
the initial capacity of 50MGD to a final maximum capacity of 150MGD. At the
intersection of the Y-configuration would be a junction chamber which housed a sluice
gate that could be opened at any time after the construction of the diffuser. To avoid
having issues with biofouling of the individual diffuser ports, they would each be plugged
while the extension arm was not in use. Before operation, the ports would be unplugged
by a diver. The same procedure would be used for a linear diffuser extension which was
opened after installation and operation of the first linear portion. This way, port velocity
can be maintained to achieve the required dilution even when the flow rate is
significantly lower. The model would represent this Y configuration as two separate
linear diffusers. This option is discussed in more detail in Section 5.

4.2. Model Selections
This section discusses the three models used for the dilution analysis. VPLUME, UM3
and FLUENT CFD models will be used to study requirements for the near-field dilution.
The DIFF4 model will then be used to verify the feasibility of proposed diffuser
hydraulic design.
4.2.1.

VPLUME UM3 Model

The Visual Plume (VPLUME) model, developed by U.S. Environmental Protection
Agency (USEPA), is considered a suitable model for dilution study of brine discharge.
The Updated Merge Model (UM3) is one of modules in VPLUME. This mathematical
Lagrangian model quantifies the rate of mass incorporation into the plume in the presence
of a forcing current (forced entrainment). It can simulate both conventional buoyant
discharges and negatively buoyant discharges. The U.S. EPA’s Dilution Models for
Effluent Discharge, 4th edition, describes the capabilities of VPLUME, the 3rd edition.
This document includes additional background, theory, model development and
verification (U.S. EPA, 2003 and U.S. EPA, 1994).
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Although the UM3 model is often used for positively buoyant discharges and less
frequently applied to negatively buoyant discharges, it is valid for both types of
applications. UM3 is based on integrated equations representing mass, momentum and
energy conservations. Changes in plume characteristics along the trajectory are related to
the amount of ambient water entrained into the plume, causing dilution. The amount of
ambient water entrainment is related to the shear velocity or the velocity difference
between the plume and the ambient water. The density difference between the plume and
ambient water also has effects on the entrainment coefficient. When a lighter freshwater
discharge entrains denser ambient seawater the plume becomes relatively less buoyant.
Conversely, when a denser brine discharge entrains ambient seawater, the combined flow
becomes relatively more buoyant. Some experimental data used to calibrate UM3 and
other dilution models were obtained from negatively buoyant discharges. For example, a
buoyant freshwater effluent discharged upward from the bottom of the ocean has been
simulated in physical experiments as a negatively buoyant saline effluent discharged
downward from the top in a freshwater environment (Fisher et al., 1979).
In this study, the UM3 model will be used first to identify promising diffuser
configurations through a screening analysis by varying port diameter, total number of
ports, spacing between ports and port orientation. Diffuser configurations that achieve
the required dilution for the expected flows and density of brine discharge will be
identified. Then, the feasibility of adding the Camp Pendleton wastewater effluent will be
assessed. The goal is to determine if the recommended diffuser configuration can also
meet the dilution requirements for the treated wastewater effluent discharge.
4.2.2.

FLUENT CFD Model

Because negatively buoyant plumes are not generally depicted in the literature, a
visualization of this type of plume would be useful. Few UM3 model applications
display visual evidence of the behavior of negatively buoyant plumes. With the advance
of computational fluid dynamics (CFD), most fluid phenomena that used to be
demonstrated only in experimental settings can now be accurately demonstrated using a
CFD model. We will use a CFD model, FLUENT, to examine and compare buoyant,
neutral and negatively buoyant plumes for different ambient current and port velocities.
Analysis of the results will provide insight on the unique issues concerning a negatively
buoyant brine discharge. We will also compare the results from the UM3 and CFD
models to confirm that both predict similar trajectories for negatively buoyant plumes.
4.2.3.

DIFF4 Model

Once promising diffuser configurations are identified from the screening analysis, an inhouse diffuser design computer program, DIFF4, will be used to assure that these diffuser
configurations are hydraulically feasible. Diffuser configurations that meet initial dilution
and diffuser internal hydraulics requirements will be selected for detailed dilution
analyses.
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The internal hydraulics will affect diffuser performance for various reasons. An
improperly designed diffuser could have an uneven flow distribution or cause reverse
port flows in some ports, violating the underlying UM3 model assumption of uniform
port flow distribution. Therefore, target dilutions may not be achieved as falsely predicted
in the model. Elevation change along a linear diffuser section could also contribute to
uneven port flow distribution because of varying ambient pressure at the ports. One way
to achieve relatively uniform port flow distribution is either to increase port velocity or
reduce the velocity in the diffuser section. While port size is somewhat constrained by
dilution requirements, the diameter of the diffuser section can be altered slightly to
change the velocity.

5. Model Simulations
5.1. UM3 Model Verification
In this section, two sample model runs are executed. First, the UM3 model is run to
simulate the plume trajectory for the treated wastewater effluent at the Oceanside Ocean
Outfall (OOO). The results of this run will be compared to the results published in the
OOO NDPES permitting documents. If they match, the model assumptions will be
applied to model the treated wastewater effluent from Camp Pendleton. Secondly, a
sample simulation of the brine discharge will be run using UM3 to verify that the model
is successfully calculating the trajectory of the negatively buoyant plume.
5.1.1.

Buoyant Discharge at OOO

In March, 2001, the California State Water Resources Control Board (SWRCB) prepared
a dilution study for the Oceanside Ocean Outfall (OOO) using the UM3 model (SWRCB,
2001). Given the proximity of OOO to the proposed new outfall (see Figure 2), the
ambient conditions used in the OOO dilution study were applied directly to the feasibility
study of dilution study for the proposed desalination plant outfall. Furthermore, because
the state regulatory agency prepared the OOO dilution study, the dilution study for the
new outfall could follow the same procedures for implementing the UM3 model and
interpreting model results. For these reasons, it is beneficial to reproduce the OOO
dilution study results before undertaking the dilution study for the proposed desalination
outfall.
The OOO extends approximately 8,050 feet offshore. The 230-foot diffuser section
extends collinearly with the outfall from depth of 102 to 108 feet. There are a total of 24
diffuser ports, 10 four-inch and 14 five-inch diameters. The spacing between the ports is
10 feet. The design capacity is 30 MGD (average daily flow) and the maximum rated
peak-day capacity is 45 MGD. The SWRCB dilution study calculated a probable dilution

Page 17 of 36

Pendleton Desalination Project – TM 4.1
September, 2008

of 80, which was used to calculate the effluent limitations (SWRCB, 2001,
CRWQCBSDR, 2003, and CRWQCBSDR, 2000).
The UM3 model for the OOO outfall was re-constructed based on detailed model inputs
and outputs retrieved from the NPDES permit documents (SWRCB, 2001). Figure 6
shows the UM3 model graphic outputs. The upper left panel shows the vertical view of
the trapped plume. The solid line represents the centerline of the plume, and the dashed
lines represent plume boundaries. The plume is trapped in the neutrally-buoyant density
layer. The lower left panel shows the plan view of the plume. The plume becomes wider
as it entrains ambient water and travels downstream. The upper right panel is for ambient
and plume density variation with depth. The lower right panel shows the dilution along
the plume trajectory. The results reproduced are identical to that from SWRCB
(SWRCB, 2001).
5.1.2.

Negatively Buoyant Brine Discharge

In this section, a sample run is executed to model the brine discharge from the
desalination plant using the UM3 model. Results from this run will be used to determine
the validity of the model for negatively buoyant plumes. In this example, the diffuser has
a 6-inch port oriented 45 degrees from the horizontal. The port velocity is 17.5 fps and
effluent salinity is 60.9 psu. The ambient salinity and temperature are constant at 33.5
psu and 21.1C respectively, resulting in a constant ambient density 23.5 sigma-t1 .
Figure 7 shows sample UM3 graphic outputs for a negatively buoyant brine discharge.
The upper left panel shows the vertical cross-sectional view of the plume. The figure
shows the plume centerline as well as its boundaries. Initially the denser brine discharge
shoots in the direction of port orientation, and gravitates back to the bottom once it loses
its initial momentum. The lower left panel is panel is view of the plume. The plume
becomes wider as it entrains ambient water and travels downstream. The upper right
panel shows the ambient and plume densities along its trajectory. The lower right panel
shows the dilution of the effluent along the plume trajectory.
For practical purposes, we define the maximum dilution for a negatively buoyant plume
when the plume hits the bottom. In the example above, the plume hits the bottom at the
approximate horizontal distance of 34 feet and results in a maximum dilution of
approximately 40. This is well above the target dilution of 20 defined in Section 3.2.

5.2. Screening Analyses using UM3 Model
The major tasks of this dilution study are to determine (1) whether or not the required
near field dilution can be achieved and (2) the initial diffuser configuration. Diffuser
1

Sigma-t is a measurement of the difference between the density of seawater and the density of freshwater. This term
is typically presented in units of kg/m3 and is a function of temperature, salinity and pressure
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Figure 6 – Modeled Plume Characteristics for Oceanside Ocean Outfall

Figure 7 – Modeled Negatively Buoyant Plume Characteristics
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parameters include: port diameter, total number of ports, spacing between ports, port
vertical and horizontal orientations, port elevation above the ocean floor and port depth
below the water surface. Because permutation of multiple diffuser parameters can result
in large number of potential diffuser configurations, it is necessary to conduct a screening
analysis to identify parameters that are most critical to the initial dilution.
Table 2 summarizes the screening analyses of plume characteristics using UM3 for
selected diffuser and effluent parameters. The range of each diffuser parameter is based
on prior design experience. The diffuser parameters are listed in columns to the left. The
first column shows two port diameters (6 and 4 inches). The second column shows the
number of ports (100, 75 and 50). The third column shows three spatial distances
between ports (20, 15 and 10 feet). The fourth column lists three port orientations from
horizontal, 60, 45 and 30 degree. This results in a total of 2 x 3 x 3 x 4 = 54 diffuser
configurations. Three expected effluents (150, 100 and 50 MGD) are shown in the top
row. Note that the screening analyses assumed a production rate of 50 percent and the
seawater salinity of 33.5 psu. The resulting brine discharge salinity is 67.0 psu.
The combination of effluent flow rate and diffuser parameters (number of ports and port
diameter) determines the port velocity. As an example, for Q=150 MGD and a linear
diffuser with 100 6-inch ports, the port velocity is 11.82 fps as shown in the table. Table
2 summarizes the estimated dilution (column in blue), the horizontal distance where the
plume hits the bottom (column in green), and the distance downstream where two
adjacent plumes merge (column in purple). Table 2 provides the following insights on
developing promising diffuser configurations:
(1)
Dilution is most sensitive to port velocity. Spacing between ports and
orientation of the ports have secondary effects on dilution.
(2)
Because brine discharges sink, initial momentum is the only mechanism
for near field dilution.
The screening analyses revealed that a port velocity between 8 to 25 fps would be most
promising for near field dilution.

5.3. Far Field Impacts
The UM3 model only addresses dilution immediately adjacent to the discharge location.
Ambient current can generate additional dilution in the far field to reduce the potential
impacts of brine discharge. The dilution in the far field is more gradual than in the near
field. Favorable ambient current direction can carry the plume away from biologically
sensitive communities. This study has not assessed far field impacts because ambient
current information for the site is not sufficient. Far field modeling will be required to
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determine the minimum separation between the outfall and any surface water intake
structure.

5.4. FLUENT CFD Model Results
A CFD model was constructed to help visualize and characterize the brine plume. Figure
8 shows the model output for the negatively buoyant plume using the CFD model
FLUENT. The model includes a pair of 6-inch ports orientated 45 degree from
horizontal and pointed in opposite directions. Ports are located at 5 feet from the ocean
floor. Ambient current flows from left to right. There is no ambient temperature and
salinity stratification. The brine discharge has an initial density of 1048.77 kg/m3 and the
ambient density is 1023.35 kg/m3.
The four panels in Figure 8 illustrate the results of the CFD model for different port
velocities and ambient currents. Panel (a) on the upper left shows the simulated velocity
distribution for port velocity of 11 fps and ambient current 0.05 fps. The ambient current
is small enough to represent zero-current condition but provide sufficient flushing to
prevent brine discharge from building-up in the background. The color legend indicates
the magnitude of velocity. Initial momentum carries the plume upward and outward. The
dense plume gradually loses momentum as it entrains ambient water and sinks towards
ocean floor.
Panel (b) on the upper right shows the effect of increasing ambient current. The port
velocity remains at 11 fps but the ambient current increases from 0.05 fps to 0.5 fps. The
plumes become asymmetric and the plume against the ambient current moves back to the
port location while the down current plume travels farther. Panel (c) on the lower left
corner shows the effect of increasing port velocity. The ambient current in this case
remains at 0.05 fps, but the port velocity is increased from 11 fps to 22 fps. The plumes
are carried farther and higher as a result of higher port velocity. Panel (d) on the lower
right shows the combined effects of increasing ambient current and port velocity. In this
scenario the port velocity is 22 fps while the ambient is at 0.5 fps. The resulting plumes
travel a longer path compared to the lower port velocity case and their trajectories are
affected by changes in ambient current.

5.5. DIFF4 Model Results
An in house computer program, DIFF4 was used to verify the hydraulic feasibility of the
diffuser configurations examined in the screening analysis. Calculations indicate that the
diffuser section diameter needs to be 8 feet or larger for a linear diffuser, and 6 feet or
larger for a Y-configured diffuser for the expected production flow of 50-150 MGD
potable water. The minimum diameters are required to maintain a uniform velocity
through every port in the diffuser.
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6. Preliminary Layout
6.1. Preliminary Sizing of Diffuser
The screening analyses presented in the previous section provided the basis for a more
detailed dilution simulation using UM3; the results of which are shown in Table 3. There
are a few notable changes from the screening to the more detailed dilution simulations
(i.e., Table 2 to Table 3):
1)
Port orientation and spacing between ports are no longer included as
variable because they have only secondary effects on dilution. Removing these
two variables significantly reduces the number of UM3 simulations required. Port
orientation from horizontal is fixed at 45 degrees from the horizontal. Spacing
between ports is fixed at 10 feet. These selections appear to be practical and
intuitive based on the results of the screening analysis.
2)
The 4-inch port configuration is deleted, and a 5-inch port configuration is
added to the Table 3, anticipating that the optimal port size might be smaller than
6-inch but larger than 4-inch. It should be noted in the detail design phase that
port size can vary individually or by group.
3)
All analyses are based on production rate of 45 percent. Changing
production rate from 50 to 45 percent results in increase in brine discharge flow
and decrease in brine discharge salinity. For clarity of presentation, both
production flow rate and the corresponding brine flow rate are listed in the top
row.
4)
The total numbers of ports and the expected flows are divided into more
convenient segments. When a set of dilution values are calculated for a linear
diffuser, the same set of dilution values might be found for a Y-configured
diffuser, with half of the number ports and half of the total flow.
5)
Configurations with an average port velocity higher than 25 fps were not
included in the table. Because a discharge coefficient 0.61 is used in UM3, the
maximum port velocity reported in UM3 is somewhat higher than average
velocity.
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Table 3(a) highlights three possible linear diffuser configurations, labeled L1, L2, and
L3 for convenience. Configuration L1 has 120 6-inch ports, L2 has 90 6-inch ports, and
L3 has 120 5-inch ports. All three configurations give a probable dilution above 20 for
the expected production flow range of 50 to 150 MGD (or corresponding brine discharge
flow range from 61.1 MGD to 183.3 MGD). Configuration L2 uses fewer ports than
configuration L1 but uses the same port diameter; configuration L3 uses a smaller port
diameter than configuration L1 but uses the same number of ports. Both configurations
L2 and L3 have larger port velocities and achieve higher dilution than configuration L1.
Although some diffuser configurations provide higher dilution than others, it is not
necessary to pinpoint one particular diffuser configuration for the outfall at this feasibility
study level. The flexibility of presenting multiple workable configurations allows room
for detailed quantitative analyses when ambient parameters and plant operation modes
are better defined.
Table 3(b) highlights three possible Y-configurations, labeled Y1, Y2, and Y3 for
convenience of discussion. These are the same linear diffuser configurations as in Table
3(a) for high flows when both branches are in operation. They are different from the
linear diffuser configuration in that only one of the two branches is operational during
periods of low flows. Take Configuration Y1 for example: only one branch operates for
flow up to 100 MGD, and two branches operate for flow greater than 100 MGD, up to
150 MGD. Clearly, the Y-configuration has advantage of achieving large dilution by
operating only one branch at low flows and maintaining a high enough port velocity.
When flows reach 100 MGD, a sluice gate could be opened and the ports unplugged by a
diver. The diffuser could then accommodate the higher flows up to 150 MGD. This
configuration allows the diffuser to achieve the required dilution equally well for low
flow rates during initial stages and for high flow rates when the plant builds out to its
maximum target capacity.
Another potential low-flow scenario exists when the proposed outfall is used for
disposing Camp Pendleton wastewater effluent only (5 MGD) and the desalination plant
is not operational (closed for maintenance or during low demand for potable water). The
Y configuration is also advantageous during this period when expected flows are even
smaller than during the low-flow desalination operation. However, these advantages
disappear when both branches of the Y-configuration are put in service in the future.
One concern over the diffuser with Y-configuration is that the plumes from two branches
could interfere with one another. This is particularly true if the along-shore current is the
prevailing ambient direction. When the branch downstream of the ambient current
entrains water impacted by plumes of the branch upstream of the ambient current, the
effective dilution would decrease.
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A variation of the Y-configuration diffuser that can be implemented to eliminate the
above problem is a two-staged linear diffuser, with a junction box in the middle of a
linear diffuser. The two stages of the diffuser are aligned perpendicular to the prevailing
ambient current direction. For low flows, only the first stage between outfall and
junction box operates, leaving the stage after the junction box closed. For high flows,
both stages before and after the junction box operate. The two stages diffuser would act
as a linear diffuser for both low and high flows, therefore avoiding plume interferences.
Another strategy to accommodate lower flows if the desalination plant were built in
expanding increments of production would be to construct or activate the diffuser in
stages with its length increased or activated as the production capacity increases in the
future.
As determined in the DIFF4 analysis, the diffuser section diameter must be a minimum of
8 feet for a linear diffuser, and 6 feet for a Y-configured diffuser to achieve uniform flow
in each port. There are other ways to achieve uniform port flow distribution, such as
varying port size individually or by group, tapering the diffuser section diameter
according to flow, and blocking selected number of ports at low flow conditions.
Additional analyses would be required in detailed design to balance the hydraulic
requirements and cost of construction.
Table 4 below summarizes the aforementioned diffuser configurations and corresponding
ZID dimensions. Column 1 indicates the diffuser configuration. Column 2 shows the
diffuser section diameter in feet calculated using DIFF4. Columns 3 and 4 show the port
diameter in inches and the total number of ports. Column 5 shows the length of the
diffuser section and the ZID in feet, which is estimated by multiplying spacing between
the ports (10 feet) with the total number of ports. Column 6 shows the width of the ZID
in feet. The ZID width is estimated using 6 times of the maximum horizontal travel
distance where the brine plume hits the bottom. The factor of 6 is somewhat subjective
and includes two components: a factor of 3 is applied to take into account the fact that the
plume would travel farther downstream when there is non-zero ambient current, and a
factor of 2 is applied to take into account the fact that the plume can travel in opposite
directions when the ambient current reverses. The ZID is calculated by multiplying ZID
width and ZID length. In subsequent design phases, the ZID dimension should be refined
based on detailed layout of the diffuser and on magnitude and direction of the ambient
current. The information presented in Table 4 serves a planning estimate.
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Table 4 – Summary of Diffuser Recommended Configurations and Dimensions of ZID
ZID
Length
(feet)

ZID
Width
(feet)

L1
8
6
120
1200
L2
8
6
90
900
L3
8
5
120
1200
Y1
6
6
2x60
2x600
Y2
6
6
2x45
2x450
Y3
6
5
2x60
2x600
when one branch of the Y-Configuration is in service.

231.0
315.6
312.0
231.0
315.6
312.0

Diffuser
Configuration

*

Diffuser
Diameter
(feet)

Port
Diameter
(inches)

Total
No.
Ports

Estimated Dilutions for Different
Production Flow (MGD)
150
39.5
45.1
53.9
39.5
45.1
53.9

100
35.0
38.2
45.8
35.0
38.2
45.8

75
28.5
35.0
42.0
39.5*
45.1*
53.9*

50
21.4
26.3
31.5
35.0*
38.2*
45.8*

6.2. Camp Pendleton Wastewater Effluent
Camp Pendleton is considering potential use of the proposed new outfall for disposing
effluents from its wastewater treatment plants in conjunction with the desalination plant.
In this configuration the wastewater effluent would continue even when the desalination
plant is not in operation during low demand season for potable water. The expected
wastewater effluent is approximately 5 MGD.
Dual uses of the proposed new outfall present some unique challenges:
1)
The requirements for initial dilution can be different or conflicting for
brine and wastewater effluent discharges. Unlike the sinking brine discharge,
wastewater effluent is buoyant and rises to a trapping layer or surfaces.
Wastewater effluent has relatively small flow.
2)
It might not be possible hydraulically to design a diffuser that works
properly for flow range from 5 MGD to 150 MGD. In this study, our approach is
to design a diffuser that works for brine discharge first, and then modify the
diffuser configuration or operation mode so that the diffuser also works for Camp
Pendleton wastewater effluent.
Regarding the second challenge, simulation of the 5 MGD wastewater discharge alone
using DIFF4 indicated that some re-entrainment of seawater into the diffuser would be
expected. This re-entrainment of seawater into the diffuser might also carry sediments
into the structure which would eventually interfere with the diffuser’s proper hydraulic
operation.
In order to maintain the hydraulic integrity of the system, one approach is to maintain a
higher minimum flow by incorporating seawater with the wastewater when the outfall is
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used only for disposing wastewater effluent. Calculations using DIFF4 diffuser
hydraulics model indicate that the total flow needs to be 40 MGD or higher if the
wastewater effluent were discharged to a linear diffuser with 120 6-inch ports. When the
wastewater effluent is 5 MGD, the seawater required for premixing or recycling would be
35 MGD. Similarly, the total flow needs to be 25 MGD or higher if the wastewater were
discharged to only one branch of a Y-configured diffuser with 60 6-inch ports. In this
case, 20 MGD of seawater would be required to make up the total 25 MGD. It should be
noted that this presumes that only one branch of the Y-configuration is in service. This
advantage disappears in the future, when both branches are in service. Because the
pumping is required only for recycled seawater from the same elevation, the energy cost
associated with pumping the required recycle seawater might not be prohibitive.
The UM3 model was used to determine the near field dilution for Camp Pendleton
effluent discharge. Because wastewater effluent is buoyant and can be sensitive to the
ambient stratification, the dilution analyses were performed using monthly salinity and
temperature profiles presented in Figures 3 and 4. Tables 5(a) and 5(b) summarize the
modeled trap level Zt, dilutions Dm, and horizontal distance that the plume travels when
reaching the trap level Xm. Table 5(a) is for disposing 5 MGD wastewater effluent into a
linear diffuser with 120 6-inch ports, and with 35 MGD recycled seawater. Table 5(b) is
for disposing 5 MGD wastewater effluent using one branch of Y-configured diffuser with
60 6-inch ports, and with 20 MGD recycled seawater.

Table 5(a) – UM3 Modeled Results for Linear Diffuser
(120 6” Ports, 5MGD Wastewater, 35 MGD Recycled Seawater)
Month
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

Final Trap Level
Zt (ft)
53.5
83.0
79.4
80.0
87.7
73.9
75.0
72.3
66.1
80.4
79.8
82.4

Dilution at Trap Level
Dm
73.2
63.7
62.6
62.7
44.6
68.9
73.7
81.2
85.1
60.8
56.0
55.3
Minimum Dm 44.6

Horizontal Distance
Xm (ft)
18.7
26.0
23.8
23.0
21.9
21.6
23.5
23.5
28.0
25.6
23.8
28.3
Maximum Xm 28.3 ft
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Table 5(b) – UM3 Modeled Results for One Branch of Y-Configured Diffuser
(60-6”Ports, 5 MGD Wastewater, 20 MGD Recycled Seawater)
Month
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

Final Trap Level
Zt (ft)
43.3
75.6
76.7
77.2
85.7
71.5
73.3
69.0
53.2
76.7
78.2
79.5

Dilution at Trap Level
Dm
83.9
70.9
70.2
69.1
50.2
72.5
81.0
87.1
71.6
69.3
64.5
74.7
Minimum Dm 50.2

Horizontal Distance
Xm (ft)
20.5
29.1
27.1
24.6
23.3
22.4
25.4
26.0
19.4
27.9
26.8
43.8
Maximum Xm 43.8.3 ft

The probable dilution is obtained at the last trap level, where the dilution increases only
slightly afterwards. The lowest dilution throughout the year is above 40, occurring in
May when the density stratification is the strongest. The plume surfaces in December and
January when the stratification is the weakest.
The dilution requirement for the wastewater effluent discharge is more complex than that
for brine discharge, where the excess salinity is the primary concern. To avoid analyzing
the effluent and ambient water quality and determine the required dilution, we will
compare the resulting dilution with the probable dilution of 80 used for calculating OOO
effluent permits. Assuming the same effluent and ambient water quality, if the proposed
new outfall achieves the same probable dilution, it should also meet all the water quality
standards.
The minimum wastewater dilution of 40 seen in the UM3 model results above is less than
the probable dilution 80 used in OOO permit. However, when the recycled seawater is
mixed with wastewater effluent prior to discharge, the effluent has already been diluted in
the pipe. The in-pipe dilution is approximately 7 (35MGD/5MGD) for linear diffuser, and
it is 4 (20MGD/5MGD) for one branch of Y-configured diffuser. Combining the near
field dilution and in-pipe dilution gives at least a total dilution of 160 to 280, which is
well over the OOO dilution of 80.
It is also possible to cap some diffuser ports to achieve the required dilution at beginning
of the season when the outfall is used for disposing wastewater effluent only. The annual
diving operation required might be justifiable if pumping recycling seawater is not
feasible or is cost prohibitive.
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An additional option for discharging only the 5 MGD treated wastewater stream is to
construct a separate conveyance pipe and diffuser designed for the 5 MGD treated
wastewater effluent only. This system would not require re-circulation of seawater, but
would require a separate conveyance pipe and diffuser (presumably at the same location
as the proposed diffuser structure). The smaller pipe would maintain the hydraulic
conductivity of the system. Additionally, the required dilution could be achieved with a
diffuser specifically designed to handle the type and volume of treated effluent. The
capital costs of a separate system should be compared with the energy costs and
infrastructure requirement for seawater makeup water circulation. The separate diffuser
would require diligent maintenance especially during periods in which it was not being
used to be certain the system remained in working order. An idle marine diffuser would
gather fines and sediment buildup potentially around the ports. Biofouling and growth
may occur not only outside the structure and piping, but also inside since there would be
no flow to constantly expel organisms and sediment. The diffuser would likely need to be
flushed each month to clear out the pipe and diffuser, and also to prevent seizing of any
valves. Rigorous monitoring and instrumentation would be installed to identify problems
with the system during periods of non-use. Lastly, the structure would require additional
permit conditions allowing a monthly discharge for maintenance purposes.
These options could be evaluated in greater details during future phases when additional
information becomes available.

6.3. Diffuser Location
The proposed outfall should be located at a depth of at least 100 feet directly offshore
from the mouth of the Santa Margarita River. The diffuser may have to extend beyond a
depth of 100 feet depending on the design and location of the intake system. The various
intake structure options are discussed in Technical Memo 3.2 by Malcolm Pirnie. Figure
9 shows the relative location of the outfall diffuser for a beachwell or deep infiltration
gallery intake system. Figure 10 shows the discharge location relative to the approximate
zone where a shallow seabed infiltration gallery or a wedgewire screen intake would be
located. The placement of the outfall structure and associated pipe should avoid artificial
reefs and kelp beds identified as biological sensitive communities. Additional knowledge
of prevailing ambient currents, both direction and magnitude, is needed to better assess
plume movement beyond the near field and its potential impact on biological
communities as well as define the minimum separation required between the intake and
discharge to avoid re-circulation of brine and a buildup of effluent.

Page 32 of 36

(
!

P
O AC
C
E IFI
A
N C

Map Document: (S:\GIS_Resources\Standards_Guidelines\MapTemplates\GIS_TEMPLATES_2005\11X8.5_Portrait.mxt)
7/19/2005 -- 5:12:41 PM

(
!

Del Mar
Boat Basin

1C -2C
3C
22
2O
O
O

SRTTP Site

Santa Margarita
River Estuary

Stua rt Mesa

Deep Infiltration Gallery
500 ft to 4,000 ft Offshore
from Conveyance Tunnel

50 ft

Rd

Outfall Diffuser and Zone of
Initial Dilution (ZID) Location
See INSET 1 for detail.

100 ft

Beachwell Intake Area
(required size unknown)

4C
2O

Artificial Reef
Oceanside No. 2

B
2B 2- 3
4B
2O
2O
O

1A
A
2-3
O
4A
2A 2
22- O
O
O

1B
2O

MCBCP
Restricted
Area

San Diego

CALIFORNIA

Oceanside

iver
ita R
S
a
n
ta M
arg
ar

Stuart Mesa Site

I-5

§
¦
¨

MCTSSA Site

Beachwell Intake Area
(required size unknown)

Subsurface Conveyance
Tunnel (4,000 ft offshore)

Discharge Conveyance
Pipe on Seabed

Bathymetry (ft)

Artificial Reefs

Final Proposed Site

Senistive Habitat

Pendleton Use Areas

1,200

2,400

3,60 0

MCBCP

CAMP PENDLETON
DESALINATION FACILITY

SAN DIEGO COUNTY WATER AUTHORITY

600

Feet

4,800

FIGURE 9

AUGUST, 2008

INTAKE AND DISCHARGE STRUCTURE PLACEMENT

DISCHARGE FEASIBILITY STUDY - TECH MEMO 4.1

0

Notes:
1. Artificial Reef Locations from California Department of Fish and
Game.
2. Site locations from RBF Site Evaluation Memo.
3. Restricted areas from MBC Marine Resources Report.
4. Aerial orthoimagery from USGS (1997).

!

Legend

MCBCP
Restricted
Area

³

P
O AC
C
E IFI
A
N C

Map Document: (S:\GIS_Resources\Standards_Guidelines\MapTemplates\GIS_TEMPLATES_2005\11X8.5_Portrait.mxt)
7/19/2005 -- 5:12:41 PM

(
!

(
!

Del Mar
Boat Basin

O

Discharge Conveyance
Pipe on Seabed
(see Note 5)

Outrall Diffuser and Zone of
Initial Dilution (ZID) Location
See INSET 1 for detail.

1C -2C
3C
2
22O
O
4C
2O

Artificial Reef
Oceanside No. 2

150 ft

Santa Margarita
River Estuary

50 ft

100 ft

SRTTP Site

3B
2B 24B
2O
2O
O

1A
A
2-3
O
4A
2A 2
22- O
O
O

1B
2O

MCBCP
Restricted
Area

San Diego

CALIFORNIA

Oceanside

gar
ita R
ive r
San
ta M
ar

Stua rt Mesa
Rd

Stuart Mesa Site

I-5





MCTSSA Site

Subsurface Conveyance
Tunnel (4,000 ft offshore)

Intake and Discharge
Conveyance Pipes
on Seabed

Wedgewire Screen
Intake Structure Footprint

Shallow Seabed Infiltration Gallery
Intake Structure Footprint

Zone where the Seabed Infiltration
Gallery Intake or Wedgewire Screen
Intake could be located (see Note 6)

!

Bathymetry (ft)

Artificial Reefs

Final Proposed Site

Legend

MCBCP
Restricted
Area

Senistive Habitat

Pendleton Use Areas

1,300

2,600

3,90 0

MCBCP

CAMP PENDLETON
DESALINATION FACILITY

SAN DIEGO COUNTY WATER AUTHORITY

650

Feet

5,200

FIGURE 10

AUGUST, 2008

INTAKE/DISCHARGE STRUCTURE PLACEMENT

DISCHARGE FEASIBILITY STUDY - TECH MEMO 4.1

0

Notes:
1. Artificial Reef Locations from California Department of Fish and
Game.
2. Site locations from RBF Site Evaluation Memo.
3. Restricted areas from MBC Marine Resources Report.
4. Aerial orthoimagery from USGS (1997).
5. Distance from intake to discharge structures to be
determined based on avoidance of re-circulation of brine and site
specific data. Discharge structure at depth >= 100 ft.
6. The precise location for a wedgewire screen intake or shallow
seabed infiltration gallery to be decided based on additional site
specific information.

Outfall Location Zone - Dependant
on the placement and configuration
of the intake structure and more site
specific data.

³

Pendleton Desalination Project – TM 4.1
September, 2008

7. Conclusions and Discussions
For brine discharge, a dilution of 20 to 30 is required to keep the excess salinity at the
edge of the ZID to 5 to 10 percent over the ambient salinity. A UM3 model was used to
demonstrate that several diffuser configurations can achieve this required dilution. The
diffuser can be linear or Y-configured and it can be built in a single stage, or be built in
two stages. The two-staged diffuser has several advantages over a full built-up diffuser.
It should be noted that the construction of the diffuser needs not be two-staged, only its
operation.
The proposed new outfall can also be used for discharge of Camp Pendleton wastewater
effluent. If the desalination plant is not operational at the time of wastewater discharge,
the effluent should be mixed with seawater prior to discharge in order to increase the
hydraulic integrity of the system and achieve the required dilution of the effluent. The
diffuser section should maintain a minimum flow to function hydraulically. The total
dilution, consisting of the near field dilution from discharge of mixture of wastewater
effluent and recycled seawater, is comparable to the probable dilution of 80 permitted at
nearby Oceanside Ocean Outfall.
The results presented in this report are for the feasibility study level only. Detailed
diffuser configuration can be revised to achieve optimal hydraulic performance and
dilution in subsequent design phases. Short and long-term impacts of the near and far
field plume movement on surrounding marine sources should also be evaluated when
information on detailed ambient conditions becomes available.
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FEASIBILITY STUDY FOR A SEAWATER DESALINATION
PROJECT AT CAMP PENDLETON
TM - 1
To:

San Diego County Water Authority
Marine Corps Base Camp Pendleton

JN 25-101785

From:

RBF Consulting

Date:

January 2008

Subject:

Seawater Desalination Facilities Description and Site Identification

1.0 INTRODUCTION / PURPOSE:
The San Diego County Water Authority (Water Authority) is currently conducting a
feasibility study for implementing a seawater reverse osmosis (SWRO)
desalination facility in the southwest corner of Marine Corps Base Camp Pendleton
(Camp Pendleton). The expected capacity of the project is in the range of 50 to
150 million gallons per day (mgd). The Water Authority is pursuing the project as
part of its Regional Water Facilities Master Plan, which identifies water supplies
and facilities that would be needed to serve the region through 2030. Specific
goals of the Master Plan are increased reliability and diversification of Water
Authority’s water supply portfolio, which resulted in a targeted goal for seawater
desalination to be 6 to 10 percent of the portfolio by the year 2020. The seawater
desalination project could also be attractive to Camp Pendleton, for the following
reasons:
 The desalination project could provide a reliable drought proof water supply
to the base;
 Desalinated product water can be blended with Camp Pendleton local well
water to improve the water quality of water supplied to the base;
 The project can potentially provide an ocean outfall for fail-safe disposal of
Camp Pendleton wastewater effluent and continuous disposal of
concentrate from the Santa Margarita River Conjunctive Use Project
(SMRCUP) treatment plant.
 No federal funding from MILCON would be required; and
 Environmental mitigation could likely be resolved with measures contained
in the Water Authority’s Natural Communities Conservation Plan/Habitat
Conservation Plan (NCCP/HCP, in preparation).
The Camp Pendleton Region SW Commander and the Marine Corps Base
Commanding Officer have both granted approval to conduct the feasibility study as
JN 25-101785
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long as the proposed project does not interfere or have adverse affects on the
training mission or operation of the base. This technical memorandum (TM-1)
provides a description of the desalination facilities that would be required, while
also proposing viable sites and configurations for investigation.

2.0 BACKGROUND:
A previous draft of TM-1 titled Description of Proposed Camp Pendleton
Desalination Facility, completed in August 2007, identified six potential sites to
locate a large-scale desalination facility, while also providing a brief description of
the required components of the facility. Camp Pendleton staff and biologists
reviewed the draft TM-1 and identified issues and environmental concerns that
were associated with each potential site.
This final version of TM-1 takes into consideration and addresses the Camp
Pendleton staff comments and concerns for each site. Due to environmental
concerns or other issues, some of the sites have since been eliminated from
further consideration. This TM-1 also provides more detailed descriptions of the
required components of the proposed large-scale desalination facility.

2.1 Potential Desalination Plant Sites at Camp Pendleton
The desalination plant site would accommodate pretreatment and desalination
process facilities, chemical storage facilities, other appurtenant facilities, and
possibly an on-site power generation facility. As shown below, the total land area
required would range from approximately 15 to 25 acres.
 50 mgd plant
 150 mgd plant
 Power Generation Facility

= +/- 10 ac
= +/- 20 ac
= +/- 5 ac

These are conservative values, as alternative construction methods could be
applied (such as vertical, stacked construction) in order for the desalination facility
to occupy less acreage. A preliminary reconnaissance survey of the area resulted
in the identification of six potentially feasible sites for the desalination facility as
listed below and portrayed in Figure 1:
 Site 1 (>25 ac) - Near existing percolation ponds east of I-5 (rail access);
 Site 2 (>25 ac) - Sewage Treatment Plant (STP) 13 site (rail access);
 Site 3 (~17 ac) - Along Vandegrift Blvd;
 Site 4 (~15 ac) - Southeast corner of Vandegrift & Stuart Mesa Road;
 Site 5 (>25 ac) - Agricultural land west of I-5;
 Site 6 (>25 ac) - Agricultural land east of I-5

JN 25-101785
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An initial assessment of these sites indicated that portions of each have been
“previously disturbed”, and do not appear to directly impact Camp Pendleton
training or operations. Each site is accessible via existing roads. Sites 1 and 2
have existing railroad access, which is advantageous for chemical deliveries.

2.2 Feedwater Intake Facilities
A new seawater intake facility would need to be constructed to obtain feedwater for
the desalination plant since no viable intake structures currently exist at the
southern end of Camp Pendleton. A wide variety of intake options, both offshore
and onshore, are being evaluated as part of this study. Intake systems would be
sized to convey up to approximately 300 to 330 mgd of seawater to the
desalination plant, depending on the technology selected and the subsequent
process treatment and recovery. The following sub-sections will describe the
feedwater intake options in more detail.
2.2.1 Offshore Intakes
Three types of offshore intakes have been identified as suitable for further
analysis:
 Open-ocean (wedge-wire screen) intake;
 Shallow Seabed Infiltration Gallery (SIG); and
 Collector Well Seabed Infiltration Gallery.
Feedwater from any of the three offshore intake options above would flow onshore
to the desalination plant via a deep, large-diameter tunnel. Potential locations of
the offshore intake facilities and feedwater intake tunnel are shown in Figure 2.
An open-ocean intake for this size of a project is conceptualized to consist of four
T-shaped cylindrical wire mesh screens (as shown in Figure 2-1). Each T-shaped
cylinder would be 8-foot diameter and approximately 30 feet long. The screens
would be constructed of a Z-Alloy™ or duplex stainless steel to repel mussels,
resist biofouling, and minimize corrosion in seawater. To restore efficient screen
performance the screens would be equipped with an air-scour system to generate
a periodic blast of air through the screen assembly to dislodge any material or
impinged sea life. The open-ocean intake screen structure would be located on
the ocean floor approximately 2,000 to 6,000 feet offshore, although the exact
location is still to be determined.
Two SIG configurations are also being considered. One SIG concept is a shallow
seabed infiltration gallery, which would require the removal (dredging) of the top
10-15 feet of seabed so that a system of horizontal drains can be installed. The
dredged native sand would be replaced with an engineered gravel pack consisting
of crushed gravel and sand. The shallow SIG would be located approximately

JN 25-101785
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2,000 to 6,000 feet offshore, and could occupy up to 10 to 50 acres of the ocean
floor. The first large-scale operation of a shallow SIG has been successfully
implemented for a 13.2 mgd desalination plant in Fukuoka, Japan (2005).
The second SIG concept is essentially a deep collector well infiltration gallery.
Collector wells, 12-inches in diameter, would be drilled at an angle from inside the
offshore intake tunnel to tap the sandy alluvium above the tunnel. The wells would
be spaced less than 100 feet apart and could be as much as 300 feet in length.
The success of a deep infiltration gallery relies heavily on the hydrogeology of the
deep sediments. The benefits of this approach include no seabed disturbance and
no visible construction.
FIGURE 2-1

OFFSHORE INTAKE METHODS

Wedge Wire Screen (Johnson Screens)

Shallow SIG (Fukuoka, Japan)

2.2.2 Onshore Subsurface Intake
The onshore subsurface intake being considered consists of a slant well intake
system. Conceptually, each well would be 12 to 24 inches in diameter, roughly
700 feet in length, and drilled at an approximate angle of 25 degrees from the
horizontal. The wells could be sited individually or grouped in clusters, likely
consisting of three wells. Clusters would be spaced approximately 300 to 500 feet
apart and would serve approximately six mgd of feedwater plant capacity. If the
wells were individually sited, they would be spaced approximately 100 to 200 feet
apart. A groundwater model is currently being developed in order to determine the
number of wells and spacing requirements.
Each well (or well cluster) would discharge into a common manifold feedwater
pipeline, which would convey the feedwater to the desalination plant. A potential
location for these intake wells is the southern and western boundary of the
agricultural fields west of Interstate Highway 5 (I-5), directly north of the Santa
Margarita River, as shown in Figure 3.

JN 25-101785
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2.3 Concentrate Discharge Facilities
Seawater RO is an ion separation process in which pressurized pretreated
seawater (~35,000 milligrams per liter (mg/L) total dissolved solids (TDS)) is
delivered to a semi-permeable membrane. The membrane rejects most solute
ions and molecules, while allowing fresh water (permeate) to pass through. This
process produces a concentrated reject stream, known as brine (~70,000 mg/L
TDS), in addition to the permeate.
Brine from the proposed seawater desalination facility would be discharged to the
ocean via a new ocean outfall. Figure 4 illustrates the potential location of the
outfall and point of discharge areas for the potential desalination plant sites.
A possible outfall configuration, which is only applicable for an offshore intake,
would be to mount a pipeline inside the intake tunnel (pipe-in-pipe), and discharge
the brine a suitable distance away from the intake location. The dual-use tunnel
(pipe-in-pipe) would be approximately 16 feet in diameter. The brine pipeline would
continue offshore for an additional 5,000 feet from the tunnel terminus, laid on the
ocean floor.
A single-use outfall (discharge only), which would be approximately 10 feet in
diameter, would only be recommended if an onshore subsurface intake proves to
be the best intake option for feedwater supply. This configuration would involve a
shorter tunnel length and a longer pipeline laid on the ocean floor, with the
discharge occurring at the same location.
The discharge would occur up to 10,000 feet offshore through approximately 2,000
linear feet of diffuser pipeline with approximately 130 diffuser ports. This could be
accomplished linearly or with a “Y” configuration with two 1,000-foot legs. The
diffuser sizing and offshore location is preliminary and subject to further studies
and brine dispersion modeling.
Camp Pendleton has recently constructed a new wastewater reclamation plant
called the South Regional Tertiary Treatment Plant (SRTTP). Under normal
operating conditions all wastewater would be reclaimed, and no effluent would be
discharged to the ocean. However a fail-safe disposal method is also required,
which is presently accommodated by a connection to the City of Oceanside’s
Ocean outfall. It is anticipated that Oceanside will eventually need the full capacity
of their outfall for build-out and may expect Camp Pendleton to find other means to
dispose of its effluent. Therefore the feasibility report for the Camp Pendleton
Seawater Desalination Project will also consider using the outfall for fail-safe
discharge of effluent from the recently constructed SRTTP, and discharge of brine
from other existing or future brackish water treatment plants on Camp Pendleton
(i.e., SMRCUP).

JN 25-101785
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2.4 Product Water Conveyance
The product water would be delivered from the desalination plant to the Water
Authority’s distribution system in San Marcos near the Water Authority’s new Twin
Oaks Valley Water Treatment Plant (TOVWTP), where it will be blended with
treated water from that plant and then piped into the Water Authority’s aqueduct
system for distribution throughout San Diego County.
Product water could be conveyed to the north from any of the potential sites being
considered through a separate (coastal) pipeline or as part of a cross-base pipeline
that Camp Pendleton is considering as part of the SMRCUP. Further investigation
will determine suitable lateral locations and integration of desalinated product
water into Camp Pendleton’s potable water distribution system.
The Water Authority, Metropolitan Water District of Southern California (MWD),
and Municipal Water District of Orange County (MWDOC) have all conducted
numerous studies analyzing conveyance pipeline alignments through Camp
Pendleton (Coastal Pipeline, Cross-Base Pipeline, etc.).
The alignments
traversing Camp Pendleton that were selected for further analysis are described
below.
Alignments were selected that could accommodate a large-diameter pipeline
(approximately 72-inch diameter). The preferred pipeline alignment (Ysidora Basin
Route) through the base would proceed north and east along the north bank of the
Santa Margarita River (SMR) in Santa Margarita River Road (dirt road) for
approximately 2.5 miles. The pipeline would then be installed using trenchless
construction under both the SMR and Vandegrift Blvd. It would then continue east
on an existing unpaved road to the Camp Pendleton / Oceanside border near
Whelan Lake. From this location, the pipeline would be installed using trenchless
construction under the environmentally sensitive open-space area to the toe of the
levee on either the north or south side of the San Luis Rey River (SLRR). Figure 5
illustrates the preferred and alternative conveyance alignments through Camp
Pendleton.
An alternative conveyance pipeline alignment (Wire Mountain Route) from any of
the potential desalination sites would follow the Lower Santa Margarita River Road
to Stuart Mesa Road. In order to minimize disturbance to environmentally
sensitive areas, the pipeline would be installed using trenchless construction under
the SMR to Ash Road. The alignment would then follow Ash Road through the
Wire Mountain housing area to Loretta Street in the City of Oceanside. After
running approximately 1,200 feet in Loretta Street, the pipeline would be installed
using trenchless construction under the SLRR to the toe of the levee on the south
bank.

JN 25-101785
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2.5 Desalination Plant Facilities
The Camp Pendleton desalination facility would be a seawater reverse osmosis
(SWRO) plant, which uses semi-permeable RO membranes to separate fresh
water from salts in seawater. The facility would produce slightly less than one-half
gallon of potable water and slightly more than one-half gallon of brine from each
gallon of raw seawater. Because the RO membranes are sensitive and subject to
fouling, the seawater may require pretreatment to remove suspended solids ahead
of the RO process. After passing through the RO process, the desalted water is
highly corrosive and is void of essential minerals. Post-treatment, or remineralization, is required to protect downstream piping systems and to make it
compatible with the Water Authority and other affected user (including Camp
Pendleton) water supplies. Other facilities that would be onsite are typical for
water treatment plants and include: chemical storage and handling; solids and
residuals processing; storage and pumping facilities; and administration building
and laboratory. A power generating facility may also be located at the desalination
plant site. Additional details and site footprint requirements of treatment process
and appurtenant facilities are provided below:
 Feedwater pumping (if onsite): 10,000 sq-ft footprint;
 Pretreatment (membranes or dual-media filters): 50,000 sq-ft footprint;
 Reverse Osmosis (RO, high pressure pumps, and energy recovery):
100,000 sq-ft footprint;
 Post treatment (CO2, Lime, Corrosion Inhibitor, Disinfection): 15,000 sq-ft
footprint;
 Clearwell: Approximately 10 MG, buried, partially buried, or at-grade:
15,000 sq-ft footprint;
 Product water pump station: 6,000 sq-ft footprint;
 Concentrate pump station: 3,000 sq-ft footprint;
 Residuals management (if required, washwater recovery and solids
handling): 40,000 sq-ft footprint;
 Chemical storage and feed facilities: 10,000 sq-ft footprint;
 Non-process buildings (admin building, laboratory, operations and
maintenance building, etc.): 20,000 sq-ft footprint;
 Power generation facilities (if required, generators driven by gas turbines):
100,000 sq-ft footprint.
2.5.1 Chemicals and Chemical Delivery
Chemicals that may be needed to assist in the desalination process include:
 Ferric chloride
 Lime (dry calcite)
 Acid (liquid)
 Carbon dioxide

JN 25-101785
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 Anti-scalant
 Chlorine gas, or sodium hypo-chlorite (optionally, sodium hypo-chlorite may
be generated onsite)
Of the chemicals listed above, lime (or calcite) would have the highest
consumption, at approximately 50,000 pounds per day (lb/day) for a 150 mgd
plant. This would require an average of two trucks per day at 10 cubic yards per
truck. Carbon dioxide requirements are also significant, requiring one to two bulk
deliveries per day. During the feasibility study, various chemical delivery methods
would be investigated including:
 Rail, using existing or refurbished rail spurs;
 Truck delivery through a new dedicated I-5 ramp
 Truck delivery via Main South Gate
 Truck delivery via Las Pulgas Gate
During the feasibility study, consideration will be given to the potential for
coordinating chemical delivery requirements with those of the South Regional
Tertiary Treatment Plant.
2.5.2 Power Supply
Several options are available for powering the desalination plant. The options that
will be studied in detail are as follows:
 Option A – Purchased power from the grid
 Option B – Turbine generators (natural gas)
 Option C – Solar or wind (supplemental only)
During the feasibility study, consideration will be given to the facilities that would be
required to deliver power from the grid to the desalination plant site. For on-site
power generation (Option B), consideration will be given to over sizing the facility
to meet Camp Pendleton requirements.

2.5.3 Facility Operations and Staff
Operational and maintenance personnel would be continuously present at the
seawater desalination facility. Normal daytime staffing levels would be
approximately 10 to 20 personnel, with swing and graveyard shifts at 2 to 4
personnel. Additionally, equipment maintenance personnel would be required for
planned and corrective maintenance. All plant personnel would need to pass
through security clearance at the Base gates.

JN 25-101785
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3.0 SITE EVALUATIONS
As previously mentioned in Section 2.1, a large-scale desalination facility
combined with a power generation facility would require approximately 15 to 25
acres of land. A preliminary reconnaissance survey of the area resulted in
identification of six potential sites for the desalination plant as shown in Figure 1.
Each of these sites appear to be located on land that is partially or completely
“previously disturbed” and do not appear to directly impact Base training or
operations. The following site screening analysis is provided to address Camp
Pendleton staff comments and other issues related to the six candidate sites.

3.1 Sites 1 and 2
Sites 1 and 2 are located east of I-5 and south of SMR, as shown on Figure 1.
Both sites are in excess of 25 acres, which is the minimum size required for an
ultimate 150 mgd desalination plant. Both sites have road access via Vandegrift
Blvd. (and via Lemon Grove Road for Site 1) and rail access via a rail spur that
bisects Site 1. Site 1 is level, whereas Site 2 is on two levels, with a 20 to 30 foot
high bluff dividing the western (higher) third of the site.
Feedwater to the plant and brine from the plant would be conveyed in a single
dual-use tunnel crossing under I-5 and the railroad and extending under the ocean
floor. An intermediate tunnel portal would be required for tunnel construction as
close as possible to the shoreline near the Del Mar Housing Area, as shown on
Figure 2.
Because Site 1 is adjacent to the new Camp Pendleton SRTTP, an effluent
disposal connection from SRTTP to the desalination brine discharge pipeline would
be physically easy to accomplish.
Effluent percolation ponds previously used for Sewage Treatment Plant (STP) 13
are located on both sites. Camp Pendleton’s long term plans for use of these
ponds is not known, however, they may not be required if Camp Pendleton were to
use the desalination plant’s outfall for effluent disposal. Site 1 is currently being
used as a contractor staging area and for stockpiling of excavated material from
the new SRTTP and from the newly constructed reclaimed storage pond on the
northwest boundary of the site. STP 13 is located on the western third of Site 2.
STP 13, which is being taken out of service, is scheduled for demolition and site
restoration during 2008.
Because Site 1 is adjacent to the new SRTTP, it may be a candidate site for future
facilities that may be required when the SRTTP is expanded. This would need to
be carefully considered in planning desalination plant facilities on the site.

JN 25-101785
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Camp Pendleton staff did not indicate major concerns in the potential use of Site 1
for the desalination plant. A concern was raised about the existence of a nearby
Torrey Pine tree. It is believed that careful site and construction planning could
preserve this tree.
Camp Pendleton staff did indicate concerns that Site 2 contains some riparian
woodlands and/or scrub, which are suitable habitats for the Least Bell’s Vireo and
Southwestern Willow Flycatcher. This occurs in the eastern two-thirds of the site,
which is also located within the SMR 100-year floodplain. The habitat and flood
protection issues are serious; however, it may be possible to avoid or mitigate
them by locating the desalination plant facilities on the higher western third of the
site, within the footprint of the disturbed area that will be defined when the STP site
is restored to it’s natural state. Any remaining flood protection issues may be
resolvable with levees. Also, environmental mitigation issues could likely be
resolved with measures contained in the Water Authority’s Natural Communities
Conservation Plan/Habitat Conservation Plan (NCCP/HCP, in preparation).
Site 1 is closer to the coastline, which means that the feedwater and brine disposal
pipelines would be less costly. Also, the flat topography of Site 1, in comparison to
possible topographic and footprint challenges at Site 2, could translate to lower site
development costs for Site 1.
Potential visual impacts of the desalination plant are different in that Site 1 would
be more visible from I-5 (public view), and well hidden from a viewer within Camp
Pendleton. Desalination facilities at Site 2 would be farther from I-5, but still visible
to the public, and would be more visible from within Camp Pendleton.
Both sites are considered viable for a large-scale desalination facility. Site 1 is
preferred over Site 2, due to:
 Absence of any major environmental concerns,
 Lower costs for feedwater and brine pipelines to connect it to a dual use
intake/outfall tunnel,
 Lower site grading costs, and
 Lower visual impact within Camp Pendleton.
Concerns remain about coordinating desalination facilities at Site 1 with future
SRTTP expansion plans; however, these are of less concern than the possible
constraints that could be placed on Site 2 to avoid environmentally sensitive
habitat and to provide flood protection.
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3.2 Site 3
Site 3 is located east of and adjacent to Vandegrift Blvd, south of the SMR. It is
approximately 17 acres in size and has been previously disturbed. The site does
not have railroad access and has many potential environmental concerns and
other issues related to it, as described below:
 Potential access road for Bachelor’s enlisted quarters may be on site;
 The site is being considered for future housing infrastructure;
 Portions of the site are planned to receive reclaimed water for reuse1;
 Water of the U.S. is within the site footprint;
 The site contains riparian woodlands and/or scrub, which are suitable
habitats for the Least Bell’s Vireo and Southwestern Willow Flycatcher;
Due to the severity and number of concerns stated above, Site 3 has been
dropped as a potential desalination facility site and will no longer be
considered.

3.3 Site 4
Site 4 is located on the foothill of a steep hill, south of SMR on the southeast
corner of Vandegrift Blvd and Stuart Mesa Road. The site is approximately 15
acres in size, large enough for a 50 mgd desalination plant, but too small for an
ultimate 150 mgd plant. The site does not appear to have major environmental
concerns, yet similar to Site 2; it is located within the SMR 100-year floodplain.
Due to its limited size, floodplain issues, and difficult topography, Site 4 has
been dropped as a potential desalination facility site, and will no longer be
considered.

3.4 Sites 5 and 6
As shown on Figure 1, Sites 5 and 6 are located on leased agricultural land north
of SMR, west (Site 5) and east (Site 6) of I-5. Both sites are substantially in excess
of 25 acres, which is the minimum size required for an ultimate 150 mgd
desalination plant. Both sites have road access via Santa Margarita River Road
(existing dirt road), which intersects Stuart Mesa Road. Neither site has
convenient rail access, although development of a spur to Site 6 could be
evaluated. Site 5 is level, whereas Site 6 has some rolling topography that slopes
to SMR.

1

P-110 NEPA documentation.
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Feedwater to the plant could be either from an offshore intake or from an on-shore
subsurface intake system of slant wells. For an offshore intake, the feedwater
would be conveyed on-shore from the intake in a deep tunnel to a feedwater pump
station located on Site 5.
An on-shore slant well system would utilize angled drilling methods to place
multiple well screens beneath the sea floor. The wellheads would be located on
the bluffs above the beach, and therefore would not impact the environmentally
sensitive beach areas below. The wells would discharge to a feedwater manifold
system that would convey the feedwater to a feedwater pump station located on
Site 5.
The feedwater pump station would then deliver the feedwater to the desalination
plant at either Site 5 or Site 6 through two large diameter feedwater pipelines.
For a desalination plant at Site 6, these feedwater pipelines would desirably be
routed under the I-5 and railroad bridges on Santa Margarita River Road in order to
avoid tunneling.
A large diameter pipeline would convey brine from the desalination plant to a new
ocean outfall. If an offshore intake were selected, a dual-use outfall/intake tunnel
would be utilized. If the on-shore subsurface intake system were used, then the
brine would be discharged through a dedicated brine outfall. A brine disposal
pipeline from a desalination plant at Site 6 would most desirably be routed under
the I-5 and railroad bridges on Santa Margarita River Road in order to avoid
tunneling. The feasibility of constructing this pipeline, along with two other large
diameter feedwater pipelines, in the constrained space under I-5 and the railroad
bridges would need to be carefully evaluated.
Because Sites 5 and 6 are not adjacent to the new Camp Pendleton SRTTP, an
effluent disposal pipeline would be required for connection to the desalination
plant’s brine discharge pipeline. This effluent connection pipeline, most likely
medium diameter (24 to 48-inch), would have to be installed with jack–and-bore or
micro-tunneling construction techniques under the SMR from the SRTTP to Santa
Margarita River Road, and from there directly into the brine pipeline (if the
desalination plant is at Site 6) or continue on to a desalination plant at Site 5.
Camp Pendleton staff has indicated that Site 6 is being considered for base
housing and infrastructure projects. It is not known at this time if the site will be
fully utilized for these purposes, or if a sufficient portion of the site (15 to 25 acres)
could be left to accommodate the desalination plant.
Camp Pendleton staff have also indicated concerns about the proximity of the sites
to the SMR 100 year floodplain, as well as potential impacts to the beach area

JN 25-101785
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below Site 5, which is a rare plant area that has already undergone mitigation and
restoration efforts to conserve the beach/dune habitat. All facilities would be
located out of the floodplain, or within flood protection levees, and on the bluffs
above the beach, on previously disturbed land. The offset from the bluffs would be
selected to minimize impacts from construction or operation of the plant.
Nevertheless, due to the close proximity to SMR and its associated estuaries and
sensitive resources, development of either site would necessitate a Biological
Opinion from the Fish and Wildlife Service. Depending on the species involved, a
Department of Fish and Game permit may be required. Any potential mitigation
could be resolved with measures contained in the Water Authority’s NCCP/HCP (in
preparation).
Site 5 is closer to the coastline than Site 6, which means that the feedwater and
brine disposal pipelines would be significantly less costly. However, this would be
somewhat offset by increased length of the product water conveyance pipeline as
well as the increased length of effluent connection pipeline from the SRTTP to Site
5. The flat topography of Site 5, in comparison to the sloping portions of Site 6,
could translate to lower earthwork costs for Site 5. This advantage could be offset
by the longer access road requirements for Site 5.
Potential visual impacts of the desalination plant are different for the two sites in
that the desalination plant would be closer to I-5 at Site 6, but would be partially
screened from public view by an existing screen of mature eucalyptus trees. A
desalination plant at Site 6 would be very visible from existing and possible future
housing Camp Pendleton housing areas along Stuart Mesa Road north of the site.
A desalination plant at Site 5 would probably be farther from I-5, but would still be
visible to the public and would not be screened by any existing trees. However, a
desalination plant at Site 5 probably could be seen only at a distance form the Del
Mar housing area and probably could not be seen from any of the existing or future
Stuart Mesa housing areas.
Both sites are considered viable for a large-scale desalination facility, utilizing
either an offshore intake or an on-shore subsurface intake system. Site 5 is
preferred over Site 6, due to:
 Lower total costs for offsite pipelines,
 Easier construction for pipelines that have to cross under the I-5 and
railroad bridges,
 Minimal impact on future Camp Pendleton housing and infrastructure
developments, and
 Minimal visual impact on existing Camp Pendleton housing areas.

JN 25-101785
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3.5 Ranking of Viable Sites
The remaining viable desalination plant sites have been discussed in the previous
sections in two pairs: Sites 1 and 2, with Site 1 being preferred; and Sites 5 and 6,
with Site 5 being preferred.
Although any of the four sites could be used, Site 5 is preferred over Site 1, and is
the overall highest ranked site, for the following reasons:
 Site 5 is closer to the coast, therefore, the cost of brine and feedwater
pipelines would be substantially less than for Site 1. This cost advantage is
expected to be substantially more than the disadvantage of higher costs for
product water conveyance and SRTTP effluent conveyance associated with
Site 5.
 Site 5 is substantially larger than Site 1, and affords more flexibility for
locating the plant facilities on the site.
 A desalination plant at Site 5 could receive feedwater from an offshore
intake or an on-shore subsurface intake system (slant wells), or both. This
flexibility could be critical in proceeding with confidence on planning the
project, and in implementing a phased capacity plan.
 A desalination plant at Site 5 allows for locating the brine outfall north of the
SMR mouth. At this time, the expectation is that this offshore location will
be more favored for discharge, in order to assure protection of offshore
artificial reefs south of the SMR mouth.
 A desalination plant at Site 5 would allow more flexibility in locating the
tunnel portal required for launching the tunneling equipment. The east
tunnel portal at Site 1 is not actually on Site 1, and is an extremely
constrained area. Locating this tunnel portal on Site 1 would probably
require another tunnel angle point, which would be a significant cost
impact. Further, securing a site for the intermediate tunnel portal may be
difficult, and if it cannot be secured, the tunnel cost would increase
significantly.
 Although the product water conveyance route is longer from Site 5, the
pipeline could be constructed in Santa Margarita River Road upriver to a
logical SMR crossing. A product water pipeline emanating from Site 1
would have to cross SMR going north to access this favorable route.
 Construction of a desalination plant at Site 5 would not impact existing or
future SRTTP facilities, which would be a concern for planning and
constructing a plant at Site 1.
Site 6 is also slightly preferred over Site 1, for many of the same reasons listed
above. The conveyance cost advantage is less, but still exists because of the
potential to avoid tunneling by crossing under the I-5 and railroad bridges on Santa
Margarita River Road.

JN 25-101785
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In conclusion, in order of preference, the desalination plant sites are ranked as
follows:
 Site 5
 Site 6
 Site 1
 Site 2
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Land

10.

general

general

Land

11.
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C. Evans
E. Kershner
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Land

The Site number 2 on Figure 1 is across Stuart Mesa Road from
an unknown species of fairy shrimp.
Portions of site #2 are within 50 meters of vernal pools.
Some of Site number 3 is planned to be used as an access road for
a Bachelor’s enlisted quarters.
Portions of site 2 and 4 are within the 100-year floodplain.

Site #2 is now the tertiary treatment plant.
There is a Torrey Pine across the street from site # 1.
Portions of site #3 are planned to be receiving treated water for
reuse as planned for in the P-110 NEPA documentation. There
will be piping, sprinklers and revegetation added to the site in the
near future.
Site #3 has a Water of the U.S. in the footprint. The ponds on site
#2 may be considered a Water of the U.S. or a jurisdictional
wetland. Sites 5 & 6 have erosion concerns as there are Waters of
the U.S. downhill from their project areas.
The beach area below Site #5 is a rare plant area and there has
been mitigation and restoration money spent to conserve this
beach/dune habitat.
The effects, if any, to the Santa Margarita River Estuary riparian
area, that salinity changes from the desalination plant would
cause, would have to be investigated.
This project conflicts with numerous base projects currently in the
planning or conceptual process.
For example, several proposed sites (#3, #6) are currently being
considered for other base projects such as housing and
infrastructure. Site #6 poses a major conflict as the base is
currently struggling with citing future housing locations to meet
the needs of the Marine Corps. The base is running out of
appropriate land to build houses that is not in conflict with
training or natural resources.

12.

general

general

This project will conflict with the Conjunctive Use Project, which
is a cooperative project involving the City of Fallbrook and the
base to increase water storage in the Santa Margarita watershed.
Part of this project involves a brine line off a jetty into the ocean.
Another facility producing brine in close proximity to this line
would push the brine discharge limits even with the wastewater
treatment plant. The fear would be that two brine lines in the
same area could severely affect the offshore marine environment.
Questions regarding how the use of Site # 5 might affect the Santa
Margarita River, estuary, and the endangered California least tern
and the western snowy plover need to be addressed in detail.

C. Evans
E. Kershner
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general

C. Evans
E. Kershner
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general

general

C. Evans
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general

general

C. Evans
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general

general

C. Evans
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general

general

M. Rouse

18.

general

general

M. Rouse

19.

general

general

20.

general

general

21.

general

general

Site #2 and #4 will be in the floodplain of the Santa
Margarita River and might require a levee/flood
protection. Site #5 and #6 are also in the flood plain
and very close to the River. The impacts of building
the plant in these locations would need to be assessed
for impacts to the Santa Margarita River, its estuary
and the sensitive resources depending on the area.
The route to pipe the water off base would also need a feasibility
study.
A baseline study should take place to evaluate the effects of the
entire project (intake pipes and brine discharge) on the offshore
marine environment. The discharge of brine into the ocean is
likely to have negative effects on the marine environment which
might indirectly have negative impacts on listed species using
Camp Pendleton. In open water intake pipes for desalinization
systems there is a strong possibility for impingement or
entrainment of fish, larvae, and eggs.
Cumulative impacts to the marine environment need to be
considered as this base is designated for training, and training has
its own impacts to the marine environment. Growth related
activities due to having more water available should also be
considered in cumulative impacts to marine resources.
Offshore inlet and discharge pipelines have the potential to
negatively affect Camp Pendleton’s nearshore benthic
communities via incurrent siphon action, thermal and hypersaline
discharge as well as any localized disturbance incurred while
constructing the required infrastructure.
Proposed sites #5 and #6 seem like they would require the
additional construction of a large potable water pipeline, possibly
running South and underneath the SMR estuary itself; the adjacent
intertidal mixing area is important habitat for juvenile fish,
invertebrates, wading birds, shorebirds, raptors and a myriad of
other species. Disruption to this area could have long-term
negative effects.
Some of the chemicals listed in the document could cause serious
ecological degradation within the SMR estuarine system, even at
low concentrations. Transport and storage of these chemicals
would need to be addressed through a spill response plan
Of all proposed sites, site #3 appears most disjunct from estuarine
areas. Therefore I believe the threat to above-ground riverine and
estuarine flora and fauna to be minimalized. The designation of
this site would require further scrutiny.

M. Rouse

Some of the "Previously Disturbed" areas have become
overgrown with native and non-native vegetation.
Acting almost as buffer zones, these areas undoubtedly
filter runoff water before it makes its way into the
estuary (sites #5 and #6 primarily). Removal of this
vegetation may increase
turbidity within the system as well as add to the
susceptibility of the system to a spill event.

M. Rouse
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22.

general

23.

Pg 2

24.

page 3

general

T. Hudson

I recommend that the STP 13 site be given serious
consideration (e.g., somewhat similar function on site;
proximity to main
gate; sorter distances for increased worker/truck traffic;
reduced impact on
housing residents; etc.)

Colleen
Eckenroad
Colleen
Eckenroad

The TM lists Site # 2 and 4, both are within the 100 yr floodplain
and would require flood protection to build in these areas.

The Memorandum discusses the possible use of STP
13 for a site. The P002/P110 Tertiary Treatment Plant
and Associated Facilities EIS discusses that STP 13
will be demolished and utilized to compensate/mitigate
for impacts accrued during construction of the facilities
and for restoration purposes. Note that the Record of
Decision (Signed 17 JUN 04) for the P002/P110
Tertiary Treatment Plant and Associated Facilities
states the following:
Under the proposed action, once construction of the new
wastewater and reclaimed water conveyance systems is complete,
STPs 1, 2, 3, 8 and 13 will be demolished. After demolition, the
sites will be investigated according to the Comprehensive
Environmental Response, Compensation, and Liability Act.
Eventually, the sites will be returned to a natural state. However,
approximately 1-acre at each STP site will be maintained in a
developed condition to accommodate a sewage lift station,
potential future conveyance system expansion and maintenance.

25.

general

general

LtCol B. W.
Soderberg

Based upon the information forwarded, I saw no
purpose and need statement. Why is the Base even
thinking about this?

26.

general

general

LtCol B. W.
Soderberg

27.

general

general

28.

general

general

29.

general

general

LtCol B. W.
Soderberg
LtCol B. W.
Soderberg
LtCol B. W.
Soderberg

If the product is being framed as a feasibility statement, how is the
project going to enhance our Installation's capability in
accomplishing its training mission?
Do we need to change our Installation's Mission Statement? I
thought we were a readiness oriented training installation.
Why Camp Pendleton? Are we perceived as low-hanging fruit? Is
that where the "feasibility" nexus comes from?

30.

Figure 1
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Land
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Land
Land

33.
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Figure 1

Figure 1
Figure 1
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Land
Land
Land
Land

Where is the analysis that says Camp Pendleton is the
only place this can
go?
The Site number 2 on Figure 1 is across Stuart Mesa Road from
an unknown species of fairy shrimp.
Portions of site #2 are within 50 meters of vernal pools.
Some of Site number 3 is planned to be used as an access road for
a Bachelor’s enlisted quarters.
Portions of site 2 and 4 are within the 100-year floodplain.

Site #2 is now the tertiary treatment plant.
There is a Torrey Pine across the street from site # 1.
Portions of site #3 are planned to be receiving treated water for
reuse as planned for in the P-110 NEPA documentation. There
will be piping, sprinklers and revegetation added to the site in the
near future.
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37.

Figure 1
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Land

38.

Figure 1

Figure 1

Land

39.

general

general

Land

40.

general

general

C. Evans
E. Kershner

Site #3 has a Water of the U.S. in the footprint. The ponds on site
#2 may be considered a Water of the U.S. or a jurisdictional
wetland. Sites 5 & 6 have erosion concerns as there are Waters of
the U.S. downhill from their project areas.
The beach area below Site #5 is a rare plant area and there has
been mitigation and restoration money spent to conserve this
beach/dune habitat.
The effects, if any, to the Santa Margarita River Estuary riparian
area, that salinity changes from the desalination plant would
cause, would have to be investigated.
This project conflicts with numerous base projects currently in the
planning or conceptual process.
For example, several proposed sites (#3, #6) are currently being
considered for other base projects such as housing and
infrastructure. Site #6 poses a major conflict as the base is
currently struggling with citing future housing locations to meet
the needs of the Marine Corps. The base is running out of
appropriate land to build houses that is not in conflict with
training or natural resources.
This project will conflict with the Conjunctive Use Project, which
is a cooperative project involving the City of Fallbrook and the
base to increase water storage in the Santa Margarita watershed.
Part of this project involves a brine line off a jetty into the ocean.
Another facility producing brine in close proximity to this line
would push the brine discharge limits even with the wastewater
treatment plant. The fear would be that two brine lines in the
same area could severely affect the offshore marine environment.
Questions regarding how the use of Site # 5 might affect the Santa
Margarita River, estuary, and the endangered California least tern
and the western snowy plover need to be addressed in detail.

C. Evans
E. Kershner

41.

general

general

42.

general

general

C. Evans
E. Kershner

Site #2 and #4 will be in the floodplain of the Santa
Margarita River and might require a levee/flood
protection. Site #5 and #6 are also in the flood plain
and very close to the River. The impacts of building
the plant in these locations would need to be assessed
for impacts to the Santa Margarita River, its estuary
and the sensitive resources depending on the area.

43.

general

general

C. Evans

44.

general

general

C. Evans
E. Kershner

The route to pipe the water off base would also need a feasibility
study.
A baseline study should take place to evaluate the effects of the
entire project (intake pipes and brine discharge) on the offshore
marine environment. The discharge of brine into the ocean is
likely to have negative effects on the marine environment which
might indirectly have negative impacts on listed species using
Camp Pendleton. In open water intake pipes for desalinization
systems there is a strong possibility for impingement or
entrainment of fish, larvae, and eggs.
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45

1

Feedwater
Facilities

46

2

Concentrate
Discharge
Facilities

47

2

Potential
S. Sullivan
MCBCP
Desalination
Plant Sites

The proposed beach area for feedwater intake occurs in
the Santa Margarita River Sensitive Species
Management Zone. Installation, maintenance and use
of the intake wells and pump station has potential to
adversely impact protected species such as California
Least Tern, Western Snowy Plover, Tidewater Goby,
Southern Steelhead Trout and California Brown
Pelican. The Base has spent many years and dollars
protecting this zone in order to ensure continued
training on the beaches. The proposed project could
result in cumulative impacts to listed shore species and
in doing disrupt training and/or increase management
costs.
Discharge facilities could increase salinity and
temperature of nearshore waters, thereby decreasing
nutrients for marine organisms. Any such change in
the marine ecosystem has potential to affect abundance
and availability of food for California least tern,
California Brown Pelican and Southern Steelhead
Trout.
Sites 2 and 3 contain riparian woodlands and/or
riparian scrub, habitats suitable for Least Bell’s Vireo
and Southwestern Willow Flycatcher.

S. Sullivan

Sites 5 and 6 are adjacent to the Santa Margarita River
Estuary, part of the SMR Sensitive Species
Management Zone and extremely sensitive habitat for
several listed species.

48

3

Chemicals
and
Chemical
Delivery

S. Sullivan

49

3

Power
Supply

S. Sullivan

Impacts to these sites from potential chemical spills, air
pollution, noise pollution, predator attraction, human
presence, etc could have direct and indirect adverse
impacts on multiple federally listed riparian, shore and
estuarine species and would necessitate a Biological
Opinion from the Fish and Wildlife Service.
Potential disturbances, both direct and indirect, to
Least Bell’s Vireo and Southwestern Willow
Flycatcher. Building a ramp would also permanently
impact riparian and coastal sage scrub habitats.
Information is lacking about chemical spills, run-off,
by-products and disposal – all of which have potential
to impact listed species.
Solar power supply requires a larger footprint
potentially impacting more sensitive habitat and/or
listed species. Wind turbines are highly discouraged
due to potential direct impacts on the high density of
raptors occurring on base.
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50

general

S. Sullivan

Conveyance lines are not adequately represented in the
project description and therefore impacts to riparian
and upland species cannot be assessed. It is assumed
that tunnel construction would have significant
permanent and temporary impacts to federally listed
and migratory bird habitats. This action would likely
require a Biological Opinion form the FWS.

General Impressions:
a. There are six (6) different sites identified in the technical memo that have been proposed for the potential siting
of a Desal Plant facility. These sites all seem to vary somewhat by size (i.e. acreage available). Would suggest that
the memo be revised to also state the total acreage contained at each of these six sites. Additionally, would suggest
that the Water Authority briefly describe what size facility could potentially be constructed at each site (i.e., what's
the maximum MGD-sized facility that could be placed at each of the six sites (i.e., can each site accommodate a
150 MDG facility or are some sites too small for this?). The memo should also address whether or not each site is
large enough to include construction of a Power Generation Facility on that same site.
b. Would ask that for each of the prospective Desal Plant locations that are annotated on Figure 1, that each of the
6 locations also be annotated with how many acres each site contains.
c. Without the benefit of having seen any detailed analysis of the pros or cons of each potential site during this
early stage of evaluation, it's difficult to determine if any of these potential siting locations have any significant
advantages over the other five sites. From a general land use perspective, however, sites 1 and 2 appear to be the
most compatible with current surrounding land uses.
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JN: 25-101785

FROM:

Makrom Shatila

DATE:

February 25, 2008

SUBJECT:

SDCWA Camp Pendleton Desalination Project Feasibility Study
February 22, 2008 Meeting with Marine Corps Base Camp Pendleton

This memorandum summarizes the discussions with MCBCP staff on February 22, 2008 regarding the Camp
Pendleton Desalination Feasibility Study. The purpose of the meeting was to describe the proposed site options,
feedwater intake options, brine disposal options, and desalinated water conveyance alignments.

ATTENDEES:
Name

Agency / Department

Phone #

Email

Daniel Lizzul

OWR - CPEN

760-725-1059

daniel.lizzul@usmc.mil

Col. Gary Storey

AC/S Infrastructure

760-725-6451

gary.storey@usmc.mil

Cdr. Marshall Sykes

PWO

760-725-5641

marshall.sykes@usmc.mil

Gloria Shatzer

PWO

760-725-0305

gloria.shatzer@usmc.mil

Maj. David Boone

MCB Logistics

760-725-1939

david.g.boone@usmc.mil

Dave John

MCB Facilities

760-725-6452

david.l.john@usmc.mil

Ken Quigley

MCB AC/S ES

760-725-9733

kenneth.quigley@usmc.mil

Andrew Entingh

MCB AC/S ES

760-725-4557

andrew.entigh@usmc.mil

Larry Rannals

MCB CPLO

760-725-6513

larry.rannals@usmc.mil

Eric Garcia

MCB O&T

760-725-6010

eric.garcia@usmc.mil

Rich Thelin

WACO

760-725-5991

richard.thelin@usmc.mil

760-207-7597

larryh2o@hughes.net

Larry Carlson
Stephen Reich

Stetson Engineers

415-457-0701

stever@stetsonengineers.com

Cesar Lopez

SDCWA

858-522-6745

clopez@sdcwa.org

Paul Findley

RBF Consulting

858-614-5005

pfindley@rbf.com

Makrom Shatila

RBF Consulting

858-614-5032

mshatila@rbf.com

PRE-MEETING DISCUSSION:
During lunch, discussions were held concerning the Santa Margarita Conjunctive use Project (SMRCUP) and
how a desalination facility, brine disposal pipeline, and conveyance pipelines, could benefit the SMRCUP
project and MCBCP.
1. SMRCUP operations and projects: Double size of recharge ponds. Begin pumping in October and
increase pumping to deliver to Fallbrook. With desal plant, could aggressively pump basin.
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2. Possibility of enlarging pipeline to Red Mountain Tank near CWA Aqueduct (proposed in SMRCUP)
and not construct SMRCUP treatment plant. Water from desal can be pumped to Fallbrook and CWA
Aqueduct and therefore decrease diameter of major conveyance pipeline to Twin Oaks Diversion
Structure. Problem with this is that MCB would not be utilizing their entire 4,000 ac-ft water right.
3. Current MCBCP water demands are ~ 8,000 ac-ft with projection of doubling to 16,000 ac-ft.

MEETING DISCUSSION ITEMS:
1. Bob Yamada (SDCWA) began the meeting with an introduction and background of the project.
Discussed the old SOW desal project at SONGS and the new SOW regarding a desal facility at the
southern end of MCBCP. Also discussed potential benefits to MCBCP.
2. Paul Findley (RBF) presented an overview of the proposed new elements of the Feasibility Study,
including the following:
•
•
•
•
•
•
•
•
•

Site Layout (25 acres needed – conservative number)
Site Evaluations (Sites 1 - 6)
Feedwater Intake Options (Offshore tunnel or onshore slant wells)
Seabed infiltration intake (SIG)
Open-Ocean intake
Tunnel Collector Wells (dual-use outfall tunnel)
Slant Wells on Ag field bluffs (no drilling on beach)
Brine Disposal (Pipe-In-Pipe Concept for feedwater conveyance and brine disposal)
Discussion of MCBCP issues and considerations.

3. Issues relating to the South Camp Pendleton desalination project were discussed, as follows:
SITE / FACILITY / ISSUE

DISCUSSION
•

Part of National Strategic Rail System. Would
require new rail staging & deployment area at an
approx. cost of $1 million per mile of rail.

•

Would require the construction of new reclaimed
water storage ponds if utilized existing storage
pond site. Approx. 17 sites available for storage
pond relocation.

•

Future Coaster Station site??

•

MCB will have to review STP 13 site restoration
program.

•

Benefit of being close to SRTTP for wastewater
effluent disposal.

•

Possible new roadway to base housing?

•

Potentially could use parts of Site 1 and Site 2.
Only problem is that large diameter pipelines
would be needed to connect the two sites, which
may not be feasible.

•

MCBCP likes the idea of constructing a water

SITE 1

SITE 2
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SITE / FACILITY / ISSUE

DISCUSSION
treatment facility (desal) on land that is currently
being used for water treatment (wastewater).

SITES 3 & 4

•

Site 2 could be reconfigured to include
undisturbed land west of the train tracks, south
of SMR, and north of the storage ponds.

•

No Longer Considered

•

Would there be any interference with MCTSSA,
which is the Marine Corps Tactical Systems
Support Activity? Electronic radar interference,
power transmission interference? May limit
SCADA capabilities.

•

CCC issues with coastal visual impact.

•

New I-5 ramp could benefit new base housing.

•

Noise and visual impacts to existing and future
base housing.

•

Most noise is from on-site power generating
station and RO high-pressure pumps.

•

New I-5 ramp could benefit new base housing.

•

Amphibious training grounds near the Del Mar
housing area.

•

Land north of MCTSSA and south of ACU-5.
The land is not previously disturbed except for
unpaved access roads.

•

Site 2 could be reconfigured to include
undisturbed land west of the train tracks, south
of SMR, and north of the storage ponds.

•

50 mgd plant: +/- 10 ac

•

150 mgd plant: +/- 20 ac

•

Co-gen Power Facility: +/- 5 ac

•

Power could be extended to the site, which
would involve significant overhead facilities.
Potential interference with aircraft operations
would be an issue.

•

The plant would use about 35 MW (50 MGD)

•

Up to 100 MW (150 MGD)

•

Co-generation with gas turbines would be the
preferred option. SDCWA is able to operate as
an energy utility provider and thus this could be
another benefit to the base (power generation).

SITE 5

SITE 6

OTHER POTENTIAL SITES PROPOSED
BY MCBCP

ACRES NEEDED FOR DESAL SITE

POWER SUPPLY
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SITE / FACILITY / ISSUE

DISCUSSION
•

SLANT WELLS

Wells would be located above the bluffs on the
Ag fields, north of the Santa Margarita River to
ACU-5 (LCAC ramp). The wells are drilled at a
20° – 25° angle. The caisson can be fully
covered and designed to support heavy military
vehicles.

NEXT STEPS:
1. MCBCP needs to brief other commanding officers on the project sites, intake, and conveyance, to obtain
approval to proceed with further site analysis of one or two sites.
2. After approval to proceed, SDWA plans to complete data gathering by January 2008, and complete the
Feasibility Study by January 2009.
ACTION ITEMS:

ITEM
1

ACTION ITEM
Determine possible integration options with SMRCUP.

2

Investigate feasibility of other potential sites provided by MCBCP.

3

Generate memo on approved / preferred sites to continue feasibility study.
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JN: 25-101785

FROM:

Makrom Shatila

DATE:

July 10, 2008

SUBJECT:

SDCWA Camp Pendleton Desalination Project Feasibility Study – Site Evaluation
June 27, 2008 Meeting with Marine Corps Base Camp Pendleton

This memorandum summarizes the discussions with MCBCP staff on June 27, 2008 regarding the Camp
Pendleton Desalination Feasibility Study. The purpose of the meeting was to evaluate the feasible sites to locate
the proposed desalination facility.

ATTENDEES:
Name

Agency / Department

Phone #

Email

Daniel Lizzul

OWR - CPEN

760-725-1059

daniel.lizzul@usmc.mil

Mike Malloy

OWR - CPEN

Col. Gary Storey

AC/S Infrastructure

760-725-6451

gary.storey@usmc.mil

Cesar Lopez

SDCWA

858-522-6745

clopez@sdcwa.org

Bob Yamada

SDCWA

Paul Findley

RBF Consulting

858-614-5005

pfindley@rbf.com

Makrom Shatila

RBF Consulting

858-614-5032

mshatila@rbf.com

mike.malloy@usmc.mil

Bill Ike
byamada@sdcwa.org

MEETING DISCUSSION ITEMS:
1. Dan Lizzul began the meeting by giving a brief overview and description of the evaluated sites that
were deemed feasible by MCBCP staff:
• Discussed SRTTP Site:
o Not all of STP 13 site available - may require land for tanks, etc.
• State Parks (Beach) Site (south end):
o Site will not interfere with Base training or operations.
o Would need to terminate lease with State Parks.
• North sites near SONGS:
o Issues with percolation ponds, will require them in the future.
• MCTSSA Site
• Stuart Mesa Site
2. Bob Yamada (SDCWA) then spoke about any issues SDCWA or other agencies may have with
evaluated sites:
• North sites near SONGS:
o Discussed old SOW desal project at SONGS and how they are not interested in any
northern sites.
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SCE does not want to be affiliated with project due to:
(a) 316 (b) – Entrainment & Impingement issues.
(b) Public Perception of potable water near nuclear site.
o MWDOC has backed out since not in the north anymore and therefore better to be located
in the south, closer to service area.
o If limited to the north, we could make it work, but definitely more difficult.
Prefer to be in the south (MCTSSA, SRTTP, Stuart Mesa Sites), due to conveyance savings.
o

•

3. Col. Storey (MCBCP) then spoke about any issues he or his staff have with any of the sites as follows:
• Site 7 between MCTSSA and ACU-5 no longer considered since it is previously mitigated area.
• State Parks Site: Vast benefit of water is worth cutting lease with State Parks.
• He likes Stuart Mesa Site, but still has to pas through base commander, etc.
• MCTSSA Site:
o Shielding may not be necessary, may need to limit structure height.
o Singh & Sons friction will be expected – have political ties.
4. Paul Findley (RBF) then spoke about land requirements (land, crossings, easements, etc.) for each site:
• Approx. 1-2 acres will be needed for a Feedwater Pump Station and Tunnel Portal.
• SRTTP Site:
o Will require SMR crossing for product water conveyance.
o Will need 1-2 acres near south end of SMR near access road to beach.
o (3) 84-inch pipelines will need to cross I-5 and railroad.
• MCTSSA Site:
o 72-inch conveyance pipeline will need to cross under I-5 and railroad.
o Minimal construction impacts due to isolated location.
• Stuart Mesa Site:
o Still requires 1-2 acres on Tomato fields for Feedwater Pump Station.
o (3) 84-inch pipelines will need to cross I-5 and railroad.
o May have impacts to Stuart Mesa Housing area and Stuart Mesa Road.
5. A site reconnaissance was completed after the meeting at the MCTSSA and Stuart Mesa Sites. The
SRTTP site had previously been visually evaluated on Feb. 22, 2008.
• It was determined that the MCTSSA, SRTTP, and Stuart Mesa Sites are able to accommodate a
large desalination facility.
NEXT STEPS:
1. Water Authority and RBF will complete a Site Evaluation Memo which will discus the site
requirements and Study team’s priority of three sites (MCTSSA, SRTTP, and Stuart Mesa Sites).
2. Once approval is granted by base to proceed with study on TWO sites, SDCWA plans to complete
Feasibility Study by January 2009.
ACTION ITEMS:
ITEM
1

ACTION ITEM
Generate memo on approved / preferred sites to continue feasibility study.
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- SITE EVALUATION MEMO To:

San Diego County Water Authority (Water Authority)
Marine Corps Base Camp Pendleton (Camp Pendleton)
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RBF Consulting

Date:

July 7, 2008

Subject:

Site Evaluation for SWRO Facility at Camp Pendleton

JN 25-101785

1.0 INTRODUCTION:
A previous technical memorandum, TM-1, titled Seawater Desalination Facilities
Description and Site Identification, dated January 2008, and presented to Camp
Pendleton staff on February 22, 2008, can be referenced for a complete
background and description of the proposed large-scale desalination project to be
located at Camp Pendleton.
Camp Pendleton staff reviewed a number of potential sites, while considering the
impacts (operational, training, environmental, etc.) of locating a project at these
sites. On June 27, 2008 Camp Pendleton staff presented its findings to the Water
Authority and RBF Consulting. From the information shared at this meeting, the
Study team decided to focus its analysis and preference on three southerly sites.
The Study team also elected not to pursue the northerly sites due to distance and
sensitivity to Southern California Edison’s concerns. Immediately after the
meeting, a site visit to the three preferred sites was conducted and everyone
agreed that all three sites are suitable to locate a large-scale desalination facility.
This memorandum will evaluate those three sites while also prioritizing and
providing a detailed list of the site requirements for each site.

2.0 SITE EVALUATIONS
As described in TM-1, approximately 15 to 25 acres of land would be needed to
accommodate a large-scale desalination facility. An additional 1-2 acres would be
required in close proximity to the coast to construct the dual-use (intake / outfall)
tunnel and a feedwater pump station to pump raw seawater to the desalination
plant.
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After preliminary reconnaissance and site evaluations, Camp Pendleton has
identified three viable southerly sites capable of accommodating a large-scale
desalination facility, which are listed below in order of the Study team’s preference
and illustrated in Figure 1:
¾ MCTSSA SITE (Figure 2): The 19 acre MCTSSA Site is located on leased
agricultural tomato fields just east of the Marine Corps Tactical Systems
Support Activity (MCTSSA) Center, west of I-5. In addition to the
desalination plant at this site, the offsite facilities required are:








1-2 acres
4,000 ft
8,600 ft
3,600 ft x2
3,600 ft
13,000 ft
11,000 ft

Feedwater pump station and tunnel portal site;
16-feet Diameter Dual-use (intake / outfall) tunnel;
84-inch Diffuser pipeline (from terminus of outfall);
84-inch Feedwater pipelines;
84-inch Brine disposal pipeline;
36-inch SRTTP effluent pipeline;
72-inch Product water conveyance pipeline.

¾ SRTTP SITE (Figure 3): The 25 acre SRTTP Site is located northwest of
Camp Pendleton’s Southern Regional Tertiary Treatment Plant (SRTTP),
south of the Santa Margarita River (SMR), and east of I-5. In addition to the
desalination plant at this site, the offsite facilities required are:








1-2 acres
4,000 ft
10,100 ft
3,600 ft x2
3,600 ft
2,500 ft
3,500 ft

Feedwater pump station and tunnel portal site;
16-feet Diameter Dual-use (intake / outfall) tunnel;
84-inch Diffuser pipeline (from terminus of outfall tunnel);
84-inch Feedwater pipelines;
84-inch Brine disposal pipeline;
36-inch SRTTP effluent pipeline;
72-inch Product water conveyance pipeline.

¾ STUART MESA SITE (Figure 4): The 25 acre Stuart Mesa Site is located
northeast of the Stuart Mesa Housing Area (SMHA), east and adjacent to
Stuart Mesa Road. In addition to the desalination plant at this site, the
offsite facilities required are:








1-2 acres
4,000 ft
8,600 ft
11,000 ft x2
11,000 ft
11,500 ft
9,000 ft

Feedwater pump station and tunnel portal site;
16-feet Diameter Dual-use (intake / outfall) tunnel;
84-inch Diffuser pipeline (from terminus of outfall tunnel);
84-inch Feedwater pipelines;
84-inch Brine disposal pipeline;
36-inch SRTTP effluent pipeline;
72-inch Product water conveyance pipeline.
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Please refer to Figures 2 - 4 for a visual description of each site including very
preliminary conceptual configurations for intake and discharge conveyance facilities. The
accompanying Site Comparison Matrix Table describes all the requirements (land
issues, easements, environmental and construction impacts, visual impacts, power, site
access, etc.) for each site.

FIGURE 1
DESALINATION FACILITY SITES
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3.0 RANKING OF THREE PREFERRED SITES
In order of the Study team’s preference, the southerly desalination plant sites are
ranked as follows:
1. MCTSSA
2. SRTTP
3. Stuart Mesa
Although any of these three sites could accommodate a large-scale desalination
facility, the MCTSSA Site is preferred for the following reasons:


The MCTSSA site is located on the west side of I-5 and therefore the three
large diameter (84-inch) pipelines (two feedwater and one brine disposal
pipeline) will not have to cross under I-5.



A desalination plant at the MCTSSA Site would allow more flexibility in
locating the tunnel portal required for launching the tunneling equipment.
The tunnel portal for the SRTTP Site is extremely constrained and limited to
only one viable location south of the SMR.



Although the product water conveyance route is longer from the MCTSSA
Site, the conveyance pipeline could be constructed along Santa Margarita
River Road upriver to a logical SMR crossing. A product water pipeline
emanating from the SRTTP Site would have to cross the SMR going north
to access this favorable route (therefore, two SMR crossings would be
required for the SRTTP Site).



The preference for the MCTSSA Site is strongly conditioned on the
assumption that desalination plant can be designed to eliminate any
interference with MCTSSA operations.



The MCTSSA Site has a permitting advantage due to being located on
disturbed agricultural land with no obvious environmental impacts to plant
or animal species.



The costs for offsite infrastructure for the MCTSSA Site would be
approximately $20 million less than for the SRTTP Site and approximately
$60 million less than for the Stuart Mesa Site.
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Between the other two sites, SRTTP and Stuart Mesa, the SRTTP Site is favored
second for the following reasons:


The SRTTP Site requires much less length of large diameter (84-inch)
feedwater and brine disposal pipelines from the feedwater pump station to
the desalination plant.



The SRTTP Site requires much less length of large diameter (72-inch)
product water conveyance pipeline from the desalination plant to the
Ysidora Basin Pipeline (YBP) conveyance route.



A desalination facility at the SRTTP Site would have much less visual
impact within the Base.



The SRTTP Site has less construction impacts (traffic, noise, visual, etc.)
due to its location, compared to the Stuart Mesa Site, which would impact
the Stuart Mesa Housing Area and Stuart Mesa Road.



The SRTTP Site is adjacent to the SRTTP and has visual and operational
impacts (e.g. chemical deliveries, operator access, power infrastructure,
noise, etc.) that are consistent with the SRTTP.



The costs for offsite infrastructure for the SRTTP Site would be
approximately $40 million less than for the Stuart Mesa Site.
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Description

3,600 feet - (2) 84" Diameter Pipes
Pipeline easement located diagonally across tomato fields, buried deep enough to still be able to harvest
tomatoes.
Easement large enough for all three pipelines; two feedwater pipelines and one brine disposal pipeline.
None
Pipeline construction would not impact any existing roadways.

1-2 acres
Land already disturbed – tomato fields.
Land currently leased to Singh and Sons.
Minimal
Minimal disturbance during construction due to isolated location
All construction located on bluffs above the beach and therefore would not disturb any beach area below
the bluffs
Anticipated visual impact due to close proximity to coast - low profile pump station
Will require high voltage power grid connection and accompanying easement.
Road access via Santa Margarita River Road (existing dirt road) or over freeway crossing off Stuart Mesa
Road.

JN 25-101785
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Additional Comments

Crossings
Construction Impacts

Easement Issues

Description

FEEDWATER PIPELINE

Additional Comments

Access

Visual Impacts
Power

Construction Impacts

Environmental concerns

Land Issues

MCTSSA (#1)
FIGURE 2

15 - 25 Acres
Land already disturbed – tomato fields.
Land currently leased to Singh and Sons.
Minimal
Minimal construction impacts (noise, traffic, visual) due to location.
All construction located on bluffs above the beach and therefore would not disturb any beach area below
the bluffs
Visual impact at a minimum since facility located east of MCTSSA.
Will require high voltage power grid connection and accompanying easement.
Road access via Santa Margarita River Road (existing dirt road) or over freeway crossing (Coaster Way)
off of Stuart Mesa Road.

FEEDWATER PUMP STATION SITE

Additional Comments

Access

Visual Impacts
Power

Construction Impacts

Environmental concerns

Land Issues

Description

DESALINATION FACILITY SITE

Site Evaluation for Seawater Desalination Facility at Camp Pendleton

Easement large enough for all three pipelines; two feedwater pipelines and one brine disposal pipeline.
Approx. 1,000 feet of trenchless construction (Jack & Bore, etc.) would be required to cross under I-5.
Pipeline construction may impact 13th Street.

Pipeline easement located along south end of SMR and along 13th Street.

3,600 feet - (2) 84" Diameter Pipes

Road access via 12th Street and Del Mar Beach Access Road.

Anticipated visual impact due to close proximity to coast - low profile pump station
Will require high voltage power grid connection and accompanying easement.

May require environmental mitigation.
Anticipated construction impacts (noise, traffic, visual) to Del Mar Area.

1-2 acres
Site located just east of beach training access road and south of SMR.

11,000 feet - (2) 84" Diameter Pipes
Pipeline easement located diagonally across tomato fields, buried deep enough to still be able to harvest
tomatoes.
Easement large enough for all three pipelines; two feedwater pipelines and one brine disposal pipeline.
Approx. 1,000 feet of trenchless construction (Jack & Bore, etc.) would be required to cross under I-5.
Pipeline construction may partially impact Stuart Mesa Road.

1-2 acres
Land already disturbed – tomato fields.
Land currently leased to Singh and Sons.
Minimal
Minimal disturbance during construction due to isolated location
All construction located on bluffs above the beach and therefore would not disturb any beach area below
the bluffs
Anticipated visual impact due to close proximity to coast - low profile pump station
Will require high voltage power grid connection and accompanying easement.
Road access via Santa Margarita River Road (existing dirt road) or over freeway crossing off Stuart Mesa
Road

Road access via Stuart Mesa Road.

Road access via Vandegrift Blvd and Lemon Grove Road.
Potential railroad access.

Visual impact to Stuart Mesa Housing Area.
Will require high voltage power grid connection and accompanying easement.

Portions of site may require environmental mitigation.
Anticipated construction impacts (noise, traffic, visual) to Stuart Mesa Housing Area.

15 - 25 Acres
Portion of land already disturbed

STUART MESA (#3)
FIGURE 4

Visual impact at a minimum since it would blend in with existing wastewater treatment facilities.
Will require high voltage power grid connection and accompanying easement.

15 - 25 Acres
Portion of land already disturbed - existing Sewage Treatment Plant 13.
Portion of STP 13 site may be needed for future SRTTP expansion.
Portions of site may require environmental mitigation.
Minimal construction impacts (noise, traffic, visual) due to location.

SITE & RANKING
SRTTP (#2)
FIGURE 3

SITE COMPARISON MATRIX

July 2008

11,000 FT - 72" Diameter Pipe
Pipeline easement would be located on east side of tomato fields parallel to I-5, then along Santa
Margarita River Road.
Pipes would be buried deep to still be able to grow tomatoes.
Approx. 1,000 feet of trenchless construction (Jack & Bore, etc.) would be required to cross under I-5
(along Santa Margarita River Road).
Pipeline would have to cross Stuart Mesa Road to reach YBP route.
Pipeline construction may impact Stuart Mesa Road due to crossing.

13,000 FT - 36" Diameter Pipe
Pipeline easement would be located on east side of tomato fields parallel to I-5, then along Santa
Margarita River Road, then along west side of Stuart Mesa Road.
Pipes would be buried deep to still be able to grow tomatoes.
Approx. 1,000 feet of trenchless construction (Jack & Bore, etc.) would be required to cross under I-5
(along Santa Margarita River Road).
Pipeline will have to cross SMR along east side of Stuart Mesa Road.
Pipeline construction may impact Stuart Mesa Road since pipeline will have to cross SMR along Stuart
Mesa Road.

8,600 FT - Diffuser Pipeline
Diffuser Pipeline to be laid on seafloor after terminus of dual-use tunnel

None
Pipeline construction would not impact any existing roadways.

Easement large enough for all three pipelines; two feedwater pipelines and one brine disposal pipeline.

3,600 FT - 84" Diameter Pipe
Pipeline easement located diagonally across tomato fields, buried deep enough to still be able to harvest
tomatoes.

MCTSSA (#1)
FIGURE 2
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CONVEYANCE PIPELINE

Additional Comments

Construction Impacts

Crossings

Easement Issues

Description

SRTTP EFFLUENT PIPELINE

Additional Comments

Easement Issues

Description

DIFFUSER PIPELINE

Additional Comments

Crossings
Construction Impacts

Easement Issues

Description

BRINE DISPOSAL PIPELINE
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9,000 FT - 72" Diameter Pipe
Easement would be located on east side of Stuart Mesa Road.

None
Pipeline construction may impact Stuart Mesa Road and Stuart Mesa Housing Area.

Easement would follow railroad tracks, then cross under SMR to YBP route.
Approx. 1,200 feet of trenchless construction (Jack & Bore, etc.) would be required to cross both Stuart
Mesa Road and the Santa Margarita River
Minimal

Pipeline construction may impact Stuart Mesa Road and Stuart Mesa Housing Area.

Pipeline will have to cross SMR along east side of Stuart Mesa Road.

3,500 FT - 72" Diameter Pipe

Minimal

Will have to cross railroad tracks.

11,500 FT - 36" Diameter Pipe
Easement would be located on east side of Stuart Mesa Road.

Easement is minimal due to close proximity of SRTTP.

8,600 FT - Diffuser Pipeline
Diffuser Pipeline to be laid on seafloor after terminus of dual-use tunnel

Approx. 1,000 feet of trenchless construction (Jack & Bore, etc.) would be required to cross under I-5.
Pipeline construction may partially impact Stuart Mesa Road.

Easement large enough for all three pipelines; two feedwater pipelines and one brine disposal pipeline.

11,000 FT - 84" Diameter Pipe
Pipeline easement located diagonally across tomato fields, buried deep enough to still be able to harvest
tomatoes.

STUART MESA (#3)
FIGURE 4

2,500 FT - 36" Diameter Pipe

Dual-Use Tunnel would be angled northwest to get closer to preferred offshore brine discharge location.
This would also locate the tunnel in favorable soil (SMR Alluvial fan).

10,100 FT - Diffuser Pipeline
Diffuser Pipeline to be laid on seafloor after terminus of dual-use tunnel
Additional 1,500 feet of diffuser pipeline laid on the seafloor.

Approx. 1,000 feet of trenchless construction (Jack & Bore, etc.) would be required to cross under I-5.
Pipeline construction may impact 13th Street.

Easement large enough for all three pipelines; two feedwater pipelines and one brine disposal pipeline.

Pipeline easement located along south end of SMR and along 13th Street.

3,600 FT - 84" Diameter Pipe

SITE & RANKING
SRTTP (#2)
FIGURE 3

SITE COMPARISON MATRIX (CONTINUED)
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Desalination Project Feasibility Study

APPENDIX E:
ENVIRONMENTAL AND PERMITTING MEMO
1. RBF Consulting:
Technical Memorandum 4.1 (TM-4.1): Environmental and Permitting Issues for the San
Diego County Water Authority’s Seawater Desalination Facility at Camp Pendleton
(Dated: May 2008).
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DRAFT

ENVIRONMENTAL AND PERMITTING ISSUES
TECHNICAL MEMORANDUM
for the

SAN DIEGO COUNTY WATER AUTHORITY’S
SEAWATER DESALINATION FACILITY AT CAMP
PENDLETON

Client:
SAN DIEGO COUNTY WATER AUTHORITY
4677 Overland Avenue
San Diego, CA 92123

Consultant:
RBF CONSULTING
40810 County Center Drive, Suite 100
Temecula, CA 92591
Contact: Mr. Kevin Thomas, Environmental Services Manager
(951) 506-2074

May 8, 2008
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experienced on several regional desalination plants along the California Coast, colocating with an OTC-based power plant creates a number of serious design,
operational, environmental, and regulatory issues.
2) Impingement/Entrainment: This project will avoid I/E issues that pertain to a OTC
power plant based desalination plant, but will have to tackle this issue if an open-ocean
intake is used, which is one of four feasible intake options. I/E remains one of the major
obstacles to successful permitting of a seawater desalination plant. Recent seawater
desalination projects have been legally challenged, in part, due to failure to consider I/E
issues as part of the Clean Water Act compliance (through the Regional Water Quality
Control Board (RWQCB) and/or California Coastal Commission (CCC)). As discussed in
this chapter, certain intake and discharge alternatives may result in marine or terrestrial
biological resource impacts.
This is an emerging issue that requires serious
3) Energy/ Climate Change:
consideration, both at the conceptual feasibility level, and as the project moves through
the environmental and regulatory approval process. As seen in recent deliberations by
California Coastal Commission and State Lands Commission, regulatory agencies are
likely to request detailed analysis of project-related Greenhouse Gas (GHG) emissions,
both direct and indirect. It is also reasonable to anticipate further legislation, at the State
or Federal level that further regulates GHG emissions. Project design features that
reduce energy demand or otherwise offset GHG emissions would be highly desirable
toward reducing risk and improving success at the environmental and regulatory
approval stages.
4) Concentrate Discharge: This issue is common to any desalination facility, and can be
addressed through proper discharge location (away from sensitive benthic marine
resources) and proper design. The SWRCB is currently evaluating Ocean Plan
amendments that may regulate concentrate discharge.
5) Sensitive Biological Resources: The ideal project would have limited or no impact
upon sensitive species and habitat, as this would complicate the
environmental/regulatory approval process, increase project costs, and likely lead to
project delays. In particular, sites or alignments should be designed or sited to minimize
or, preferably, avoid such sensitive locations as Cockleburr Canyon, Santa Margarita
River (SMR), vernal pools, and close proximity to sensitive dune habitat (snowy plover).
6) Growth/Cumulative Impacts: This issue will occur with any “new” water supply,
regardless of site-specific issues and regardless of the source. This project will need to
address consistency with adopted water supply plans, on a local and regional level,
which may raise additional growth/cumulative issues.
7) Camp Pendleton: Clearly, the project must be designed in a manner that is acceptable
to Camp Pendleton, as the property owner and key federal agency.
8) Local Support: The ideal project would have support from the local community and
businesses, which would greatly facilitate approvals as the project moves through the
environmental and regulatory process.
Section 9.0, Recommendations, contains recommendations that may be considered to improve
the likelihood for successful environmental and regulatory approvals.

San Diego County Water Authority
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1.0 Introduction and Purpose
1.1

Introduction

The Environmental and Permitting Issues Technical Memorandum (TM-8) provides an overview
of environmental, regulatory, and construction permits and approvals necessary for the
implementation of San Diego County Water Authority’s (Water Authority) Desalination Facility at
Camp Pendleton. There are eight alternative locations, four alternative intake methods, two
alternative discharge methods, and two alternative product water conveyance alignments and
multiple connector pipelines that have been identified as potentially feasible for project
implementation. Anticipated required regulatory permits and anticipated regulatory agency
consultations are listed below along with regulatory permit and regulatory agency details. This
memorandum identifies key regulatory agencies with whom early consultation may be required,
and long-lead technical studies or data gathering efforts that may be necessary. TM-8 focuses
on potential environmental concerns as they pertain to the California Environmental Quality Act
(CEQA) and potential regulatory permits.

1.2

Purpose

TM-8 identifies the potential environmental impacts associated with each project component:
desalination facility, alternative site locations, alternative intake methods, alternative discharge
methods, and alternative conveyance alignments. In addition, TM-8 discusses the potential
regulatory permits and consultations that may be necessary during implementation of the
proposed project.
TM-8 provides an overview of each alternative identified for the proposed project and its
components, based on work developed by the design team in consultation with the Water
Authority. It identifies key CEQA-related environmental issues associated with the proposed
project components and identifies anticipated CEQA-related technical reports that may be
necessary in the future during implementation of the proposed project. In addition, TM-8
identifies the potential key regulatory agencies that the Water Authority would need to consult
during early consultation.
It should be noted that TM-8 has been prepared as a preliminary document, based upon
available information, with limited access to the project sites, limited United States (U.S.) Marine
Corps Base, Camp Pendleton, (Camp Pendleton) data, a generalized description of the project,
and without discussions with outside parties including regulatory agencies and other
stakeholders.

1.3

Summary of Permitting Issues

The following is a partial listing of key permitting issues associated with regional desalination
projects, based on recent examples throughout the State. These issues need to be adequately
considered and addressed as part of the conceptual facility alternatives analyses, and as the
project moves through the environmental and regulatory approval process:
1) Co-location: This issue has been addressed through the basic site concept, which
does not involve co-location with a once-through cooled (OTC) power plant. As
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experienced on several regional desalination plants along the California Coast, colocating with an OTC-based power plant creates a number of serious design,
operational, environmental, and regulatory issues.
2) Impingement/Entrainment: This project will avoid I/E issues that pertain to a OTC
power plant based desalination plant, but will have to tackle this issue if an open-ocean
intake is used, which is one of four feasible intake options. I/E remains one of the major
obstacles to successful permitting of a seawater desalination plant. Recent seawater
desalination projects have been legally challenged, in part, due to failure to consider I/E
issues as part of the Clean Water Act compliance (through the Regional Water Quality
Control Board (RWQCB) and/or California Coastal Commission (CCC)). As discussed in
this chapter, certain intake and discharge alternatives may result in marine or terrestrial
biological resource impacts.
3) Energy/ Climate Change:
This is an emerging issue that requires serious
consideration, both at the conceptual feasibility level, and as the project moves through
the environmental and regulatory approval process. As seen in recent deliberations by
California Coastal Commission and State Lands Commission, regulatory agencies are
likely to request detailed analysis of project-related Greenhouse Gas (GHG) emissions,
both direct and indirect. It is also reasonable to anticipate further legislation, at the State
or Federal level that further regulates GHG emissions. Project design features that
reduce energy demand or otherwise offset GHG emissions would be highly desirable
toward reducing risk and improving success at the environmental and regulatory
approval stages.
4) Concentrate Discharge: This issue is common to any desalination facility, and can be
addressed through proper discharge location (away from sensitive benthic marine
resources) and proper design. The SWRCB is currently evaluating Ocean Plan
amendments that may regulate concentrate discharge.
5) Sensitive Biological Resources: The ideal project would have limited or no impact
upon sensitive species and habitat, as this would complicate the
environmental/regulatory approval process, increase project costs, and likely lead to
project delays. In particular, sites or alignments should be designed or sited to minimize
or, preferably, avoid such sensitive locations as Cockleburr Canyon, Santa Margarita
River (SMR), vernal pools, and close proximity to sensitive dune habitat (snowy plover).
6) Growth/Cumulative Impacts: This issue will occur with any “new” water supply,
regardless of site-specific issues and regardless of the source. This project will need to
address consistency with adopted water supply plans, on a local and regional level,
which may raise additional growth/cumulative issues.
7) Camp Pendleton: Clearly, the project must be designed in a manner that is acceptable
to Camp Pendleton, as the property owner and key federal agency.
8) Local Support: The ideal project would have support from the local community and
businesses, which would greatly facilitate approvals as the project moves through the
environmental and regulatory process.
Section 9.0, Recommendations, contains recommendations that may be considered to improve
the likelihood for successful environmental and regulatory approvals.
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2.0 Overview
Potential environmental impacts associated with the proposed project and anticipated key
regulatory permits and approvals are discussed within this TM-8. Table 1, Potential
Environmental Impacts, identifies which environmental impacts are associated with each
component of the proposed project. Table 2, Anticipated Permits and Approvals, identifies
anticipated permits and approvals required for implementation of the proposed project.
The proposed project would be located within South Camp Pendleton; refer to Exhibit 1,
Regional Vicinity Map, and Exhibit 2, Local Vicinity Map. There are eight alternative locations
under consideration for the proposed project. These are located in proximity to the Interstate 5
(I-5) freeway, the Santa Margarita River (SMR), and the Pacific Ocean coast; refer to Exhibit 3,
Alternative Site Locations. The South Camp Pendleton area under consideration for the
alternative site locations is within the Santa Margarita Watershed and the Aliso Watershed; refer
to Attachment B, Camp Pendleton Natural Resources.
There are existing aesthetic public view sheds along the I-5 freeway and from the surrounding
Family Housing areas (the Stuart Mesa Family Housing area, the Del Mar Family Housing area,
and the Wire Mountain Family Housing area); refer to Exhibit 2. The Stuart Mesa Family
Housing area is located southwest of Stuart Mesa Road, northeast of an agricultural field and
the I-5 freeway, and south of Edson Range. The Del Mar Family Housing area is located
adjacent to the City of Oceanside and Camp Pendleton’s boundary, southwest of the I-5
freeway, northeast of the Oceanside Harbor, and south of the Del Mar area. The Wire Mountain
Family Housing area is located northeast of the I-5 freeway, south of the SMR, and north of the
City of Oceanside.
There are two large agricultural fields on the east and western side of the I-5 freeway, north of
the SMR and southeast of the Stuart Mesa Family Housing area; refer to Exhibit 2. One
agricultural field, on the western side of the I-5 freeway, is south of the Marine Corps Tactical
Systems Support Activity (MCTSSA). The other agricultural field, on the eastern side of the I-5
freeway, is south of the Stuart Mesa Family Housing area and Edson Range, and north of the
SMR.
There are sensitive biological resources in South Camp Pendleton including sensitive habitat,
plant species, and animals; refer to Attachment B. The SMR contains sensitive habitat such as
riparian (woodlands and scrub), vernal pools, and tidewater goby habitat. Sensitive biological
plant species include the San Diego button celery and the torrey pine tree. The SMR is home to
protected biological species such as the California gnatcatcher, light-footed clapper rail,
California least tern, Belding’s savannah sparrow, California brown pelican, California least
bell’s vireo, tidewater goby, arroyo toad, and the southwestern willow flycatcher. The South
Camp Pendleton area also serves as the nesting area for the California least tern and the
snowy plover. The Cockleburr Canyon is the California least tern foraging area and has the
California Least bell vireo’s habitat. Near the mouth of the Cockleburr Canyon are the cocklebur
canyon light-footed clapper rail and Belding’s savannah sparrow. Along South Camp
Pendleton’s beach area is the sensitive dune habitat.
South Camp Pendleton has an existing secondary sewer treatment plant, Sewer Treatment
Plant 13 (STP 13), located to the northwest of Vandegrift Boulevard, northeast of I-5; refer to
Exhibit 3. STP 13 will be replaced by the South Regional Tertiary Treatment Plant (SRTTP),
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Activities, including the placement of structures, affecting navigable
waters
Construction of Oceanside Pipeline in San Luis Rey River bed.

Section 10, Rivers and Harbors Act Permit
Consultation

San Diego County Water Authority

California Coastal Commission (CCC)

State Water Resources Control Board
(SWRCB), Regional Water Quality
Control Board (RWQCB)

STATE AGENCIES

U.S. Fish and Wildlife Service

Coastal Development Permit (CDP)

Waste Discharge Requirements

5

General Construction Activity Storm Water Permit

Section 401 Water Quality Certification

NPDES Permit (CWA Section 402)

Fish and Wildlife Coordination Act

Informal Federal consultation
Section 7 Consultation (Endangered Species Act [ESA]
compliance)

Discharge of dredge/fill into Waters of the U.S., including wetlands

Section 404 Permit

U.S. Environmental Protection Agency

Federal funding, should the Water Authority choose to pursue it.

Record of Decision (approval of Environmental Impact
Statement)

May 2008

Discharge of waste that might affect groundwater or surface water
(nonpoint-source) quality
Development within the Coastal Zone

Storm Water discharges associated with construction activity

Discharge into waters and wetlands (see ACOE Section 404 Permit)

Discharge into waters and wetlands

Provide comments to prevent loss of and damage of wildlife
resources

Incidental take of federally-listed species

CCC Coastal Development Permit and ACOE Section 10 Permit

California Coastal Commission (CCC) Coastal Development Permit

Incidental take of federally-listed species

Section 7 Consultation (Endangered Species Act [ESA]
compliance)

Informal Federal consultation

Site reconnaissance/investigations and for project
construction/operation

Required for

Site Access and Lease Agreements

Permit/Approval

U.S. Coast Guard

U.S. Army Corps of Engineers (ACOE)

NEPA Lead Agency

U.S. Marine Corps Base, Camp
Pendleton/ Department of Defense
National Oceanic & Atmospheric
Administration (NOAA) – Fisheries
National Marine Fisheries Service

FEDERAL AGENCIES

Agency/Department

ANTICIPATED PERMITS AND APPROVALS

Table 2
Anticipated Permits and Approvals
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Encroachment Permit
Encroachment Permit

California State Parks

California Department of Transportation

Sanitary Sewer Connection/Industrial Waste Discharge

Local Wastewater Treatment Plant
(South Regional Tertiary Treatment
Plant)

San Diego County Water Authority

Local Utility Companies

PRIVATE ENTITIES

San Diego County Water Authority

Will Serve Agreements

Utility Relocation Agreements

6

Compliance with CEQA through certification of a
Environmental Impact Report

Permit to Operate (Local district rules)

Authority to Construct

Encroachment Permit

County of San Diego

San Diego Air Pollution Control District
(SDAPCD)

Encroachment Permit

City of Oceanside

LOCAL AGENCIES

Consult with appropriate land management agencies, and others
regarding activities potentially affecting cultural resources.

Section 106 Consultation, National Historic Preservation
Act

May 2008

Relocation of utilities to construct desalination plant and ancillary
pipelines
Municipal utility connections

Impacts to the environment as defined by CEQA

Constructing, modifying, or operating a facility or equipment that
might emit pollutants from a stationary source
Operating equipment that might emit pollutants from a stationary
source; import/export of materials and equipment for heavy trucks

Discharge of desalination cleaning wastes to sanitary sewer

Development within the County’s ROW’s.

Development within the City’s ROW’s

Encroachments on state highway rights-of-way

If applicable (more likely under subsurface intake alternative)

The operation of a public water system

Activity where a State-listed candidate, threatened, or endangered
species under California ESA may be present in the Project area
and a state agency is acting as lead agency for CEQA compliance.
Change in natural state of river, stream, lake (includes road or land
construction across a natural streambed)

Required for

Domestic Water Supply Permit

Section 1600 Streambed Alteration Agreement

Section 2080 Incidental Take Permit

Permit/Approval

California Department of Health
Services
California State Historic Preservation
Office

California Department of Fish and
Game (CDFG)

Agency/Department

ANTICIPATED PERMITS AND APPROVALS
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which is located in the same vicinity as STP 13. STP 13 has effluent percolation ponds located
at the southwest corner of Stuart Mesa Road and Vandegrift Boulevard. SRTTP has effluent
storage ponds located to the north of Lemon Grove Road. STP 13 is scheduled for demolition
and site restoration in 2008.
The MCTSSA is located to the northwest of an agricultural field, southwest of the I-5 freeway,
south of the U.S. Navy Landing Craft, Air Cushion (LCAC) and French Creech Lagoon, and is
northeast of the Pacific Ocean; refer to Exhibit 3. Located on the MCTSSA facility are
approximately two permanent radar installations. Radar and other high-energy electromagnetic
emissions can constitute a hazard to personnel exposed to radiation above a maximum power
density. A 1,000-meter radius designates the Electromagnetic Radiation Hazard (ERH) zone of
potential hazard to personnel that would exist if the radars were to stop rotating. In addition,
within the ERH zone, construction is limited to one-story buildings only.
The Assault Craft Unit –5 (ACU-5) LCAC building is located to the southwest of the I-5 freeway
and Edson Range, north of the MCTSSA facility and Cockleburr Canyon, and northeast of the
Pacific Ocean; refer to Exhibit 3. To the south of the ACU-5 building are two oil/water settling
ponds for industrial waste generated by maintenance facilities as well as operations from ACU5. The contents of the ponds were to be pumped to STP 13; however, the pumps are not
working properly and have not been fixed. Under the Toxic Pit Cleanup Act, these pits have
been identified as toxic. Under a heavy rain, the sludge could be washed onto the beach.
Within the Del Mar area is the Amphibious Vehicle Training Area (AVTA), located directly east
of the City of Oceanside Harbor and north of the Del Mesa Family Housing area. The AVTA
peninsula is used as an explosive area for training purposes.
Although the Camp Pendleton installation is adjacent to the Pacific Ocean, there are currently
no existing intake or discharge pipelines for wastewater discharge. Camp Pendleton effluent is
currently treated and either reclaimed onsite or discharged to the Oceanside Ocean Outfall
(OOO).
In addition to the desalination facilities in Camp Pendleton, the proposed project’s product water
conveyance alignments traverse from Camp Pendleton through the City of Oceanside and
terminate at Twin Oaks Diversion Structure within the County of San Diego.

2.1

Summary of Desalination Facility

The Water Authority’s Seawater Desalination Facility at Camp Pendleton would be located in
San Diego County at Camp Pendleton; refer to Exhibit 1. The desalination facility would be
located in the southwestern portion of Camp Pendleton near the boundary to the City of
Oceanside. The proposed project would include the development of a desalination facility
utilizing reverse osmosis technology to produce approximately 50 million gallons per day (MGD)
initially of potable drinking water, with the potential option to expand up to 150 MGD. For a
more detailed discussion regarding the desalination facility, refer to Section 3.0, Desalination
Facility. This desalination facility is at a conceptual feasibility study stage at this time, and is
consistent with the Water Authority’s goal of developing a diverse water supply portfolio that
reduces dependence on imported water and is drought-proof (per the Water Authority’s 2006
Desalination Action Plan). More detailed project design information is contained within the
various engineering technical memoranda.
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2.2

Summary of Alternative Sites

There are eight alternative locations under consideration for the desalination facility. The
desalination facility site would accommodate pretreatment and desalination process facilities,
chemical storage facilities, and other appurtenant facilities. An optional on-site power
generation facility may also be constructed. The total land area required for the desalination
facility would range from 15 to 25 acres for a facility to produce approximately 50 MGD to 150
MGD permeate (product water). Environmental impacts associated with each site are unique to
each site. For a more detailed discussion regarding the alternative site locations, refer to
Section 4.0, Alternative Sites.

2.3

Summary of Alternative Intake Methods

There are four intake methods under consideration for the proposed project: three offshore
intake methods and one onshore intake method. The three methods for offshore intake include
an open-ocean (wedge-wire screen) intake, a shallow seabed infiltration gallery (SIG), and a
tunnel collector well seabed infiltration gallery. The onshore intake method under consideration
is a slant well intake system. Environmental impacts associated with each intake method are
similar and only vary slightly. For a more detailed discussion regarding the alternative intake
methods, refer to Section 5.0, Alternative Intake Methods.

2.4

Summary of Alternative Discharge Methods

The selection of an effluent discharge method is dependent upon the intake method selected.
The three offshore intake methods would utilize a dual-use, pipe-in-pipe ocean outfall tunnel.
The onshore intake method would require a dedicated discharge ocean outfall tunnel.
Generally, environmental impacts associated with each discharge method are similar in nature.
For a more detailed discussion regarding the alternative discharge methods, refer to Section
6.0, Alternative Discharge Methods.

2.5

Summary of Product Water Conveyance Alignments

There are two primary product water conveyance alignments under consideration for the
proposed project. Both alignments would be able to serve all eight alternative site desalination
facility locations. The Ysidora Basin Pipeline (YBP) Alignment would generally be north of the
SMR along the Ysidora Basin while the Wire Mountain Pipeline (WMP) Alignment would be
located south of the SMR. Both alignments would connect to the proposed Oceanside Pipeline
near the San Luis Rey River (SLRR), which then connects to the proposed Water Authority
Easement Pipeline. Generally, environmental impacts associated with each conveyance
alignment are similar and would not result in significant operational impacts. For a more
detailed discussion regarding the product water conveyance alignments, refer to Section 7.0,
Product Water Conveyance Alignments.

2.6

Summary of Key Regulatory Permits and Approvals

Development of the proposed desalination facility would require various permits, approvals, and
consultation with the Federal, State, and Local regulators. Some of the anticipated regulatory
agencies include the U.S. Marine Corps Base, Camp Pendleton, U.S. Army Corps of Engineers,
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U.S. Fish and Wildlife Service, State Water Resources Control Board, California Coastal
Commission, Caltrans, and California Department of Health. For a more detailed discussion
regarding the key regulatory permits and approvals, refer to Section 8.0, Key Regulatory
Permits and Approvals.
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3.0 Desalination Facility
The Water Authority’s Seawater Desalination Facility at Camp Pendleton would be located in
South Camp Pendleton; refer to Exhibit 1 and Exhibit 2. The proposed project would include the
development of a desalination facility utilizing reverse osmosis technology to initially produce
approximately 50 MGD, with the potential to expand up to 150 MGD, of potable drinking water.
Other facilities onsite are typical for water treatment plants and include: pumps, chemical
storage and handling, solids and residuals processing, storage and pumping facilities, and
administration building and laboratory. An on-site power generation facility may also be located
at the desalination facility site; refer to Exhibit 4, Conceptual Site Layout. The desalination
facility process may include pretreatment to remove suspended solids that can cause the
reverse osmosis membranes to foul. After passing through the reverse osmosis process, the
desalted water is void of essential minerals and so pure that it is highly corrosive. Posttreatment, or re-mineralization, is required to protect downstream piping systems and to make
the permeate compatible with the end users (Water Authority/Camp Pendleton) water supply.
Desalination components for the treatment process and appurtenant facilities are listed below:
•
•
•
•
•
•
•
•
•
•
•

Feedwater pumping;
Pretreatment (membranes or dual-media filters);
Reverse osmosis process (reverse osmosis, high pressure pumps, energy recovery);
Post treatment (CO2, lime, corrosion inhibitor, disinfection);
Clearwell (approximately 10 million gallons);
Product water pump station;
Concentrate pump station;
Residuals management;
Chemical storage and feed facilities;
Non-process buildings (administration building, laboratory, operations and maintenance
buildings, etc.); and
Power generation facilities (if required, generators driven by gas turbines).

Chemicals that may be needed in the desalination process include ferric chloride, lime, acid,
carbon dioxide, anti-scalant, and chlorine gas or sodium hypo-chlorite. Of these chemicals, lime
and carbon dioxide would require the most deliveries. Various chemical delivery methods are
being considered; including rail delivery and truck delivery either through a new dedicated I-5
ramp, through the Main South Gate, or through the Las Pulgas Gate.
The power supply for the desalination facility would either be purchased from the power grid, or
generated via turbine generators, solar, or wind power. If on-site power generation were
included, turbine generators would be used.
The desalination facility would have normal daytime staff ranging from 10 to 20 personnel with
graveyard shifts of 2 to 4 personnel. Equipment maintenance personnel would be required for
planned and corrective maintenance. All desalination facility personnel would need to pass
through security clearance at Camp Pendleton gates.
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3.1

Potential Desalination Facility Environmental Impacts

Potential environmental impacts generally associated with a desalination facility (common to all
eight desalination sites discussed further below) include air quality, biological resources,
hazards and hazardous materials, noise, population and housing, transportation and traffic, and
utilities and service systems. The impacts described below are anticipated to occur regardless
of the alternative site, intake method, discharge method, and pipeline alternative selected. Most
of the recommended studies would be necessary for compliance with the California
Environmental Quality Act (CEQA), as well as the project’s regulatory permitting program.
Should the project require federal permits or approvals, or seek federal funding, the scope and
content of these studies should also be developed to support compliance with the National
Environmental Policy Act (NEPA) and the associated federal agency’s protocol.
Aesthetics
Each desalination site will potentially affect site aesthetics and/or scenic vistas or views (see
discussion below for specific alternative desalination sites).
Project renderings and
elevations are recommended as part of the environmental document, and to support the
project’s regulatory permitting program.
Air Quality
Short-term construction-related air quality impacts are anticipated during construction of the
desalination facility. Fugitive dust emissions, construction equipment emissions, worker trips,
and equipment transportation would create potential short-term air quality impacts. In addition,
potential operational impacts may occur. These could include emissions from energy
consumption to operate the intake system, pumps, discharge, and maintain the facility and
additional trip generation to staff the facility and deliver chemicals. Measures to reduce
emissions and adherence to the San Diego County Air Pollution Control District (SDAPCD)
rules and regulations would be necessary to reduce potential impacts. In addition, the
desalination facility may impact Global Climate Change (due primarily to direct and indirect
energy consumption, by the project, and as may be related to cumulative or growth-inducing
effects of the project). Further analysis is required to analyze the potential air quality impacts
during construction and operation. An Air Quality Assessment and a Global Climate Change
Assessment are recommended.
Biological Resources
A discussion regarding potential construction-related impacts to biological resources is provided
below in Section 4.0, Alternative Sites. For a discussion regarding potential operational marine
biological impacts, refer below to Section 5.0, Alternative Intake Methods, and Section 6.0,
Alternative Discharge Methods. For a discussion regarding the product water pipeline
alignment impacts, refer to Section 7.0, Product Water Pipeline Alignment. A comprehensive
Biological Resources Assessment is recommended.
Cultural Resources
The desalination site may affect cultural resources, depending on specific site characteristics
(archaeology, paleontology and/or historic resources). Historic resources would only be an
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issue should structures be affected that are 45 years or older, and that meet certain state or
federal historic resource significance criteria.
A Cultural Resources Assessment is
recommended for the project.
Geology and Soils
Each desalination site will require an assessment of existing geology, with respect to site
suitability and geologic constraints such as earthquake faults. A Geotechnical Study is
recommended.
Hazards and Hazardous Materials
Potential long-term impacts may occur at the desalination facility with the transportation,
storage, and usage of chemicals. The transportation route, storage, and use of chemicals at the
desalination facility may pose a public safety risk to the surrounding population. A Hazardous
Materials Storage and Transportation Plan is recommended to ensure hazards and hazardous
materials impacts would be less than significant. A Phase I Environmental Site Assessment
is also recommended to identify potential onsite hazardous materials issues for the selected site
and related facilities. For a discussion regarding potential short-term hazards and hazardous
materials impact, refer to Section 4.0, Alternative Sites.
Hydrology and Water Quality
Potential short-term impacts may occur during construction of the desalination facility including
construction water runoff. Implementation of Best Management Practices (BMPs) would be
necessary to mitigate potential construction impacts to levels of less than significant. Potential
water quality impacts may occur during long-term operations of the desalination facility. These
are specifically related to water runoff, potential chemical spills, source water quality (ocean),
product water quality (permeate), and receiving water quality (as it relates to the seawater
concentrate discharge). A Hydrology Report is recommended to assess potential impacts
caused by implementation of the proposed project as it relates to traditional land-side surface
water drainage, erosion and related issues. A separate Water Quality Assessment is
recommended to address source water, product water and receiving water quality.
For a discussion regarding the desalination facility intake, refer to Section 5.0, Alternative Intake
Methods. For a discussion regarding the desalination facility discharge, refer to Section 6.0,
Alternative Discharge Methods.
Land Use and Relevant Planning
Each desalination site will require analysis of site-specific land use and relevant planning
issues. In particular, potential effects upon Camp Pendleton military operations and existing
local agricultural operations will need to be assessed. With any site located within the Coastal
Zone (all sites west of I-5), project consistency with the County General Plan, Camp Pendleton
Natural Resources Management Plan, and California Coastal Act will be required.
Noise
Potential short-term construction impacts may occur during project implementation. Potential
noise sources include construction equipment, construction supply trucks, and boats. In
addition, potential long-term operational impacts may occur with operations of the desalination
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facility. Potential noise sources include pumps, truck deliveries, reverse osmosis membrane
process, generator, and other mechanical equipment. An Acoustical Assessment is
recommended to assess short-term and long-term operational impacts of the proposed project.
Population and Housing
Potential long-term operational impacts may occur with implementation of the proposed project.
The increase in available potable water may be growth inducing to the San Diego County Water
Authority’s service area. A detailed assessment of potential cumulative and growth-inducing
impacts will be required.
Transportation and Traffic
Short-term transportation and traffic impacts may occur during construction as the construction
workers commute to and from the project’s construction site and the building equipment and
supplies are transported to the project site. Long-term transportation and traffic impacts may
occur during the operation of the desalination facility. The additional worker’s commuting to and
from the desalination facility may pose significant traffic impacts. In addition, some of the
alternative locations suggest the construction of an additional I-5 freeway off-ramp. A Traffic
Impact Analysis is recommended to further assess the potential impacts associated with the
proposed project. A Traffic Management Plan will be required as part of project construction,
and should be conceptually identified within the project’s environmental document.
Utilities and Service Systems
Implementation of the proposed project may impact the existing utilities and service systems
during operation. The proposed project may increase the power demand on the California Grid,
increase the amount of potable water on the utility services, and potentially increase the need
for security on-site. Significant impacts may occur to utilities and service systems with
implementation of the proposed project, however further analysis is necessary to fully assess
the project’s potential impacts.

3.2

Conclusion

The Desalination Facility site, regardless of location, would encounter various environmental
concerns including aesthetics, air quality, biological resources, cultural resources, geology/soils,
hazards and hazardous materials, hydrology/water quality, land use and relevant planning,
noise, population and housing, transportation and traffic, and utilities and service systems.
Recommended technical studies are noted above. Selection of an alternative site that
minimizes potential environmental impacts is consistent with the goals of CEQA, NEPA and
regulatory agency requirements for alternatives analysis, and would also streamline the
project’s CEQA/NEPA process and provide greater certainty for regulatory agency approval.
Based on recent desalination site experience, it is anticipated that the following issues are most
sensitive (associated with the highest degree of risk or uncertainty relative to environmental
approvals):
For a discussion regarding potential permits and regulatory consultation, refer to Section 8.0,
Key Regulatory Permits and Approvals.
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4.0 Alternative Desalination Facility Sites
This section specifically describes and analyzes the potential environmental impacts associated
with each specific alternative site location. A discussion regarding intake method, discharge
method, and product water pipeline alternative impacts are described in Sections 5.0, 6.0, and
7.0, respectively.

4.1

Alternative 1

Alternative 1 is located directly to the northeast of Interstate 5 freeway (I-5), southwest of the
SMR, to the west of Vandegrift Boulevard and the new SRTTP, and is approximately 0.8 miles
northeast from the Pacific Ocean; refer to Exhibit 3. The Alternative 1 site is more than 25 acres
and would be able to accommodate a 150 MGD desalination facility. The site is occupied by
effluent storage ponds used for SRTTP, and is being used as a contractor staging area and for
stockpiling of excavated material from surrounding construction activities. STP 13 is scheduled
for demolition and site restoration in 2008. In the southern portion of the site, a rail spur bisects
the site. Vandegrift Boulevard via Lemon Grove Road provides access to the site.
This alternative would utilize an offshore intake method (refer to Section 5.2, Offshore Intake
Methods, for a more detailed discussion), and the outfall pipeline would be mounted within the
intake tunnel; refer to Exhibit 5, Rendering of the Dual-Use Outfall, for an illustration of the
“pipe-in-pipe” concept. The intake and outfall pipeline would tunnel under I-5 and the North
County Transit District (NCTD) Rail Line to extend under the ocean floor; refer to Exhibit 6,
Potential Intake and Outfall Tunnel Locations. The pipeline would be located as close as
possible to the Del Mar Area, located to the south of the pipeline location.

4.1.1 Potential Environmental Impacts
Although the site is on what appears to be previously disturbed land, potential environmental
impacts pertinent to this site location include aesthetics, biological resources, cultural resources,
geology and soils, hazardous and hazardous materials, and hydrology and water quality.
Aesthetics
As stated in Section 2.0, Overview, Alternative 1 would potentially be within sensitive public
view sheds, adjacent to the I-5 freeway. Views from I-5to the east could be affected. In
addition, the desalination facility would be adjacent to the SMR and occupy undeveloped land.
Potential operational impacts may occur due to the desalination facility’s on-site lighting.
Alternative 1 is in close proximity to the Wire Mountain Family Housing area, possibly affecting
the residence’s views. However, adjacent to the Alternative 1 site is the STP 13 and SRTTP
facility, which offers protection from western views.
A visual impact assessment is
recommended to fully assess the potential aesthetic impacts associated with implementation of
the proposed project at this site location.
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Biological Resources
Alternative 1 is located adjacent to the SMR. Refer to Section 2.0, Overview, for a discussion
regarding existing SMR biological resources. This site is in close proximity to identified
sensitive bird and plant species. Alternative 1’s proximity to the SMR could potentially impact
sensitive biological habitat, resources, or animal species. As such, mitigation measures would
be required to ensure this area would not be significantly impacted by construction or operation
of the desalination facility. In addition, nearby there is a Torrey Pine tree, which would require
preservation. Adherence to the National Communities Conservation Plan/Habitat Conservation
Plan (NCCP/HCP, in preparation) would be necessary to ensure any potential impacts to the
nearby sensitive habitat would be less than significant. A formal Biological Resources Report
would be necessary to further evaluate the existing biological resources on-site. For a
discussion regarding marine biological impacts, refer to Section 5.0, Alternative Intake Methods
and Section 6.0, Alternative Discharge Methods.
Cultural Resources
Potential impacts in regards to cultural resources may occur during short-term construction
activities. During earth moving and grading activities, cultural resources may be encountered
and create a cultural resource impact. A Cultural Resources Report is recommended to assess
existing cultural resources on-site.
Geology and Soils
Potential impacts in regards to geology and soils may occur during construction and operation
of the desalination facility. Potential impacts may occur during tunneling of pipeline under I-5
and the NCTD Rail Line to meet the feedwater and discharge pipelines. A Geotechnical Report
is recommended to assess the geology of the potential site and ascertain the existing conditions
of the site.
Hazards and Hazardous Materials
STP 13 effluent percolation ponds currently occupy a portion of the site. These effluent
percolation ponds are currently being converted into effluent storage ponds for the new SRTTP.
It is feasible to utilize the site if new storage ponds are constructed else where within Camp
Pendleton as proposed within the Santa Margarita Conjunctive Use Project (SMRCUP). The
effluent percolation and storage ponds would need to be neutralized and removed prior to
construction of the desalination facility. Further analysis would be necessary to assess the
potential hazards and hazardous material impacts. A Phase 1 Environmental Site Assessment
would be necessary to evaluate the site. For a discussion regarding potential operational
hazards and hazardous materials impacts, refer to Section 3.0, Desalination Facility.
Hydrology and Water Quality
As the site is located adjacent to the SMR, the site could be within the river’s 100-year flood
zone. Potential water runoff from construction and operation activities may impact the SMR.
To mitigate and reduce potential impacts, BMPs would be adhered to prevent potentially
contaminated water runoff from entering the SMR; refer to Section 3.0, Desalination Facility, for
further discussion regarding construction and operational impacts. Further analysis is required
to assess potential impacts, a Hydrology Report is recommended. For a discussion regarding
the desalination facility intake, refer to Section 5.0, Alternative Intake Methods. For a discussion
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regarding the desalination facility discharge, refer to Section 6.0, Alternative Discharge
Methods.

4.1.2 Conclusion
The Alternative 1 site may potentially have significant impacts due to proximity to I-5
(aesthetics), SMR (biological resources, water quality) and base housing. Should Alternative 1
be selected, it is recommended that further analysis and technical studies would be necessary
such as a Visual Impact Report, Biological Resources Report, Cultural Resources Report,
Geotechnical Report, Phase 1 Environmental Site Assessment, and a Hydrology Report. For a
discussion regarding potential permits and regulatory consultation, refer to Section 8.0, Key
Regulatory Permits and Approvals.

4.2

Alternative 2

Alternative 2 is located east of I-5, south of the SMR, on the former STP 13 facility, and is
approximately 1.0-mile east of the Pacific Ocean; refer to Exhibit 3. The site is bisected by an
access road and is south of the SMR. The Alternative 2 site is approximately 20 acres and
would be able to house a 150 MGD desalination facility. The site is occupied by a portion of
STP 13 on the eastern side of the site and by undisturbed open space along the SMR on the
western side of the site. STP 13 is scheduled for demolition and site restoration in 2008.
Lemon Grove Road via an access road provides site access.
Similar to Alternative 1, this alternative would utilize an offshore intake method (refer to Section
5.2, Offshore Intake Methods, for a more detailed discussion); refer to Exhibit 5. The intake and
outfall pipeline would tunnel under I-5 and the NCTD Rail Line to extend under the ocean floor;
refer to Exhibit 6. Refer to Section 4.1, Alternative 1.

4.2.1 Potential Environmental Impacts
Although the site is mostly on previously disturbed land (except for some open space areas
along the SMR), potential environmental impacts pertinent to this site location are similar to
Alternative 1 and include aesthetics, biological resources, cultural resources, geology and soils,
hazards and hazardous materials, and hydrology and water quality.
Aesthetics
The Alternative 2 site would be close to the I-5 freeway and would be visible to the public
(somewhat less so than Site 1). In addition, the desalination facility would be visible from the
Wire Mountain Family Housing area located to the southeast, possibly affecting the residence’s
views; refer to Exhibit 3. Similar construction and operational impacts at Alternative 1 would
occur at Alternative 2; refer to Section 4.1.1, Potential Environmental Impacts, Aesthetics.
Further analysis would be necessary to fully assess the potential visual impact of the
desalination facility at this location, a visual impact assessment is recommended.
Biological Resources
Similar to Alternative 1, the Alternative 2 site is located adjacent to the SMR; refer to Section
2.0, Overview, for a detailed discussion regarding SMR sensitive habitat and species. As
Alternative 2 is located in close proximity to the SMR and partially on undisturbed land, potential
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jurisdictional impacts may occur. As such, a Jurisdictional Delineation may be required in
addition to mitigation measures to ensure this area would not be significantly impacted by
construction or operation of the desalination facility. In addition, adherence to the NCCP/HCP
would be necessary to ensure any potential impacts to the nearby sensitive habitat and species
would be less than significant. In addition to a Jurisdictional Delineation, a Biological Resources
Report would be necessary to further evaluate the existing biological resources on-site. For a
discussion regarding marine biological impacts, refer to Section 5.0, Alternative Intake Methods
and Section 6.0, Alternative Discharge Methods.
Cultural Resources
Refer to Section 4.1.1, Potential Environmental Impacts, Cultural Resources.
Resources Report is recommended to assess existing cultural resources on-site.

A Cultural

Geology and Soils
Refer to Section 4.1.1, Potential Environmental Impacts, Geology and Soils. A Geotechnical
Report is recommended to assess the geology of the potential site and ascertain the existing
conditions of the site.
Hazards and Hazardous Materials
The Alternative 2 site would have similar potential hazards and hazardous materials impacts as
the Alternative 1 site as a portion of STP 13 occupies the Alternative 2 site; refer to Section
4.1.1, Potential Environmental Impacts, Hazards and Hazardous Materials. A Phase 1
Environmental Site Assessment would be necessary to evaluate the site. For a discussion
regarding potential operational hazards and hazardous materials impacts, refer to Section 3.0,
Desalination Facility.
Hydrology and Water Quality
Similar to Alternative 1, Alternative 2 is located within the 100-year floodplain of the SMR.
Mitigation measures would be necessary to mitigate this potential impact, by either developing
levees or constructing the desalination facility on the current location of STP 13 instead of the
undisturbed area; refer to Section 2.0, Overview, and Section 4.1.1, Potential Environmental
Impacts, Hydrology and Water Quality. Further analysis is necessary to determine the potential
impact and recommend adequate mitigation measures, a Hydrology Report is recommended;
refer to Section 3.0, Desalination Facility, for further discussion regarding potential construction
and operational impacts. For a discussion regarding the desalination facility intake, refer to
Section 5.0, Alternative Intake Methods. For a discussion regarding the desalination facility
discharge, refer to Section 6.0, Alternative Discharge Methods.

4.2.2 Conclusion
The Alternative 2 site may potentially have significant impacts due to proximity to I-5
(aesthetics), SMR (biological resources, water quality) and base housing. If Alternative 2 is to
be selected, further analysis and technical studies would be necessary such as a Visual Impact
Report, Jurisdictional Delineation, Biological Resources Report, Cultural Resources Report,
Geotechnical Report, Phase 1 Environmental Site Assessment, and a Hydrology Report. For a
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discussion regarding potential permits and regulatory consultation, refer to Section 8.0, Key
Regulatory Permits and Approvals.

4.3

Alternative 3

Alternative 3 is located along Vandegrift Boulevard to the east, northeast of I-5, south of the
SMR, and is approximately 0.89 miles northeast of the Pacific Ocean; refer to Exhibit 3.
Alternative 3 is approximately 17 acres and has the capacity to potentially house a 50 MGD
desalination facility. The site has been previously disturbed. Access would occur via Vandegrift
Boulevard.
The Alternative 3 location is not a preferred site due to the numerous concerns associated with
this location including the limited size of the site. However, a discussion regarding potential
environmental impacts is provided below.

4.3.1 Potential Environmental Impacts
Although the site is on previously disturbed land, primary environmental impacts pertinent to this
site location include aesthetic, biological resources, cultural resources, geology and soils,
hydrology and water quality, and population and housing.
The Wire Mountain Family Housing area is located directly to the east, thus potential viewshed
impacts from the Wire Mountain Family Housing area could occur with the development of a
desalination facility at the Alternative 3 site. The site also contains sensitive biological
resources, including Least Bell’s Vireo and gnatcatcher; refer to Section 2.0, Overview.
Potential Waters of the United States (U.S.) are within the site’s footprint, thus extensive
coordination and permitting with U.S. regulatory agencies would be required. Potential cultural
resources could exist on-site and potential geology and soils could be significant. In addition,
the Alternative 3 site is being considered as the location of future housing structures - an
expansion of the nearby Wire Mountain Housing Area. Thus, with the abovementioned potential
environmental issues and other concerns, the Alternative 3 site is not being further considered
as a potential site.

4.3.2 Conclusion
The Alternative 3 location is not considered a feasible site due to sensitive habitat and species,
being considered within the Wire Mountain Family Housing potential expansion area, and site
size constraints. This alternative is not under further consideration as a potential location for the
desalination facility.

4.4

Alternative 4

Alternative 4 is located at the northeastern corner of Vandegrift Boulevard and Stuart Mesa
Road, northeast of I-5, south of the SMR, and is approximately 1.3 miles northeast of the Pacific
Ocean; refer to Exhibit 3. Alternative 4 is approximately 15 acres and has the capacity to
potentially house a 50 MGD desalination facility. Alternative 4 is located at the base of a steep
hill with a 30 percent slope.
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Although this site does not have any major environmental concerns, the Alternative 4 location is
not a preferred site due to the numerous concerns associated with this location, including the
limited size of the site and difficult topography. This alternative is not under further
consideration as a potential location for the desalination facility. However, a discussion
regarding potential environmental impacts is provided below.

4.4.1 Potential Environmental Impacts
Potential environmental impacts pertinent to this site location include aesthetic, cultural
resources, geology and soils, and hydrology and water quality.
The Wire Mountain Family Housing area is located directly to the southeast, thus potential
viewshed impacts from the Wire Mountain Family Housing area could occur with the
development of a desalination facility at the Alternative 4 site. The site also contains sensitive
biological resources; refer to Section 2.0, Overview. Potential cultural resources could be
impacted during construction activities. In addition, potential impacts in regards to geology and
soils could be significant. Similar to Alternative 2, this site is located within the SMR 100-year
floodplain and thus would be in potential danger of flooding. Refer to Section 4.2, Alternative 2.
Thus, the Alternative 4 site is not under consideration as a potential site.

4.4.2 Conclusion
The Alternative 4 location is not a preferred site due to the site constraints and difficult
topography. This alternative is not under further consideration as a potential location for the
desalination facility.

4.5

Alternative 5

Alternative 5 (consisting of multiple potential sites) is located north of the SMR, adjacent to and
west of I-5, south of the MCTSSA, and is approximately 0.05 miles northeast of the Pacific
Ocean; refer to Exhibit 3. The Alternative 5 site is in excess of 25 acres and would be able to
house a 150 MGD desalination facility. An existing dirt road, the Lower Santa Margarita River
Road, provides access to the site. The site is currently leased agricultural land.
This alternative would utilize either an offshore intake method or an onshore intake method;
refer to Section 5.0, Alternative Intake Methods, for a more detailed discussion.

4.5.1 Potential Environmental Impacts
Although the site is on previously disturbed agricultural land, potential environmental impacts
pertinent to this site location include aesthetics, agricultural resources, biological resources,
cultural resources, geology and soils, hazards and hazardous materials, and hydrology and
water quality.
Aesthetics
Views from I-5 and from the Stuart Mesa Family Housing area to the ocean could be impacted;
refer to Section 2.0, Overview. Similar construction and operational impacts at Alternative 1
would occur at Alternative 5; refer to Section 4.1.1, Potential Environmental Impacts, Aesthetics.
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Coastal areas would be more sensitive to Coastal Act viewshed issues, while easterly sites
along the I-5 would be more sensitive to I-5 viewshed impacts. Further analysis would be
necessary to fully assess the potential visual impact of the desalination facility at this location, a
visual impact assessment is recommended.
Agricultural Resources
Alternative 5 sites are currently leased for agricultural uses. Development of the desalination
facility at this location would convert farmland to an industrial use; refer to Section 2.0,
Overview. Locating the desalination facility at this location would potentially have a significant
impact on agricultural resources, both in terms of agricultural land loss and due to potential
operational issues in proximity to remaining agricultural operations.
Biological Resources
Although the site is disturbed and is currently being cultivated, biologically sensitive habitat and
species surround the Alternative 5 site; refer to Section 2.0, Overview. Even though the site is
disturbed and has no biologically sensitive resources on-site, the surrounding sensitive
biological resources could potentially be impacted during construction and operation of the
desalination facility (including gnatcatcher, snowy plover near the dunes, and SMR for northerly
sites). As such, consultation with the U.S. Fish and Wildlife Service (USFWS) and the California
Department of Fish and Game (CDFG) is recommended. Adherence to the NCCP/HCP would
be necessary to ensure any potential impacts to the nearby sensitive habitat would be less than
significant. A formal Biological Resources Report would be necessary to further evaluate the
existing biological resources on-site. For a discussion regarding marine biological impacts, refer
to Section 5.0, Alternative Intake Methods and Section 6.0, Alternative Discharge Methods.
Cultural Resources
Refer to Section 4.1.1, Potential Environmental Impacts, Cultural Resources.
Resources Report is recommended to assess existing cultural resources on-site.

A Cultural

Geology and Soils
Refer to Section 4.1.1, Potential Environmental Impacts, Geology and Soils. A Geotechnical
Report is recommended to assess the geology of the potential site and ascertain the existing
conditions of the site.
Hazards and Hazardous Materials
The site is currently being used for agriculture. If pesticides were used, potential hazards and
hazardous materials impacts could occur.
Therefore, a Phase 1 Environmental Site
Assessment is recommended. In addition, the Alternative 5 site is located adjacent to the
MCTSSA facility and is within the ERH zone of potential hazard; refer to Section 2.0, Overview.
As such, only the southeastern portion of the site would be outside the ERH zone. In addition,
construction within the ERH zone is limited to one-story buildings only. Further analysis is
required to assess the potential hazards and hazardous materials impacts of Alternative 5 in
regards to the ERH zone. For a discussion regarding potential operational hazards and
hazardous materials impacts, refer to Section 3.0, Desalination Facility.
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Hydrology and Water Quality
The Alternative 5 site is located in close proximity to the SMR 100-year floodplain. Potential
hydrology and water quality impacts may occur during construction and operation of the
desalination facility; refer to Section 3.0, Desalination Facility, for further discussion regarding
potential construction and operational impacts. Further analysis is necessary to determine the
potential impacts and recommend adequate mitigation measures; a Hydrology Report is
recommended. For a discussion regarding the desalination facility intake, refer to Section 5.0,
Alternative Intake Methods. For a discussion regarding the desalination facility discharge, refer
to Section 6.0, Alternative Discharge Methods.

4.5.2 Conclusion
The Alternative 5 site may potentially have significant impacts due to aesthetics (I-5, coast, base
housing), biological resources (SMR, sensitive species/habitat), agricultural issues, and
hazardous materials. It is recommended that should Alternative 5 be selected, further analysis
and technical studies would be necessary such as a Visual Impact Report, Biological Resources
Report, Cultural Resources Report, Geotechnical Report, Phase 1 Environmental Site
Assessment, and a Hydrology Report. In addition, consultation with the USFWS and CDFG is
recommended. For a discussion regarding potential permits and regulatory consultation, refer
to Section 8.0, Key Regulatory Permits and Approvals.

4.6

Alternative 6

Alternative 6 is located north of the SMR, adjacent to and east of I-5, southwest of the Stuart
Mesa Family Housing area, south of the Edson Range Area, and is approximately 0.6 miles
northeast of the Pacific Ocean; refer to Exhibit 3. The site has some rolling topography that
slopes to the SMR. The Alternative 6 site is in excess of 25 acres and would be able to house a
150 MGD desalination facility. An existing dirt road, the Lower Santa Margarita River Road,
provides access to the site. The site is currently leased agricultural land.
Similar to Alternative 5, this alternative would utilize either an offshore intake method or an
onshore intake method; refer to Section 5.0, Alternative Intake Methods, for a more detailed
discussion. The discharge pipeline would be routed under I-5 and railroad bridges on the LSMR
Road to avoid tunneling; refer to Section 6.0, Alternative Discharge Methods.

4.6.1 Potential Environmental Impacts
Although the site is on previously disturbed agricultural land, potential environmental impacts
pertinent to this site location include aesthetics, agricultural resources, biological resources,
cultural resources, geology and soils, hazards and hazardous materials, and hydrology and
water quality.
Aesthetics
The site is located adjacent to I-5 and is south of the Stuart Mesa Family Housing area. There
are mature eucalyptus trees along the portions of the Alternative 6 site and I-5 boundary, which
offer partial screening from the public view. The northern portion of the agricultural area is a
potential future location of the Stuart Mesa Family Housing expansion. A desalination facility at
the Alternative 6 location would be visible from the existing and possible future housing areas.
San Diego County Water Authority
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Similar construction and operational impacts at Alternative 1 would occur at Alternative 6; refer
to Section 4.1.1, Potential Environmental Impacts, Aesthetics. Further analysis would be
necessary to fully assess the potential visual impact of the desalination facility at this location, a
Visual Impact Report is recommended.
Agricultural Resources
For a discussion regarding potential impacts to agricultural resources, refer to Section 4.5.1,
Potential Environmental Impacts, Agricultural Resources.
Biological Resources
Similar to Alternative 5, Alternative 6 is located in close proximity to the SMR and riparian
habitat, particularly the southern site limits; refer to Section 2.0, Overview, for a discussion
regarding existing biological conditions. Although the site is previously disturbed land, the
surrounding sensitive biological resources may require consultation with the USFWS and CDFG
(including sensitive bird species along the eastern site boundary, and arroyo toad in the SMR
environs). Adherence to the NCCP/HCP would be necessary to ensure any potential impacts to
the nearby sensitive habitat would be less than significant. A formal Biological Resources
Report would be necessary to further evaluate the existing biological resources on-site. For a
discussion regarding marine biological impacts, refer to Section 5.0, Alternative Intake Methods
and Section 6.0, Alternative Discharge Methods.
Cultural Resources
Refer to Section 4.1.1, Potential Environmental Impacts, Cultural Resources.
Resources Report is recommended to assess existing cultural resources on-site.

A Cultural

Geology and Soils
Refer to Section 4.1.1, Potential Environmental Impacts, Geology and Soils. A Geotechnical
Report is recommended to assess the geology of the potential site and ascertain the existing
conditions of the site and potential impacts during construction of the tunnel route.
Hazards and Hazardous Materials
The site is located outside the MCTSSA 1,000-meter ERH zone and is cultivated agricultural
land. For a discussion regarding existing and potential construction and operational impacts,
refer to Section 4.5.1, Potential Environmental Impacts, Hazards and Hazardous Materials. A
Phase 1 Environmental Site Assessment is recommended to determine the existing conditions
of the site.
Hydrology and Water Quality
Refer to Section 4.5.1, Potential Environmental Impacts, Hydrology and Water Quality, and
Section 3.0, Desalination Facility, for further discussion regarding potential construction and
operational impacts. Further analysis is necessary to determine the potential impacts and
recommend adequate mitigation measures; a Hydrology Report is recommended.

San Diego County Water Authority

28

May 2008

Water Authority’s Seawater Desalination Facility at Camp Pendleton
Environmental and Permitting Issues Technical Memorandum

For a discussion regarding the desalination facility intake, refer to Section 5.0, Alternative Intake
Methods. For a discussion regarding the desalination facility discharge, refer to Section 6.0,
Alternative Discharge Methods.

4.6.2 Conclusion
The Alternative 6 site may potentially have significant impacts due to aesthetics (I-5, coast, base
housing), biological resources (SMR, sensitive species/habitat), land use (possible base
housing expansion) and agricultural issues. It is recommended that should Alternative 6 be
selected, further analysis and technical studies would be necessary such as a Visual Impact
Report, Biological Resources Report, Cultural Resources Report, Geotechnical Report, Phase 1
Environmental Site Assessment, and a Hydrology Report. In addition, consultation with the
USFWS and CDFG is recommended. For a discussion regarding potential permits and
regulatory consultation, refer to Section 8.0, Key Regulatory Permits and Approvals.

4.7

Alternative 7

Alternative 7 is located directly south of ACU-5 area (LCAC), directly north of the Cockleburr
Canyon, generally north of the MCTSSA and agricultural fields, east of the Edson Range Area,
adjacent to and west of I-5, and approximately 0.15 miles northeast of the Pacific Ocean; refer
to Exhibit 3. The site is relatively flat with a 5 percent to 15 percent slope. The Alternative 7 site
is approximately 25 acres in size and is capable of housing a 150 MGD desalination facility.
Philips Street provides access to the site. There are no structures on the site.
Similar to Alternative 5, this alternative would utilize either an offshore intake method or an
onshore intake method; refer to Section 5.0, Alternative Intake Methods, for a more detailed
discussion. If an offshore intake method is used, the outfall pipeline would be mounted within
the intake tunnel; refer to Exhibit 5. However, if the onshore intake method were utilized, a
dedicated outfall pipeline (tunnel) would be necessary to discharge the desalination facility’s
effluent; refer to Exhibit 6.

4.7.1 Potential Environmental Impacts
Although portions of the site are previously disturbed, potential environmental impacts pertinent
to this site location include aesthetics, biological resources, cultural resources, geology and
soils, hazards and hazardous materials, and hydrology and water quality.
Aesthetics
Alternative 7 is located adjacent to I-5. Vegetation and landscaping may be required to mitigate
impacts with implementation of the project. Similar construction and operational impacts at
Alternative 1 would occur at Alternative 7; refer to Section 4.1.1, Potential Environmental
Impacts, Aesthetics. Further analysis would be necessary to fully assess the potential visual
impact of the desalination facility at this location, a Visual Impact Report is recommended.
Biological Resources
Alternative 7 is located directly north of the Cockleburr Canyon; refer to Section 2.0, Overview,
for a discussion regarding existing biological resources. As there do exist sensitive biological
resources nearby and on-site, construction at Alternative 7 would require consultation with the
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USFWS and CDFG and a Jurisdictional Delineation may be required. In addition to sensitive
plant, bird and fish species, this site appears to contain numerous small vernal pools, as
mapped in Camp Pendleton’s INRMP. Adherence to the NCCP/HCP would be necessary in
addition to project-specific mitigation measures to ensure any potential impacts to the nearby
sensitive habitat would be less than significant. A formal Biological Resources Report would be
necessary to further evaluate the existing biological resources on-site. For a discussion
regarding marine biological impacts, refer to Section 5.0, Alternative Intake Methods and
Section 6.0, Alternative Discharge Methods.
Cultural Resources
Refer to Section 4.1.1, Potential Environmental Impacts, Cultural Resources.
Resources Report is recommended to assess existing cultural resources on-site.

A Cultural

Geology and Soils
The site has 5 to 15 percent slopes and soil suitability for development is classified as medium.
The site is susceptible to erosion, which occurs from surface runoff from the plateau and from
tidal and wave action that erode the bluff from the coastal side. The area is underlain by 15 to
20 feet of silty clay over a 30-foot layer of sand and below the sand is gray siltstone bedrock
material. Any new construction or additional cut slopes or removal of existing vegetation would
require plantings and other erosion control measures. The site requires further analysis to fully
assess the existing conditions of the site. A Geotechnical Report would be necessary to provide
mitigation measures to ensure a less than significant impact would occur. Refer to Section
4.1.1, Potential Environmental Impacts, Geology and Soils.
Hazards and Hazardous Materials
Adjacent to the proposed Alternative 7 site are two oil/water settling ponds for industrial waste
generated by maintenance facilities as well as operations from ACU-5; refer to Section 2.0,
Overview, for a description of on-site existing conditions. Although these pits are located
adjacent to the site, due to their close proximity to the site, consultation with Camp Pendleton
would be necessary to address the safety issues surrounding the pits. A Phase 1
Environmental Site Assessment is necessary to assess if any of the material from the pits has
been washed onto the proposed site. For a discussion regarding existing and potential
construction and operational impacts, refer to Section 4.5.1, Potential Environmental Impacts,
Hazards and Hazardous Materials.
Hydrology and Water Quality
The site is located on a slope with a naturally formed drainage. Refer to Section 4.5.1, Potential
Environmental Impacts, Hydrology and Water Quality, and Section 3.0, Desalination Facility, for
further discussion regarding potential construction and operational impacts. Further analysis is
necessary to determine the potential impacts and recommend adequate mitigation measures; a
Hydrology Report is recommended.
For a discussion regarding the desalination facility intake, refer to Section 5.0, Alternative Intake
Methods. For a discussion regarding the desalination facility discharge, refer to Section 6.0,
Alternative Discharge Methods.

San Diego County Water Authority

30

May 2008

Water Authority’s Seawater Desalination Facility at Camp Pendleton
Environmental and Permitting Issues Technical Memorandum

4.7.2 Conclusion
The Alternative 7 site may potentially have significant impacts due to aesthetics (I-5, coast, base
housing), biological resources (Cockleburr Canyon, sensitive species/habitat, vernal pools), and
hazardous materials. The vernal pools, if present, could represent a fatal flaw in this site, if they
cannot be avoided. It is recommended that should Alternative 7 be selected, further analysis
and technical studies would be necessary such as a Visual Impact Report, Jurisdictional
Delineation, Biological Resources Report, Cultural Resources Report, Geotechnical Report,
Phase 1 Environmental Site Assessment, and a Hydrology Report. In addition, consultation
with the USFWS and CDFG is recommended. For a discussion regarding potential permits and
regulatory consultation, refer to Section 8.0, Key Regulatory Permits and Approvals.

4.8

Alternative 8

Alternative 8 is located to the northeast of the Oceanside Harbor, south of the Del Mar Family
Housing area, east of the Del Mar Beach jetty, and directly adjacent to the Pacific Ocean; refer
to Exhibit 3. The site is approximately 18 acres and is capable of housing a 150 MGD
desalination facility. Boat Basin Road provides access to the site. The site is disturbed and is
currently being used as an Amphibious Vehicle Training Area (AVTA) by Camp Pendleton.
There are no structures on-site.
Similar to Alternative 5, this alternative would utilize either an offshore intake method or an
onshore intake method; refer to Section 5.0, Alternative Intake Methods, for a more detailed
discussion.

4.8.1 Potential Environmental Impacts
Although the site is previously disturbed, potential environmental impacts pertinent to this site
location include aesthetics, biological resources, geology and soils, hazards and hazardous
materials, and hydrology and water quality.
Aesthetics
The Alternative 8 site is on a prime location on the coast, the peninsula of the AVTA adjacent to
the City of Oceanside Harbor. The Alternative 8 site is located to the northeast of the
Oceanside Harbor, southwest of the Wire Mountain Housing area, and west of the Del Mar
Family Housing area. Views from the Oceanside Harbor, the Wire Mountain Housing area, and
the Del Mar Family Housing area may be obstructed by the development of a desalination
facility. The site’s location will likely create additional scrutiny from the local community, City of
Oceanside, and California Coastal Commission. Similar construction and operational impacts at
Alternative 1 would occur at Alternative 7; refer to Section 4.1.1, Potential Environmental
Impacts, Aesthetics. Further analysis would be necessary to fully assess the potential visual
impact of the desalination facility at this location, a Visual Impact Report is recommended.
Biological Resources
For a discussion regarding marine biological impacts, refer to Section 5.0, Alternative Intake
Methods and Section 6.0, Alternative Discharge Methods.
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Geology and Soils
Refer to Section 4.1.1, Potential Environmental Impacts, Geology and Soils. A Geotechnical
Report is recommended to assess the existing soil conditions of the proposed site and ascertain
the existing conditions of the site and potential impacts during construction of the tunnel route.
Hazards and Hazardous Materials
This site is currently being used as an AVTA and in the past has been used to detonate
explosives; refer to Section 2.0, Overview, for a discussion regarding existing conditions on-site.
Therefore, potential existing hazards may be located on-site. A Phase 1 Environmental Site
Assessment is necessary to assess if there are any existing hazards or hazardous materials onsite from previous training activities. In addition, potential impacts to the adjacent City of
Oceanside Harbor may occur during construction and operation of the proposed project. Public
safety may be at risk if the desalination facility were to be located at this site due to the close
proximity to the harbor. Further analysis is necessary to fully assess the potential impacts of the
proposed project. For a discussion regarding existing and potential construction and
operational impacts, refer to Section 4.5.1, Potential Environmental Impacts, Hazards and
Hazardous Materials.
Hydrology and Water Quality
The site is located on a peninsula. Refer to Section 4.5.1, Potential Environmental Impacts,
Hydrology and Water Quality, and Section 3.0, Desalination Facility, for further discussion
regarding potential construction and operational impacts. Further analysis is necessary to
determine the potential impacts and recommend adequate mitigation measures; a Hydrology
Report is recommended.
For a discussion regarding the desalination facility intake, refer to Section 5.0, Alternative Intake
Methods. For a discussion regarding the desalination facility discharge, refer to Section 6.0,
Alternative Discharge Methods.

4.8.2 Conclusion
The Alternative 8 site may potentially have significant impacts due to aesthetics (coastal
location), marine biological resources (shorebirds), land use (Coastal Act compliance due to
coastal location) and hazardous materials. It is recommended that should Alternative 8 be
selected, further analysis and technical studies would be necessary such as a Visual Impact
Report, Geotechnical Report, Phase 1 Environmental Site Assessment, and a Hydrology
Report. For a discussion regarding potential permits and regulatory consultation, refer to
Section 8.0, Key Regulatory Permits and Approvals.
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5.0 Alternative Intake Methods
A new seawater intake facility would need to be constructed to obtain feedwater for the
desalination facility since no viable existing intake structures currently exist at South Camp
Pendleton. Three offshore intake methods and one onshore intake method are being
considered and evaluated. The intake systems would be designed to convey up to
approximately 300 to 330 MGD of raw seawater to the desalination facility. The amount of
feedwater conveyed is depended on the technology selected and the subsequent process
treatment and recovery.
All intake methods would install discharge facilities either through a “pipe-in-pipe” concept or a
single-use dedicated discharge. Existing kelp and reefs offshore exist, which must be
considered in facility design and environmental/regulatory compliance; refer to Exhibit 7,
Existing Kelp Beds and Reefs. Further environmental analysis is necessary to assess the
potential biological impacts associated with discharge facilities.

5.1

Offshore Intake Methods

Three offshore intake methods will be analyzed: an open-ocean (wedge-wire screen) intake, a
shallow seabed infiltration gallery (SIG), and a collector well seabed infiltration gallery. Each of
the offshore intake methods would utilize a “pipe-in-pipe” concept for the intake of feedwater
and the discharge of RO concentrate (brine); refer to Exhibit 5. The discharge pipeline would
extend approximately 8,000 feet past the terminus of the feedwater intake pipeline tunnel. The
dual-use tunnel would be approximately 16 feet in diameter.

5.1.1 Open-Ocean (Wedge-Wire Screen) Intake
An open-ocean intake would include four T-shaped cylindrical wire mesh screens; refer to
Exhibit 8, Offshore Intake Options. Each “T”-shaped cylinder would be 8 feet in diameter and
approximately 30 feet long. The screens would be constructed of material to repel mussels,
resist biofouling, and minimize corrosion from seawater.
To restore efficient screen
performance, the screens would be equipped with an air-scour system to generate a periodic
blast of air (“air burst”) through the screen assembly to dislodge any material or impinged sea
life. The open-ocean intake screen structure would be located on the ocean floor and would
extend approximately 2,000 to 5,000 feet offshore via the dual-use tunnel; refer to Exhibit 9,
Offshore Intake Structures. This option would involve temporary impacts of intake construction
(including an onshore launch pit, and temporary seafloor disruption to install the intake pipe),
and long-term impacts associated with open ocean seawater intake through the wedge-wire
screens.
This intake method is compatible with all Alternative Sites.
Potential Environmental Impacts
Potential environmental impacts pertinent to this intake method include aesthetics, air quality,
biological resources, geology and soils, and noise.
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Aesthetics
Construction of the intake facility and pipeline may include boats and equipment on the ocean
and staging areas on the shore. Potential visual and aesthetic impacts may occur during shortterm construction as views of the Pacific Ocean from the I-5 freeway and the Family Housing
areas (Stuart Mesa Family Housing, Del Mar Family Housing, and Wire Mountain Family
Housing areas) could be affected; refer to Section 2.0, Overview, and Exhibit 3. This impact
would be short-term in nature as operation of the pipeline would be underwater and only
periodic maintenance of the intake would occur.
Air Quality
Construction of the open-ocean intake would cause short-term air quality impacts. Emissions
from the construction equipment, the boats/barges necessary to construct the pipeline offshore,
and transportation of equipment from the shore to the construction site pose as potential
impacts. Adherence to the SDAPCD rules and regulations would be necessary to reduce
potential impacts. In addition, potential operation impacts may occur. Operation of the pumps
may emit air quality emissions that may exceed the SDAPCD’s thresholds. Further analysis is
required to analyze the potential air quality impacts during construction of the site and operation
of the proposed project. An Air Quality Assessment is recommended to analyze potential air
quality impacts.
Biological Resources
Short-term construction-related impacts may be associated with this intake alternative during
the laydown of the pipeline. Potential operational impacts to biological resources may include
the impingement and entrainment of marine organisms through the desalination facilities intake
system and reverse osmosis process. Even though the wedge-wire screens are designed to
reduce impingement of marine organisms and avoid entrainment of marine life through periodic
air bursts, further study of this technology would be necessary to fully analyze potential impacts.
A Marine Biological Resources Report is recommended. This technology has been tested in
rivers and estuary conditions, but has little or no data for open ocean applications. Therefore,
proceeding with this technology involves a certain level or risk through the environmental and
regulatory permitting process. Even with this technology, it is possible that regulators will
require additional mitigation of I/E impacts. The southerly intake/discharge tunnel location
(between SMR and Oceanside Harbor) appears to traverse an artificial reef areas labeled as
“Fish Haven”, as well as a “Restricted Area”, as shown on Exhibit 7. For a discussion regarding
marine biological impacts in relation to the seawater concentrate discharge, refer to Section 6.0,
Alternative Discharge Methods.
Geology and Soils
Potential construction- and operation- related impacts could occur during implementation of the
proposed project. The existing surface geologic conditions and ocean seafloor topographic
conditions of the site are unknown. Potential seismic and geologic conditions may pose a
significant impact to the proposed project. Further analysis is necessary to adequately assess
the existing conditions and potential project impacts. A Geotechnical Report and Bathymetry
Report are recommended.
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Noise
Potential short-term construction-related noise impacts may be associated with development of
this intake. Construction equipment, boats/barges, and construction activity may have a
potential significant effect on nearby sensitive receptors located onshore or near shore during
construction. Subsurface and/or surface construction areas (even if temporary) near the coastal
dunes may represent significant environmental and regulatory hurdles due to snowy plover and
other sensitive resources, as recently seen with the Cambria test well hearings. Further
analysis is necessary to assess the potential noise impacts. An Acoustical Assessment is
recommended.
Transportation and Traffic
Short-term transportation and traffic impacts may occur during construction as the construction
workers commute to and from the project’s construction site and the building equipment and
supplies are transported to the project site. Long-term operational impacts are not anticipated
as the structures are not trip generating facilities. Further analysis is recommended to fully
assess potential impacts.
Conclusion
The open-ocean (wedge-wire screen) intake would result in various environmental concerns
including aesthetics, air quality, biological resources, geology and soils, noise, and
transportation and traffic. In particular, successful environmental/regulatory approvals would
require adequate demonstration of I/E reduction efficiency, and ability to design around (avoid)
or mitigate impacts to sensitive coastal and offshore (reef/kelp) resources. If this intake method
were selected, further analysis and technical studies would be necessary such as an Air Quality
Assessment, Marine Biological Resources Report, Geotechnical Report, Bathymetry Report,
and an Acoustical Assessment. For a discussion regarding potential permits and regulatory
consultation, refer to Section 8.0, Key Regulatory Permits and Approvals.

5.1.2 Shallow Seabed Infiltration Gallery
The SIG would require the removal (dredging) of the top 10 to 15 feet of the seafloor so that a
system of horizontal drains can be installed; refer to Exhibit 8. The dredged native sand would
be replaced with an engineered gravel pack consisting of crushed gravel and sand. The
shallow SIG would be located approximately 2,000 to 6,000 feet offshore and could occupy up
to 10 to 50 acres of the ocean floor; refer to Exhibit 9. This option would involve temporary
impacts of intake construction (including an onshore launch pit, and temporary seafloor
disruption to install the SIG), and long-term impacts associated with permanent seafloor
disruption within the benthic SIG footprint.
The conceptual location (shown in Exhibit 9)
appears to be south of the kelp beds and north of the artificial reefs shown in Exhibit 7, although
additional investigation would be required to confirm this.
This intake method is compatible with all Alternative Sites.
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Potential Environmental Impacts
Potential environmental impacts pertinent to this intake method include aesthetics, air quality,
biological resources, geology and soils, and noise.
Aesthetics
Short-term construction impacts may occur. Refer to Section 5.1.1, Open-Ocean (Wedge-Wire
Screen) Intake, Potential Environmental Impacts, Aesthetics.
Air Quality
Short-term construction and operational impacts may occur. Refer to Section 5.1.1, OpenOcean (Wedge-Wire Screen) Intake, Potential Environmental Impacts, Air Quality. An Air
Quality Assessment is recommended.
Biological Resources
During construction, initial disturbance of the seafloor to install the shallow SIG and replace the
native sand with engineered gravel pack would potentially cause a significant biological impact
to existing benthic marine life. However, once the shallow SIG is in place, no marine life is
anticipated to be harmed, by impingement or entrainment, due to the low intake velocity and
density of the gravel pack. The SIG, with an estimated footprint of 10 to 50 acres, would
permanently alter the benthic environment within the ocean floor footprint. Although a similar
facility has recently been constructed in Japan (Fukuoka), this technology would represent a
new approach to California coastal desalination, with inherent risks in demonstrating
environmental superiority to other available alternatives. The southerly intake/discharge tunnel
location (between SMR and Oceanside Harbor) appears to traverse an artificial reef areas
labeled as “Fish Haven”, as well as a “Restricted Area”, as shown on Exhibit 7. Further analysis
and study is necessary to fully assess the potential marine biological impact. A Marine
Biological Resources Report is recommended. For a discussion regarding marine biological
impacts in relation to the seawater concentrate discharge, refer to Section 6.0, Alternative
Discharge Methods.
Geology and Soils
Refer to Section 5.1.1, Open-Ocean (Wedge-Wire Screen) Intake. A Geotechnical Report and
Bathymetry Report are recommended.
Noise
Short-term construction impacts may occur. Refer to Section 5.1.1, Open-Ocean (Wedge-Wire
Screen) Intake, Potential Environmental Impacts, Noise.
Subsurface and/or surface
construction areas (even if temporary) near the coastal dunes may represent significant
environmental and regulatory hurdles due to snowy plover and other sensitive resources, as
recently seen with the Cambria test well hearings. An Acoustical Assessment is recommended.
Transportation and Traffic
Short-term transportation and traffic impacts may occur during construction. Refer to Section
5.1.1, Open-Ocean (Wedge-Wire Screen) Intake, Potential Environmental Impacts,
Transportation and Traffic.
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Conclusion
The shallow SIG would encounter various environmental concerns including aesthetics, air
quality, biological resources, noise, and transportation and traffic. In particular, successful
environmental/regulatory approvals would require ability to design around (avoid) or mitigate
impacts to sensitive coastal and offshore (reef/kelp) resources. It is recommended that were
this intake method selected, further analysis and technical studies would be necessary such as
an Air Quality Assessment, Marine Biological Resources Report, Geotechnical Report,
Bathymetry Report, and an Acoustical Assessment. For a discussion regarding potential
permits and regulatory consultation, refer to Section 8.0, Key Regulatory Permits and
Approvals.

5.1.3 Deep Collector Well Seabed Infiltration Gallery
The deep collector well SIG is composed of 12-inch diameter collector wells. These wells would
be drilled at an angle from inside the offshore intake tunnel to access the sandy alluvium above
the tunnel. Thus no impact would occur to the ocean seafloor during construction of the deep
collector well SIG. The wells would be spaced less than 100 feet apart and could be as much
as 300 feet in length. The success of a deep infiltration gallery is heavily dependent on the
hydrogeology of the deep sediments. This option would involve temporary impacts of intake
construction (including an onshore launch pit), and long-term impacts associated with the
onshore intake pumps. This intake option would substantially (or entirely) avoid the marinerelated impacts associated with the open-ocean intake’s wedge-wire (possible residual I/E
impacts and unproven technology) and SIG (temporary and permanent seafloor disruption,
unproven technology). However, this approach is more susceptible to local hydrogeology due
to reliance upon native sediments for transmissivity. In addition, this alternative would have
potentially different pre-treatment requirements due to sourcewater being drawn through native
materials, which could convey trace minerals and other chemicals into the RO system.
This intake method is compatible with all Alternative Sites.
Potential Environmental Impacts
Potential environmental impacts pertinent to this intake method include aesthetics, air quality,
biological resources, geology and soils, hydrology and water quality, and noise.
Aesthetics
Short-term construction impacts may occur. Refer to Section 5.1.1, Offshore Intake Methods,
Open-Ocean (Wedge-Wire Screen) Intake, Potential Environmental Impacts, Aesthetics.
Potential operational impacts may occur as the pumps would be located on the shore,
potentially within public view, and potentially within view from the nearby residential areas and I5 freeway; refer to Section 2.0, Overview. Further analysis would be necessary to assess
potential impacts and recommend potential mitigation measures to reduce impacts. A Visual
Impact Report is recommended.
Air Quality
Short-term construction and operational impacts may occur. Refer to Section 5.1.1, Offshore
Intake Methods, Open-Ocean (Wedge-Wire Screen) Intake, Potential Environmental Impacts,
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Air Quality. An Air Quality Assessment is recommended.
Biological Resources
Potential impacts to terrestrial biological resources may occur during construction. Disturbance
of the seafloor during installation of the deep collector well SIG is not anticipated as the collector
wells would be drilled from the shore; refer to Section 5.1.2, Shallow Seabed Infiltration Gallery,
Potential Environmental Impacts, Biological Resources. Potential terrestrial biological impacts
may occur during construction. Adherence to the NCCP/HCP would be necessary in addition to
project-specific mitigation measures to ensure any potential impacts to the surrounding beach
area and any nearby sensitive habitat would be less than significant. A Biological Resources
Report would be necessary to further evaluate the terrestrial biological resources. Although the
technology of a deep collector well SIG allows the water to be filtered through the sand and to
the desalination facility to reduce impingement and entrainment of marine life, operation of the
deep collector well SIG may impact marine life. The southerly intake/discharge tunnel location
(between SMR and Oceanside Harbor) appears to traverse artificial reef areas labeled as “Fish
Haven”, as well as a “Restricted Area”, as shown on Exhibit 7. Further analysis and study is
necessary to fully assess the potential marine biological impact. A Marine Biological Resources
Report would be necessary. For a discussion regarding marine biological impacts in relation to
the seawater concentrate discharge, refer to Section 6.0, Alternative Discharge Methods.
Geology and Soils
Refer to Section 5.1.1, Open-Ocean (Wedge-Wire Screen) Intake. A Geotechnical Report and
Bathymetry Report are recommended.
Hydrology and Water Quality
Potential short-term impacts may occur during construction of the deep collector well SIG.
Impacts may include construction site water runoff to the nearby water bodies. During
construction BMPs would be required to reduce impacts during construction, specifically during
drilling and excavation activities. Operational impacts are not anticipated to be significant,
however periodic maintenance of the facilities would be necessary to ensure the equipment is
working in proper condition and not causing contaminated water supplies to runoff into nearby
water bodies. A Hydrology Report is recommended.
Noise
Short-term construction impacts may occur. Refer to Section 5.1.1, Open-Ocean (Wedge-Wire
Screen) Intake, Potential Environmental Impacts, Noise. An Acoustical Assessment is
recommended.
Transportation and Traffic
Short-term transportation and traffic impacts may occur during construction. Refer to Section
5.1.1, Open-Ocean (Wedge-Wire Screen) Intake, Potential Environmental Impacts,
Transportation and Traffic.
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Conclusion
The deep collector well SIG would encounter various environmental concerns including
aesthetics, air quality, biological resources, geology and soils, hydrology and water quality,
noise, and transportation and traffic. Although this alternative reduces or avoids the majority of
intake-related marine resource impacts, successful environmental/regulatory approval would
require further study to document potential long-term benthic effects of a subsurface intake
system, as well as potential unique RO pretreatment issues associated with this concept. It is
recommended that were this intake method selected, further analysis and technical studies
would be necessary such as a Visual Impact Report, Air Quality Assessment, Biological
Resources Report, Marine Biological Resources Report, Geotechnical Report, Bathymetry
Report, Hydrology Report, and an Acoustical Assessment. For a discussion regarding potential
permits and regulatory consultation, refer to Section 8.0, Key Regulatory Permits and
Approvals.

5.2

Onshore Subsurface Intake

5.2.1 Slant Well Intake System
The slant well intake system would consist of 12- to 24- inch diameter wells, approximately 700
feet in length and drilled from the shore at an angle; refer to Exhibit 10, Conceptual Slant Well
Configuration. No construction would occur on the ocean seafloor as the slant well intake
system would be drilled from the shore. Thus no impact would occur to the ocean seafloor
during construction of the slant well intake system. The wells would either be grouped in
clusters of three or individually spaced apart. If grouped in clusters, the clusters would be
spaced approximately 300 to 500 feet apart and would have the ability to take in approximately
6 MGD of feedwater. If the wells were individually sited, they would be spaced approximately
100 to 200 feet apart. The well head would be located on the bluffs above the beach to avoid
the biologically sensitive beach.
Each well (or well cluster) would discharge into a common manifold feedwater pipeline, which
would convey the feedwater to the desalination facility. A potential location for these intake
wells is the southern and western boundary of the agricultural fields west of the I-5 freeway,
directly north of the SMR; refer to Exhibit 11, Proposed Location of Slant Well Intake.
A large single-use outfall (discharge only) would be necessary if a slant well intake system is
selected. For further discussion regarding discharge methods, refer to Section 6.0, Alternative
Discharge Methods.
This option would involve temporary impacts of intake construction (including an onshore launch
pit), and long-term impacts associated with the onshore intake pumps. Similar to the approach
used at Doheny Beach and Long Beach, this intake option would substantially (or entirely) avoid
the marine-related impacts associated with the open intake’s wedge-wire (possible residual I/E
impacts and unproven technology) and SIG (temporary and permanent seafloor disruption,
unproven technology). However, this approach is more susceptible to local hydrogeology due
to reliance upon native sediments for transmissivity. In addition, this alternative would have
potentially different pre-treatment requirements due to sourcewater being drawn through native
materials, which could convey trace minerals and other chemicals into the RO system. The
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conceptual onshore launch areas are in close proximity to the coastal dunes and SMR, where
several sensitive bird species have been identified in Camp Pendleton’s INRMP.
This intake method is compatible only with Alternative Sites 5, 6, 7, and 8.
Potential Environmental Impacts
Potential environmental impacts pertinent to this intake method include aesthetics, air quality,
biological resources, geology and soils, hydrology and water quality, and noise.
Aesthetics
Short-term construction impacts may occur. Refer to Section 5.1.1, Open-Ocean (Wedge-Wire
Screen) Intake, Potential Environmental Impacts, Aesthetics.
Potential operational impacts may occur as the well heads would be located on the bluff,
potentially within public view, and potentially within view from the nearby residential areas and I5 freeway; refer to Section 2.0, Overview. Further analysis would be necessary to assess
potential impacts and recommend potential mitigation measures to reduce impacts. A Visual
Impact Report is recommended.
Air Quality
Short-term construction and operational impacts may occur. Refer to Section 5.1.1, OpenOcean (Wedge-Wire Screen) Intake, Potential Environmental Impacts, Air Quality. An Air
Quality Assessment is recommended.
Biological Resources
Similar to the deep collector well SIG, short-term terrestrial biological impacts may occur with
construction of the slant well intake system; refer to Section 5.1.3, Deep Collector Well Seabed
Infiltration Gallery, Potential Environmental Impacts, Biological Resources. Potential terrestrial
biological impacts may occur during construction. Adherence to the NCCP/HCP would be
necessary in addition to project-specific mitigation measures to ensure any potential impacts to
the surrounding beach area and any nearby sensitive habitat would be less than significant. A
Biological Resources Report would be necessary to further evaluate the terrestrial biological
resources. Although the technology of a slant well intake system allows the water to be filtered
through the sand and to the desalination facility to reduce impingement and entrainment of
marine life, operation of the slant well intake system may impact marine life. Of particular
concern is any construction or operational features in proximity to coastal dunes or SMR.
Further analysis and study is necessary to fully assess the potential marine biological impact. A
Marine Biological Resources Report would be necessary. For a discussion regarding marine
biological impacts in relation to the seawater concentrate discharge, refer to Section 6.0,
Alternative Discharge Methods.
Geology and Soils
Refer to Section 5.1.3, Deep Collector Well Seabed Infiltration Gallery. A Geotechnical Report
and Bathymetry Report are recommended.
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Hydrology and Water Quality
Refer to Section 5.1.3, Deep Collector Well Seabed Infiltration Gallery. A Hydrology Report is
recommended.
Noise
Short-term construction impacts may occur, particularly with respect to sensitive bird species
associated with coastal dunes and SMR. Refer to Section 5.1.1, Open-Ocean (Wedge-Wire
Screen) Intake, Potential Environmental Impacts, Noise. An Acoustical Assessment is
recommended.
Transportation and Traffic
Short-term transportation and traffic impacts may occur during construction. Refer to Section
5.1.1, Open-Ocean (Wedge-Wire Screen) Intake, Potential Environmental Impacts,
Transportation and Traffic.
Conclusion
The slant well intake system would encounter various environmental concerns including
aesthetics, air quality, biological resources, geology and soils, hydrology and water quality,
noise, and transportation and traffic. Although this alternative reduces or avoids the majority of
intake-related marine resource impacts, successful environmental/regulatory approval would
require further study to document potential long-term benthic effects of a subsurface intake
system, as well as potential unique RO pretreatment issues associated with this concept. If this
intake method were selected, further analysis and technical studies would be necessary such as
a Visual Impact Report, Air Quality Assessment, Biological Resources Report, Marine Biological
Resources Report, Geotechnical Report, Bathymetry Report, Hydrology Report, and an
Acoustical Assessment.
For a discussion regarding potential permits and regulatory
consultation, refer to Section 8.0, Key Regulatory Permits and Approvals.
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6.0 Alternative Discharge Methods
6.1

Offshore Discharge Methods

The discharge method is dependent upon the intake method selected. If an offshore intake
method were selected, a dual-use outfall would be used for discharge. If an onshore intake
method were selected, a single-use outfall would be used for the seawater concentrate
discharge. Below is a discussion regarding the two types of discharge options.

6.1.2 Dual-Use Outfall
The dual-use outfall or “pipe-in-pipe” concept would consist of mounting a discharge pipe inside
the intake tunnel; refer to Exhibit 5. The dual-use tunnel would be approximately 16 feet in
diameter. The discharge pipeline would extend an additional 5,000 feet from the intake tunnel
terminus. Although the dual-use portion of the intake/discharge tunnel would be subsurface, the
brine discharge pipeline would be laid on the ocean floor. The discharge could occur up to
12,000 feet offshore through approximately 1,200 linear feet of diffuser pipeline with
approximately 120 diffuser ports. This could be accomplished linearly or with a “Y” configuration
with two 600-foot legs; refer to Exhibit 6. This concept would minimize seafloor construction
impacts by consolidating pipeline construction to one footprint.
Potential Environmental Impacts
Potential environmental impacts pertinent to this intake method include aesthetics, air quality,
biological resources, geology and soils, hydrology and water quality, and noise.
Aesthetics
Short-term construction impacts may occur. Refer to Section 5.1.1, Open-Ocean (Wedge-Wire
Screen) Intake, Potential Environmental Impacts, Aesthetics.
Air Quality
Short-term construction and operational impacts may occur. Refer to Section 5.1.1, Section
5.1.1, Open-Ocean (Wedge-Wire Screen) Intake, Potential Environmental Impacts, Air Quality.
An Air Quality Assessment is recommended.
Biological Resources
Short-term impacts may occur during project construction; refer to Section 5.1.1, Open-Ocean
(Wedge-Wire Screen) Intake, Potential Environmental Impacts, Biological Resources, for a
discussion regarding construction-related impacts.
A Biological Resources Report is
recommended. Not only may short-term construction impacts occur during the initial installation
of the pipeline impact marine life, the operations of the discharge tunnel may significantly impact
marine life. Seawater concentrate would be almost twice the original salinity of the ocean water.
Although the difference in temperature of the discharge and the receiving ocean and the ocean
currents both serve to distribute the seawater concentrate throughout the ocean, potential
impacts may occur during initial discharge of the seawater concentration to benthic organisms
and the surrounding coastal habitat area. The southerly intake/discharge tunnel location
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(between SMR and Oceanside Harbor) appears to traverse an artificial reef areas labeled as
“Fish Haven”, as well as a “Restricted Area”, as shown on Exhibit 7. Further analysis and study
is necessary to fully assess the potential marine biological impact. A Marine Biological
Resources Report would be necessary.
Geology and Soils
Refer to Section 5.1.3, Deep Collector Well Seabed Infiltration Gallery. A Geotechnical Report
and Bathymetry Report are recommended.
Hydrology and Water Quality
Potential short-term impacts may occur during construction of the dual-use outfall. Refer to
Section 5.1.3, Deep Collector Well Seabed Infiltration Gallery. A Hydrology Report is
recommended. Potential operational impacts may occur as the seawater concentrate is
discharged. The temperature of the seawater concentrate, salinity of the seawater concentrate,
and ocean currents are components that contribute to the seawater concentrate’s dilution and
distribution. Further study and analysis is necessary to ascertain the ocean’s bathymetry and
ocean currents. A Hydrodynamic Modeling Report is recommended.
Noise
Short-term construction impacts may occur. Refer to Section 5.1.1, Open-Ocean (Wedge-Wire
Screen) Intake, Potential Environmental Impacts, Noise. An Acoustical Assessment is
recommended.
Transportation and Traffic
Short-term transportation and traffic impacts may occur during construction. Refer to Section
5.1.1, Open-Ocean (Wedge-Wire Screen) Intake, Potential Environmental Impacts,
Transportation and Traffic.
Conclusion
The Dual-Use Outfall would encounter various environmental concerns including aesthetics, air
quality, biological resources, geology and soils, hydrology and water quality, noise, and
transportation and traffic. Successful environmental/regulatory approval would require further
study to document potential long-term marine effects of this discharge option, particularly with
respect to identified offshore sensitive resources. Opportunities for blending the concentrate
with lower salinity waters (such as treated wastewater) could offset salinity impacts. As
discussed elsewhere, the SWRCB is presently evaluating Ocean Plan amendments that may
regulate salinity, and this is anticipated to be a major regulatory hurdle with the RWQCB
NPDES Permit, as evidenced by recent regulatory hearings for several coastal desalination
projects. If the dual-use intake/discharge tunnel were selected, further analysis and technical
studies would be necessary such as an Air Quality Assessment, Biological Resources Report,
Marine Biological Resources Report, Geotechnical Report, Bathymetry Report, Hydrology
Report, Hydrodynamic Modeling Report, and an Acoustical Assessment. For a discussion
regarding potential permits and regulatory consultation, refer to Section 8.0, Key Regulatory
Permits and Approvals.
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6.1.2 Single-Use Outfall
The single-use outfall would be used as a dedicated discharge tunnel approximately 10 feet in
diameter. This outfall would only be recommended if the onshore intake method were utilized.
Discharge would occur at the same location as the discharge location for the dual-use outfall.
As described previously , discharge could occur up to 12,000 feet offshore through
approximately 1,200 linear feet of diffuser pipeline with approximately 120 diffuser ports. The
diffuser pipeline segment would be located along the ocean floor. This could be accomplished
linearly or with a “Y” configuration with two 600-foot legs; refer to Exhibit 6. The single use
outfall location, associated with the onshore intake system, would be located north of SMR, and
therefore likely avoid or minimize potential impacts to the identified sensitive offshore reef areas,
although the northerly limits may approach identified kelp beds.
Potential Environmental Impacts
Potential environmental impacts pertinent to this intake method include aesthetics, air quality,
biological resources, geology and soils, hydrology and water quality, and noise.
Aesthetics
Short-term construction impacts may occur. Refer to Section 5.1.1, Open-Ocean (Wedge-Wire
Screen) Intake, Potential Environmental Impacts, Aesthetics.
Air Quality
Short-term construction and operational impacts may occur. Refer to Section 5.1.1, OpenOcean (Wedge-Wire Screen) Intake, Potential Environmental Impacts, Air Quality. An Air
Quality Assessment is recommended.
Biological Resources
Short-term and long-term impacts may occur. Refer to Section 6.1.1, Dual-Use Outfall,
Potential Environmental Impacts, Biological Resources. This discharge option appears to avoid
the identified fish reefs shown in Exhibit 7. However, the northerly limits of the brine discharge
pipeline may encroach upon kelp beds shown in Exhibit 7. A Biological Resources Report and
a Marine Biological Resources Report are recommended.
Geology and Soils
Refer to Section 5.1.3, Deep Collector Well Seabed Infiltration Gallery. A Geotechnical Report
and Bathymetry Report are recommended.
Hydrology and Water Quality
Potential short-term impacts may occur during construction of the dual-use outfall. Refer
Section 5.1.3, Deep Collector Well Seabed Infiltration Gallery. A Hydrology Report
recommended. Potential operational impacts may occur as the seawater concentrate
discharged. Refer to Section 6.1.2, Dual-Use Outfall. A Hydrodynamic Modeling Report
recommended.
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Noise
Short-term construction impacts may occur. Refer to Section 5.1.1, Open-Ocean (Wedge-Wire
Screen) Intake, Potential Environmental Impacts, Noise. An Acoustical Assessment is
recommended.
Transportation and Traffic
Short-term transportation and traffic impacts may occur during construction. Refer to Section
5.1.1, Open-Ocean (Wedge-Wire Screen) Intake, Potential Environmental Impacts,
Transportation and Traffic.
Conclusion
The Single-Use Outfall would encounter various environmental concerns including aesthetics,
air quality, biological resources, geology and soils, hydrology and water quality, noise, and
transportation and traffic. Successful environmental/regulatory approval would require further
study to document potential long-term marine effects of this discharge option, particularly with
respect to identified offshore sensitive resources. Opportunities for blending the concentrate
with lower salinity waters (such as treated wastewater) could offset salinity impacts. As
discussed previously, the SWRCB is presently evaluating Ocean Plan amendments that may
regulate salinity, and this is anticipated to be a major regulatory hurdle with the RWQCB
NPDES Permit, as evidenced by recent regulatory hearings for several coastal desalination
projects. If a dedicated discharge tunnel is selected, further analysis and technical studies
would be necessary such as an Air Quality Assessment, Biological Resources Report, Marine
Biological Resources Report, Geotechnical Report, Bathymetry Report, Hydrology Report,
Hydrodynamic Modeling Report, and an Acoustical Assessment. For a discussion regarding
potential permits and regulatory consultation, refer to Section 8.0, Key Regulatory Permits and
Approvals.
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7.0 Product Water Conveyance Alignments
Product water would be conveyed from the desalination facility via Connector Pipeline
Alternatives to the South Boundary Pipeline Alternative (the Ysidora Basin Pipeline Alignment or
the Wire Mountain Pipeline Alignment). The South Boundary Pipeline Alternative would convey
product water through Camp Pendleton and connect to the proposed Oceanside Pipeline near
the San Luis Rey River (SLRR). The product water would traverse through the City of
Oceanside via the Oceanside Pipeline. The Oceanside Pipeline would then connect to the
proposed Water Authority’s Easement Pipeline. The Water Authority Easement Pipeline would
run parallel to the Water Authority’s North County Distribution Pipeline and Aqueduct 2
Easements, where the product water would be discharged into the Water Authority’s Twin Oaks
Diversion Structure in San Diego County; refer to Exhibit 12, Potential Conveyance Routes, and
Exhibit 13, Potential Connection to Existing SDCWA Easement.
There are seven Connector Pipeline Alternatives. Selection of Connector Pipeline Alternatives
depends upon which desalination facility site location is selected; all Connector Pipeline
Alternatives and desalination facility site locations have the ability to connect to both South
Boundary Pipeline Alternatives. The South Boundary Pipeline Alternative would connect to the
proposed Oceanside Pipeline, then connect to the proposed Water Authority Easement
Pipeline, and ultimately be conveyed to the Water Authority’s Twin Oaks Diversion Structure.

7.1

South Boundary Pipeline Alternatives

7.1.1 Ysidora Basin Pipeline Alignment
The Ysidora Basin Pipeline (YBP) Alignment would traverse through Camp Pendleton northeast
along the north bank of the SMR, along SMR Road, for approximately 2.4 miles. The pipeline
would be constructed using trenchless construction methods under both the SMR and
Vandegrift Boulevard. The YBP Alignment would continue east on an existing unpaved road (El
Camino Real) to Camp Pendleton’s and the City of Oceanside’s border near Whelan Lake.
From this location, the pipeline would be tunneled under the sensitive open-space area to the
toe of the SLRR levee on either the north or south side of the SLRR. The YBP Alignment would
connect to the proposed Oceanside Pipeline and ultimately deliver desalinated water to the
Water Authority’s Twin Oaks Diversion Structure; refer to Exhibit 12 and Exhibit 13.
Potential Environmental Impacts
Potential environmental impacts pertinent to this pipeline alignment include aesthetics, air
quality, biological resources, cultural resources, geology and soils, hydrology and water quality,
and noise.
Aesthetics
Potential short-term construction-related aesthetic impacts may occur during trenching and
laydown activities. However, after pipe installation, long-term operational aesthetic impacts are
not anticipated as the pipeline would be subsurface.
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Air Quality
Construction of the YBP Alignment would cause short-term air quality impacts to occur
specifically during grading and trenching activities. Emissions from the construction equipment,
construction activities, and transportation of equipment to the construction site pose as potential
impacts. Adherence to the SDAPCD rules and regulations would be necessary to reduce
potential construction impacts. Operational impacts are not anticipated to be significant as the
pipeline alignment would be subterranean would not emit emissions. However, operation of the
pumps, required to transport the product water, may emit air quality emissions that may exceed
the SDAPCD’s thresholds. Further analysis is required to analyze the potential air quality
impacts. An Air Quality Assessment is recommended to analyze potential air quality impacts.
Biological Resources
Potential biological impacts may occur during short-term construction activities as the YBP
Alignment traverses through sensitive biological resources. Key sensitive resources potentially
affected include SMR and environs, smaller tributary drainages, and San Luis Rey River (at
confluence with Oceanside Pipeline alignment). Although trenchless methods and technology is
proposed where the pipeline would cross drainages, the sensitive biological resources may
require consultation with the USFWS and CDFG and a Jurisdictional Delineation may be
required. The cross-country portions of this pipeline alignment (through open space areas)
appear to traverse areas mapped in the INRMP as potentially containing Least Bells Vireo,
Southwestern Willow Flycatcher, gnatcatcher, Pacific Pocket Mouse, Arroyo Toad, Tidewater
Goby, and vernal pools (with riparian birds, fish and amphibian species associated with SMR
and SLRR). Adherence to the NCCP/HCP would be necessary to ensure any potential impacts
to the nearby sensitive habitat would be less than significant. The SMR and SLRR have wellestablished environmental/community groups that closely watch and may challenge projects
deemed to adversely affect these resources. A formal Biological Resources Report would be
necessary to further evaluate the existing biological resources on-site.
Cultural Resources
Potential impacts in regards to cultural resources may occur as the YBP Alignment traverses
undisturbed land, including areas along SMR and SLRR where Native American resources are
likely. Cultural resources may be encountered during construction activities. A Cultural
Resources Report is recommended to assess existing cultural resources on-site.
Geology and Soils
Potential impacts in regards to geology and soils may occur. The geologic stability of the
pipeline’s route needs to be confirmed. A Geotechnical Report is recommended to assess the
geology of the alignment .
Hydrology and Water Quality
As the YBP Alignment traverses areas adjacent to the SMR, the site could be within the SMR’s
100-year flood zone. Potential water runoff from construction activities may impact the SMR
and Santa Margarita Watershed. To mitigate and reduce potential impacts, BMPs would be
adhered to prevent potentially contaminated water runoff from entering surrounding rivers or
creeks; refer to Section 3.0, Desalination Facility, for further discussion regarding construction
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impacts. Further analysis is required to assess potential impacts, a Hydrology Report is
recommended.
Noise
Potential short-term construction impacts may occur during trenching and laydown activities
from construction activities, which may affect sensitive biological resources and other sensitive
receptors. Long-term impacts are not anticipated to be significant as the YBP Alignment would
operate underground. However, potential impacts may occur from the pumps. Further analysis
is required to fully assess impacts of the proposed project. An Acoustical Assessment is
recommended.
Transportation and Traffic
Short-term transportation and traffic impacts may occur during construction as the construction
workers commute to and from the project’s construction site and the building equipment and
supplies are transported to the project site. Specifically construction-related trenching and
potential road closures may occur. A Traffic Impact Analysis is recommended to detail the
potential impacts associated with short-term construction. Long-term operational impacts are
not anticipated as the pipeline alignment is not a trip generating facility. Further analysis is
recommended to fully assess potential impacts.
Conclusion
The YBP Alignment would encounter various environmental concerns including aesthetics, air
quality, biological resources, cultural resources, geology and soils, hydrology and water quality,
noise, and transportation and traffic. The relatively long stretches along SMR and cross-country
native habitat represents a potentially serious constraint, in terms of potential project mitigation,
environmental/community opposition, and regulatory agency processing challenges. If this
alignment were selected, further analysis and technical studies would be necessary such as an
Air Quality Assessment, Jurisdictional Delineation, Biological Resources Report, Cultural
Resources Report, Geotechnical Report, Hydrology Report, Acoustical Assessment, and Traffic
Impact Analysis. In addition, consultation with the USFWS, CDFG, Army Corps of Engineers
(ACOE), and City of Oceanside is recommended. For a discussion regarding potential permits
and regulatory consultation, refer to Section 8.0, Key Regulatory Permits and Approvals.

7.1.2 Wire Mountain Pipeline Alignment
The Wire Mountain Pipeline (WMP) Alignment begins at the intersection of Vandegrift Boulevard
and Ash Road. The pipeline alignment would follow Ash Road through the Wire Mountain
Housing area to the newly constructed military housing at Daffodil Street. From this point, the
pipeline would jog southwest and follow the property line between the new military housing area
and the North Terrace Elementary School, where it would intersect Capistrano Street in the City
of Oceanside. The pipeline would then run south along Loretta Street (fire access road)
southwest to the SLRR. The pipeline would be constructed using trenchless construction
methods under the SLRR to the toe of the levee on the south bank. The pipeline would follow
along the levee bike trail east, where it would eventually connect with the proposed Oceanside
Pipeline near Whelan Lake; refer to Exhibit 12 and Exhibit 13.
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Potential Environmental Impacts
Similar to the YBP Alignment, potential environmental impacts pertinent to the WMP Alignment
include aesthetics, air quality, biological resources, cultural resources, geology and soils,
hydrology and water quality, noise, and transportation and traffic.
Aesthetics
Short –term construction impacts may occur. Refer to Section 7.1.1, Ysidora Basin Pipeline
Alignment, Potential Environmental Impacts, Aesthetics.
Air Quality
Potential short-term construction and operational impacts may occur. Refer to Section 7.1.1,
Ysidora Basin Pipeline Alignment, Potential Environmental Impacts, Air Quality. An Air Quality
Assessment is recommended.
Biological Resources
Key sensitive resources potentially affected include SMR, SLRR and environs, smaller tributary
drainages, and SLRR at the confluence with Oceanside Pipeline alignment. Although
trenchless methods and technology is proposed where the pipeline would cross drainages, the
sensitive biological resources may require consultation with the USFWS and CDFG and a
Jurisdictional Delineation may be required. This alignment has considerably less cross-country
reaches than the YBP Alignment, although the WMP Alignment appears to similarly traverse
areas mapped in the INRMP as potentially containing Least Bells Vireo, Southwestern Willow
Flycatcher, gnatcatcher, Arroyo Toad, Tidewater Goby, and vernal pools (with riparian birds, fish
and amphibian species associated with SMR and SLRR). Adherence to the NCCP/HCP would
be necessary to ensure any potential impacts to the nearby sensitive habitat would be less than
significant. The SMR and SLRR have well-established environmental/community groups that
closely watch and may challenge projects deemed to adversely affect these resources. Refer to
Section 7.1.1, Ysidora Basin Pipeline Alignment, Potential Environmental Impacts, Biological
Resources.
Cultural Resources
Potential impacts in regards to cultural resources may occur as the WMP Alignment traverses
through the SLRR and undisturbed land. Refer to Section 7.1.1, Ysidora Basin Pipeline
Alignment, Potential Environmental Impacts, Cultural Resources. A Cultural Resources Report
is recommended to assess existing cultural resources on-site.
Geology and Soils
Potential impacts in regards to geology and soils may occur. The geologic stability of the
pipeline’s route needs to be confirmed. A Geotechnical Report is recommended to assess the
geology of the connector.
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Hydrology and Water Quality
Potential short-term construction and long-term operational impacts may occur. Refer to
Section 7.1.1, Ysidora Basin Pipeline Alignment, Potential Environmental Impacts, Hydrology
and Water Quality. Further analysis is required to assess potential impacts, a Hydrology Report
is recommended.
Noise
Short-term construction impacts may occur. Refer to Section 7.1.1, Ysidora Basin Pipeline
Alignment, Potential Environmental Impacts, Noise.
An Acoustical Assessment is
recommended.
Transportation and Traffic
Short-term transportation and traffic impacts may occur during construction especially during
tunneling activities as the pipeline traverses along Ash Road and adjacent to Highway 76.
Refer to Section 7.1.1, Ysidora Basin Pipeline Alignment, Potential Environmental Impacts,
Transportation and Traffic. A Traffic Impact Analysis is recommended to detail the potential
impacts associated with short-term construction.
Conclusion
The WMP Alignment would encounter various environmental concerns including aesthetics, air
quality, biological resources, cultural resources, geology and soils, hydrology and water quality,
noise, and transportation and traffic. The relatively long stretches along SLRR represents a
potentially serious constraint, in terms of potential project mitigation, environmental/community
opposition, and regulatory agency processing challenges. It is recommended that were this
alignment selected, further analysis and technical studies would be necessary such as an Air
Quality Assessment, Jurisdictional Delineation, Biological Resources Report, Cultural
Resources Report, Geotechnical Report, Hydrology Report, Acoustical Assessment, and Traffic
Impact Analysis. For a discussion regarding potential permits and regulatory consultation, refer
to Section 8.0, Key Regulatory Permits and Approvals.

7.2

Connector Pipeline Alternatives

7.2.1 Lower Santa Margarita River Road Connector
The Lower Santa Margarita River Road (LSMRR) Connector is approximately 9,000 LF
(approximately 1.7 miles) and located in-between Alternative Site 5 and 6. The LSMRR
Connector would connect the desalination facility to the South Boundary Alignment if the
desalination facility were located at Alternative Sites 5, 6, or 7. If the YBP Alignment were
selected, the LSMRR Connector would connect directly to the YBP Alignment. However, if the
WMP Alignment were selected, the LSMRR Connector would be used in conjunction with the
SMR Crossing Connector and the Stuart Mesa Road Connector. From Alternative Site 5 or 7,
the LSMRR Connector would follow LSMRR towards the SMR and then turn northeast along the
SMR and tunnel under I-5. From Alternative Site 6, the LSMRR Connector would traverse
northeast along the SMR and Stuart Mesa Road until the terminus. The terminus of the LSMRR
Connector is at the beginning of the YBP Alignment and the SMR Connector; refer to Exhibit 12.
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Potential Environmental Impacts
Potential environmental impacts pertinent to this connector include aesthetics, air quality,
biological resources, cultural resources, geology and soils, hydrology and water quality, noise,
and transportation and traffic.
Aesthetics
Short –term construction impacts may occur. Refer to Section 7.1.1, Ysidora Basin Pipeline
Alignment, Potential Environmental Impacts, Aesthetics.
Air Quality
Potential short-term construction and operational impacts may occur. Refer to Section 7.1.1,
Ysidora Basin Pipeline Alignment, Potential Environmental Impacts, Air Quality. An Air Quality
Assessment is recommended.
Biological Resources
Potential biological impacts may occur during short-term construction activities as the LSMRR
Connector traverses adjacent to the Lower SMR and through sensitive biological resources.
Key sensitive resources potentially affected include the SMR and environs. Although trenchless
methods and technology is proposed where the pipeline would cross drainages, the sensitive
biological resources may require consultation with the USFWS and CDFG and a Jurisdictional
Delineation may be required. Sensitive biological resources would include riparian habitat,
tidewater goby habitat, Least Bells Vireo, California Gnatcatcher, and arroyo toad. Adherence
to the NCCP/HCP would be necessary to ensure any potential impacts to the nearby sensitive
habitat would be less than significant. The SMR has a well-established environmental/
community groups that closely watch and may challenge projects deemed to adversely affect
these resources. A formal Biological Resources Report would be necessary to further evaluate
the existing biological resources on-site.
Cultural Resources
Potential impacts in regards to cultural resources may occur as the LSMRR Connector
traverses undisturbed land. Refer to Section 7.1.1, Ysidora Basin Pipeline Alignment, Potential
Environmental Impacts, Cultural Resources. A Cultural Resources Report is recommended to
assess existing cultural resources on-site.
Geology and Soils
Potential impacts in regards to geology and soils may occur. The geologic stability of the
pipeline’s route needs to be confirmed. A Geotechnical Report is recommended to assess the
geology of the connector.
Hydrology and Water Quality
Potential short-term construction and long-term operational impacts may occur. Refer to
Section 7.1.1, Ysidora Basin Pipeline Alignment, Potential Environmental Impacts, Hydrology
and Water Quality. Further analysis is required to assess potential impacts, a Hydrology Report
is recommended.
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Noise
Short-term construction impacts may occur. Refer to Section 7.1.1, Ysidora Basin Pipeline
Alignment, Potential Environmental Impacts, Noise.
An Acoustical Assessment is
recommended.
Transportation and Traffic
Short-term transportation and traffic impacts may occur during construction especially during
tunneling activities as the pipeline traverses under the I-5 and Stuart Mesa Road. Refer to
Section 7.1.1, Ysidora Basin Pipeline Alignment, Potential Environmental Impacts,
Transportation and Traffic. A Traffic Impact Analysis is recommended to detail the potential
impacts associated with short-term construction.
Conclusion
The LSMRR Connector would encounter various environmental concerns including aesthetics,
air quality, biological resources, cultural resources, geology and soils, hydrology and water
quality, noise, and transportation and traffic. If this connector were selected, further analysis
and technical studies would be necessary such as an Air Quality Assessment, Jurisdictional
Delineation, Biological Resources Report, Cultural Resources Report, Geotechnical Report,
Hydrology Report, Acoustical Assessment, and Traffic Impact Analysis. In addition, consultation
with the USFWS and CDFG is recommended. For a discussion regarding potential permits and
regulatory consultation, refer to Section 8.0, Key Regulatory Permits and Approvals.

7.2.2 Santa Margarita River Crossing Connector
The SMR Crossing Connector is approximately 1,100 LF and would cut across the SMR
adjacent to Alternative Site 2; refer to Exhibit 12. The SMR Crossing Connector would be used
in conjunction with either the Stuart Mesa Road Connector or the Rail Road Connector to
connect Alternative Sites 1, 2, or 8 with the YBP Alignment. It could also be used in conjunction
with the LSMRR Connector and the Stuart Mesa Road Connectors to connect Alternative Sites
5, 6, or 7 with the WMP Alignment. To construct the pipeline across the SMR, trenchless
technology would be utilized.
Potential Environmental Impacts
Potential environmental impacts pertinent to this connector include aesthetics, air quality,
biological resources, cultural resources, geology and soils, hydrology and water quality, noise,
and transportation and traffic.
Aesthetics
Short-term construction impacts may occur. Refer to Section 7.1.1, Ysidora Basin Pipeline
Alignment, Potential Environmental Impacts, Aesthetics.
Air Quality
Potential short-term construction and operational impacts may occur. Refer to Section 7.1.1,
Ysidora Basin Pipeline Alignment, Potential Environmental Impacts, Air Quality. An Air Quality
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Assessment is recommended.
Biological Resources
Potential biological impacts may occur during short-term construction activities as the SMR
Crossing Connector traverses through the SMR and through sensitive biological resources.
Although trenchless methods and technology is proposed, the sensitive biological resources
would require consultation with the USFWS and CDFG and a Jurisdictional Delineation would
be required. Sensitive biological resources would include riparian habitat, tidewater goby
habitat, Least Bells Vireo, California Gnatcatcher, and arroyo toad. Adherence to the
NCCP/HCP would be necessary to ensure any potential impacts to the nearby sensitive habitat
would be less than significant. The SMR has a well-established environmental/ community
groups that closely watch and may challenge projects deemed to adversely affect these
resources. A formal Biological Resources Report would be necessary to further evaluate the
existing biological resources on-site.
Cultural Resources
Potential impacts in regards to cultural resources may occur as the SMR Crossing Connector
traverses undisturbed land. Refer to Section 7.1.1, Ysidora Basin Pipeline Alignment, Potential
Environmental Impacts, Cultural Resources. A Cultural Resources Report is recommended to
assess existing cultural resources on-site.
Geology and Soils
Potential impacts in regards to geology and soils may occur. The geologic stability of the
pipeline’s route needs to be confirmed. A Geotechnical Report is recommended to assess the
geology and soils of the connector.
Hydrology and Water Quality
Potential short-term construction and long-term operational impacts may occur. Refer to
Section 7.1.1, Ysidora Basin Pipeline Alignment, Potential Environmental Impacts, Hydrology
and Water Quality. Further analysis is required to assess potential impacts, a Hydrology Report
is recommended.
Noise
Short-term construction impacts may occur. Refer to Section 7.1.1, Ysidora Basin Pipeline
Alignment, Potential Environmental Impacts, Noise.
An Acoustical Assessment is
recommended.
Transportation and Traffic
Short-term transportation and traffic impacts may occur during construction. Refer to Section
7.1.1, Ysidora Basin Pipeline Alignment, Potential Environmental Impacts, Transportation and
Traffic. A Traffic Impact Analysis is recommended to detail the potential impacts associated
with short-term construction.
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Conclusion
The SMR Crossing Connector would encounter various environmental concerns including
aesthetics, air quality, biological resources, cultural resources, geology and soils, hydrology and
water quality, noise, and transportation and traffic. If this connector were selected, further
analysis and technical studies would be necessary such as an Air Quality Assessment,
Jurisdictional Delineation, Biological Resources Report, Cultural Resources Report,
Geotechnical Report, Hydrology Report, Acoustical Assessment, and Traffic Impact Analysis. In
addition, consultation with the USFWS and CDFG is recommended. For a discussion regarding
potential permits and regulatory consultation, refer to Section 8.0, Key Regulatory Permits and
Approvals.

7.2.3 Railroad Connector
The Railroad Connector is approximately 2,600 LF and follows the existing railroad spurs
located west of Alternative Site 2 and northeast of Alternative Site 1. This connector would only
be utilized for Alternative Sites 1 or 2 to connect to the YBP Alignment. This connector would
be used in lieu of the Vandegrift Boulevard Connector and the Stuart Mesa Road Connector;
refer to Exhibit 12.
Potential Environmental Impacts
Potential environmental impacts pertinent to this connector include aesthetics, air quality,
biological resources, cultural resources, geology and soils, hydrology and water quality, noise,
and transportation and traffic.
Aesthetics
Short-term construction impacts may occur. Refer to Section 7.1.1, Ysidora Basin Pipeline
Alignment, Potential Environmental Impacts, Aesthetics.
Air Quality
Potential short-term construction and operational impacts may occur. Refer to Section 7.1.1,
Ysidora Basin Pipeline Alignment, Potential Environmental Impacts, Air Quality. An Air Quality
Assessment is recommended.
Biological Resources
Although the Railroad Connector would be constructed along existing railroad spurs between
Alternative Sites 1 and 2, potential biological impacts may occur as the connector is adjacent to
sensitive biological habitat. Refer to Section 4.2.1, Alternative 2, Potential Environmental
Impacts, Biological Resources. As the connector is adjacent to sensitive biological habitat,
consultation with the USFWS and CDFG and a Jurisdictional Delineation may be required.
Adherence to the NCCP/HCP would be necessary to ensure any potential impacts to the nearby
sensitive habitat would be less than significant. A formal Biological Resources Report would be
necessary to further evaluate the existing biological resources on-site.
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Cultural Resources
Potential impacts in regards to cultural resources may. Refer to Section 7.1.1, Ysidora Basin
Pipeline Alignment, Potential Environmental Impacts, Cultural Resources. A Cultural Resources
Report is recommended to assess existing cultural resources on-site.
Geology and Soils
Potential impacts in regards to geology and soils may occur as erosion may occur along the
connectors route. The geologic stability of the pipeline’s route needs to be confirmed. A
Geotechnical Report is recommended to assess the geology and soils of the connector.
Hydrology and Water Quality
Potential short-term construction and long-term operational impacts may occur. Refer to
Section 7.1.1, Ysidora Basin Pipeline Alignment, Potential Environmental Impacts, Hydrology
and Water Quality. Further analysis is required to assess potential impacts, a Hydrology Report
is recommended.
Noise
Short-term construction impacts may occur. Refer to Section 7.1.1, Ysidora Basin Pipeline
Alignment, Potential Environmental Impacts, Noise.
An Acoustical Assessment is
recommended.
Transportation and Traffic
Short-term transportation and traffic impacts may occur during construction. Refer to Section
7.1.1, Ysidora Basin Pipeline Alignment, Potential Environmental Impacts, Transportation and
Traffic. A Traffic Impact Analysis is recommended to detail the potential impacts associated
with short-term construction.
Conclusion
The Railroad Connector would encounter various environmental concerns including aesthetics,
air quality, biological resources, cultural resources, geology and soils, hydrology and water
quality, noise, and transportation and traffic. If this connector were selected, further analysis
and technical studies would be necessary such as an Air Quality Assessment, Jurisdictional
Delineation, Biological Resources Report, Cultural Resources Report, Geotechnical Report,
Hydrology Report, Acoustical Assessment, and Traffic Impact Analysis. Potential impacts may
occur to railroad operations and consultation/coordination with the National Strategic Rail
System is recommended.
In addition, consultation with the USFWS and CDFG is
recommended. For a discussion regarding potential permits and regulatory consultation, refer
to Section 8.0, Key Regulatory Permits and Approvals.

7.2.4 Stuart Mesa Road Connector
The Stuart Mesa Road Connector is approximately 2,250 LF. It would parallel Stuart Mesa
Road from the beginning of the WMP Alignment to the south bank of the SMR; refer to Exhibit
12. The Stuart Mesa Road Connector would be used in conjunction with the LSMRR Connector
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and the SMR Connector to connect Alternative Sites 5, 6, or 7 to the WMP Alignment. This
connector could also be used in conjunction with the Vandegrift Boulevard Connector and the
SMR Connector to connect Alternative Sites 1, 2, or 8 to the YBP Alignment.
Potential Environmental Impacts
Potential environmental impacts pertinent to this connector include aesthetics, air quality,
biological resources, cultural resources, geology and soils, hydrology and water quality, noise,
and transportation and traffic.
Aesthetics
Short-term construction impacts may occur. Refer to Section 7.1.1, Ysidora Basin Pipeline
Alignment, Potential Environmental Impacts, Aesthetics.
Air Quality
Potential short-term construction and operational impacts may occur. Refer to Section 7.1.1,
Ysidora Basin Pipeline Alignment, Potential Environmental Impacts, Air Quality. An Air Quality
Assessment is recommended.
Biological Resources
Although the Stuart Mesa Road Connector would be constructed parallel to Stuart Mesa Road,
potential biological impacts may occur during construction activities. As the connector is nearby
sensitive biological resources and the SMR, consultation with the USFWS and CDFG and a
Jurisdictional Delineation may be required. Adherence to the NCCP/HCP would be necessary
to ensure any potential impacts to the nearby sensitive habitat would be less than significant. A
formal Biological Resources Report would be necessary to further evaluate the existing
biological resources on-site.
Cultural Resources
Potential impacts in regards to cultural resources may. Refer to Section 7.1.1, Ysidora Basin
Pipeline Alignment, Potential Environmental Impacts, Cultural Resources. A Cultural Resources
Report is recommended to assess existing cultural resources on-site.
Geology and Soils
Potential impacts in regards to geology and soils may occur as erosion may occur along the
connectors route. The geologic stability of the pipeline’s route needs to be confirmed. A
Geotechnical Report is recommended to assess the geology and soils of the connector.
Hydrology and Water Quality
Potential short-term construction and long-term operational impacts may occur. Refer to
Section 7.1.1, Ysidora Basin Pipeline Alignment, Potential Environmental Impacts, Hydrology
and Water Quality. Further analysis is required to assess potential impacts, a Hydrology Report
is recommended.
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Noise
Short-term construction impacts may occur. Refer to Section 7.1.1, Ysidora Basin Pipeline
Alignment, Potential Environmental Impacts, Noise.
An Acoustical Assessment is
recommended.
Transportation and Traffic
Short-term transportation and traffic impacts may occur during construction. Refer to Section
7.1.1, Ysidora Basin Pipeline Alignment, Potential Environmental Impacts, Transportation and
Traffic. A Traffic Impact Analysis is recommended to detail the potential impacts associated
with short-term construction.
Conclusion
The Stuart Mesa Road Connector would encounter various environmental concerns including
aesthetics, air quality, biological resources, cultural resources, geology and soils, hydrology and
water quality, noise, and transportation and traffic. If this connector were selected, further
analysis and technical studies would be necessary such as an Air Quality Assessment,
Jurisdictional Delineation, Biological Resources Report, Cultural Resources Report,
Geotechnical Report, Hydrology Report, Acoustical Assessment, and Traffic Impact Analysis. In
addition, consultation with the USFWS and CDFG is recommended. For a discussion regarding
potential permits and regulatory consultation, refer to Section 8.0, Key Regulatory Permits and
Approvals.

7.2.5 Vandegrift Boulevard Connector
The Vandegrift Boulevard Connector is approximately 1,300 LF. This connector would parallel
Vandegrift Boulevard just north of the commissary near Lemon Grove Road to the south and
east of Alternative Site 2; refer to Exhibit 12. This connector would be utilized to connect
Alternative Site 1 and 2 directly to the WMP Alignment. In addition, this connector could be
used in conjunction with the Stuart Mesa Road Connector and the SMR Connector to connect
Alternative Site 1 and 2 to the YBP Alignment.
Potential Environmental Impacts
Potential environmental impacts pertinent to this connector include aesthetics, air quality,
biological resources, cultural resources, geology and soils, hydrology and water quality, noise,
and transportation and traffic.
Aesthetics
Short-term construction impacts may occur. Refer to Section 7.1.1, Ysidora Basin Pipeline
Alignment, Potential Environmental Impacts, Aesthetics.
Air Quality
Potential short-term construction and operational impacts may occur. Refer to Section 7.1.1,
Ysidora Basin Pipeline Alignment, Potential Environmental Impacts, Air Quality. An Air Quality
Assessment is recommended.
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Biological Resources
Although the Vandegrift Boulevard Connector would be constructed parallel to Vandegrift
Boulevard, potential biological impacts may occur during construction activities. As the
connector is nearby sensitive biological resources, consultation with the USFWS and CDFG and
a Jurisdictional Delineation may be required. Adherence to the NCCP/HCP would be necessary
to ensure any potential impacts to the nearby sensitive habitat would be less than significant. A
formal Biological Resources Report would be necessary to further evaluate the existing
biological resources on-site.
Cultural Resources
Potential impacts in regards to cultural resources may. Refer to Section 7.1.1, Ysidora Basin
Pipeline Alignment, Potential Environmental Impacts, Cultural Resources. A Cultural Resources
Report is recommended to assess existing cultural resources on-site.
Geology and Soils
Potential impacts in regards to geology and soils may occur as erosion may occur along the
connector route. The geologic stability of the pipeline’s route needs to be confirmed. A
Geotechnical Report is recommended to assess the geology and soils of the connector.
Hydrology and Water Quality
Potential short-term construction and long-term operational impacts may occur. Refer to
Section 7.1.1, Ysidora Basin Pipeline Alignment, Potential Environmental Impacts, Hydrology
and Water Quality. Further analysis is required to assess potential impacts, a Hydrology Report
is recommended.
Noise
Short-term construction impacts may occur. Refer to Section 7.1.1, Ysidora Basin Pipeline
Alignment, Potential Environmental Impacts, Noise.
An Acoustical Assessment is
recommended.
Transportation and Traffic
Short-term transportation and traffic impacts may occur during construction. Refer to Section
7.1.1, Ysidora Basin Pipeline Alignment, Potential Environmental Impacts, Transportation and
Traffic. A Traffic Impact Analysis is recommended to detail the potential impacts associated
with short-term construction.
Conclusion
The Vandegrift Boulevard Connector would encounter various environmental concerns including
aesthetics, air quality, biological resources, cultural resources, geology and soils, hydrology and
water quality, noise, and transportation and traffic. If this connector were selected, further
analysis and technical studies would be necessary such as an Air Quality Assessment,
Jurisdictional Delineation, Biological Resources Report, Cultural Resources Report,
Geotechnical Report, Hydrology Report, Acoustical Assessment, and Traffic Impact Analysis. In
addition, consultation with the USFWS and CDFG is recommended. For a discussion regarding
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potential permits and regulatory consultation, refer to Section 8.0, Key Regulatory Permits and
Approvals.

7.2.6 Agricultural Field Connector
The Agricultural Field Connector is approximately 6,500 LF and would only be used if
Alternative Site 7 were selected; refer to Exhibit 12. The Agricultural Field Connector would
begin at Alternative Site 7 on the west side of I-5 and travel south along the west bank of the
Philips Street Bridge, parallel to I-5. Trenchless construction methods would be utilized as the
connector traverses under the MCTSSA access bridge and continue south, between I-5 and the
agricultural fields. The Agricultural Field Connector could be used in conjunction with the
LSMRR Connector to connect to the YBP Alignment. If the WMP Alignment were selected, the
Agricultural Field Connector would be used in conjunction with the LSMRR Connector, SMR
Connector, and the Stuart Mesa Road Connector.
Potential Environmental Impacts
Potential environmental impacts pertinent to this connector include aesthetics, air quality,
biological resources, cultural resources, geology and soils, hydrology and water quality, noise,
and transportation and traffic.
Aesthetics
Short-term construction impacts may occur. Refer to Section 7.1.1, Ysidora Basin Pipeline
Alignment, Potential Environmental Impacts, Aesthetics.
Air Quality
Potential short-term construction and operational impacts may occur. Refer to Section 7.1.1,
Ysidora Basin Pipeline Alignment, Potential Environmental Impacts, Air Quality. An Air Quality
Assessment is recommended.
Biological Resources
Potential biological impacts may occur during short-term construction activities as the
Agricultural Field Connector traverses across Cockleburr Canyon towards the Lower SMR and
thus would traverse through sensitive biological resources. Key sensitive resources potentially
affected include the SMR and environs. Although trenchless methods and technology is
proposed where the pipeline would cross drainages, the sensitive biological resources may
require consultation with the USFWS and CDFG and a Jurisdictional Delineation may be
required. Sensitive biological resources would include riparian habitat, tidewater goby habitat,
Least Bells Vireo, California Gnatcatcher, and arroyo toad. Adherence to the NCCP/HCP would
be necessary to ensure any potential impacts to the nearby sensitive habitat would be less than
significant. The SMR has a well-established environmental/ community groups that closely
watch and may challenge projects deemed to adversely affect these resources. A formal
Biological Resources Report would be necessary to further evaluate the existing biological
resources on-site.
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Cultural Resources
Potential impacts in regards to cultural resources may occur as the LSMRR Connector
traverses undisturbed land. Refer to Section 7.1.1, Ysidora Basin Pipeline Alignment, Potential
Environmental Impacts, Cultural Resources. A Cultural Resources Report is recommended to
assess existing cultural resources on-site.
Geology and Soils
Potential impacts in regards to geology and soils may occur. The geologic stability of the
pipeline’s route needs to be confirmed. A Geotechnical Report is recommended to assess the
geology of the connector.
Hydrology and Water Quality
Potential short-term construction and long-term operational impacts may occur. Refer to
Section 7.1.1, Ysidora Basin Pipeline Alignment, Potential Environmental Impacts, Hydrology
and Water Quality. Further analysis is required to assess potential impacts, a Hydrology Report
is recommended.
Noise
Short-term construction impacts may occur. Refer to Section 7.1.1, Ysidora Basin Pipeline
Alignment, Potential Environmental Impacts, Noise.
An Acoustical Assessment is
recommended.
Transportation and Traffic
Short-term transportation and traffic impacts may occur during construction especially during
tunneling activities as the pipeline traverses under the I-5 and as it traverses along I-5 and
Phillips Street. Consultation with Caltrans may be necessary as the connector runs along I-5.
Refer to Section 7.1.1, Ysidora Basin Pipeline Alignment, Potential Environmental Impacts,
Transportation and Traffic. A Traffic Impact Analysis is recommended to detail the potential
impacts associated with short-term construction.
Conclusion
The Agricultural Fields Connector would encounter various environmental concerns including
aesthetics, air quality, biological resources, cultural resources, geology and soils, hydrology and
water quality, noise, and transportation and traffic. If this connector were selected, further
analysis and technical studies would be necessary such as an Air Quality Assessment,
Jurisdictional Delineation, Biological Resources Report, Cultural Resources Report,
Geotechnical Report, Hydrology Report, Acoustical Assessment, and Traffic Impact Analysis. In
addition, consultation with the USFWS, CDFG, and Caltrans is recommended. For a discussion
regarding potential permits and regulatory consultation, refer to Section 8.0, Key Regulatory
Permits and Approvals.
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7.2.7 Wire Mountain Connector
The Wire Mountain Connector is approximately 7,500 LF and would only be utilized if
Alternative Site 8 were selected. The Wire Mountain Connector would begin at Alternative Site
8 on the west side of I-5 and traverse northeast along Basin Road. From Basin Road, the
connector would follow 5th Street towards Santa Fe Avenue and ultimately to Wire Mountain
Road where it would intersect the WMP Alignment on Ash Road. Trenchless construction
methods would be utilized as the connector traverses along 5th Street and under A Street, I-5,
and Vandegrift Boulevard. The Wire Mountain Connector could be used in conjunction with the
Stuart Mesa Road Connector, the SMR Connector, and a portion of the Wire Mountain
Alignment on Ash Road to connect to the YBP Alignment.
Potential Environmental Impacts
Potential environmental impacts pertinent to this connector include aesthetics, air quality,
biological resources, cultural resources, geology and soils, hydrology and water quality, noise,
and transportation and traffic.
Aesthetics
Short-term construction impacts may occur as the proposed connector would be traversing
under the I-5 and along Wire Mountain Road within a residential area. Refer to Section 7.1.1,
Ysidora Basin Pipeline Alignment, Potential Environmental Impacts, Aesthetics.
Air Quality
Potential short-term construction and operational impacts may occur. Refer to Section 7.1.1,
Ysidora Basin Pipeline Alignment, Potential Environmental Impacts, Air Quality. An Air Quality
Assessment is recommended.
Biological Resources
Potential biological impacts may occur during short-term construction activities as the Wire
Mountain Connector traverses under the I-5 and towards the Wire Mountain Road and thus
traverses through undeveloped and potentially sensitive biological resources.
Thus,
consultation with the USFWS and CDFG and a Jurisdictional Delineation may be required.
Sensitive biological resources would include vernal pools. Adherence to the NCCP/HCP would
be necessary to ensure any potential impacts to the nearby sensitive habitat would be less than
significant. A formal Biological Resources Report would be necessary to further evaluate the
existing biological resources on-site.
Cultural Resources
Potential impacts in regards to cultural resources may occur as the Wire Mountain Connector
traverses undisturbed land. Refer to Section 7.1.1, Ysidora Basin Pipeline Alignment, Potential
Environmental Impacts, Cultural Resources. A Cultural Resources Report is recommended to
assess existing cultural resources on-site.
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Geology and Soils
Potential impacts in regards to geology and soils may occur. The geologic stability of the
pipeline’s route needs to be confirmed. A Geotechnical Report is recommended to assess the
geology of the connector.
Hydrology and Water Quality
Potential short-term construction and long-term operational impacts may occur. Refer to
Section 7.1.1, Ysidora Basin Pipeline Alignment, Potential Environmental Impacts, Hydrology
and Water Quality. Further analysis is required to assess potential impacts, a Hydrology Report
is recommended.
Noise
Short-term construction impacts may occur. Refer to Section 7.1.1, Ysidora Basin Pipeline
Alignment, Potential Environmental Impacts, Noise.
An Acoustical Assessment is
recommended.
Transportation and Traffic
Short-term transportation and traffic impacts may occur during construction especially during
tunneling activities as the pipeline traverses under the I-5, Vandegrift Boulevard, and A Street.
In addition, pipeline laydown of the connector would occur within Basin Road, 5th Street, and
Wire Mountain Road, thus potential impacts to the existing roadway circulation system may be
impacted. Consultation with Caltrans may be necessary, as the connector would tunnel under I5. Refer to Section 7.1.1, Ysidora Basin Pipeline Alignment, Potential Environmental Impacts,
Transportation and Traffic. A Traffic Impact Analysis is recommended to detail the potential
impacts associated with short-term construction.
Conclusion
The Wire Mountain Connector would encounter various environmental concerns including
aesthetics, air quality, biological resources, cultural resources, geology and soils, hydrology and
water quality, noise, and transportation and traffic. If this connector were selected, further
analysis and technical studies would be necessary such as an Air Quality Assessment,
Jurisdictional Delineation, Biological Resources Report, Cultural Resources Report,
Geotechnical Report, Hydrology Report, Acoustical Assessment, and Traffic Impact Analysis. In
addition, consultation with the USFWS, CDFG, and Caltrans is recommended. For a discussion
regarding potential permits and regulatory consultation, refer to Section 8.0, Key Regulatory
Permits and Approvals.

7.3

Oceanside Pipeline

The proposed Oceanside Pipeline is approximately 45,000 LF and is located primarily within the
City of Oceanside. It would ultimately convey the desalinated product water from the South
Boundary Pipeline to the Water Authority’s Easement Pipeline and ultimately to the Water
Authority’s Twin Oaks Diversion Structure. The Oceanside Pipeline begins near Whelan Lake
within the SLRR levee right of way (ROW) and would traverse east towards College Boulevard.
At College Boulevard, the Oceanside Pipeline would traverse east along North River Road for
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approximately 2.5 miles. East of Sleeping Indian Road, the Oceanside Pipeline would cross
through agricultural fields for approximately 1.4 miles. Once the Oceanside Pipeline reaches
the SLRR and Highway 76, trenchless construction methods would be utilized to tunnel under
these two features. From Highway 76, the Oceanside Pipeline would continue south down S13/East Vista Way for approximately 1.5 miles. The Oceanside Pipeline would then connect to
the Water Authority’s Easement Pipeline at the corner of S-13/East Vista Way and Osborne
Street in unincorporated San Diego County, just north of the City of Vista; refer to Exhibit 12 and
Exhibit 13.

7.3.1 Potential Environmental Impacts
Potential environmental impacts pertinent to this connector include aesthetics, agricultural
resources, air quality, biological resources, cultural resources, geology and soils, hydrology and
water quality, noise, and transportation and traffic.
Aesthetics
Short-term construction impacts may occur as the proposed connector would be traversing
through and across the SLRR, within residential areas, and open space land uses. The
Oceanside Pipeline would traverse through sensitive aesthetic resources including the SLRR
and open space resources. Further analysis is necessary to fully assess potential short-term
aesthetic impacts as they pertain to the City of Oceanside. Long-term impacts are not
anticipated, as the Oceanside Pipeline would be underground.
Agricultural Resources
As the pipeline traverses through agricultural fields, potential significant impacts may occur if
construction conflicts with a Williamson Act contract. Further analysis is necessary to fully
analyze potential impacts. Long-term impacts are not anticipated, as the Oceanside Pipeline
would be underground.
Air Quality
Construction of the Oceanside Pipeline would cause short-term air quality impacts to occur
specifically during trenching and pipeline laydown activities. Emissions from the construction
equipment, construction activities, and transportation of equipment to the construction site pose
as potential impacts. Adherence to the SDAPCD rules and regulations would be necessary to
reduce potential construction impacts. Operational impacts are not anticipated to be significant
as the pipeline alignment would be subterranean would not emit emissions. However, operation
of the pumps, required to transport the product water, may emit air quality emissions that may
exceed the SDAPCD’s thresholds. Further analysis is required to analyze the potential air
quality impacts. An Air Quality Assessment is recommended to analyze potential air quality
impacts.
Biological Resources
Potential biological impacts may occur during short-term construction activities as the
Oceanside Pipeline traverses through open space and the SLRR; refer to Attachment C,
Oceanside Subarea HCP/NCCP, and Attachment D, North County Subarea Plan MSCP.
Further analysis is required to fully analyze the potential biological impacts. As the pipeline
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traverses through and crosses the SLRR and through open space areas, consultation with the
USFWS, CDFG, ACOE, City of Oceanside, and County of San Diego may be required. In
addition, a Jurisdictional Delineation may be required. Potential sensitive biological resources
within the City of Oceanside include beach/saltpan, grassland, riparian forests/woodlands,
riparian scrubs, Sticky Dudleya, California Gnatcatcher, Least Bell’s Vireo, Southwestern Willow
Flycatcher, orange-throated whiptail, cooper’s hawk, yellow-breasted chat, and white-faced ibis.
Sensitive biological resources within the County of San Diego include grasslands,
riparian/wetlands, eucalyptus woodlands, Stephens kangaroo rat, gnatcatcher habitat, and
arroyo toad. Adherence to the NCCP/HCP and MHCP would be necessary to ensure any
potential impacts to the nearby sensitive habitat would be less than significant. A formal
Biological Resources Report would be necessary to further evaluate the existing biological
resources on-site.
Cultural Resources
Potential impacts in regards to cultural resources may occur as the Oceanside Pipeline
traverses undisturbed land as it travels into unincorporated San Diego County land. Cultural
resources may be encountered during construction activities. A Cultural Resources Report is
recommended to assess existing cultural resources on-site.
Geology and Soils
Potential impacts in regards to geology and soils may occur. The geologic stability of the
pipeline’s route needs to be confirmed. A Geotechnical Report is recommended to assess the
geology of the connector.
Hydrology and Water Quality
Potential short-term construction and long-term operational impacts may occur as the pipeline
would traverse through the SLRR levee and is potentially within the 100-year flood zone.
Potential water runoff from construction and operation activities may impact the SLRR. To
mitigate and reduce potential impacts, BMPs would be adhered to prevent potentially
contaminated water runoff from entering the SLRR. Further analysis is required to assess
potential impacts, a Hydrology Report is recommended.
Noise
Potential short-term construction impacts may occur during trenching and laydown activities
from construction activities, which may affect sensitive biological resources and other sensitive
receptors within the City of Oceanside. Long-term impacts are not anticipated to be significant
as the Oceanside Pipeline would operate underground. However, potential impacts may occur
from the pumps. Further analysis is required to fully assess impacts of the proposed project.
An Acoustical Assessment is recommended.
Transportation and Traffic
Short-term transportation and traffic impacts may occur during construction as the construction
workers commute to and from the project’s construction site and the building equipment and
supplies are transported to the project site. Specifically construction-related trenching and road
closures may occur as the pipeline would traverse within existing roadway ROW's. A Traffic
Impact Analysis is recommended to detail the potential impacts associated with short-term
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construction. Long-term operational impacts are not anticipated as the pipeline alignment is not
a trip generating facility. Further analysis is recommended to fully assess potential impacts.

7.3.2 Conclusion
The Oceanside Pipeline would encounter various environmental concerns including aesthetics,
agricultural resources, air quality, biological resources, cultural resources, geology and soils,
hydrology and water quality, noise, and transportation and traffic. Further analysis and technical
studies would be necessary to fully analyze potential impacts such as an Air Quality
Assessment, Jurisdictional Delineation, Biological Resources Report, Cultural Resources
Report, Geotechnical Report, Hydrology Report, Acoustical Assessment, and Traffic Impact
Analysis. In addition, consultation with the USFWS, CDFG, ACOE, and the City of Oceanside is
recommended. For a discussion regarding potential permits and regulatory consultation, refer
to Section 8.0, Key Regulatory Permits and Approvals.

7.4

Water Authority Easement Pipeline

The Water Authority Easement Pipeline connects to the Oceanside Pipeline and conveys the
product water to the Water Authority’s Twin Oaks Diversion Structure; refer to Exhibit 13. The
Water Authority Easement Pipeline is approximately 6.0 miles and would be located within the
Water Authority’s existing North County Distribution Pipeline (NCDP) easement. The NCDP
easement begins near the intersection of East Vista Way and Osborne Street. It traverses east
for one half mile and then turns north for approximately one-quarter mile. The NCDP continues
east for approximately 3 miles, weaving through mountainous terrain, the Vista Valley Country
Club, and then paralleling Silver Leaf Lane to its terminus at the Water Authority’s 2nd Aqueduct.
The Water Authority Easement Pipeline would then continue south paralleling the Water
Authority’s 2nd Aqueduct pipelines to its terminus at the Water Authority’s Twin Oaks Diversion
Structure.

7.4.1 Potential Environmental Impacts
Potential environmental impacts pertinent to this connector include aesthetics, air quality,
biological resources, cultural resources, geology and soils, hydrology and water quality, noise,
and transportation and traffic.
Aesthetics
Short-term construction impacts may occur as the proposed connector would be traversing
through residential areas and open space areas. Further analysis is necessary to fully assess
potential short-term aesthetic impacts as they pertain to the County of San Diego. Long-term
impacts are not anticipated as the Water Authority Easement Pipeline would be underground.
Air Quality
Construction of the Water Authority Easement Pipeline would cause short-term air quality
impacts to occur specifically during trenching and pipeline laydown activities. Emissions from
the construction equipment, construction activities, and transportation of equipment to the
construction site pose as potential impacts. Adherence to the SDAPCD rules and regulations
would be necessary to reduce potential construction impacts. Operational impacts are not
anticipated to be significant as the pipeline alignment would be subterranean would not emit
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emissions. However, operation of the pumps, required to transport the product water, may emit
air quality emissions that may exceed the SDAPCD’s thresholds. Further analysis is required to
analyze the potential air quality impacts. An Air Quality Assessment is recommended to
analyze potential air quality impacts.
Biological Resources
Potential biological impacts may occur during short-term construction activities as the Water
Authority Easement Pipeline traverses through open space and undisturbed land; refer to
Attachment D. Further analysis is required to fully analyze the potential biological impacts. As
the pipeline traverses through open space areas and the mountains, consultation with the
USFWS, CDFG, and County of San Diego may be required. In addition, a Jurisdictional
Delineation may be required if the pipeline traverses through federal waters. Sensitive
biological resources include grasslands, riparian/wetlands, eucalyptus woodlands, Stephens
kangaroo rat, gnatcatcher habitat, and arroyo toad. Adherence to the MHCP would be
necessary to ensure any potential impacts to the nearby sensitive habitat would be less than
significant. A formal Biological Resources Report would be necessary to further evaluate the
existing biological resources on-site.
Cultural Resources
Potential impacts in regards to cultural resources may occur as the Water Authority Easement
Pipeline traverses undisturbed land as it travels through San Diego County. Cultural resources
may be encountered during construction activities.
A Cultural Resources Report is
recommended to assess existing cultural resources on-site.
Geology and Soils
Potential impacts in regards to geology and soils may occur. The geologic stability of the
pipeline’s route needs to be confirmed. A Geotechnical Report is recommended to assess the
geology of the connector.
Hydrology and Water Quality
Potential short-term construction impacts may occur. Potential water runoff from construction
and operation activities may impact open space areas. To mitigate and reduce potential
impacts, BMPs would be adhered to prevent potentially contaminated water runoff. Further
analysis is required to assess potential impacts, a Hydrology Report is recommended.
Noise
Potential short-term construction impacts may occur during trenching and laydown activities
from construction activities, which may affect sensitive biological resources and other sensitive
receptors within the County of San Diego. Long-term impacts are not anticipated to be
significant, as the Water Authority Easement Pipeline would operate underground. However,
potential impacts may occur from the pumps. Further analysis is required to fully assess
impacts of the proposed project. An Acoustical Assessment is recommended.
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Transportation and Traffic
Short-term transportation and traffic impacts may occur during construction as the construction
workers commute to and from the project’s construction site and the building equipment and
supplies are transported to the project site. Specifically construction-related trenching and road
closures may occur as the pipeline would traverse within existing roadways. A Traffic Impact
Analysis is recommended to detail the potential impacts associated with short-term construction.
Long-term operational impacts are not anticipated, as the pipeline alignment is not a trip
generating facility. Further analysis is recommended to fully assess potential impacts.

7.4.2 Conclusion
The Water Authority Easement Pipeline would encounter various environmental concerns
including aesthetics, air quality, biological resources, cultural resources, geology and soils,
hydrology and water quality, noise, and transportation and traffic. Further analysis and technical
studies would be necessary to fully analyze potential impacts such as an Air Quality
Assessment, Jurisdictional Delineation, Biological Resources Report, Cultural Resources
Report, Geotechnical Report, Hydrology Report, Acoustical Assessment, and Traffic Impact
Analysis. In addition, consultation with the USFWS, CDFG, and the County of San Diego is
recommended. For a discussion regarding potential permits and regulatory consultation, refer
to Section 8.0, Key Regulatory Permits and Approvals.
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8.0 Key Regulatory Permits and Approvals
This section assumes the following permits are necessary for the desalination facility, the eight
alternative sites, the four intake methods, the two discharge methods, and the two product water
conveyance alignments; refer to Table 2. The following is a preliminary discussion, and is not
intended to represent an exhaustive list of permits/approvals.
As noted in the
Recommendations section, preliminary agency scoping is recommended to further refine the
requirements and issues associated with these and other potential regulatory permits/approvals.

8.1

Federal Agencies

8.1.1 U.S. Marine Corps Base, Camp Pendleton Easement/Approval/
Partnership/Agreement
Implementation of the proposed project would require approval from the U.S. Marine Corps
Base, Camp Pendleton (Camp Pendleton). This approval process can be separated into three
categories: 1) approvals to access the site for environmental and engineering investigations
(e.g. access for general reconnaissance, geotechnical investigation, hazardous materials
reconnaissance, etc.); 2) a lease agreement for construction and operation of the desalination
facility; and 3) federal conformity determination for consistency with the Coastal Zone
Management Act (see California Coastal Commission discussion below). The site access is
critical to adequately consider physical site constraints and existing/potential permit conditions.
As part of this data acquisition, Water Authority’s team would need to discuss sensitivity in what
types of data collected and how the data is presented, in consideration of permitting or
monitoring requirements that Camp Pendleton may be involved in.
The lease agreement is essential to ensure the site viability. As part of these discussions with
Camp Pendleton, it would be important to understand the relationship of the proposed
desalination facility site with current and potential future operations. It would also be important
to define construction-related and operational site access and parking, as well as utility and
pipeline routing and interconnections.

8.1.2 U.S. Army Corps of Engineers Compliance (Section 404 Permit,
Section 10 Permit, Section 7 Consultation)
The ACOE, Section 404 permit is required for any discharge into “waters of the U.S.” and is
therefore anticipated for implementation of the proposed project. The Section 10 permit would
also be required as new structures would be placed in the navigable ocean (intake and outfall
structures, including wedge-wire device for open intake, concentrate discharge pipeline, and
temporary marine construction activities). Section 404 and Section 10 Permits would be under
the
jurisdiction
of
the
ACOE’s
Los
Angeles
District
office
(http://www.spl.usace.army.mil/regulatory/). Concurrent with this permit process, ACOE will
consult with other federal agencies, including EPA, Coast Guard, NOAA NMFS (for marinerelated regulations such as ESA and Marine Mammal Protection Act), and Section 106
compliance with the National Historic Preservation Act (cultural/historic resources). ACOE will
typically prepare their own environmental document to comply with the National Environmental
Policy Act (NEPA). To facilitate ACOE permitting, the project’s technical studies should be
conducted in coordination with ACOE and in compliance with NEPA and ACOE requirements.
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Impacts to federal resources (federally-listed species, significant cultural resource sites) would
represent potential additional delays and costs. In addition, construction of the Oceanside
Pipeline would require consultation with the ACOE as the SLRR is under the jurisdiction of the
ACOE.
Clean Water Act Section 404(a): “The Secretary may issue permits, after notice and opportunity
for public hearings for the discharge of dredged or fill material into the navigable waters at
specified disposal sites. Not later than the fifteenth day after the date an applicant submits all
the information required to complete an application for a permit under this subsection, the
Secretary shall publish the notice required by this subsection.”
Section 10 of the Rivers and Harbors Act of 1899: ” That the creation of any obstruction not
affirmatively authorized by Congress, to the navigable capacity of any of the waters of the
United States is hereby prohibited; and it shall not be lawful to build or commence the building
of any wharf, pier, dolphin, boom, weir, breakwater, bulkhead, jetty, or other structures in any
port, roadstead, haven, harbor, canal, navigable river, or other water of the United States,
outside established harbor lines, or where no harbor lines have been established, except on
plans recommended by the Chief of Engineers and authorized by the Secretary of War; and it
shall not be lawful to excavate or fill, or in any manner to alter or modify the course, location,
condition, or capacity of, any port, roadstead, haven, harbor, canal, lake, harbor of refuge, or
enclosure within the limits of any breakwater, or of the channel of any navigable water of the
United States, unless the work has been recommended by the Chief of Engineers and
authorized by the Secretary of War prior to beginning the same.”

8.1.3 U.S. Fish and Wildlife Service Compliance (Endangered Species Act,
Consultation)
U.S. Fish and Wildlife Service (USFWS) compliance is required as part of federal consultation
(by the California Coastal Commission [CCC], ACOE and others) for Endangered Species Act
(ESA) Compliance. Related to this is federal consultation with National Oceanic and
Atmospheric Administration (NOAA) Fisheries and the National Marine Fisheries Service
(NMFS) for ESA and Marine Mammal Protection Act compliance. These issues would arise
during construction near shorebird habitat, and may occur due to the discharge, or any
disturbance of native habitat or wetlands. Key USFWS issues for this project are anticipated to
include, but not be limited to, potential adverse effects upon coastal dune species (snowy
plover), federally-listed species (particularly for conveyance routes), sensitive marine resources
(reef and kelp areas, as well as potential affects of any marine construction or operation), I/E
issues associated with the open intake, and concentrate discharge.
Endangered Species Act, Section 7(a)(2): “Each Federal agency shall, in consultation with and
with the assistance of the Secretary, insure that any action authorized, funded, or carried out by
such agency (hereinafter in this section referred to as an "agency action") is not likely to
jeopardize the continued existence of any endangered species or threatened species or result in
the destruction or adverse modification of habitat of such species which is determined by the
Secretary, after consultation as appropriate with affected States, to be critical, unless such
agency has been granted an exemption for such action by the Committee pursuant to
subsection (h) of this section. In fulfilling the requirements of this paragraph each agency shall
use the best scientific and commercial data available.”
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8.2

State Agencies

8.2.1 California Coastal Commission
The State Coastal Development Permit (CDP) is required for the California Coastal Act (CCA)
compliance. However, with the State CDP, all long-lead discretionary permits must be obtained
prior to receiving a CDP from the State. The State CDP (from the CCC) is only for the ocean
discharge, as Camp Pendleton administers Coastal Act compliance for land-based projects
within the Coastal Zone. However, the Federal Agency must submit documentation stating how
the project complies with the CCC regulations. In addition, the CCC has the ability to approve
or deny a project, however, the CCC does not have the ability to conditionally approve the
project. Key issues for CCA compliance include water quality (discharge), marine resources
(including impingement/entrainment), growth, energy (GHG), coastal access, coastal views,
coastal dune resources, and alternatives.
The CCC retains permanent coastal permit jurisdiction over development proposed on
tidelands, submerged lands, and public trust lands, and the CCC also acts on appeals from
certain local government coastal permit decisions. The CCC administers the Federal Coastal
Zone Management Act (CZMA), with review/approval authority of Camp Pendleton actions
within the Coastal Zone. The most significant provisions of the CZMA give the CCC regulatory
control over all Federal activities and Federally licensed, permitted, or assisted activities if the
activity affects coastal resources. As part of the State CDP, the CCC would engage in federal
consultation with EPA (CZMA conformity), USFWS and NOAA/NMFS for ESA and Marine
Mammals Act compliance, and the US Coast Guard.
The CCA includes several policies intended to protect water quality. Requirements include
controlling runoff and waste discharges to protect water quality and preventing substantial
interference with surface water flows in order to sustain the biological productivity of coastal
waters, and minimizing the alteration of riparian habitats and streams.
The CCC would provide a discretionary review of detailed development plans for any proposed
use, structure, or activity located within the coastal zone (unless specifically exempted) as
established by the CCA.

8.2.2 California Environmental Quality Act Documentation
The proposed project would require compliance with the CEQA prior to implementation. It is
anticipated that the appropriate document for the proposed project would be an Environmental
Impact Report (EIR). The proposed project would be supported by numerous technical studies
(recommended above in Sections 3.0 through Section 7.0). Many of the supporting technical
studies would also be utilized for other required permits and approvals for the proposed project.
It is anticipated that key issues for CEQA compliance would be local land use
compatibility/zoning, concentrate discharge (water quality), and marine resources
(impingement/entrainment).
In compliance with CEQA, the EIR would provide a description of existing conditions,
environmental impacts, and mitigation for such impacts. The EIR would be adopted by the
Water Authority, the CEQA lead agency, and would be required for any other local or State
agency for which permits/approvals are required (unless that agency’s permitting program has
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been approved as functionally equivalent and therefore exempt from CEQA, such as the CCC’s
CDP program).

8.2.3 California Regional Water Quality Control Board (National Pollutant
Discharge Elimination Systems Permit)
This permit is necessary for the concentrate discharge, including brine and any other physical
changes to the source water (see discussion below regarding WDR and 401 Certification). The
National Pollutant Discharge Elimination Systems Permit (NPDES) have recently been issued
for two major desalination projects in Huntington Beach and Carlsbad (50 MGD each), and have
also been issued for a demonstration facility in Long Beach (300,000 gpd). Water quality issues
are also relevant to the CEQA process, as well as CDP, and must consider a variety of water
quality
regulations,
including
the
Ocean
Plan
and
Thermal
Plan
(see
http://www.swrcb.ca.gov/plnspols/oplans.html and http://www.waterboards.ca.gov/npdes/index.
html). The Regional Water Quality Control Board (RWQCB) may also address salinity issues as
they relate to ambient conditions and effects on the existing discharge, if any. In addition, due
to diversion of permeate for product water, and due to the increased volume of brine and
chemical discharge, the water quality and marine biological (receiving water) analyses would be
detailed and would receive greater scrutiny from the public. The permit would likely involve
discharge monitoring, and it would be important to establish a “point of regulation”

8.2.4 California State Lands Commission
The California State Lands Commission (SLC) was given the authority and responsibility to
manage and protect the important natural and cultural resources on certain public lands within
the state and the public’s rights to access these lands. SLC’s jurisdiction extends to more than
120 rivers and sloughs, 40 lakes and the state’s coastal waters, extending from the shoreline
out to three miles offshore. The SLC manages the public trust lands including tidelands. A
Land Use Lease from the SLC would be required for the proposed project, since the proposed
project would develop a new intake and/or outfall pipeline. Key SLC issues will be similar to
those identified for the Coastal Commission, including concerns for marine resources, GHG,
and growth (see http://www.slc.ca.gov/ Regulations/Article_9.html).

8.2.5 California Department of Transportation (I-5 Crossing)
The I-5 freeway bisects the proposed project’s pipeline system for feedwater conveyance,
product water conveyance, and discharge conveyance. Pipelines would either be tunneled
under I-5 using trenchless construction methods or be tunneled under the I-5 SMR crossing.
Thus, consultation with the California Department of Transportation (Caltrans) and obtaining an
Encroachment Permit would be required.

8.2.6 California State Parks
At this time, it does not appear that the proposed project would encroach onto the California
State Parks lands during construction of the conveyance pipeline tunnels and construction of
the intake/discharge tunnels. If so, an Encroachment Permit would be necessary from the
California State Parks.
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8.2.7 California State Department of Toxic Substances Control
Existing hazardous materials contamination at some of the Alternative Sites may require permits
and/or approvals from the Department of Toxic Substances Control (DTSC), RWQCB, and/or
the Local Enforcement Agency (LEA). Camp Pendleton will also have to grant clearance prior
to sale or lease of any property owned by DOD, either a Finding of Suitability for Transfer
(FOST) or Finding of Suitability for Lease (FOSL). This will be a condition of transfer/lease,
and will need to be addressed in relevant environmental/permitting documents (and may
supersede the DTSC process for property on Camp Pendleton).
Soil contamination may occur at some of the Alternative Sites; in addition, should the project
utilize a subsurface method for seawater intake, potential groundwater contamination must also
be examined. Should contamination be present, the site must be remediated and, to the
satisfaction of the DTSC, a Remedial Action Plan would be required and implemented for the
proposed project. Should a site require “corrective action” (have contamination, either surface
or groundwater, that exceeds a minimum action level), it may take two or more years to go
through the DTSC site remediation and site clearance process.
Should the Water Authority proceed in the absence of DTSC clearance, the Water Authority
may retain liability for eventual site remediation should it be required in the future. An
intermediate process is possible, involving informal coordination with DTSC on hazardous
materials investigations to determine whether or not the site requires corrective action. The
Water Authority should explore means of avoiding or limiting liability, such as capping the site to
prevent ground disturbance, and avoiding any dewatering or groundwater pumping to affect
(and therefore trigger liability) the existing contaminated plumes. A subsurface intake system
has the potential to affect the contaminated groundwater plumes and as such could incur
substantial liability for the Water Authority. This should be further evaluated in hydrogeologic
modeling as part of the permitting and CEQA process.

8.2.8 California Department of
Agreement, 2080 Permits)

Fish

and

Game

Compliance

(1602

A 1602 Agreement and 2080 Permits are required for disruption of any streambed through an
open cut trench or otherwise, or for impacts to State-listed endangered species. CDFG may
also comment on State-regulated marine and fishery resources, as well as potential
construction-related issues such as pipeline “frac-outs”. This permit would be required as
different aspects of the proposed project involve construction near shorebird habitat, may
disturb native habitat or drainages, and includes a seawater concentrate discharge to the Pacific
Ocean.

8.2.9 California Department of Health Services Domestic Water Supply
Permit
The purpose of the proposed project is to provide the Water Authority with another 50 MGD of
potable water for distribution to the Water Authority’s service area and ultimately deliver up to
150 MGD to their service area. This permit is required prior to potable use of the permeate, and
is issued following startup of the desalination facility. Typically, as part of a desalination
project’s environmental and regulatory approval process, a Water Supply Assessment is
prepared, which requires detailed analysis of the proposed source water’s water quality. The
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California Department of Health Services (DOH) would review and process the Water
Authority’s Domestic Water Supply Permit in accordance with the California Health and Safety
Code, Section 116525(a): “No person shall operate a public water system unless he or she first
submits an application to the department and receives a permit as provided in this chapter. A
change in ownership of a public water system shall require the submission of a new
application.”

8.2.10

Clean Water Act Compliance

The State Water Resources Control Board’s (SWRCB) Waste Discharge Requirements (WDR)
permit would be required for any surface discharge not regulated by the NPDES, such as
dewatering, which may be required during construction. The Section 401 Water Quality
Certification would be required for the project’s ACOE Section 404 discharge permit for
discharge into the “waters of the U.S.”.
Clean Water Act Section 401(a)(1): ” Any applicant for a Federal license or permit to conduct
any activity including, but not limited to, the construction or operation of facilities, which may
result in any discharge into the navigable waters, shall provide the licensing or permitting
agency a certification from the State in which the discharge originates or will originate, or, if
appropriate, from the interstate water pollution control agency having jurisdiction over the
navigable waters at the point where the discharge originates or will originate, that any such
discharge will comply with the applicable provisions of sections 301, 302, 303, 306, and 307 of
this title.”

8.3

Local Agencies

8.3.1 San Diego Air Pollution Control District – Permit to Construct/Operate
As required by the California Clean Air Act and the Federal Clean Air Act, the San Diego Air
Pollution Control District (SDAPCD) is responsible for air monitoring, permitting, enforcement,
long-range air quality planning, regulatory development, and education and public information
activities to air pollution. The SDAPCD regulates the use of stationary equipment generating air
emissions. Should the proposed project require the use of diesel- or natural gas-powered
equipment (whether duty or emergency backup), the proposed project would require a Permit to
Operate from the SDAPCD and be required to adhere to the SDAPCD rules and regulations.

8.3.2 Waste Water Discharge Requirements
This permit may be necessary for dewatering, such as may occur with the onshore intake
alternative and pipeline crossings of natural drainages. The Regional Water Quality Control
Board would review and process the Waste Discharge Requirements Permit in accordance with
the Water Code Section 13260.
Water Code Section 13263(a): “The regional board, after any necessary hearing, shall
prescribe requirements as to the nature of any proposed discharge, existing discharge, or
material change in an existing discharge, except discharges into a community sewer system,
with relation to the conditions existing in the disposal area or receiving waters upon, or into
which, the discharge is made or proposed. The requirements shall implement any relevant
water quality control plans that have been adopted, and shall take into consideration the
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beneficial uses to be protected, the water quality objectives reasonably required for that
purpose, other waste discharges, the need to prevent nuisance, and the provisions of Section
13241.”

8.3.3 Private Landowners/Cities Encroachment Permit/Easements/ROW
As an off-site network of product water conveyance pipelines would be necessary for the
proposed project, it is expected that multiple encroachment permits would be required for
construction of these pipelines. These permits would likely need to be acquired from local
agencies such as the City of Oceanside (local roadways/infrastructure), San Diego County (for
any regional floodway crossings), and/or Caltrans (for construction affecting State highways,
such as I-5).

8.3.4 Other Local Permits/Approvals
The proposed project would require multiple utility connections, such as electricity, natural gas,
sewer, stormwater, and telephone. The Water Authority would be required to coordinate with
applicable local utility providers to establish necessary connections, and pay applicable
connection fees when applicable. The Water Authority may also require approvals from Camp
Pendleton Staff for utility relocation at Camp Pendleton. A large network of underground utilities
may exist throughout the alternative sites and may require relocation for desalination facility and
pipeline infrastructure construction.

8.3.5 NEPA/Federal Funding
Should the Water Authority pursue federal funding for any element of the proposed project
(such as through the U.S. Environmental Protection Agency or U.S. Bureau of Reclamation),
compliance with the National Environmental Policy Act (NEPA) would be required. The
appropriate NEPA document would likely be an Environmental Impact Statement (EIS). It is
anticipated that the EIS could rely heavily on analysis performed for the EIR, although
modifications would be necessary at the discretion of the Federal lead agency. In addition,
NEPA compliance will be required by individual federal agencies as part of any federal
permit/approval, such as the ACOE Section 10/404 process, and Camp Pendleton’s
FOST/FOSL process.

San Diego County Water Authority

81

May 2008

Water Authority’s Seawater Desalination Facility at Camp Pendleton
Environmental and Permitting Issues Technical Memorandum

9.0 Recommendations
Recommended CEQA documentation, technical studies, and a potential schedule are below.
These recommendations are general and not specific to any alternative site location, intake
method, discharge method, or product water conveyance alignment. Once a specific site
location, intake method, discharge method, and product water conveyance alignment is
identified as the preferred project, a more detailed project specific analysis would be required to
assess the project specific CEQA documentation, technical studies, and schedule.
This TM-8 provides for initial recommendations to facilitate the successful completion of the
project. A list of anticipated permits and approvals for the project is provided in the attached
tables. The following factors will need to be addressed as part of successful permitting for the
project:
1)
2)
3)
4)
5)

6)

7)
8)
9)
10)
11)
12)
13)

Gain stakeholder support/consensus early;
Provide flexibility in the permits and CEQA process to adapt to design modifications.
Conduct additional research regarding specific regulatory permit issues;
Conduct informal scoping with key stakeholders, including regulatory agencies;
Recommendation to prepare CEQA documents as “alternatives” analyses, where
each site is evaluated, along with intake/discharge and process options. This allows
the CEQA process and permitting to commence early and involves stakeholders
(including the local community, environmental groups, and regulatory agencies) in
the project selection process, although it does require additional upfront costs for
additional technical studies evaluating the alternatives, and invites outside parties
into the project selection process;
Develop a Risk/Opportunity Matrix to identify risks of various site conditions and
recommendations, to balance against potential benefits. This matrix should
consider, at minimum:
a) Subsurface intakes
b) Alternative sites
c) Alternative process
d) Timing of preliminary design, environmental, permitting, final design and
construction.
Potential development of a pilot scale project to facilitate ultimate facility design,
CEQA and permitting;
Preparation of an “alternatives” CEQA document;
Develop/implement an integrated design/permitting/public outreach process;
Retain a coastal processing strategist with experience in water law and desalination;
Retain outside legal counsel with expertise in water law, permitting, CEQA and
hazardous materials;
Develop/implement integrated regulatory agency communication protocol and data
acquisition plan, in consultation with Public Relations staff; and
Key risks to the schedule should be identified with contingency plans developed,
including site access/lease agreements, DTSC clearance of any hazardous
materials, NPDES permitting, litigation, appeals, and Coastal Development Permit
processing, as well as design/build options to accelerate construction.
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9.1

Potential CEQA/NEPA Documentation

The proposed project consists of the development of a desalination facility, located at one of the
eight alternative site locations, an intake system, a discharge system, and a product water
conveyance alignment. An Environmental Impact Report (EIR) and Statement (EIS) is
recommended for the proposed project. In addition to the required CEQA sections, potential
impact sections would include the following:













9.2

Aesthetics
Air quality
Biological resources (including Receiving Water quality)
Cultural resources
Geology and soils
Hazards and hazardous materials
Hydrology and water quality
Land Use/Relevant Planning
Noise
Population and housing
Traffic/Circulation/Access
Utilities and service systems (including source water and product water quality)

Potential Technical Studies

Potential technical studies include the preparation of the following:














9.3

Visual Impact Report
Air Quality Assessment
Climate Change Assessment
Biological Resources Report
Cultural Resources Report
Geotechnical Report
Bathymetry Report
Phase 1 Environmental Site Assessment
Hydrology Report
Receiving Water Modeling Report
Acoustical Assessment
Traffic Impact Analysis
Water Supply Assessment

Potential Schedule

See Attachment A.
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2 mons

6 mons

Bathymetry Report

Regulatory Pre-Application Meetings

10

11

4 mons
2 mons
6 mons
3 mons
3 mons
2 mons
3 mons

Cultural Resources Report

Geotechnical Report

Phase 1 ESA

Hydrology Report

Acoustical Assessment

Traffic Impact Analysis

18

19

20

21

22

23

1 day?

6 mons
12 mons

ACOE Section 10 Permit

CCC Coastal Development Permit

42

43

6 mons
3 mons
3 mons

Local Utility Connection/Relocation Approvals

RWQCB General Construction Activity Storm Water Permit

RWQCB Section 401 Certification

48

49

50

1 day
1 day

RWQCB Waste Discharge Requirements

60
Progress

3 mons

State Department of Health - Domestic Water Supply Permit

59

Split

6 mons

Local Sanitary Sewer Connection/Industrial Waste Discharge

58

Task

4 mons

SDAPCD Permit to Operate

57

458 days

Local Utility Companies Agreements

56

Operation

Project Construction

54

55

1 day

Award Contract

53

12 mons

1 mon

Advertise Bid

52

261 days

6 mons

City of Oceanside Encroachment Permits

47

Construction

6 mons

Caltrans Encroachment Permit

46

51

6 mons

SDAPCD Authority to Construct

45

120 days

6 mons

ACOE Section 404 Permit

41

Construction Permits

6 mons

CDFG Section 1600 Streambed Alteration Agreeement

40

44

6 mons

CDFG Section 2080 Permit

39

1 mon
20 mons

NPDES Permit

38

400 days

MCB, Camp Pendleton Access and Lease Agreement

Long-Lead Discretionary Permits

37

36

400 days

NOD Issued

Permits and Approvals

34

35

1 mon
1 day?

Public Hearing

33

22 days?

Final EIR Preparation

32

Final EIR

2 mons
45 days

45-Day Public Review

30

31

6 mons

Preliminary Draft EIR Preparation

29

205 days

Screencheck Draft EIR Preparation

28

Draft EIR

30-Day Public Review

26

27

1 mon
30 days

Initial Study Preparation

25

50 days

2 mons

Biological Resources Report

17

Initial Study/Notice of Preparation

2 mons

Global Climate Change Assessment

16

24

2 mons

Air Quality Assessment

15

120 days

Visual Impact Report

Technical Studies

14

13

570 days?

3 mons

Hydrodynamic Modeling

9

CEQA Clearance

3 mons
12 mons

Marine Biological Resources Report

8

12

6 mons

Site Acquisition/MCB Camp Pendleton Negotionations Compeleted

7

240 days

Final PDR

Advanced Studies/Permitting Tasks

5

6

Draft PDR

4

4 wks
3 mons

CEQA Project Description

120 days

1073 days?

Water Authority's Desalination Facility at Camp Pendleton

Preliminary Design Report
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Task Name

3

2

ID
1

Year 1
Q1
Q2

Milestone

Q3

Q4

Summary

Q6

Q7

Year 3
Q9

Project Summary

Q8
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Year 2
Q5
Q10
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External Tasks

Q11

Q12

Year 4
Q13
Q15

External Milestone

Q14

Q16

Deadline

Year 5
Q17
Q18

Q19
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California Least Tern Nesting Areas

California Gnatcatcher Locations

Least Bells Vireo Locations

Southwestern Willow Flycather Locations

Source: U.S. Marine Corps Base, Camp Pendleton, CA, Integrated Natural Resources Management Plan, March 2007
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Snowy Plover Nesting Locations

Pacific Pocket Mouse Locations

Stephens Kangaroo Rat Locations

Southern Steelhead Trout Locations

Source: U.S. Marine Corps Base, Camp Pendleton, CA, Integrated Natural Resources Management Plan, March 2007
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Tidewater Goby Habitat

Arroyo Toad Locations

Vernal Pool Group Locations

San Diego Button Celery Locations

Source: U.S. Marine Corps Base, Camp Pendleton, CA, Integrated Natural Resources Management Plan, March 2007
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Spreading Navarretia Locations

Brodiaea Filifolia Locations
Source: U.S. Marine Corps Base, Camp Pendleton, CA, Integrated Natural Resources Management Plan, March 2007
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APPENDIX F:
COST ESTIMATE DATA
1. Malcolm Pirnie:
Project Correspondence: Intake and Discharge Systems Conceptual Level Cost
Estimate and Assumptions (Dated: October 14, 2008).
2. Jacobs Associates:
Project Memorandum: Camp Pendleton Desalination Plant Tunnel; Basis of Estimate
(Dated: April 15, 2008).
3. San Diego County Water Authority:
Approximate Construction Costs: Pipeline Installation (Dated: December 31, 2007).
Approximate Construction Costs: Pump Stations (Dated: December 31, 2007).
4. RBF Consulting:
Email Correspondence with Wayne Papac (RBF Construction Management):
Trenchless Installation – 72-inch Diameter (Dated: April 9, 2008).
Pipeline Protection (PCC Encasement) – 72-inch Diameter (Dated March 29, 2009).
5. Energy Recovery Inc (ERI):
Email Correspondence with Carlos Camero (ERI):
ERI Price Quote - SDCWA - ERI Budgetary Quote (Dated: October 17, 2008).
6. Manson Construction Company (MCC):
Email Correspondence with Mark Stuessy (MCC):
Tunnel Collector Wells (Dated: March 27, 2009).
7. DHK Engineers:
Project Memorandum – Camp Pendleton Seawater Desalination Feasibility Study Utility Provisions Technical Memorandum (Dated: April 5, 2009).
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The attached conceptual level construction cost estimate was prepared based on the
preliminary design concepts outlined in Technical Memorandum 3.2, Camp Pendleton
Desalination Facility Intake Structure Feasibility Study, and Technical Memorandum 4.1,
Camp Pendleton Desalination Discharge Feasibility Study, prepared by Malcolm Pirnie,
Inc. (Pirnie) dated September, 2008. Pirnie was retained by RBF Consulting to develop
design concepts for the proposed desalination plant to be located at the Marine Corps
Base at Camp Pendleton, San Diego, California.
The design concepts in Technical Memorandums 3.2 and 4.1 were developed based on
generally available public sources of information. No site specific data was generated in
developing either the design concepts or this estimate. Analyses of site specific
conditions will need to be prepared to confirm design assumptions prior to proceeding
with the next step in the design process. For this estimate, cost information was taken
from published and unpublished sources, vendor quotes, historical cost data bases, and
Malcolm Pirnie’s experience on similar projects. These costs are for planning purposes
only and reflect a general order of magnitude of the anticipated final construction costs.
This estimate covers only the work to be installed seaward from the tunnel terminus
splitter box located at the water end of the main water conveyance tunnel which extends
4000 feet from the shoreline. Costs for the tunnel, tunnel terminus splitter box and onshore facilities are being prepared by others.
Intake System
The following assumptions were generated in order to provide a cost for the intake
system.
1. Intake System Components
The open-ocean intake system will include the following structural components:
Eight open-ocean wedgewire screens
Two header pipelines
Associated appurtenances.

ENR CCI: 8600

2. System Capacity
The intake system will be sized to handle a freshwater production rate of up to
150 MGD. A reverse osmosis treatment efficiency rate of 45 percent is assumed,
resulting in a projected seawater intake rate of 330 MGD.
3. Intake Screens
Screen design is based on manufacturer-specific information supplied by Johnson
Screens1 of New Brighton, Minnesota. Each screen will consist of a wedgewire
grid constructed of a V-shaped wire spirally wound around and welded to a
cylindrical cage of longitudinally-oriented support rods with a slot width of
1.0 mm (0.04 in). The wire width is assumed to be 1.803 mm (0.071 in). The
screens are designed based on a maximum approach velocity of 0.5 fps resulting
in a maximum through-slot velocity of 0.9 fps. The diameter of the screen is
assumed to be 72 in (6 ft) with a length of 24 ft (based on manufacturer’s
calculations). Based on these dimensions, eight (8) screens are required to achieve
the maximum required feedwater flow of 330 MGD. The screens will be placed in
two lines of four, oriented horizontally end to end. Each screen will be attached to
a 2-ft long pipe fitting located at the midpoint of the screen (refer to Technical
Memorandum 3.2 for more information on screen design). On the up-current end
of each line of screens, there will be a conical debris deflector.
4. Intake Location
This estimate assumes that the screens will be located such that the top of the
screens are covered by a minimum of 50 feet of water. Given a screen height of
approximately 15 feet, the total required water depth will be approximately
65 feet. This depth occurs at approximately 1.4 miles (7,400 ft) offshore from the
proposed facility site (see Figure 1 for conceptual layout).
5. Piping System
The eight screens will be configured in two lines of four. Each screen will be
supported 2 ft above a header pipe below by the pipe fittings connected to the
header. The two headers will be constructed of 10.5-foot diameter (ID) pipe with
a 2-inch-thick steel wall coated with 15-inch of concrete coating. The headers will
be placed in an 18-ft deep trench lined with gravel. Following pipe installation,
the trench will be backfilled with native soil (see Figure 2). The headers will
convey the feedwater 3,500 ft to the tunnel terminus splitter box located
approximately 4,000 ft offshore. Refer to Technical Memorandum 3.2 for
additional explanation of screen configuration.

1

Manufacturer Website:
http://www.weatherford.com/weatherford/groups/public/documents/johnsonscreens/js_intakescreens.hcsp?j
s=1

Discharge System
1. Discharge System Components
The discharge system will consist of two systems. One system will carry a
combination of desalination brine effluent and treated effluent from the Base
wastewater treatment plant. This system will consist of the following structural
components:
Pipeline
Diffuser.
The secondary system will serve as a standby discharge system for those periods
when the desalination plant is not operating and only the effluent from the
wastewater treatment plant will be discharged. This smaller system is separate in
order to (1) maintain hydraulic integrity of the discharge conveyance system
when the large volume of desalination brine effluent is absent, and (2) achieve the
required dilution.
2. Discharge System Capacity
The combined brine and treated wastewater effluent discharge structure will be
designed to discharge 180 MGD brine and treated wastewater effluent. The
standby pipeline will be sized to accommodate 5 MGD treated wastewater
effluent.
3. Diffuser Location
Diffusers will be located at a water depth of 100 ft. This depth occurs at
approximately 2.4 miles (12,700 ft) offshore from the proposed facility site (see
Figure 1).
4. Piping System
The brine discharge will be carried in a 10.5-foot ID, 2-inch-thick steel lateral line
coated with a 15-inch-thick concrete coating. The standby treated effluent
discharge will be in a 24-inch-diameter, 0.5-inch-thick steel lateral line with a 3inch-thick concrete coating. Both pipes will extend approximately 8,700 ft from
the splitter box. The conveyance pipes will be placed in the same trench as the
intake piping system. The trench and pipes will extend an additional 5,200 ft to
the diffuser location.
5. Brine/Treated Wastewater Diffuser System
The diffuser will be oriented in a “Y” configuration and sized to handle up to
150 MGD brine effluent from the desalination process. One branch will be able to
be sectioned off. Each branch is estimated to have a length of 1,200 ft. The
diffuser will be constructed of a 7-foot inner diameter, 2-inch thick steel pipe with
a 12-inch-thick concrete coating.

6. Standby Treated Wastewater Effluent Diffuser
The treated wastewater effluent diffuser will be oriented in a linear configuration
and sized to handle 5 MGD of treated wastewater effluent from the base’s
wastewater treatment plant. The length of this diffuser is estimated at 600 ft.
Installation and Construction Capital Costs
Construction is estimated to take 18 months and will involve the following equipment
and crews:
Barges
Cranes
Tug boat
Dive crews (for 12 of the 18 months)
Tradesmen
Unit prices for equipment and crews are assumed to include the following:
Costs for excavation of the pipeline trench
Fabrication of the four pipelines from the splitter structure
Backfill of the pipeline trench
Installation of the intake screens
Installation of both the Y-configured co-mingled diffuser and the
standalone diffuser.
No costs allocations are included for the tie-in with tunnel, environmental issues or
permits, weather, excavation of rock, or seasonal work due to environmental
concerns. No piles or supports are included. Off site labor for costs and work done at
manufacturer site are included in the material costs.
Operation and Maintenance Costs
1. Annual Inspection
It is assumed that an annual inspection of offshore structures will be required.
This inspection is assumed to take one dive crew two weeks to complete.
2. Intake Screen Clearing
To allow for routine maintenance of the screens, an air burst system will be
installed in the screens. However, due to the distance from shore that the screens
will be located, the airburst system will have to be accessed at the screen site. A
compressor and air feedline located on the barge will connect an airline running
vertically from the surface to the airburst systems in the screens. It is assumed
that the screens will be cleaned twice a year. It is estimated that the screens can
be cleaned in a two day period (including mobilization/demobilization) and will
require one dive crew, one barge and one tugboat.

In addition, it is assumed that the screens will be cleaned manually each year by a
dive team. It is estimated it will take the dive team 40 man-hours to manually
clean the screens. This activity will also require a support vessel.
3. Permitting costs
Costs associated with obtaining local, state and federal permits and satisfying
permit conditions for operations are not included with this estimate.

Marine Corps Base Camp Pendleton
Desalination Facility: Intake and Discharge Structures
Conceptual Cost Estimate - Intake and Outfall Costs
Amount Material / Equipment

Quantity

Unit

Unit Price

Cost

Capital Costs
Intake Headers (2 Pipes, 3,500' each)
Intake Screens

10.5' Dia Steel Pipe Concrete Cover
6' Dia
Johnson Screens T-72

7,000
8

lf
EA

$
$

1,200 $
150,000 $

8,400,000
1,200,000

Brine Discharge Line
WWTP Effluent Discharge Line

10.5' Dia Steel Pipe Concrete Cover
24" Dia Steel Pipe Concrete Cover

8,700
8,700

lf
lf

$
$

1,200 $
400 $

10,440,000
3,480,000

Diffusers (Brine Y and WWTP Effluent)

7' Dia

Diffuser Pipe Concrete Cover
Structure at outfall "Y"
Diffuser Orifices
Gravel

2,400
1
1
26000

lf
LS
LS
CY

$
$
$
$

1,500
2,000,000
750,000
50

$
$
$
$

3,600,000
2,000,000
750,000
1,300,000

Barges
Cranes
Tug boat
Diver Crews
Tradesman

18
18
18
12
18

months
months
months
months
months

$
$
$
$
$

55,000
45,000
50,000
175,000
18,000

$
$
$
$
$

3,960,000
1,620,000
900,000
6,300,000
12,960,000

$
Contingency (40 %) $
$
Engineering and CM Costs (20%) $
Total $

56,910,000
22,760,000
79,670,000
15,930,000
95,600,000

Gravel trench bedding
Installation/Construction

4
2
1
3
40

Maintenance Costs
Annual Inspection

1
1

Dive Crew
Support Vessel

2
2

weeks
weeks

$
$

50,000 $
15,000 $

100,000
30,000

Intake Screen Semiannual Airbust
(1 week assumed for each)

1
1

Dive Crew
Support Vessel

2
2

weeks
weeks

$
$

50,000 $
15,000 $

100,000
30,000

Intake Screen Annual Cleaning

1
1

Dive Crew
Support Vessel

2
2

weeks
weeks

$
$

50,000 $
15,000 $

100,000
30,000

Annual Total $

390,000

NOTES:
No costs allocations for tie-in with tunnel included
No costs consideration for environmental issues or permits
No costs considerations for weather .
No costs considered for excavation of rock
No allocation for seasonal work due to environmental concerns
Excavated material to be side casted and used as fill for trench
No piles supports
Excavation and backfill included in labor costs above
Under water assembly included in labor costs above
All onsite labor included above
Off site labor for costs and work done at manufacturer site include in material costs

10/14/2008
MCBCP_desal_intakedischarge_costs_101408.xlsx

Page 1 of 1

POTW EFFLUENT DIFFUSER

WATER DEPTH = ~65’

THIS PAGE INTENTIONALLY LEFT BLANK

Project Memorandum

•

North of the Santa Margarita River, west of Interstate 5 (Sites 5 and 6). A major advantage of
this location is its close proximity to the shoreline, and therefore no land portion of the tunnel
would be required. Whether utilizing Site 5 or 6, the tunnel portal would be located in the same
location. Therefore, one disadvantage of utilizing Site 6 is the fact that two large diameter (72inch) feedwater pipelines would have to cross Interstate 5 and the railroad. Fortunately they
could be located under the Santa Margarita River bridge crossing and therefore not be tunneled.

4 Anticipated Ground Conditions
The Project site geology is described in a report “Geotechnical Reconnaissance Desalination Plant
Feasibility Study MCB Camp Pendleton” dated November 16, 2007 by Ninyo and Moore. Refer to the
report for more information. The soil types are:
•
•
•
•
•
•
•

Fill;
Top Soil;
Alluvium;
Older Paralic deposits;
San Mateo Formation;
San Onofre Breccia;
Offshore Geology

The offshore geology is presumed to be beach sands overlying Older Paralic deposits. The beach sands
decrease in thickness as the ocean depth increases. The beach sands also appear to increase in depth
across the river channel.

5 Anticipated Ground Behaviors
Ground behaviors are described in the attached Tunnelman’s Classification (Appendix A). The Older
Paralic Deposits are anticipated to behave as firm while the sands are anticipated to become flowing if the
granular soil is disturbed by ground movement, over-excavation, or if the hydrostatic pressure is not
controlled or balanced.

6 Tunnel Construction
The tunnel will serve as the intake and the carrier for the outfall pipe. The tunnel is anticipated to be a
single 16-foot inside diameter intake tunnel with an 8- or 9-foot inside diameter interior pipe serving as
the outfall line. For all options, the tunnel is to be located in the Old Paralic Deposits. The tunnel is to be
constructed with a seaward down gradient and parallel the Old Paralic Deposits. Once the tunnel is
completed, there are three options to collect water for the desalination process: a) drill angled collector
wells from the tunnel into permeable sands; b) construct a shallow seabed infiltration gallery on the ocean
floor; or c) an open-ocean intake utilizing wire mesh screens. The outfall can rise to the ocean floor and
then extend further offshore using marine construction to an acceptable location.
The tunneling method will need to control the tidal-influenced hydrostatic pressure, which may be as
much as 200 feet. The tunnel is to terminate at a maximum depth of 100 feet below the ocean floor with a
maximum ocean depth of 100 feet. Depending on the final design and actual site conditions, the
tunneling machine is likely to be a slurry pressure balanced machine. This machine design is compatible
with the anticipated ground behavior and high hydrostatic head. The cutter wheel and excavation tooling
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need to be designed to survive the entire drive or the contractor needs to design the machine so the
excavation tooling can be replaced from within the tunneling machine without the use of a shaft.
The tunnel has to be designed to withstand the construction loads, hydrostatic forces, and the collection
and discharge requirements. Pipe jacking and gasketed liner segments are typical methods in this size
range. The length of the tunnel would lend itself to the use of gasketed liner segments and preclude pipe
jacking. The selection of tunneling equipment will partially determine the shaft diameter and
construction method.

7 Shaft Construction
The shaft should be located close to the shoreline to reduce tunneling footage. The 100- to 150-foot deep
shaft is to be excavated in Older Paralic Deposits. The shaft size will be partially determined by the
tunnel excavation method, support equipment, ground conditions, and the need to accommodate the
permanent facilities. The shaft is anticipated to be 40 to 50 feet in diameter. After tunnel construction,
the shaft is anticipated to provide permanent access to the intake and outfall lines and permanent civil
facilities. Shaft construction methods will need to be designed to withstand the hydrostatic forces,
construction loads, and be constructed without dewatering necessitating the use of in-the-wet construction
methods. Typical construction methods that meet these design requirements are: a) slurry wall, secant
pile, or soil mixing; b) ground freezing; c) cast-in-place caisson; and d) reverse circulation drilling. The
anticipated ground conditions are likely to dictate that a cast-in-place caisson shaft would be the most
likely shaft support system.

8 Design Alternatives
Utilizing Sites 1 or 2 will require approximately 4,000 feet of additional tunneling to reach the shoreline
creating an 8,000-foot long tunnel. With 8,000 feet of tunneling, a new tunneling machine may be needed
or preferred.
Alternative shaft designs and tunnel slope may reduce the project cost. Shaft costs may be reduced by
constructing an oval shaft or a smaller diameter. If the tunnel slope is changed, the shaft may not be as
deep, also resulting in lower costs.
The land portion of an 8,000-foot tunnel provides an opportunity to sink a maintenance shaft near the
shore line. The maintenance shaft provides the ability to replace the tooling and access the cutter face
before commencing the off shore portion of the tunnel.

9 Project Feasibility
The shaft and tunnel portion of this project is technically feasible based on our understanding of the
project as described to us and on the assumptions made in order to prepare this estimate. Successful
construction of the shaft and tunnel portion of the project will depend to a large degree on completing a
thorough geotechnical investigation (land and sea) to confirm the subsurface conditions and the soil
behaviors upon which this estimate is predicated. In addition, the project must is designed using sound
engineering principles and practices as it applies to shaft and tunnel construction under marine conditions.
The design must also ensure that the collector well system can be successfully integrated into the tunnel
liner design without compromising its structural integrity.
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Camp Pendleton Project
Feasibility Cost Estimate Narrative
1.0

Purpose

The purpose of this narrative report is to summarize the assumptions and explain a
construction methodology likely to be used during construction and to provide a
preliminary assessment of the estimated cost to construct the scope of work set forth
below.
2.0

Scope of Work

The estimate is based on the Jacobs Associates contract, dated November 5, 2007 with
scope of work as follows:
•

•
•
•

Construction of approximately 4,000 feet of 16-foot ID (approximately 18-foot
outside diameter) tunnel. We understand that the client is considering
constructing the tunnel as an intake tunnel in combination with an 8- or 9-foot ID
outfall pipeline that is contained within the intake tunnel.
Construction of a launch shaft with the working invert about 150 feet deep.
Abandonment of the TBM at the termination of the tunnel.
Construction beginning in 2010.

The estimate excludes the following:
•
•
•
•
•
3.0

Development of the launch shaft into a permanent structure.
Construction of the outfall pipeline within the intake tunnel.
Structure or ground treatment at the tunnel termination.
Ancillary civil works including outfall carrier, riser pipes, individual intakes,
valves, fittings, and vents.
Inspection, testing, and permits.
Basis for Estimate

In order to arrive at a reasonable rough order estimate for construction of the shaft and
the ocean tunnel for the combined intake and outfall line, construction cost information
was reviewed for two projects similar to this project:
The first project for which construction cost information was obtained is the South Bay
Ocean Outfall Project (SBOO) undertaken by the City of San Diego from 1997 to 1999.
This project comprised a deep shaft and 20,000 lineal foot of 13-foot excavated tunnel
constructed by a Slurry Tunnel Boring Machine (TBM) and erecting bolted/gasketed
segments for initial support. The shaft and tunnel costs for that project are based on the

1

schedule of values presented in an application for payment that was made within 6
months of final project completion and have been adjusted for tunnel size.
The second project forming the basis for estimated costs is on the West Coast. We are
currently providing design services for this project, and the nature of our agreement with
the client does not allow us to reveal the project name or specific details. However, this
project is similar to the Camp Pendleton Desalination Project.
Project costs were escalated using ENR Construction Cost Index information to baseline
costs in current 2008 dollars. Escalation was further taken from 2008 to the mid-point of
construction, based on a 2010 NTP and an estimated construction duration of two years,
as discussed below. The escalation rate used was 5% per year.
5.0

Cost and Schedule Summary

The costs presented in Table 1 below are our opinion of the probable bid amount that
would be tendered for the shaft and the tunnel excavation and support portion of the
project assuming construction proceeds in 2010. To do this, we have identified an
appropriate level of contingency that should be included for the lack of design definition
and the current bid climate in the underground industry. We have omitted all other costs,
including so-called ‘soft’ costs such as right-of-way, design, construction management,
and administration.
Table 1 – Cost Summary (x 1,000,000)
Description
Construction Shaft
Used Slurry TBM Procurement
Tunnel Excavation/Support

Quantity

Unit Cost

Amount

150 vf

$70,700/vf

$10.6 M

LS
4000 lf

Subtotal

$5.0 M
$9,000/lf

$36.0 M
$51.6 M

Mobilization

10%

$5.2 M

General Requirements

5%

$2.6 M

Subtotal
Escalation to mid-point construction

$59.4 M
5%/year

Subtotal Escalated Cost without Contingency
Recommended Contingency
Total Shaft and Tunnel Construction Cost

$4.0 M
$63.4 M

50%

$31.6 M
$94 M

The project construction duration is estimated to be approximately 21 to 24 months based
on the critical activities of TBM Procurement upon issuance of Notice To Proceed (10 to
14 months), TBM Assembly and commissioning (2 months), Tunnel Excavation and
Support (6 months) and TBM Abandonment (2 months).
2
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From:
Wayne Papac
To:
Makrom Shatila
Date:
4/9/2008 10:44 AM
Subject:
Re: Trenchless Installation - 72-inch Diameter
Attachments:
Wayne Papac.vcf
Mak,
sorry that I took so long, I was waiting for some confirmation. Got it, so use
$1800.00 per lf for river crossings and environmental areas. Use $1900.00 per lf
fopr highway crossings. These budget numbers include loading your carrier pipe
into the tunnels, contact grouting, and annular space grouting.
Regards, Wayno T10

N. Wayne Papac
Vice President-Construction Management
9755 Clairemont Mesa Blvd.
Suite 100
San Diego, CA 92124-1324
858-810-1406 (Direct)
619-247-7828 (Cell)
nwpapac@rbf.com
858-614-5001 (Fax)
>>> Makrom Shatila 4/7/2008 4:26 PM >>>
Wayne,
These trenchless pipeline installation costs are to be very generic, budget cost
estimates (per linear foot), for now regarding the conveyance pipeline feasibility
TM I am producing for the for the SDCWA Desalination Facility at Camp
Pendleton. The conveyance pipeline is assumed to be 72-inch diameter and
there are a handful of pipeline segments we are assuming will need to be
installed using trenchless construction methods. This would be needed for river
crossings (Santa Margarita River & San Luis Rey River); highway and major road
crossings (I-5, SR-76, Vandegrift Blvd); and environmentally sensitive areas. I
appreciate your expert opinion on this.
Trenchless Installation Lengths (Will Vary)
River Crossings:
~ 750 - 2500 LF
Highway Crossings: ~ 1500 LF
Environmental Areas: ~ 2000 - 3000 LF
Mak

(3/30/2009) Makrom Shatila - Re: Another Cost Question?

From:
To:
Date:
Subject:

Wayne Papac
Makrom Shatila
3/29/2009 4:41 PM
Re: Another Cost Question?

Mak,
Method would most likely be reinforced pcc encasement, and would run about $350/lf. Another way to mitigate that issue would be to
jack and bore a casing much deeper, to eliminate the protection need. The encasement is a lot cheaper. Jack and bore would be about
$1100/lf.
Talk to you soon, Wayne
N. Wayne Papac
Vice President-Construction Management
9755 Clairemont Mesa Blvd.
Suite 100
San Diego, CA 92124-1324
858-810-1406 (Direct)
619-247-7828 (Cell)
nwpapac@rbf.com
858-614-5001 (Fax)
>>> Makrom Shatila 03/29/09 1:23 PM >>>
Wayne,
Hope all is well and that the weekend is treating you right. I have another question for you about costs relating to pipeline installation. If a
72-inch pipeline were to need additional protection because it would be located in an area prone to flooding or erosion, how much more
would it cost, per LF or something like that? ALso want kind of extra protection would be recommended. This is just for a feasibility
study, so it does not need to be an exact science, I just want to have some kind of line item in my estimate demonstrating this extra cost.
Thanks,
Mak
___________________________________
Makrom Shatila EIT
Water Resources - Design Engineer
RBF Consulting
9755 Clairemont Mesa Blvd., Suite 100
San Diego, CA 92124
(858) 614-5032 Tel (Direct)
(858) 614-5001 Fax
(858) 401-2268 Cell
Please consider the environment before printing this email
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From:
To:
CC:
Date:
Subject:
Attachments:

Carlos Camero <ccamero@energyrecovery.com>
"MSHATILA@rbf.com" <MSHATILA@rbf.com>
Borja Blanco <bblanco@energyrecovery.com>
10/17/2008 12:40 PM
FW: ERI Price Quote - SDCWA - ERI Budgetary Quote
80098-01-4 MP PX-260 Power Model Selector - SDCWA 10-17-08.pdf; 80098-01-4
MP PX-260 Power Model Selector - SDCWA 10-17-08.xls

Dear Mak,
Pursuant to our conversation and message below, I'm pleased to inform you as follows:
*
The attached Power Model follows the process design for first-pass RO conditions. For a 5 MGD (18,927 m3/day) RO train at 45%
recovery, we recommend having 18 PX-260 units per RO train rack, having a unitary flow of 53.5 m3/hr.
*
A live version of the Power Model is also attached for your reference. Feel free to use this version to modify your design accordingly.
All inputs are in RED.
*
Phase I - 100 MGD plant with 20 x 5 MGD trains would require a total of 360 PX-260 units. Budgetary price: $ 10 MM.
*
Re: Circulation (Booster) Pump - With ERI's current product line, it may be necessary to use 2 pumps in series. At ~$ 80,000 per
pump + motor combo, or $160K per train, you can use a budgetary price of $ 3.2 MM. This figure is conservative, because you
should be able to outsource a single-pump design from other vendors.
Hope this meets your requirements. I'd be pleased to prepare a complete budgetary proposal once the project gets to the next level.
Feel free to contact me at anytime should you need additional assistance.
Best regards,
Carlos Camero
Sales Manager, Global Mega Projects Division
TEL: 1+ 954.845.0980
FAX: 1+ 954.835.0291
MOB: 1+ 510.861-3719
NEW E-MAIL: ccamero@energyrecovery.com<mailto:ccamero@energyrecovery.com>
<blocked::http://www.energyrecovery.com/>
[cid:156470119@17102008-3139]
Confidentiality Statement
The information contained in this email and in any attached files is confidential and may be legally privileged. Readers of this
message who are not the intended recipient are hereby notified that any use, dissemination, distribution or reproduction of this
message is prohibited. If you have received this message in error please notify the sender immediately and destroy the original
message.
Copyright and Trade Mark
PX, PX Pressure Exchanger, ERI and the ERI logo are registered trademarks of Energy Recovery, Inc.
[cid:156470119@17102008-3140]
<http://www.energyrecovery.com/events/register.php4?eid=18>
<http://www.energyrecovery.com/events/register.php4?eid=18><http://www.energyrecovery.com/events/register.php4?eid=18>
<http://www.energyrecovery.com/events/register.php4?eid=18>
________________________________
From: Makrom Shatila [mailto:MSHATILA@rbf.com]
Sent: Thursday, October 16, 2008 10:13 AM
To: Sonia Muniz
Subject: ERI Price Quote - SDCWA
Sonia,
Good morning, hope all is well. This is Mak Shatila with RBF Consulting. I was hoping to get a price quote from you for ERI PX.
We are developing a FEASIBILITY LEVEL cost estimate for the San Diego County Water Authority (SDCWA) SWRO Facility. I
have provided the assumptions of the system below. We are on a real fast track to get this complete estimate out to the client since
they are currently developing rate increases and want this project to be involved. I apologize for the appreciated quick response, but is
it possible to get some rough budget costs by today (tomorrow at the latest)?? Please let me know ASAP, thank you so very much.

Assumptions:
100 MGD Phase I - Initial product water capacity
150 MGD Phase II - Ultimate product water capacity (50 MGD Expansion)
5 MGD permeate trains
Recovery
45%
Temperature 60 deg F
ERD efficiency 95%
ERD leakage 5%
8 Elements per Pressure Vessel
180 Vessels per train
1,440 elements per train
The cost will need to be broken down into Phase I cost for 100 MGD and Phase II cost for expansion of 50 MGD.
I appreciate all you can do for me and our client. Thank You.
Mak
___________________________________
Makrom Shatila EIT
Water Resources - Design Engineer
RBF Consulting
(858) 614-5032 Tel (Direct)
(858) 614-5001 Fax
(858) 401-2268 Cell
Please consider the environment before printing this email
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Makrom Shatila - RE: Tunnel Collector Wells

From:
To:
Date:
Subject:
Attachments:

"Mark Stuessy" <MStuessy@mansonconstruction.com>
"Makrom Shatila" <MSHATILA@rbf.com>
3/27/2009 10:52 AM
RE: Tunnel Collector Wells
Estimate Spreadsheet.xls; VALHALLA.pdf; JEFFREY M.pdf

RBF Consulting
Attention: Mr. Makrom Shatila
Subject: Desalination Intake Tunnel Collector Wells
Makron,
As discussed over the phone earlier in the week, the following is a “ball park” cost analysis of the
necessary equipment required to work offshore for the above referenced project. The equipment spread
required to support the offshore operation as presented, “possible construction process”, would consist
of an “ABS” certified derrick barge with a minimum six (6) point mooring system, an “ABS” certified
material barge, a drill / auger rig with a “down hole” hammer, an ocean going tug boat with anchor
deployment capability, a crew boat, and a crew. The following crew and equipment rates are presented
to allow you to estimate the costs associated with your project.
Derrick Barge “DB Valhalla” including ABS certification to work offshore, six (6) point mooring
system, four hundred ton capacity crane, jet pump with hoses and fittings.
-

Working

-

Standby (during normal working shift)

$ 2,000 / hour
$ 1,800 / hour

“ABS” certified material barge (225’ x 55’ x 14’)
-

Working

-

Standby (during normal working shift)

$ 1,500 / day
$ 1,500 / day

Tug Boat “Jeffrey M” is a 1,800 horsepower tug boat, fully crewed and licensed to operate in the ocean.
-

Working

-

Standby (at night to watch offshore equipment spread)

$ 750 / hour
$ 500 / hour

MCC requires that a tugboat remain onsite 24 hours per day to tend the marine offshore equipment
spread. The tug boat standby rate will apply when there is no crew on board the derrick barge offshore.
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Crew Boat licensed to carry personnel in the ocean.
-

Working

$ 250 / hour

-

Standby (during normal working shift)

$ 200 / hour

Auger / Drill rig secured to the deck of the derrick barge capable of removing the material from the
casing and drill through the concrete tunnel wall. It is presumed that a “down hole” hammer will be used
in conjunction with the drill equipment to penetrate the concrete wall of the tunnel.
-

Working

$ 1,200 / hour

-

Standby (during normal working shift)

$ 1,200 / hour

The crew required to man the derrick barge includes; one (1) each crane operator, one (1) each crane
oiler, one (1) each deck engineer, one (1) each deck foreman, and three (3) each piledrivermen. The
crew will be charged the straight time rates for the first eight (8) hours of the shift from Monday through
Friday. The next four (4) hours of those shifts will be charged at the overtime rates and anything over
twelve (12) hours in a shift will be charged at the double time rate. On Saturday, the overtime rate will
apply for the first twelve (12) hours of the shift and anything over twelve (12) hours in a shift will be
charged at the double time rate. Any Sunday work will be charged at the double time rate. The following
labor rates apply.
Straight Time

Overtime

Double Time

Piledriverman Foreman

$ 75 / hour

$105 / hour

$135 / hour

Piledriverman

$ 70 / hour

$100 / hour

$130 / hour

Crane Operator

$ 85 / hour

$115 / hour

$145 / hour

Crane Oiler

$ 75 / hour

$105 / hour

$135 / hour

Deck Engineer

$ 80 / hour

$110 / hour

$140 / hour

Because we do not know what depths the divers will have to work in, it is not possible for me to assign a
cost for the diving work required for this project. I suggest that you speak with a diving contractor to
discuss this. We use Parker Diving Services located in Long Beach, California. The contact there is Jim
Allen and his telephone number is (562) 436-2701. I have talked to Jim about this project and he will
answer any questions you may have and help you with the estimated costs for this project.
I have talked to a driller who thinks that drilling through the concrete tunnel wall will not be a problem
if a “down hole” hammer is used. I suggest you contact him to discuss the project and pick his brain a
little bit. The drill contractor is “Drilltech” and the contact is Chris DellAringa. His mobile telephone
number is (510) 715-0172 and he said he would be happy to talk to you if you have any questions
regarding the drilling.
I have attached a spreadsheet that will allow you to plug in different durations and add-ons so you can
try different durations and combinations. Also, I have attached a couple of spec sheets for some of our
equipment.
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I hope this is useful to you. Do not hesitate to call or e-mail me if you have any questions or need any
additional information.
Please keep Manson Construction Co. in mind when it comes time to provide a quotation for this
project.
Regards,
Mark O. Stuessy, P.E.
Senior Estimator

Manson Construction Co.
772 Tuna Street
San Pedro, CA 90731

Office: (310) 521-1302
Direct Line: (310) 241-5711
Fax: (310) 833-5657
E-Mail: mstuessy@mansonconstruction.com
Website: www.mansonconstruction.com

From: Makrom Shatila [mailto:MSHATILA@rbf.com]
Sent: Monday, March 23, 2009 4:08 PM
To: Mark Stuessy
Subject: Tunnel Collector Wells

Mark,

Here is a description of the collector wells:
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We are calling this a Deep Infiltration Gallery (DIG) Collector Well System. The location is the south
end of MCB Camp Pendleton. The system would be comprised of approximately 90 collector wells
(330 mgd intake flowrate). The collector wells would be drilled from a stationary barge over the ocean.
The dual-use tunnel is anticipated to be 4,000 feet long. Two wells (pair) would be installed every 75
feet along the length of the tunnel. The first set of wells would be drilled 450-500 feet offshore (out of
the surf zone) and continue every 75 feet to the tunnel terminus, 4,000 ft offshore (approximately 30 feet
water depth). The wells are assumed to be on average 80 feet in length. This equates to approximately
45 rows for a total of 90 collector wells. It is anticipated that all 90 well casings would be installed
during phase 1. 30-60 wells would be completely developed, while the other reaming 30-60 wells
(screen and gravel pack) would be installed in later phases.

20-inch casing,
12-inch well screen,
Gravel Packed well,
45 sets of two wells,
90 wells total,
A sets of two wells are spaced 75 feet apart along tunnel length,
All 90 casings installed with only 30-60 wells constructed completely during initial phase.

Possible construction process:

The well would be drilled with an approximate 20-inch casing following behind the drill, to the tunnel
wall. Then the drill is backed out and a 12 or 13-inch auger is used to drill through the tunnel walls.
Then a tunnel / well screen connector (the piece we were talking about) is placed in the drilled hole in
the tunnel (May require divers in tunnel). Then the well screen is kept centered and inserted into the
connector. The annular space between the casing and the well screen is filled with fine gravel to create
the engineered gravel pack. Once the well is completed, the casing is pulled (from the barge) and an
access hatch is welded to the top of the well screen at the seafloor (by divers).

Are you able to also supply costs to have divers during construction, or do I need to contact someone
else for that. Anything ballpark is fine. Please do not hesitate to call or email me with any questions or
comments. I appreciate your time on this and look forward to the costs you generate.
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Desalination Intake Tunnel Collector Wells
MANSON CONSTRUCTION (MARINE CONTRACTORS) - "Ball Park Estimate"

Item

Description

1

"ABS" Derrick Barge Spread
- Standby

2

"ABS" Material Barge
- Standby

3

Unit
Cost

Quantity

Total
Cost

5 year
Escallation
Adjustment

Total
Projected
Cost

Comments

1,080

hours
hours

$
$

2,000
1,800

$ 2,160,000
$
-

1.5
1.5

$
$

3,240,000
-

90

Days
Days

$
$

1,500
1,500

$
$

135,000
-

1.5
1.5

$
$

202,500
-

Ocean Tug Boat
- Standby

1,080
1,080

hours
hours

$
$

750
500

$
$

810,000
540,000

1.5
1.5

$
$

1,215,000
810,000

4

Crew Boat
- Standby

1,080

hours
hours

$
$

250
200

$
$

270,000
-

1.5
1.5

$
$

405,000
-

5

Drill Spread
- Standby

1,080

hours
hours

$
$

1,200
1,200

$ 1,296,000
$
-

1.5
1.5

$
$

1,944,000
-

6

Operator - ST
Operator - OT
Operator - DT

750
330

hours
hours
hours

$
$
$

85
115
145

$
$
$

63,750
37,950
-

1.5
1.5
1.5

$
$
$

95,625
56,925
-

7

Oiler - ST
Oiler - OT
Oiler - DT

750
330

hours
hours
hours

$
$
$

75
105
135

$
$
$

56,250
34,650
-

1.5
1.5
1.5

$
$
$

84,375
51,975
-

8

Deck Engineer - ST
Deck Engineer - OT
Deck Engineer - DT

750
330

hours
hours
hours

$
$
$

80
110
140

$
$
$

60,000
36,300
-

1.5
1.5
1.5

$
$
$

90,000
54,450
-

9

Pile Driver Foreman - ST
Pile Driver Foreman - OT
Pile Driver Foreman - DT

750
330

hours
hours
hours

$
$
$

75
105
135

$
$
$

56,250
34,650
-

1.5
1.5
1.5

$
$
$

84,375
51,975
-

10

Pile Driver Rigger - ST
Pile Driver Rigger - OT
Pile Driver Rigger - DT

2,250
990

hours
hours
hours

$
$
$

70
100
130

$
$
$

157,500
99,000
-

1.5
1.5
1.5

$
$
$

236,250
148,500
-

11

Diving Subcontractor

$

-

1.5

$

-

12

Mobilization

1

LS

$

200,000

$

200,000

1.5

$

300,000

13

Demobilization

1

LS

$

100,000

$

100,000

1.5

$

150,000

14

Permanent Materials

1

LS

$

-

1.5

$

-

15

Consumables

1.00%

LS

$

-

1.5

$

-

Cost Subtotal
Indirect Cost

15.00%

$
$

9,220,950
1,383,143

$

10,604,093

days

Total Cost

EXAMPLE:
1) At 1 well every shift x 12 hours x 90 wells = 1,080 hours
2) Working 1 shift per day and 6 days per week = 15 weeks
- 5 days x 8 hrs ST
M-F
- 5 days x 2 hrs OT
M-F
- 5 days x 2 hrs ST travel
M-F
- 1day x 12 hrs OT
Sat

40
10
10
12

hrs / week per man
hrs / week per man
hrs / week per man
hrs / week per man

72 hrs / week per man
3) Diving, Permanent Materials, and Consumables are still needed to complete the costs.

Night Watch
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CAMP PENDLETON
SEAWATER DESALINATION FEASIBILITY STUDY
UTILITY PROVISIONS
TECHNICAL MEMORANDUM
April 5, 2009

1.

Project Siting
Two sites are proposed for construction of the Seawater Reverse Osmosis
(SWRO) desalination facility. Both alternatives are located in the southwest
corner of Marine Corps Base Camp Pendleton (MCBCP) near the Santa
Margarita River (SMR). Site 1 is located on leased agricultural tomato fields just
east of the Marine Corps Tactical Systems Support Activity (MCTSSA) Center,
and west of Interstate I-5. The SRTTP Site (Site 2) is located northwest of the
SRTTP, south of SMR, and east of I-5.

2.

Project Description
The SWRO desalting process converts feed water (seawater) into potable water
and by-product water, called brine (with a salinity about twice that of seawater).
The outfall will be designed with diffuser ports to promote local dilution of the
brine discharge. Although RO volumes and the potential for additional intake for
dilution have not been determined, the outfall will be designed to accept
occasional discharge of treated wastewater from Camp Pendleton’s SRTTP
facility.
The product water is proposed to be delivered from the desalination plant to the
Water Authority’s recently completed Twin Oaks Valley Water Treatment Plant
(TOVWTP), a distance of approximately 18 miles.
The SWRO desalination facility and conveyance pump stations will require
utilities to support plant operations. This memorandum will focus on the
preliminary utility support requirements and available self-generation options.
The initial phase (Phase I) consists of constructing a facility capable of producing
50 million gallons per day of potable water.
This process will require
approximately 100 million gallons of sea water per day. The pretreatment
process components for the feed water (raw seawater) include: drum screens,
dissolved air flotation (DAF), ultra-filtration membranes, and cartridge filters.

1

After pretreatment, the filtrate would be pumped through high pressure RO
membranes to produce desalinated water (permeate). The permeate must
undergo post-treatment to remineralize the water so that it will not corrode the
conveyance pipelines. Post-treatment will consist of lime (CaO) addition (calcite
beds), carbon dioxide (CO2) removal, and chlorination. Solids and sludge from
the pretreatment process will be sent to a solids handling facility where the slurry
will be thickened and dewatered before being hauled to a landfill. for disposal.

3.

Electrical Requirements:
The two facilities would have initial electrical loads in the 35 to 45 MW range. For
the purpose of this evaluation, a 40 MW load will be considered. The electrical
load profiles are provided as attachments A and B.

4.

Description of Utilities:
Electrical Service
Both facilities are in the service area for San Diego Gas and Electric (SDG&E).
SDG&E is the utility provider for MCBCP. Several major power service corridors
transect the MCBCP. San Onofre Nuclear Generating Station is located to the
north of the MCBCP and a major electrical transmission line servicing the San
Diego Metropolitan Area is located within 3 miles of each proposed facility.
Several stepped down electrical service lines are currently extended to each site
location with unknown available KVA service. The service capacity and the
resulting transformer switchyard will be selected to the highest available service
and is anticipated at least 16 KVA. Access easements, environmental permitting,
design and construction of the interconnection to the SDG&E service will typically
be completed by SDG&E with revenue recovered by the Project.
The SDG&E Planning Department has a straightforward process for allocating
electrical service, load management, rate negotiation and capital recovery. The
desalination facility would typically operate as a base-loaded facility (operational
24 hours per day), would be able to shutdown without safety issues, and
produces and conveys potable water. These factors may be beneficial when
developing the terms of a power purchase agreement with SDG&E.

Natural Gas
Self-generation options are being evaluated to determine the most cost-effective
approach to satisfy each facility’s electrical requirements and potential merits of a
cogeneration classification for preferred natural gas rates. An inquiry was made
regarding the high pressure natural lines within the project area. A 12-inch high
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pressure natural gas line is located east of Interstate 5, and immediately adjacent
to each of the two proposed locations. The 12-inch natural gas line has an
operating pressure of 290 pounds per square inch (psig).
Large natural gas uses are classified as “non-core users”. Since a cogeneration
facility will use a large amount of natural gas, the rules of natural gas
procurement and transportation vary. The costs will be dependent on amount of
gas required, reliability of natural gas service and service pressure.
Due to regulations imposed by The California Public Utilities Commission,
SDG&E is not authorized to provide gas procurement services to non-core
customers. As a result, the non-core customers are required to purchase their
gas commodity from a supplier other than SDG&E. Several natural gas
providers service the San Diego area and would be available to negotiate terms
and conditions associated with the fuel purchase agreement. SDG&E owns the
natural gas transmission systems in their service area.
The cost of natural costs has varied substantially over the past several years with
commodity pricing ranging from $4.50 per dekatherm in February 2009 to as high
as $13.00 per dekatherm in late 2007 and early 2008. The natural gas forecast
provided by the California Energy Commission Projections 2006-2015 (CEC
2006) indicate an upward trend with maximum rate of $8.00 per dekatherm in
2015. It should be noted that the global and geopolitical factors must be
considered when forecasting forward looking commodity prices. For the purpose
of this report, a natural gas price of $5.00 per dekatherm will be used. The
Project will be able to negotiate a long-term natural gas contract with a natural
gas provider and SDG&E will charge a transmission supplemental fee.

5.

Alternative #1:

Electrical Power Provided by SDG&E

As discussed above, the desalination facility will require approximately 40 MW of
electrical service on a continuous basis. It is anticipated that service can be
arrange for a minimum of 66 KVA from the adjacent power service. The ability of
the facility to be turned down or partially curtailed (load shedding) during critical
region power shortages is uncertain. The facility operating profile(s) would be
assessed:
• Demand Charges
• Transmission and Usage Fees
• Taxes (various)
• Miscellaneous charges
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The service connections to the on-site transformers are typically constructed by
SDG&E. The SDG&E capital recovery provision (surcharge) is typically included
in the purchase power agreement (PPA) and would be a line item in the monthly
bill.
The service availability from SDG&E for a 40 MW continuous load (16 KVA) is
probable although project specific requirements regarding the availability of the
project load has not been confirmed with the SDG&E Planners for the specific
area. The implementation schedule for the electrical service would be as follows:
1.
2.
3.
4.
5.
6.
7.
8.
9.

Meeting with SDG&E Planning Group
Meeting with MCB-Camp Pendleton
Fatal flaw for alignment options - MCBCP mission impacts
Confirmation of load profiles and other project demands
Environmental impact analysis for transmission alignment
Negotiate power purchase agreement and interconnection strategy
SDG&E constructs interconnection service
SDCWA constructs facility
SDG&E provides interconnection to facility

The overall timeline would be approximately 1 to 3 years. The 3-year timeline
criticality factors include:
• Lengthy transmission line to 66 KVA service connections which transects
MCBCP
• MCBCP restrictions for flight and/or mission constraints
• Environmental restrictions for construction of transmission lines
• Unavailable electrical resources (40 MW load needed within SDG&E
service area)
It is recommended that a 2-MW emergency back-up power systems be provided
as a minimum to ensure health and safety of operations staff, and facility security
in the event the SDG&E major service is curtailed and/or disrupted due to natural
disaster or other unforeseen event.
The greater the electrical service connection capacity the less the resulting
transmission losses. In other words, high voltage transmits electrical energy
more efficiently over long distances. In addition, future considerations for self
generation would be easier with a higher service capacity to enable selling
excess power to SDG&E (or the California Grid).
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For the purpose of this report, a 16 KVA service is assumed. The switchyard will
be designed for 16 KVA with step-down transformers for plant electrical
requirements. A step-down switchyard from SDG&E main 66 KVA feeders to a
lower service 16 KVA would allow overhead or underground service lines.
The following estimate provides a preliminary estimated cost for a 2-mile 16 KVA
interconnect to the 66KVA service transmission lines with switchyards on both
ends of both overhead and underground transmission lines.
Table 5-1: Electrical Service Rough Cost Estimate

Performance Characteristics
Electrical Capacity
Step-down Switchyard (66 KVA – 16 KVA)
Transmission Line Overhead
Transmission Line Overhead
Transmission Line Underground
Transmission Line Underground
Switchyard and Main Switch Gear at Plant
Installed Total Transmission Overhead Line/
Interconnection / Switchyard
Installed Total Transmission Underground/
Interconnection / Switchyard
Design / Environmental / Easements
Project Contingency
Total Project Allowance Overhead
Total Project Allowance Underground

Units
MW
$
Miles
$/mile
Miles
$/mile
$
$

Value
40
500,000
2
650,000
2
2,200,000
600,000
2,400,000

$

5,500,000

$
$

1,500,000
1,500,000

$
$

5,400,000
8,550,000

It should be noted that discussions with SDG&E have been limited and detailed
alignment, costs and schedule from SDG&E are not available. The cost of
commodities (e.g. copper) will impact the overall cost as well as non-interference
with MCBCP mission requirements including flight path obstacle issues.

6.

Alternative #2: FERC Qualified On-site Power Generation –
A second option for electrical power would be to become a “self generating”
qualified power producer. SDCWA has the charter and legal authority to develop
it’s own power producing facility in support of a SDCWA project. A qualifying
cogeneration facility (topping-cycle) requires an efficiency standard of 42.5% of
the total energy input of natural gas with useful thermal energy of the facility no
less than 5 percent of the total energy input. Classification as a qualifying facility
allows for purchase of natural gas at a preferred rate, export and sell excess
power at the “avoided utility cost” and requires the area service provider to
accept the generated power.
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Cogeneration Facility
For this evaluation, the cogeneration Qualifying Facility (QF) option will be
summarized. The cogeneration facility consists of a 40-MW combined cycle
steam turbine power block, and a multi-effect desalination facility using the waste
heat generated by the combined cycle facility. Other potential waste heat
utilization sources may include pre-heating raw water supply to desalination
facility, exporting steam across the fence-line to MCBCP for refrigeration at the
commissary and/or space heating/cooling in nearby buildings.
A 40 MW combined cycle cogeneration system would have an overall thermal
efficiency of approximately 60-70 percent (Lower Heating Values – LHV). The
combined cycle system is 20-30 percent more efficient than a simple cycle
system. The additional efficiency represents capture and reuse of waste heat
that results in increased generation of electricity.
Table 6-1 provides a combine cycle power plant using a General Electric LM6000
PD-40 MW configuration (ENG 2002)
Table 6-1: 40-MW Combined Cycle Plant Preliminary Design Parameters

Performance Characteristics
Electrical Capacity
Electric Heat Rate
Electrical Efficiency
Fuel Input
Required Gas Pressure
CHP Characteristics
Exhaust Steam Flow
Gas Turbine Exhaust temperature
HRSG Exhaust Gas temperature
Steam Output
Steam Output
Total CHP Efficiency
Power/Heat Ratio
Net Heat Rate
Effective Electrical Efficiency

Units
MW
BTU/kWH, HHV
% HHV
MMBTU/hr
psig

Value
40
9,220
37
368.8
435

1,000 lbs/hr
Degrees F
Degrees F
MMBTU/hr
kW eq.
% HHV
-BTU/kWh
%, HHV

954
854
280
136.8
40,100
74
1.0
4,944
69

Reference Technology Characterization: Gas Turbines prepared for Environmental
Protection Agency Climate Protection Partnership, by Energy Nexus Group, February 2002

Advance emission control technology will be required for the facility. Gas
Turbine emission technology has been successfully developed and operated
using low NOx technology in combination with selective catalytic reduction,
ammonia addition and steam re-injection. The facility would be equipped with a
continuous emission monitoring system (CEMS). It is anticipated that NOx
requirements will be in range of 6-9 ppm at 15 percent oxygen (O2) based upon
evaluations of recent power plant emissions data within the San Diego region.
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Waste Heat Options
Waste heat extracted by the HRSG would provide a continuous low pressure
steam source. A QF cogeneration plant would be required to “beneficially use”
15% of the inlet fuel source. In the example above, 15% of fuel input would
represent approximately 55 MMBTU/hr.
Multi-Effect Distillation (MED) is used around the world to produce drinking water
from sea water. MED plants utilize horizontal tubes, falling film evaporativecondensers in a serial arrangement, to produce through repetitive steps of
evaporation and condensation, each at lower temperature and pressure.
Any number of evaporative-condensers (effects) may be incorporated into the
plant’s heat recovery sections, depending on the temperature and cost of the
available low grade heat and the optimal trade-off point between investment and
steam economy. The MED (IDE Technologies) system is optimal for back
pressure steam from a combined cycle system as discussed above. The low
pressure steam from a 40 MW facility can produce 1.5 to 2.0 million gallons of
distilled water per day. The distilled water can be blended with other treated
plant water to increase the generated blend water by 100% thus resulting in a 3
to 4 million gallons per day of drinking water.
Project Costs
Table 6-2: Estimated Capital Costs

Cost Parameters
Electrical Capacity
Gas Turbine System
Heat Recovery Steam Generator
Water Treatment
Gas Compression and Metering
SCR & Emission Controls
Electrical Equipment
Other Equipment
Multi-effect Distillation
Materials
Labor
Total Process Capital
General Facility Capital Fee
Engineering/ Permitting
Process Contingency
Project Contingency
Total Project Cost
Actual Plant Capacity
Total Process Capital per Net KW
Total Cost per Net kW
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Units
MW
$M
$M
$M
$M
$M
$M
$M
$M
$M
$M
$M
$M
$M
$M
$M
$M
kW
$/kW
$/kW

Value
40
18.0
3.0
0.75
1.75
2.0
3.0
3.0
7.5
4.5
6.5
50.0
2.0
3.5
1.5
5.5
62.5
46,500
1,075
1,345

The operating and maintenance costs associated with the cogeneration
alternative are summarized in Table 6-3.

Table 6-3: Operations and Maintenance Cost Estimate
O&M Cost Parameters
Units
Value
Electrical Capacity
MW
40
Electrical Production (8,000 hrs @ 40
kWH
320,000,000
MW)
Natural Gas Fuel
Therms/hr
3,680
Natural Gas Fuel
Decatherms/hr
368
Natural gas Fuel (8,000 hrs @ 40 MW)
Decatherms/yr
2,944,000
Cost per dekatherm (assume $5/dct)
$M
14.7
Non- Fuel Cost
$/kWh
0.0042
Cost for Non- Fuel
$M
1.4
SCR & Emission Monitoring
$/kWh
0.0016
Cost for SCR & Emission Monitoring
$M
0.5
Electrical Standby Charge
$/kW/month
SDG&E
negotiations

Figure 6-1 provides a generic site plan for a 40 MW cogeneration facility
including switchyard, water treatment, gas compression, gas metering, gas
turbine, HRSG and multi-effect distillation system.
The arrangement of the
facility will be dependent on the final facility location, orientation of support
utilities and available land.

Revenue Recovery for Sell Back of Excess Power
One benefit of a QF plant and requirement for a stand alone desalination facility
is the interconnection to the utility grid. The interconnection to the SDG&E grid
will allow the cogeneration facility to start-up and shut-down without tripping the
local service to the facility and allows the water plant to operate at various loads
without major adjustment to the cogeneration facility load profile. The plant may
also provide a localized grid stabilization source for SDG&E, and allows the
Project to sell excess electricity to SDG&E. The details of the interconnection,
standby charges, exported power to SDG&E and terms and conditions are part of
the purchased power negotiation process.
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Implementation Schedule
Cross connection to the SDG&E utility grid would be required for electrical power
back-up and provide a means to distribute and sell excess electrical power not
consumed by the facility. For both Utility Alternatives 1 and 2, an electrical
backbone and interconnection would be required. The electrical infrastructure
would allow phasing of the cogeneration options and/or partially offsetting the
plant electrical requirements. The ultimate sizing and project phasing would be a
coordinated effort by all parties focusing on system reliability, ability to provide a
localized power source for MCBCP, as well as the benefits of various uses for
the waste heat derived from the cogeneration facility.
The implementation schedule for the cogeneration alternative would be as
follows:
1. Meeting with SDG&E Planning Group for electrical backbone and
interconnection requirements
2. Meeting with MCB-Camp Pendleton for possible partnering, use of waste
heat and partial load allocation
3. Fatal flaw for cogeneration options - MCBCP mission impacts including
height/obstacle requirements.
4. Permitting requirements through local planning organization or California
Energy Commission (12-month review process)
5. Confirmation of load profiles and other project demands
6. Environmental impact analysis and permitting (NEPA and CEQA due to
federal land administration within California)
7. Negotiate PPA and interconnection strategy with SDG&E
8. SDG&E constructs interconnection service
9. SDG&E constructs natural gas pipeline interconnection
10. SDWCA cogeneration facility design
11. SDCWA constructs facility
12. Cogeneration permitting as a Qualifying Facility
13. SDG&E provides interconnection to facility
The overall timeline would be approximately 2 to 5 years. The 5-year timeline
criticality factors include:
• Lengthy transmission line to 66 KVA service connections which transects
MCBCP
• MCBCP restrictions for flight and/or mission restraints
• Environmental restrictions and/or permitting process
• Procurement of emission reduction credits
• Ability to construct desalination facility within timeframe
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6.

PERMITTING ISSUES - POWER PLANT
Prior to 1975, utilities were required to go through a multi-year process to obtain
permits from numerous federal, state and local agencies before constructing new
power plants. The Legislature established the California Energy Commission
(CEC) in 1975 and mandated a comprehensive siting process for new power
plants. The Legislature gave the CEC statutory authority to license thermal power
plants with capacity in excess of 50 MW including transmission lines, fuel supply
lines, and related support facilities
Although the Phase 1 facility would be sized less than the 50 MW threshold, the
permitting process, potential subsequent mitigation measures, and requirements
would follow a similar path.
The advantage of the Qualifying Facility (QF) classification (meeting the
efficiency standards set forth in the PU Code Section 218.5) is the allowance of
preferred natural gas rates as well as provides a source to sell excess generated
electrical power to SDG&E at the “utility avoidable rate”. The facility would be
classified as a “must take” by SDG&E. The operation of a cogeneration power
plant in concert with a 40 MW desalination facility would require flexibility to startup and/or shutdown equipment. Connection to the SDG&E grid would provide
this capacity. The purchase power agreement would outline the terms and
conditions including standby-capacity fees to provide this system flexibility.
An air emission offset (emission reduction credits) will be required for the
cogeneration facility. The emission reduction credits would be procured and
assigned to the project. The availability and associated costs is uncertain but
would present a critical evaluation and cost analysis as the project moves
forward.
Cogeneration equipment consists of several large and tall elements including a
Heat Recovery Steam Generator (HRSG) and stack. The stack would present a
potential flight obstacle. Therefore, siting and clearance by MCBCP would be
required. Once-through cooling is planned for the generator, so the need for
evaporative cooling towers is not anticipated. However, in the event cooling
towers are required, the vapor plume may be considered a flight obstacle as well,
especially when considering the typical atmospheric conditions along the coast.
Close communications with MCBCP will be required throughout this project.
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7.

RECOMMENDATIONS
Both utility alternatives should be pursued to the next design level. Alternative 1
would provide a reliable interconnection to the grid and electrical service.
Alternative 2 (cogeneration) would require a substantial portion of the
transmission interconnection assets needed for Alternative 1.
With QF status, Alternative 2 would require an interconnection to the utility grid in
order for start-up and shutdown capability, exporting and selling excess power,
stabilization of the local grid, and allow the cogeneration facility to operate in a
safe and optimal configuration.
Areas for the cogeneration and switchyard should be designated within the
overall project footprint to ensure adequate space is available. The electrical
switchyard and plant power bus should be installed during Phase 1 to allow the
option of installation and interconnection of the cogeneration facility as part of
Phase 1 or as part of a later phase.
It is critical that the cogeneration option remain a consideration during the next
level of design and through PPA negotiations with SDG&E. The terms and
conditions of the PPA may be easier to negotiate with Alternative 2 partially or
fully developed.
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Attachment 1: Estimated Electrical Requirements - MCTSSA
Process
Drum Screens

Equipment
Drum power
washwater pumps
dirty water transfer pumps

DAF Units

Flocculators
Recirc. Pumps
Air compressor
sludge pumps

Ultrafiltration system

DAF Effluent forwarding pumps
UF draw pumps

Flow (gpm)
90,246
160
160

backwash pumps
Air blower
SWRO System

Feedwater Boost pumps
RO feed pumps
ERD pumps
CIP system pumps

Post Treatment

Product transfer pumps
Calcite Backwash pumps
(From RBF) Desal water pump station

Sludge

Buildings

Thickener motor
Sludge pumps
Centrifuge

50 MGD
hp # of units Total hp Total kW
2
3
5
4
10
3
30
25
5
3
15
12

90,246
100

10
40
20
5

15
5
5
5

150
200
100
25

124
166
83
21

18,049
3,223
Assume draw
pump is used

403
137

5
28

2,014
3,835

1,669
3,179

100

3

300

249

7,716
3,472
4,244
2,240

287
2,582
108
98

10
10
10
3

2,869
25,823
1,082
294

2,378
21,404
897
244

6,944
3,000

152
75

5
2

760
150
15,000

630
124
12,433

40
10

2
2
2

80
20
75

66
17
62

Ultrafiltration
SWRO
(From RBF) Administartion/Lab.
Sludge Handling
Pretreat Electrical
Substation

1
1

-

100
200
600
50
100
100

Chemical feed systems Pretreatment
Ultrafiltration
SWRO
Post-treatment

30
10
5
10

25
8
4
8

Miscellaneous

60

50
10
45,043

Valves
Controls
TOTAL

Notes:
1. Conversion from hp to kW assumes an average motor efficiency of 90%
2. Pump efficiency assumed to average 80 for large pumps, 70% for pumps < 100hp
3. Cleaning system sized for 1/4 of the vessels.
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52,942

Attachments: Estimated Electrical Requirements - SRTTP
Process
Drum Screens

Equipment
Flow (gpm)
Drum power
90,246
washwater pumps
160
dirty water transfer pumps
160

DAF Units

Flocculators
Recirc. Pumps
Air compressor
sludge pumps

SWRO System

Feedwater Boost pumps
RO feed pumps
ERD pumps
CIP system pumps

Post Treatment

Product transfer pumps
Calcite Backwash pumps
(From RBF) Desal water pump station

Sludge

Buildings

Thickener motor
Sludge pumps
Centrifuge

50 MGD
# of units Total hp Total kW
2
3
5
4
10
3
30
25
5
3
15
12

hp

90,246
100

10
40
20
5

15
5
5
5

150
200
100
25

124
166
83
21

7,716
3,472
4,244
2,240

287
2,582
108
98

10
10
10
3

2,869
25,823
1,082
294

2,378
21,404
897
244

6,944
3,000

152
75

5
2

760
150
15,000

630
124
12,433

40
10

2
2
2

80
20
75

66
17
62

SWRO
(From RBF) Administartion/Lab.
Pretreat Electrical
Substation

-

200
600
100
100

Chemical feed systems

Pretreatment
SWRO
Post-treatment

30
5
10

25
4
8

Miscellaneous

Valves
Controls

60

50
10
39,788

TOTAL
1. Conversion from hp to kW assumes an average motor efficiency of 90%
2. Pump efficiency assumed to average 80 for large pumps, 70% for pumps < 100hp
3. Cleaning system sized for 1/4 of the vessels.
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46,783
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APPENDIX G:
CONTRACTING DELIVERY MODELS MEMO
1. Sinclair Knight Merz (SKM) & Malcolm Pirnie:
Project Memorandum: San Diego County Water Authority Alliance Contracting Model
Memorandum (Dated: April 14, 2009).
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Alliance Contracting Model

Executive Summary
This report was prepared by Sinclair Knight Merz and reviewed by Malcolm Pirnie to enhance the
understanding of Alliance Contracting and to consider its suitability for the Camp Pendleton
project. The key features of Alliance Contracting are outlined and these are compared to more
conventional delivery methods such as:


Design Bid Build (DBB)



Design Build (DB)



Engineering, Procurement and Construction Management (EPCM)



Design Build Operate (DBO)



Build Own Operate Transfer (BOOT)



Build Own Operate (BOO)

Alliance Contracting requires all parties to the contract to participate in a collaborative manner in
order to deliver the project. There is collective sharing of nearly all project risks and there is an
absence of litigation due to the no fault, no blame and no dispute clauses inside the alliance
agreement. Payment is made under open book principles and a commercial model is established
which ensures that all parties either win or all parties lose. In addition the model is designed to
reward exceptional performance with exceptional financial reward and poor performance with poor
rewards. Alliance contracting is typically well suited to projects with the following attributes.


Projects where the history of existing methods of delivery projects is poor (e.g. tunnels, ocean
works). This being due to the inability to fairly allocate and quantify risk at the time of tender.



Projects where the required outcomes are developed during the currency of the project. For
example, projects where community consultation strongly influences project details.



Projects where time is of the essence.



Projects where objectives other than cost rank highly in the Owner’s opinion. This could be
operation, safety, environment and maintenance objectives.



High level of interaction with existing assets.

These attributes were considered for the Camp Pendleton project together with the key factors
which typically drive the selection process for a particular delivery model.


Capital Value and Complexity of Project



Government Policy



Finance



Regulatory Approvals



Timing
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Design



Type of site (Brownfield or Greenfield)



Operation



Project Risk

This review identified that the most suitable method for delivering the intake, outlet and plant given
what is currently known about each factor is the Design Build Operate (DBO) model. Alliance
Contracting had some clear benefits for the intake well system in that the proposed system is very
large and there is no experience with wells of this type available to accurately quantify the risk. It
could be possible to separate the project into two parts with the main plant and outlet as a DBO and
the intake as an alliance. This would introduce other complexities however if the intake well did
not operate to the requirements specified for the desalination plant. The conveyance pipeline could
be undertaken using a range of delivery methods but given the need to closely specify requirements
the DBB method is preferred. On balance, the risks associated with multiple contracts should be
weighed against the alternative of including all components in one contract, if feasible.
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1.

Introduction

This memorandum has been prepared to enhance the understanding of Alliance Contracting and
how it fits with other methods of project delivery. The intention of this memorandum is to provide
a broad overview of the features of Alliance Contracting and compare these to more conventional
delivery models such as:

Design Bid Build (Traditional)



Design Build (DB)



Engineering Procurement Construction Management ( EPCM)



Design Build Operate



Build Own Operate Transfer(BOOT)



Build Own Operate ( BOO)

In section 2 the principal features of alliance contracting will be discussed and this will provide
both a historical background and identify the key features of the method. In section 3 the principal
alternative methods will be discussed. Each method will be described along with the key
advantages and disadvantages of the model. Section 4 will review the key criteria used in assessing
whether alliance contracting is suitable for the project being considered. Section 5 provides some
case studies for recent projects which have used alliance contracting as the delivery method.
Finally in section 6 a preliminary assessment of the suitability of Alliance Contracting for the
Camp Pendleton project will be undertaken.
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2.

Introduction to the Alliance Contracting Model

2.1.

Origins of Alliance Contracting

The origins of Alliance Contracting can be traced back to the difficulties that were encountered
towards the end of the 1980’s and early 90’s in the delivery of offshore Oil and Gas platforms in
the North Sea. The development of the Andrews Oil platform by BP is seen by many as the
beginning of Alliance Contracting. In this project the owner and seven other contractors worked
together to collectively share the risk of developing the project in a pre agreed manner. In doing so
they were able to develop a very difficult project which would not have been possible if a
traditional procurement path had been followed. This project was followed by a number of other
Alliance contracts in Australia, including Wandoo B and the East Spar Oil and Gas Alliance during
the 1990’s which demonstrated the benefits of a collaborative working arrangement in delivering to
a broad range of client objectives at minimum cost.
2.2.

Definition of Project Alliancing

The Australian industry has further developed the concept of Project Alliancing and the Project
Alliancing Practitioners Guide, 2006, offers the following definition.
Project Alliance – Definition
A project alliance is a commercial/legal framework between a department, agency or GovernmentBacked Enterprise (GBE) as ‘owner’-participant and one or more private sector* 1 parties as
‘service provider’ or ‘Non-Owner Participants’ (NOPs) for delivering one or more capital works
projects, characterised by:


Collective sharing of (nearly) all project risks;



No fault, no blame and no dispute between the alliance participants (except in very limited
cases of default);



Payment of NOPs for their services under a ‘three-limb’ compensation model comprising;



1



Reimbursement of NOPs’ project costs on 100 per cent open book basis



A fee to cover corporate overheads and normal profit, and



A gainshare/painshare regime where the rewards of outstanding performance and the pain
of poor performance are shared equitably among all alliance participants;

Unanimous principle-based decision-making on all key project issues; and

; Project Alliance Practitioner’s Guide’, Department of Treasury and Finance, State of Victoria, April 06.
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An integrated project team selected on the basis of best person for each position.

*In certain circumstances, it may be appropriate for an agency or GBE to participate in a project
alliance as an NOP, distinct from the government owner-participant.

2.3.

Alliance Principles

Working inside an Alliance Contract revolves around each participant adhering to a clear set of
Alliance Principles. These form the foundation upon which all decisions are made and the define
standards of behaviour expected from all participants to the alliance. For these principles to be
meaningful they must be developed from within the team members. In general however the
following principles can be found inside most alliances.


All participants win, or all participants lose, depending on the outcomes actually achieved.



The participants have a peer relationship where each has an equal say in decisions for the
project.



Risks and responsibilities are shared and managed collectively rather than allocated to
individual participants.



Risks and rewards are shared equitably among the participants.



All participants provide ‘best-in-class- resources.



The participants are committed to developing a culture that promotes and drives innovation
and outstanding performance.



There is a clear definition of responsibilities in a no blame culture



All transactions are to be fully open-book.



Communication between all participants is open, straight and honest.

Important decisions should be made on a ‘best for project’ basis according to the principles above
and not on the basis of organisational positions.

It is common in Australia for the owner to engage a consultant to assist them in establishing an
Alliance. This consultant will have experience in establishing Alliances on behalf of owner clients
and is typically heavily involved in development of commercial arrangements and the process of
short-listing and selecting alliance participants.

SINCLAIR KNIGHT MERZ
H:\PDATA\25101785\Task 10 Next Steps\Contract Delivery Methods\SKM_Pirnie\Alliance Contracting Model_v2.doc

PAGE 5

Alliance Contracting Model

2.4.

Stages in Alliance Process

There are typically four phases over the lifecycle of an alliance. This process is shown in Figure 1.
Figure 1 Project Alliancing Project Delivery – Typical Phases

The first phase involves selection of the NOPs and this may have several stages within it.
Typically an expression of interest will be called which will draw out the various consortia who
wish to tender for the opportunity. Commonly their responses will be assessed and a shortlist of
four asked to attend a half day interview. The interview process is used to assess which groups are
most likely to have the potential to form a high performance team. From this interview process a
reduced shortlist of two are invited to attend a two day workshop where the two most promising
teams are assessed in more detail for their capacity to provide the best solution to the problem at
hand. The top ranked consortia from this process is then asked to attend a commercial workshop
where details on profit and overhead are negotiated along with how the commercial model will
work with key result areas.
The second major phase is the Project Development Phase. In this phase the owner and the NOPs
work to define the project and agree on a Target Outturn Cost (TOC). If this process provides a
viable project the alliance moves into the implementation phase. This finishes when practical
completion is reached.
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The final phase is the defects correction period. This period will vary depending on the project but
is typically one year after practical completion. At the end of this period the NOPs role in the
project is complete.
For alliances that have a period of operation associated with them it is common for the constructor
and designer to step out of the Alliance at the time of practical completion. The Alliance then
continues with the Operator and Owner for the remaining term of the alliance.
2.5.

Risk allocation

In a conventional project delivery method risks are transferred from the owner to the NOPs and
there are clear obligations. This has historically led to an adversarial relationship between owners
and their contractors. If the risks are well understood and can be quantified and managed, these
processes can be successful. In projects where this is not possible then the allocation of risk can be
the source of litigation.
In Alliance contracting all risks are shared in an equitable manner between the owner and NOPs.
They are allocated in pre-agreed proportions which are defined in the commercial agreement. This
applies to both pain and gain structures. In doing so it focuses all alliance participants on finding
solutions which are optimum for all parties.
2.6.

Commercial Model

A critical component of the Alliance model is the commercial structure which supports the Alliance
principles. These are clearly set out in the alliance agreement.
During the development of the Target Cost Estimate (TCE) the target cost of the project,
performance targets are agreed and compensation to the NOPs could be characterised as a ‘3-limb
model’, illustrated in Figure 2, where each NOP is paid as follows:
Limb 1 (Direct cost): Expenditure on the work under the alliance (including mistakes, rework and
wasted effort) and project-specific overheads related to the work under the alliance are reimbursed
at actual cost, subject to audit.
Limb 2 (Fee): A fee (the fee) to cover ‘normal’ profit and a contribution towards recovery of nonproject specific (i.e. corporate) overheads.
Limb 3 (Pain/Gain): An equitable pre-agreed share of the ‘pain’ or ‘gain’, depending on how
actual outcomes compare with pre-agreed targets (in both cost and non-cost performance areas).
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Figure 2 Alliance Compensation Model

In some alliances purpose developed insurance is purchased to cover events outside the control of
the participants.

2.7.

Target Cost Estimate

The target cost estimate is a fundamental component of the commercial model. It is developed
jointly by the owner and NOPs in an open book process. It is intended to be a reasonable estimate
of what it should cost to undertake the scope of work allowing for the owners requirements with
respect to delivery schedule, quality, performance and expectations in non cost areas such as safety,
environment, community and stakeholder engagement.
The TCE is the sum of all limb 1 costs (or direct costs) and includes costs from all participants
including the owner, contractor, and designers. An example TCE is provided in Table 1.
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Table 1 Target Cost Estimate for a Notional $1,000M Infrastructure Project

Constructor

Owner

Element

Cost $

Staff

12,500,000

Consultants

20,000,000

Other Directly incurred costs

13,500,000

Expenses

4,500,000

Risks/unallocated contingency

20,000,000

Salaried personnel

25,000,000

Labour

80,000,000

Permanent materials

357,000,000

Temporary materials

20,000,000

Construction plant

90,000,000

Subcontracts

240,000,000

Site amenities

20,000,000

Specific risks/contingencies

50,000,000

Designer

Salaried personnel

35,000,0000

Contract staff

5,500,000

Sub-consultants

3,000,000

Expenses

4,000,000
Target Cost Estimate

1,000,000,000

Limb 2 Fee

101,050,000

Target Outturn Cost

1,101,050,000

The TCE will normally make direct allowance for specific contingency on the project. This is
typically calculated using a probabalistic method to ensure the contingency is realistic.
2.8.

Limb 1 or Direct Costs

These costs are the actual costs incurred in undertaking the project, including costs associated with
mistakes and re-work. The sharing of pain or gain under Limb 3 ensures that each NOP shares
equitably in the pain if there is significant wasted effort.
All costs under Limb 1 must be actual project specific costs and these are all subject to audit. It is
important that there be a clear definition of direct cost to ensure no misunderstandings occur during
the execution of the project. These definitions should be in defined the alliance agreement.
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A rigorous audit plan should be established at the start of the alliance to capture any errors early
and correct them. In this way any issues which arise can be managed quickly before large sums are
accumulated.

2.9.

Limb 2 – Fee

For the purposes of setting a target it is necessary to establish a business as usual margin which
includes an allowance for corporate overhead and profit. This will be established by way of an
establishment audit of the NOP’s financial accounts immediately before the commercial workshop.
During this phase independent auditors will review the financial accounts of each organisation to
establish the historical margin achieved by the business. Typically a number of years of the
accounts will be examined to understand what is the typical or business as usual margin achieved.
This is normally expressed as a percentage of the Limb 1 amount. This is set after negotiations
during the commercial workshop phase.
Once the Limb 2 number is set it is applied to the Limb 1 costs in the TCE to arrive at a fixed fee.
This fee is locked in prior to staring the work and is the amount that will be received by the nonowner participants if the actual project costs equal the TCE and all non-cost indicators are achieved
to the business as usual level.
Table 2 below shows the calculator of Limb 2 to the notional $1 Billion project shown in Table 1.



Table 2 Limb 2 Fee Calculation
Cost

Estimated Cost

Limb 2 Fee
%

Limb 2 Fee 4
Fixed

Owner

All costs

70,500,000

0

0

Constructor (NOP1)

All costs

884,000,000

10

88,400,000

35,000,000

30

10,500,000

Contract Staff

5,500,000

30

1,650,000

Sub-consultants

3,000,000

10

300,000

Expenses

3,000,000

10

200,000

Salaried Personnel
Designer (NOP2)

Total Limb 2 Fee

101,050,000
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2.10.

Limb 3 – Pain/Gain

The Limb 3 mechanism is used primarily to share the pain or gain on the project. The actual pain
or gain experienced on a project is calculated by comparing the actual outturn cost to the target cost
estimate (AOC-TCE). The normal process is to share pain or gain on a 50-50 basis between the
owner and the non-owner participants.
Where there is more than one NOP, the proportion of pain or gain is typically shared in proportion
to the Limb 2 fee of each NOP.
In developing the pain gain mechanism it is important that the final result for all participants is
either that all parties win or that all parties lose. This is essential to ensure all parties’ interests are
aligned.
Another fundamental principle is that where other result areas are important they be incorporated
into the pain gain mechanism so that excellent performance in these other areas results in better
than normal returns to the NOPs. It follows that poor performance in key result areas would result
in a less than normal return to non-owner participants. This behaviour can be incorporated into the
commercial model by either modifying the slopes of the risk reward diagram or by allocating a
pool of money to key result areas and using a scoring system to determine how much of the pool is
received.
Fundamental to all commercial models in Alliancing is that the maximum downside risk is capped
at the Limb 2 fee of each NOP.
2.11.

Scope Changes or Variations

A fundamental principle of Alliance Agreements is that all participants will collectively assume all
risks associated with delivering the project. This includes those risks that are not in control of the
participants and whether they could have been reasonably foreseen or not. This means that many
situations in a traditional design bid build (DBB) contract which would result in a variation are not
a variation in an Alliance Agreement.
As an example the striking of rock in the foundations would not qualify as a variation in an
Alliance Contract. The extra cost of rock excavation would be handled in the Limb 1 cost (or the
actual direct cost) of the excavation.
It is possible to have a variation to an Alliance Agreement but this would normally be restricted to
additional items of scope added to (or subtracted) by the owner. It is worthwhile to have a
variation workshop early in the life of the alliance to ensure all participants are aware of how
variations are managed under an Alliance contract. It is because of the broad encompassing nature
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of an alliance contract that an adequate contingency needs to be added to the Limb 1 cost to ensure
there is a reasonable amount in the estimate to accommodate the likely risks.
2.12.

Implementing an Alliance

At the very core of Alliance contracting is a commitment to develop and maintain a high
performance team over the duration of the project. This is facilitated by the development of an
Alliance Management Plan. This plan will identify all the key policies, procedures and systems
relating to the work which needs to be undertaken. It will specify the delegated limits of financial
and general authority. It will also specify what aspects can be amended with approval by the
Alliance Manager and what aspects can only be amended by approval of the Alliance Leadership
Team. The Alliance Management Plan will also cover areas such as:


Health, Safety, Environment, Community plans



Alliance culture/ peak performance plan



Compensation audit plan



Finance and administration plan



Procurement plan



Project reporting



Non cost measurement plan

Central to the good governance of an Alliance is the team structure. A typical structure is shown in
Figure 3. There are three key groupings, the Alliance Leadership Team, Alliance Management
Team and the Wider Project Team.
The Alliance Leadership Team (ALT) typically comprises one or two members from each nonowner participant. They typically meet monthly when the project is running smoothly and set the
vision and direction of the Alliance. Each member should be empowered by their organisation to
make binding agreements at ALT meetings. All decisions made by this group need to be
unanimous.
The Alliance Management Team (AMT) is responsible for delivering the project on a day to day
basis. They provide leadership to the wider project team. They report regularly to the ALT via the
Alliance Manager.
The Wider Project Team undertakes all the tasks of the project under the direction of the AMT. It
is critical that each person has a clear accountability and that there are no duplication of roles or
‘man marking’. The team is fully integrated consisting of people from all the participants.
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Figure 3 Project Alliance Governance and Management Framework
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3.

Alternative Contract Delivery Models

3.1.

Introduction

To examine the various delivery methods a framework is required. For each method a general
description of the method is given highlighting key features. The allocation of risk between the
Owner (in this case it would be the San Diego County Water Authority) and the private sector is
discussed in this chapter. The major project risks are shown below in Table 3.


Table 3 Project Risks
Type of Risk

Description

Performance Requirements/ Demand

This is the risk that actual performance requirements
and/or demand will differ from those planned

Planning Approvals

This is the risk that outcomes from environmental
studies and community consultation processes will
affect project viability

Design

This is the risk that the design of the project is faulty
and will lead to unexpected construction costs or
operational problems in meeting performance
requirements

Construction

This is the risk that construction will exceed budgeted
cost, contain faults and be completed late

Operation

This is the risk that required performance will not be
achieved because of operational problems

Financial

This is the risk associated with changes to interest
rates, inflation, availability of finance, taxation, financial
ability and security on loans

Commercial

This is the risk that changes to the corporate
environment, e.g. structure of company, taxation,
insurance, viability and other rates and charges may
affect project viability

Government Policies

This is the risk that government may change policies,
which may affect project viability

Political

This is for public perception or criticism i.e. ultimate
responsibility for performance of the system

As the various methods allocate risk differently between the Owner and the private sector it is
necessary to examine the implications for the Owner of choosing a particular method.
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It is important that Owners understand the implications of all project delivery methods and
associated risks. Owners will need to define the project which will require some basic
investigation and initial planning approvals.
The advantages and disadvantages of each method are then discussed.
The delivery methods have been arranged in approximately increasing order of private sector
involvement.


Design Bid Build



Engineering Procurement Construction Management (EPCM)



Design Build (DB)



Alliance



Design Build Operate (DBO)



Build Own Operate Transfer (BOOT)



Build Own Operate (BOO)

3.2.

Design Bid Build

Outline of Method
Involves the Owners appointing a project manager to sequentially manage performance
requirements/demand, investigation, and planning approvals followed by separate stages for design
and construction. Construction is by hard dollar competitive tendering. The Owner takes over and
operates works after acceptance tests.
The Owner can be involved in and provide its input at each stage. The Owner requirements can be
incorporated in regard to design issues and operational requirements.
Relies on skill of the concept designer together with value management etc. to obtain best value
solution rather than the market place pressure provided by other methods.
In this method the risk of negligent design is with the design consultant. Construction risk is with
Contractor if tender documentation is adequate. The Project Manager is allocated the risk
associated with poor contract administration. The Owner assumes risks associated with operation,
financial, demand and the planning process.
There is standard documentation for supply of professional services, and low contractual risk
because of the large amount of work done this way. The technical documentation needs to be of a
high standard to minimise contractual disputes.
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Advantages

The Owner chooses the design consultant and has close control of concept and detailed design
development and can ensure the features the Owner wants are incorporated.


The Owners can obtain competitive prices for construction of its chosen design.



Within reason the Owner can adjust the design, extent of work and cope with varied ground
conditions by paying for actual conditions and quantities through a schedule of rates contract.

Disadvantages
Process can be lengthy as tasks are sequential.




When construction or operational problems occur, disputes on responsibility (Owner, project
manager, designer, and contractor) can be difficult to resolve.



Limited opportunity for innovation and hence cost savings once the concept design has been
adopted.



Interface/lack of integration between designer, constructor and operator.



Litigation is a risk as the form of contract is adversarial in nature.

Projects Suited to Design Bid Build

Where, because of the nature and location of the works, there is little scope for post tender
innovation, DBB is likely to be the best approach. This method should include schedule of
rates items where there are large costs associated with uncertainty in foundation or excavation
conditions.


3.3.

Also suited for projects involving augmentation of existing works where most of the project
parameters have been set and there is a need to conform to the overall design of the facility.

Engineering Procurement Construction Management (EPCM)

Outline of Method
In this method the Owner contracts a single organisation to provide Engineering, Procurement and
Construction management on its behalf. The main objective is to have a single entity that is
capable of managing design, multiple subcontracts, Owner Furnished equipment and the
Commissioning Process. The EPCM contract is essentially a professional services contract.
The EPCM contractor receives a fee for undertaking the management of the delivery process.
Individual contracts are let which allocate risk to the Contractor. Importantly these contracts are
between the owner and the contractor as the EPCM contractor has only a management role.
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Advantages

Suitable for large projects where the client does not have a team large enough to manage the
project


Allows extensive owner interaction at key stages through the project



Allows owner to nominate equipment which may be part of an overall asset management
strategy



Good for fast track projects



Owner can modify project specifications with some flexibility as there are multiple contracts
and not a single over arching Contract



Allows smaller equipment providers and contractors to participate

Disadvantages

Cost risks are largely borne by the owner


Legal costs can be higher as there are multiple contracts to negotiate



Substantial owners involvement is needed to ensure specific requirements are understood by
EPCM contractor



Schedule risk with the owner



High level of interface risk

Project Suited to EPCM
This method is very popular for mining projects where the owner has clear requirements for
production and quality of equipment. It is gaining popularity in the petrochemical, power and
desalination sector.

3.4.

Design Build (DB)

Outline of Method
A single company takes the responsibility for the design and construction of an asset. The design
of the project is based on meeting explicit performance requirements for the operating asset. The
company may subcontract some of the tasks required, for example a contractor often uses a
separate consulting company to undertake some technical design tasks. The asset when completed
is transferred to the client for subsequent operation.
There are numerous examples of this delivery mode in the water supply and sewerage sector and in
other sectors. The method can in some cases deliver the asset in a shorter total time than Design
Bid Build. Costs can be reduced for some asset types because the design is driven by the
contractor with a focus on winning a competitive tender. All of the bidders have to complete a
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proportion of the design to finalise their financial bids, hence there is a duplication of design to
finalise their financial bids, hence there is a duplication of design effort but an opportunity to assess
different design approaches. The degree of specification for the contract will reflect the potential
for innovation and cost savings. Over specification for example, as occurs in the Design Develop
and Construct (DDC) method, which involves development of the client’s concept design will
provide less potential for innovation than a DB project which involves a performance only
specification.
The design risk in this method is allocated to the private sector. Construction risk is the
responsibility of the private sector. There is some extension of time risk to the Owner. There is
much greater risk to the Owner due to variations if changes are initiated by the Owner. There can
still be latent conditions to the Owner. The operation, financial, demand and planning process risk
are with the Owner.
There is standard documentation for DB contracts and these are now well understood in the market
place.
The Owner needs to be able to unambiguously specify the performance requirements of the project
and be able to effectively assess the relative merits of different processes and systems. This is not a
simple task and warrants careful attention.
Advantages

Contractor has a clear responsibility to deliver a facility which meets performance
requirements and thus is responsible for adequacy of both design and construction. This
minimises problems in responsibility for and resolution of faults.


The method is often adopted to shorten the delivery time.



If site conditions are predictable and scope is well defined, control of the design by the
contractor should lead to a low capital cost facility.



In some cases, design and construct contractors have process knowledge, patented equipment
not available to design consultants.

Disadvantages

A thorough knowledge of the performance requirements is needed prior to calling tenders.


It is not suitable when the Owners objectives may change during project execution.



Although tenders should be evaluated on the basis of life cycle costs, tenderers may
concentrate on reducing the capital cost as they are not responsible for long-term operation;
this could lead to high operational costs. However, recent tenders have a proving period of up
to 3 years to overcome this concern.
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A high level of expertise is required to define performance requirements and incorporate these
into contractual documents.



Litigation is a risk as the form of contract is adversarial in nature.

Projects Suited to DB

Well suited to projects with simple investigation and planning approval needs where the time
frame to completion is required to be shortened.


Well suited to complex projects (e.g. treatment works or major pumping stations) where there
are a number of options which could satisfactorily meet performance.



It is more suited to assets where most of the total life cycle cost is in the initial capital cost. If
it is to be used for assets with high operating costs then these costs need to be provided in the
tender and a proving period incorporated in the contract to demonstrate their appropriateness.

3.5.

Alliance Contract

Outline of Method
In order to deliver a large project, several companies, agencies and/or the Owner work together.
The partners to the alliance work together to deliver the project. The alliance partners enter into an
agreement with the client to deliver a new asset on an agreed fee basis. The partners apportion
tasks and the overall profits or losses that accrue.
This form of project delivery provides a focussed team that includes the owner, designer, builder
and operator that combine to deliver the best product. This has been employed for very large
projects such as construction of an oil platform and has been used for the Northside Storage Tunnel
in Sydney and Desalination Plants such as the Gold Coast Desalination Plant. The method is
ideally suited to projects where risk cannot be quantified at time of tender. This can happen due to
overwhelming time constraints, e.g. the Northside Storage Tunnel which needed to be in operation
prior to Sydney Olympics. It can also happen when risks are extremely difficult to quantify and to
do so prior to letting the contract could see the Owner pay an excessive risk premium under
traditional methods of delivery.
This type of delivery mechanism is unlikely to be attractive for small projects or those that have a
low degree of technical complexity. The client needs to be able to accurately determine the project
costs for other delivery methods and be prepared to participate in the alliance as an equal but not
dominant partner. As all decisions must be unanimous this can be difficult for owners used to a
traditional method of delivery.
In this method risks are shared between the participants but ultimate risk lies with the Owner.
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Advantages

It can deliver a project quickly.


Where projects have objectives other than cost this method can directly incorporate these
considerations into the reimbursement of the Alliance members. For example, in the Northside
Storage Tunnel the project had time, environment, safety and community objectives in
addition to cost. This allows the focus of the team to be more balanced than in the DBB
method.



It allows risks to be managed in an equitable manner



All costs are open book and therefore transparent to the Owner and NOPs, which builds trust.



Encourages all participants to focus on solving problems in a collaborative manner.



Changes to scope are priced in a transparent manner with no opportunity for windfall profits to
be made by NOPs.



Can include an operating period if required.

Disadvantages

Requires a high level of expertise of team members from all Alliance parties


Value for money can be difficult to prove objectively.



Limited precedent for Alliancing in the United States.



The owner carries the majority of the risk once the Limb 2 of the NOPs is extinguished.

Projects Suited to Alliance

Projects where the history of existing methods of delivery projects is poor (e.g. tunnels, ocean
works). This being due to the inability to fairly allocate and quantify risk at the time of tender.


Projects where the required outcomes are developed during the currency of the project. For
example, projects where community consultation strongly influences project details.



Projects where time is of the essence.



Projects where objectives other than cost rank highly in the Owner’s opinion. This could be
operation, safety, environment and maintenance objectives.



High level of interaction with existing assets.



Projects which require all parties to closely collaborate in order to determine optimum
solution.
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3.6.

Design Build Operate (DBO)

Outline Method
In this method a company contracts to build a facility and upon completion transfer the ownership
to Owner. The Owner then enters into a lease agreement with the contractor to operate the facility
for a specified time period (typically 10 to 25 years). The contractor is reimbursed for operation on
a fixed plus variable payment structure. The contract is based on meeting specified performance
requirements during the build and operate phase.
The construction is funded by the contractor but upon completion and subject to meeting
performance requirements is reimbursed by the Owner
A high level of Owner involvement would be required at an early stage to define performance
requirements both in the build and operate phase. As the contractor only gets paid according to
meeting performance requirements very clear acceptance testing procedures need to be developed.
There is an ongoing requirement for the Owner to administer operational performance (availability,
volume and service).
The risks associated with design, construction and operation are allocated to the private sector.
Advantages
Contractor is responsible for design, construction and operation and this should help achieve a
minimum cost solution provided reasonable design freedom is possible and foundation cost,
and process uncertainties are not overly significant.





The Owner retains ownership of the facility and thus has some control to cope with unexpected
changes in performance requirements.



In some cases, DBO contractors have process knowledge, patented equipment not available to
design consultants.

Disadvantages
This method requires intensive effort from the Owner to define project requirements and risks
prior to initiating the tendering process. Significant tendering costs are involved.





Extensive administration over the life of the project is also required.



Changes cannot be made after awarding the contract without significant technical,
administrative and commercial effort.



Litigation is a risk as the form of contract is adversarial in nature.

Projects Suited to DBO
The DBO method suits projects with capital values exceeding $5M involving a water treatment
works or sewage treatment works.
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Ensures operation factors are considered.



The method is more suited to projects where operational costs are a significant proportion of
total life cycle costs.



The method is suited to Owners who do not wish to transfer ownership of facilities to the
private sector but wish to introduce a competitive model into their existing system. As a
minimum it would provide useful benchmarking data for Owners other facilities.



The method is suited to Owners where operation of facilities is not seen as core business.



The method is suited to Owners looking to achieve minimum cost solutions and to lock these
in over a long time frame.

3.7.

Build Own Operate Transfer (BOOT)

Outline of Method
In this method a consortium is chosen to build, own, operate and eventually transfer the asset back
to the Client after an agreed period. The consortium is generally reimbursed on an availability and
volume basis so that it recovers its costs and gains a return on investment.
A high level of Client involvement is required at an early stage to define all project requirements.
Close monitoring of performance is required over the life of the project to administer payment to
the consortium.
The risks associated with design, construction, operation, financial, and commerce are allocated
primarily to the private sector. The degree of allocation is dependent on individual contract
arrangements.
Since the legal arrangements must cover all aspects of the project including design, construction,
operation, financing and transfer of asset, they are clearly substantial documents.
Advantages

The method obtains competition for design, construction, operation and finance of the project.
It should therefore achieve a minimum cost solution provided reasonable design freedom is
possible and uncertainties such as foundation costs are not overly significant.


The vast majority of project risk is allocated to the private sector.



The interface between maintenance and replacement costs is eliminated during the currency of
the project.
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Disadvantages

This method requires intensive effort from the Client to define project requirements and risks
prior to initiating the tendering process. Very significant tendering costs and complex
negotiations are required before signing the contract.


The Client has less control than under DBO to deal with unexpected changes in performance
requirements since the site and the asset are under the control of the consortium.



Not flexible, e.g. changing regulatory requirements or changing demand.



In view of the extensive existing assets, the method is not suited to rectifying existing water
supply distribution systems or sewage collection systems (World Bank, 1997).

Projects Suited to BOOT

Greenfields projects over $20M


Projects where the operational costs are a significant proportion of total life cycle costs.



Projects with some complexity and scope for innovation.



Projects which are easily separable from the rest of the Owners business.



The method is suited to Owners where operation of water supply and sewerage facilities is not
seen as core business.



The method is suited to Owners looking to achieve minimum cost solutions and to lock these
in over a long time frame.

3.8.

Build Own Operate (BOO)

Outline Method
In this method a company is selected to design, build and operate the facility in perpetuity. The
successful contractor finances construction and operation in return for revenue which is normally
paid by way of two parts, an availability charge and a volume charge. In this method the assets are
owned by the private sector.
A proving period is normally incorporated into the contract to ensure the project is operating to
specification. Once compliance with the physical performance criteria has been achieved the
revenue begins to be transferred to the private sector. All major project risks are transferred too
private sector.
A high level of involvement of the Client would be required prior to involving the private sector to
establish performance criteria and guarantee requirements for design, construction, operation and
finance. For large project (i.e. >$20) there will almost certainly be separate agreements to be
reached between the consortia who will design, build and operate the facility and the banks or other
financial institutions who will provide the project finance.
SINCLAIR KNIGHT MERZ
H:\PDATA\25101785\Task 10 Next Steps\Contract Delivery Methods\SKM_Pirnie\Alliance Contracting Model_v2.doc

PAGE 23

Alliance Contracting Model

There is no standard documentation for BOO type projects and so the legal fees associated with this
style of project will be high. As assets may be transferred in the process it adds another difficulty
not present in earlier methods.
Advantages

As for BOOT, the bidding process encourages competition in design, construction, operation
and finance which will promote an efficient low cost solution.


The vast majority of project risk is transferred to the private sector.



The interface between maintenance and replacement costs is eliminated.



There is a clear focus of delivering service outcomes.

Disadvantages
As for BOOT, requires intensive effort from the Client to define project requirements and
risks, and involves very significant tendering costs and complex negotiations. Similarly,
Client has little control to deal with unexpected changes in performance requirements.





Not flexible due to transfer of ownership.



Requires a strong regulatory structure.

Projects Best Suited to BOO Method
Greenfield projects with a high capital value (over $20M) are particularly suited to this
method.





The method suits projects where a significant proportion of total life cycle cost is in the
operational component of the project.



The method suits owners who wish to have the maximum amount of risk transferred to the
private sector.



Projects which have a limited life, where there would be no value in acquiring the assets at the
end of the period or where the owner’s strategies may make the asset redundant at a particular
time in the future.



The method is suited to owners where ownership and operation of water supply and sewerage
facilities is not seen as core business.



The method is suited to owners looking to achieve minimum cost solutions and to lock these in
over a long time frame.
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Design Bid
Build (DBB)

Risk is with
Owner.
Performance and
demand risks can
be best managed
DBB

Projects where
detailed concept
design is required
for regulatory
approval are best
managed under a
DBB approach.
Risk is with Owner

Design risk is with
designer.

Construction risk
is with
construction
operator.

Operational risk is
with Owner

Type of Risk

Performance
Requirements/ Demand
– performance
requirements and/or
demand differing from
planned.

Planning Approvals –
environmental studies
and community
consultation may affect
project viability.

Design – faulty design
leading to higher
construction costs or
operational problems.

Construction –
construction finished
over budget, with faults
or completed late.

Operation – required
performance not

Operational risk is with
private sector.

Construction risk is
with private sector

Design risk is with
private sector

Allocation of risk is
dependent on the
contract
arrangements. Some
risk can be transferred
to the private sector.

Some risk might be
transferred to the
private sector.
Problems in making
changes to long-term
operational contracts if
there are changes in
performance
requirements

Design Build
Operate (DBO)
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Operational risk
is mostly with

Construction risk
is with DB
contractor

Design risk is
with DB
contractor

Risk is primarily
with Owner.

Risk is with
Owner.
Performance
and demand
changes during
design phase
less easily
accommodated
than in dbb
approach.

Design Build
(DB)

Table 4 Risk Allocation for the Main Infrastructure Delivery Options
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As for DBO

As for DBO

As for DBO

As for DBO

As for DBO, except
that even less
control than for DBO
to deal with
unexpected
changes in
performance
requirements as the
site and asset are
under the control of
the private sector

Build, Own,
Operate,
Transfer (BOOT)

As for DBO

As for DBO

As for DBO

As for DBO

As for DBO

Build, Own,
Operate
(BOO)

Owner

Private Sector

Design
Consultant

Owner

Owner

Engineer
Procure
Construction
Management
(EPCM)

Alliance
participants

Alliance
participants

Alliance
participants

Alliance
participants

Alliance
participants

Alliance

Risk is with
contractor

Risk is with
Owner. Risk of
policy changes
can be best
managed under a
Sequential
approach.

Risk is with Owner

Commercial – changes
in the corporate
environment e.g.
company structure,
taxation etc.

Government Policies –
impact of changes in
government policies on
project viability

Political – ultimate
responsibility for
performance of system

Risk is with
Owner

Risk is primarily
with Owner

Risk is with
contractor

Risk is with
Owner

Fewer interface
problems than
with dbb
approach. Tight
performance
specification is
required.

Owner

Design Build
(DB)

Risk is primarily with
Owner

Allocation of risk is
dependent of the
contract arrangements

Risk is with private
sector

Risk is with Owner
(except during
construction)

Managing the
interfaces and
resolution of interface
problems are a matter
for the private sector
operator.

Design Build
Operate (DBO)
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Risk is with Owner

May be problems
with DBB
approach
managing the
interfaces and
allocating
responsibilities for
operational
problems

Design Bid
Build (DBB)

Financial – changes to
interest rates, loan
availability, taxation etc

achieved due to
operational problems

Type of Risk

Alliance Contracting Model

PAGE 26

Risk is shared by
oWNER and the
private sector if the
contract is well
written.

As for DBO

Risk is with private
sector

Risk is with private
sector

As for DBO

Build, Own,
Operate,
Transfer (BOOT)

As for DBO

As for DBO

As for BOOT

As for BOOT

Build, Own,
Operate
(BOO)

Owner

Owner

Private Sector

Owner

Private Sector

Engineer
Procure
Construction
Management
(EPCM)

Alliance
participants

Alliance
participants

Alliance
participants

Owner

Alliance

Alliance Contracting Model

4.

Selection of an Appropriate Delivery Method

The selection of the delivery method which best meets the requirements of an owner can only be
made in the context of the overall strategic plan for the organisation. This document will normally
outline the organisational objectives, principles and vision.
Having clearly understood the strategic context of the decision than the owner is in a good position
to assess the wide range of delivery methods open to them including:


Design Bid Build



EPCM



Design Build



Design Build Operate



BOOT



BOO



Alliance

There are a number of factors which should be taken into consideration when making this
assessment and these include:


Capital Value and Complexity of Project



Government Policy



Finance



Regulatory Approvals



Timing



Design



Type of site (Brownfield or Greenfield



Operation



Project risk

These factors are explained below:
Capital value and Complexity of Project
In general as the scale and complexity of project increases more delivery methods become feasible.
For smaller projects which are simple in nature the design bid build method has a proven track
record and minimises the cost of tendering to the industry.
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As the project value increases larger contractors become more interested in tendering and they offer
innovations in the design, construction and operation of facilities. They are also prepared to invest
more in developing their ideas if the ultimate reward is large.
Government Policy
Some government policies may preclude certain methods of delivery. This is particularly true of
private ownership of assets. In this case the DBB, DB, DBO, EPCM, and Alliance methods would
still be feasible options. In some jurisdictions owners may not be able to share risks which they are
not directly responsible for. In this case the Alliance method in its pure form would not be
permissible. There have been modifications to alliance agreement to allow for specific allocation
of some risks.
Finance
Where the owner has a high level of debt and wishes to avoid additional debt then BOOT, and
BOO are feasible options.
Regulatory Approvals
Where detailed designs are needed to obtain regulatory approval, favours DBB and EPCM.
Timing
For projects where very tight delivery times are required, this favours Alliance, DB, and EPCM
delivery methods.
Design
Where the best skills to undertake the design are with contractor/operators then DB, DBO, BOOT,
BOO, and Alliance models are preferred.
Type of Site (Brownfield or Greenfield)
Where there are existing assets and operators which need to be taken into account (Brownfield)
then the DBB, EPCM and Alliance methods allow a high level of client/owner interaction.
For Greenfields projects which have a high degree of complexity and the potential for innovation is
high then DB, DBO, BOOT, BOO and Alliance delivery methods are favoured.
Operations
Where the Owner has a high level of skill in operations and this is seen as core business then DBB,
EPCM, DB, and Alliance models are favoured.
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Where operations is a non core skill, or current operators are at lower than industry bench mark
levels, then DBO, BOOT, and BOO are favoured. Alliances can be used in this situation providing
there exists participants with world class operating skills.
Project Risk
Where project risks are well understood then the DBB, and EPCM methods are preferred. Where
there is a high likelihood of performance requirements changing, then DBB, EPCM, and Alliance
models are preferred.
If demand/load projections are likely to change dramatically then it is best to avoid methods with
long term operational terms. In this case DBB, DB, EPCM, and Alliance methods are preferred.
If risks are poorly understood (e.g. geotechnical, wave climate, ocean currents, etc.) or scope is
poorly defined, then the Alliance method provides a clear process for managing this situation.
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5.

Case Studies

5.1.

Gold Coast Desalination Plant

Gold Coast Desalination Alliance (GCDA)
The Gold Coast Desalination Alliance has successfully delivered the AUS$1.1Billion 125 ML/d
(33 mgd) seawater desalination plant on the Gold Coast in southeast Queensland. The Alliance is
comprised of the owner (Queensland State Government), constructor (John Holland) and operator
(Veolia Water). Sub-alliance partners were Sinclair Knight Merz (SKM), as the principal designer,
and Cardno who undertook network modelling and design of the network integration works. The
project includes design, build and operation (for 10 years with an option to extend for a further 10
years), with eventual handover to the owner.
The Alliance team was originally appointed by Gold Coast Water in late 2005 following a
competitive selection process. The original brief was to develop a Target Outturn Cost (TOC) for a
55 ML/d (14.5 mgd) plant to service the local Gold Coast area, to be followed by construction and
operation of the plant. At the time of commissioning of the team the final site had not been
selected, this being one of the first tasks of the Alliance.

The plant location was finalised and a 55 ML/d TOC was completed in April 2006. With an everworsening water supply situation in southeast Queensland, the project was novated to the
SINCLAIR KNIGHT MERZ
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Queensland State Government in mid 2006, and increased in sized to 125 ML/d. A 125 ML/d
TOC was completed and the project approved in November 2006, with construction works and
procurement of long lead items commencing immediately.
The bulk of the civil works were completed between December 2006 and July 2008, with
mechanical/electrical fit-out from mid 2008 to November 2008. During 2008 the State Government
owner was again changed as part of the re-structuring of water supply management in south-east
Queensland.
Commissioning was completed in March 2009, with the plant now running at full capacity. The
plant has therefore been delivered from site selection to full operation in about 30 months
(excluding 6 months for the first TOC process).
The Gold Coast Desalination Project overcame a number of significant challenges, including;


The need for a quick start-up in response to serious drought in the Gold Coast and southeast
Queensland area,



A lack of definition at the time of contractor procurement, including a lack of a preferred site,
and uncertainty over environmental and statutory approvals processes and requirements,



Two changes of owner during the project,



The need to respond to and manage the many stakeholder issues associated with delivering
major water infrastructure in the midst of a tourist mecca with high environmental values, and



A very tight delivery timeframe, requiring innovative approaches to engineering and project
delivery.

The flexibility and co-operative approach afforded by the Alliance contracting model has been
central to the successful delivery of this project.
What Worked Well
The Alliance management structure served the project very well in a number of areas:


We were able to get a very quick start on the project, finalising the site location within 6 weeks
of commencement, and completing the first TOC within 4 months,



The Alliance allowed flexibility to deal with the numerous unknowns and changes, such as;


Changes in ownership



Uncertainties around what approvals may be required (particularly environmental), and
the processes/investigations/negotiations involved in procuring these approvals



Changes in project scope that occurred throughout the project, such as project up-scaling
to 125 ML/d, the need to investigate potential for duplication/augmentation, and the need
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to undertake additional works to allow integration of the scheme with the south east
Queensland regional water grid.


Minimal effort required in contractual negotiations due to the simplicity of the Alliance
commercial model



Shared goals engendered a strong sense of common purpose within the project team. This was
significant factor in the success of the project,



A collaborative Alliance approach allows excellent interaction between
planning/design/procurement/construction/operation. Specifically, it allows design to be
optimised to allow the most efficient construction method without compromising long term
O&M. This is much harder to achieve with conventional delivery methods.

What Did Not Work Well
In general this has been a very successful project, and apart from the numerous technical
challenges, it is difficult to identify too many areas that have been a significant problem.
The multiple changes in project owner has caused some problems, with new owners feeling
somewhat disenfranchised and to a degree disempowered by the Alliance process. The new owners
have had different perspective on the best way to deliver the project, and have lacked the historical
context and detailed understanding of the project’s development.
Lessons Learned
Lessons learned from this project include:


A thorough, robust and completely transparent TOC process is critical to establishing a sound
basis for the project. The client must be a strong part of the TOC development and must
“own” the TOC as much as the non-owner participants.



Establishing and maintaining a strong Alliance culture takes effort and resources, but can
result in significant benefits in terms of alignment of the team to project goals, creating an
environment that encourages innovation, and fostering a joint approach to problem solving.
The owner must be an active part of this process.



A simple Alliance model is best. A simple model minimises wasted effort arguments over
finances and risk allocation.



The use of project-specific insurance that covers all the Alliance participants greatly simplifies
issues of risk allocation, and encourages a “best for project” culture.



Appointment of a good Alliance Manager is important in maintaining a strong Alliance
culture. This person must be a strong leader, open to challenge, but ultimately decisive.



It is important to involve all the key Alliance partners in the decision making management
structure for the project, however decision making within the Alliance must be efficient. This
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is achieved by keeping the decision making group as small as possible, with clearly defined
authority.


Significant effort is required to provide an “open book” approach to costs. Cost systems need
to be established from the beginning to allow ready third party audit and accountability, and
maintenance of these systems needs to be properly resourced.

5.2.

Western Australia Desalination Plant

The Alliance Procurement Process
The Water Corporation of Western Australia is in the process of procuring its second, large
seawater reverse osmosis (SWRO) desalination plant in the last five years. The first plant is a 45
GL per annum plant located at Kwinana in the southern suburbs of Perth. It has been operating for
approximately 18 months. The second plant is currently in the design phase and will be a 50 GL
per annum plant located at Binningup, approximately 170km south of Perth. Both plants have been
procured through a competitive alliance delivery method involving:


Calling for Expressions of Interest (EOI) for suitably qualified parties. The level of
information to be provided was limited to specific items of interest to the Water Corporation
with page limits.



Assessment of written submissions and short-listing to two parties after half-day interviews of
several consortia. This phase looks closely at the long term “operators” rather than the
designers and constructors.



Competitive tenders prepared by the two short-listed tenderers with costs paid by the
Corporation up to an agreed sum e.g. $1.5m each;



The tender period requires substantially more design effort, reporting to the Client and
participation in “Alliance Workshops” than is normally the case with Design and Construct
tenders. This is because the Water Corporation is gauging the technical, organisational and
ethical capabilities of the two tenderers i.e. which team do I have most confidence in
delivering the required outcomes and whom I can work with most effectively. Two tenders are
required from each proponent:


One for the design, build and commissioning of the plant; and



One for the operation and maintenance of the plant for the 20 year period.



Tender assessment including technical, financial and whole-of-life assessment of tenders as
well as interviews/presentations of the tender.



Two Contracts awarded to the successful part(s) of the consortium for:


Design, build and commissioning of the plant; and
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Operation and maintenance of the plant for the contract (20 year) period.



Completion of the design and build contract and hand-over of the fully commissioned plant to
the operations contractor.



The Water Corporation remains the owner and funded the project.

The procurement of the Kwinana plant commenced in 2002 with the calling of expressions of
interest for the design, delivery and operation of the plant for a 20 year period. The EOI was called
in response to a predicted critical water shortage resulting from record low rainfall over several
years. Two parties were short-listed but the process did not proceed further until mid 2005. The
competitive tender phase extended from August 2005 to February 2006 with contract award in May
2006. The Practical Completion date was October 2007.
The delivery method adopted for the Binningup plant is very similar to the Kwinana plant except
that at the EOI phase, only submissions from operators were requested, not from an Alliance
consortium. This allowed the two short-listed operators to obtain the best design and construction
expertise available for the tender and delivery of the plant, rather than having several key designers
knocked out at the EOI stage.
What Has Worked Best in This Process is:

The Client gaining first-hand knowledge of the capabilities and modus operandi of the
proponents and their key project staff through the client representatives “embedded” into the
tender teams and the numerous “interactions” required between the individual tenderers and
the Client.


The tender process was not totally “purchase price” driven as there are numerous quality and
durability requirements built into the overarching specifications as well as the long term O&M
price considerations that need to be factored into the two tenders.



The commercial workshops prior to the tender submission provided key direction as to what
risks were within the Alliance and which were to be covered by the Client. This worked both
ways as different consortia have differing appetites for risk. The workshops also provided
clear guidelines as to the format of the tender pricing so that like items could be compared to
like with sufficient detail behind the numbers tendered.



The totally open-book pricing within the tenders allowed independent verification of the costs
with all risks and contingencies clearly identified and quantified at tender time. Discrepancies
or different approaches to risk/contingency between the parties could be clarified and assessed.



The Alliance Contract Model (direct cost reimbursement contract with appropriate risk/reward
modifiers and loss caps) provided explicit mechanisms that drove win-win and best-for-project
behaviours in the key areas of concern to both the Client and the contracted parties. It also
allowed an extreme delivery programme to be achieved.
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What Hasn’t Worked so Well is:

Probity seriously constrained meaningful discussion between the tenderers and the Client
during the tender design phase – the time when the most significant savings could have been
achieved. This is not an issue with “True Alliances” where the client and the alliance partners
are able to extract the maximum innovation and cost savings through detailed discussion on
needs, processes and preferences.


The competitive tender preparation and assessment phase extended the overall delivery
programme by four to six months which caused significant cost escalation to meet the
extremely tight delivery deadline. This cost escalation was not transparent because both
tenderers factored this into the overall price.



Lack of Client input (on preferences, customs and practice) into the technical, operational and
maintenance components of the tenders caused significant, robust ”discussion” during the
design and delivery phase where Client preferences were expected to be incorporated without
additional cost to the client.



Adverse cost and schedule impacts have occurred in some areas where the Client has not
embedded personnel of sufficient authority into the Alliance to resolve issues in a timely
manner. This is especially true in areas where the controlling client stakeholders are not part
of the Alliance.



Sufficient resources need to be deployed in the early set-up phase of Alliances to establish
quickly all the systems and procedures necessary for the special purpose vehicle (the Alliance)
to operate as an efficient entity separate to the component parts. If this doesn’t happen the
participants revert to the known, home-office procedures which typically don’t mesh well.
This works best when an experienced “start-up” team establishes all the base protocols
separate from the project delivery team. Tweaking of these protocols to suit the Alliance
circumstances can then be undertaken by the project delivery team – it is a much easier task
than the initial set-up.

5.3.

Sydney Desalination Plant

Sydney Desalination Project
Sydney Desalination Project (SDP) is not an alliance; it is a Design Build Operate & Maintain
(DBOM) contract, although it does have some aspects of relationship style contracts which are
discussed below.
Note: The transfer works to deliver the desalinated water to Sydney’s water supply system is a
separate contract and an Alliance.
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The desalination plant is for an ultimate capacity of 500ML/day in four 125ML/day modules. The
DBOM Contract is for a 250 ML/day plant. The works include intake and outlet tunnels (each
~2.5km long and 3.4m diameter), drum screens, intake pumping station (PS), filters and wastewater
treatment, booster PS, cartridge filters, RO system (first pass with energy recovery & second pass),
potabilisation system and 40ML drinking water tank. The value of the contract is AUS$1,000M.

Sydney Water Corporation engaged the Blue Water Joint Venture (John Holland Group, Veolia
Water with Design Joint Venture - Maunsell & SKM) to undertake the DBOM contract in July
2007. At the time of contract award, the due date for completion of construction and
commissioning of the 125 ML/day Module 1 was 30th September 2009, with Module 2 being due
for completion 3 months later. Achieving this fast-track programme was a dominant factor in all
aspects of project planning and execution.
The bulk of design was completed by August 2008 and most civil and structural construction work
was completed by February 2009. The mechanical/electrical fit-out is well underway with
commissioning works planned to commence in May/June 2009.
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What Worked Well
The DJV contract with BWJV was structured as an alliance-style target cost arrangement, with
hourly cost rates based on salary multipliers, a fixed lump sum fee for profit & overheads, and a
pain/gain incentive fee based on performance to programme. In effect the hourly rates for cost
reimbursement were 80% of the nominal hourly rate with the remaining 20% being a fixed fee,
based upon the target hours. This was a sound idea, shared the risks and contributed to the sense of
commercial teaming between BWJV and DJV.
BWJV and DJV operated as an integrated design team on the construction site, with BWJV being
responsible for primary process engineering, design management, and ultimate decision-making,
while DJV were responsible most other elements of design. As an incentive to the design team,
there was a Limb 3 staff bonus/entitlement created with money set aside for design team located
on-site. Each Design Work Package was performance evaluated throughout the various design
phases and a score out of 10 was recorded. The score converted to a proportion of the money set
aside which was distributed to each member of the team based on the number of months they were
on-site.
Lessons Learned
The Consultant Services Agreement identified in general terms the nature of services to be
provided by DJV but did not clearly specify the limits of work scope. The consideration of design
changes as Variations was consequently open to varying interpretation. Similarly, the Contract did
not adequately specify how design revisions arising from comments by other Departments, re-work
arising from final vendor information, removal of “holds”, etc, should be handled vis-à-vis design
fees and target hours. The Contract was silent on all work in relation to procurement activities (e.g.
tenderer pre-selection, technical assessment of tenders, shop drawing review, expediting, FAT’s).
The project design plan (i.e. programme & budget) required the design team resources to ramp up
from 20 fulltime-equivalents (FTE) in July 2007 to 140 FTE in August 2007 and be at peak
manning by early September2007. In hindsight, this plan was far too optimistic both from a
practical resourcing point of view and with regard to when key pieces of information from
procurement would be available. The integration of design, procurement and construction in terms
of scheduling is critical to a smooth delivery process.
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6.

Applicability to SDCWA’s Camp Pendleton
Plant and Conveyance Pipeline

Chapter Three identifies some of the key attributes of projects which make them suitable for
Alliance Contracting. These are reproduced below and reference is made to Chapter Four in
identifying some of the key factors which need to be taken into account when deciding on whether
a particular method is suitable.
Projects where the history of existing methods of delivery projects is poor (e.g. tunnels, ocean
works). This being due to the inability to fairly allocate and quantify risk at the time of
tender.
With respect to the Camp Pendleton Seawater Desalination Project, a number of risks need to be
considered. Some of these can be well defined if time is available and others are more difficult to
quantify. These risks include:


Unexpected site conditions – this is a low risk if early investigations are comprehensive



Military base location – This will require a close relationship to be developed with the land
owners in order that construction is not impacted adversely. This relationship is facilitated by
an alliance agreement.



Complex or Changing Regulatory Conditions – These can be managed by the owner.



CDPH Approvals – These can be managed using traditional approaches.



Litigation – This is always a possibility with DBB, DB methods but is not possible with
Alliance Contracting. This risk can be reduced if there is enough time to identify and quantify
risks prior to issuing tender documents if traditional methods are used.



Ocean Works – The coastline is a relatively high energy environment and therefore there is the
potential for damage or disruption to construction if weather turns adverse. There are
experienced Contractors however who are used to these conditions and it should be possible to
manage these risks.



Tunnel Works – The construction of tunnels always carries risks which are very difficult to
quantify precisely before construction commences. This aspect lends itself to Alliance
Contracting.



Intake Works/Beach Well – The scale of the proposed Onshore Slant Well Intake System and
DIG Intake System is much larger than any existing system currently in operation. This brings
with it a range of risks both from construction and long term operation perspectives. The
Alliance Contracting method is well suited to managing these uncertain forms of risks.

Projects where the required outcomes are developed during the currency of the project. For
example, projects where community consultation strongly influences project details.
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This is not considered a major factor for most of the Camp Pendleton Project which can be
well defined prior to project commencement. The exception to this may be the radial drilling
for the intake tunnel which is likely to be challenging and may require changes to the design
during the execution of the construction phase. In this case the Alliance Contracting model
provides flexibility to manage these risks.
Projects where time is of the essence.
SDCWA currently has the time needed to define this project and therefore permit a wide range
of alternative delivery methods to be considered. This could change however if the drought
conditions significantly worsen.
Projects where objectives other than cost rank highly in the Owner’s opinion. This
could be operation, safety, environment and maintenance objectives.
This is not likely to be the case with Camp Pendleton where the owner has clear objectives in
each of these areas and they can be incorporated directly into the contract agreements of most
delivery methods.
High level of interaction with existing assets.
As the project is located in a greenfields environment this factor is not highly relevant. The
key concern here is the integration of pumped water into the aqueduct operations to ensure this
continues in a stable manner. The factors which control this situation should be able to be
determined in advance and incorporated into the contract agreements of most delivery
methods.
Projects which require all parties to closely collaborate in order to determine
optimum solution.
Project performance can be defined clearly for this project and so the need for collaboration is
not seen as a significant factor influencing the decision on the delivery method.
Conclusion
The Camp Pendleton Seawater Desalination Project can be well defined for the desalination plant
component and conveyance pipeline with more risk associated with the DIG Collector Well Intake
and tunnel arrangements. Given the long term operating nature of the project, a Design Build
Operate (DBO) delivery method seems to best fit the majority of owner objectives and should be
considered further. The Conveyance pipeline requirements will need to be closely specified from
the outset in order to satisfactorily integrate into the aqueduct system. In this case, the DBB method
has benefits. Consideration should also be given to the use of an Alliance Contract for the DIG
Collector Well Intake component of the project as the scale of this type of intake is much larger
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than any existing system and therefore there is no experience which can be used to objectively
quantify the risks prior to preparation of the tender documents.
The existence of two contracts would however bring its own risks as the desalination plant would
depend on the timely completion and reliable performance of the intake well for its performance.
If this did not occur then there would exist the risk of litigation by the desalination plant contractor.
The conveyance pipeline could be undertaken using a range of delivery methods but given the need
to closely specify requirements the DBB method is preferred. On balance, the risks associated with
multiple contracts should be weighed against the alternative of including all components in the one
contract, if feasible.
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