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INITIAL EVALUATION
OF THE
SUBFLOOR WATER INTAKE STRUCTURE SYSTEM (SWISS)
VERSUS

CONVENTIONAL MULTIMEDIA FRETREATMENT TECHNIQUES

1.0 EXECUTIVE SUMMARY

Open ocean intakes are well known for creating problems for long-term operation of
seawater reverse osmosis (SWRO) facilities. These intakes allow impurities (biological
organisms-both macro and micro, colloidal solids, suspended solids such as silt and clay, etc.)
found in the open ocean, access to the inner workings of the SWRO facility. The facility must
then be equipped with an array of pretreatment components, which add significant capital and
maintenance cost to the production of potable water. The dissolved oxygen levels associated with
open ocean intake systems support the growth of these organisms, and cause long-term
deterioration of polymeric RO membranes due to oxidation. Conventional solutions to these
problems are the use of an elaborative array of equipment and chemical addition to remove
unwanted waterborne constituents,

Overall, the capital and operation and maintenance (O&M) costs associated with these
complex pretreatment systems can range from 20-30% of the total SWRO facility costs. In
addition, capital plus O&M costs associated with the intake subsystem can range from 10-20% of
the total SWRO facility costs.

One solution to the high cost associated with the use of open ocean intake structures is to
utilize the natural fittering properties and the low dissolved oxygen levels of the seafloor. This
can be done by locating an intake system within the porous strata of the seafloor. The following
two techniques are the focus of this research effort:

s Vertically jetting an intake structure beneath the sub-floor of a body of water, and
» Utilizing horizontal directional drilling (HDD) techniques to position a horizontal well
within the seafloor.

The objective of this research effort was to ultimately demonstrate that a reduction by 20-
32% in initial capital expenditure costs as well as a reduction of operation and maintenance
(O&M) of SWRO facilities could be achieved using an advanced intake/pretreatment concept
termed the Subfloor Water Intake Structure System (SWISS). Results of this initial research
effort have been highly successful. The level of filtration that is created with the SWISS design is
equivalent to a deep bed slow sand filter and, therefore, provides filtration of particles down to
the 1 to 10 micron size range. The quality of raw water directly exiting the SWISS is, in many
ways, superior to RO feed water pretreated with conventional direct filtration systems. It
effectively eliminates the need for costly media pretreatment and associated capital and O&M
costs for water treatment facilities.

R-562310 “Engineering Systems for Tomorrow” 1
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2.0 BACKGROUND

Open ocean intakes are well known for creating problems for long-term operation of
seawater reverse osmosis (SWRO) facilities. These intakes allow impurities (biological
organisms-both macro and micro, colloidal solids, suspended solids such as silt and clay, etc.)
found in the open ocean, access to the inner workings of the SWRO facility. The facility must
then be equipped with an array of pretreatment components, which add significant capital and
maintenance cost to the production of potable water. Mussels, bamacles, algae, and bacteria
grow throughout the piping and pretreatment systems and can create blockage of pipes and
clogging of filtration systems. The dissolved oxygen levels associated with open ocean intakes
systems support the growth of these organisms, and cause long-term deterioration of polymeric
RO membranes due to oxidation.

Conventional solutions to these problems are the use of an elaborative array of equipment
and chemical addition to remove unwanted waterborne constituents. The typical intake for
reverse osmosis (RO) plants often includes an open water intake structure located offshore
incorporating a large mesh screen to prevent large material and fish life from entering the plant.
In addition, rotating fine mesh screens (1/2-inch typically) are thep used to remove debris and
other objects smail enough to pass through the offshore grate. Chlorination is typically applied at
the forebay to prevent mussels, barnacles, algae, and bacteria from growing in the downstream
piping and pretreatment components. Dechlorination with sodium bisulfite is then necessary to
prevent chlorinated water from entering the SWRO elements, which are severely damaged by
contact with chlorine. Some SWRO facilities use high doses of sodium bisulfate instead of
chlorine to control growth in the piping and pretreatment system. Chemical coagulants are aiso
added prior to prefreatment to improve filtrate quality. In addition to these operations associated
with pretreatment systems, pipelines and media housings may have to be physically cleaned to
remove marine growth. Pretreatment system components usually include two stages of media
filtration followed by cartridge filters. If the use of these chemicals and processes could be
avoided, a significant advantage for SWRO facility operations could be realized.

Overall, the capital and operation and maintenance (O&M) costs associated with these
complex pretreatment systems can range from 20-30% of the total SWRO facility costs. In
addition, capital plus O&M costs associated with the intake subsystem can range from 10-20% of
the total SWRO facility costs.

In an article entifled “Pretreatment Cost Evaluation of Surface-Water Versus Alternative
Intake Systems For Seawater Membrane Water Treatment Plants”, Robert Wright, PE, performed
an economic comparison of surface water intakes and beach wells (Wright, 1996). He found that
alternative feedwater systems, which reduce pretreatment requirements, substantially lower the
capital, and operating and maintenance costs for water treatment. Depending on plant capacity, a
reported cost savings of up to 50% for capital and O&M expenses of beach well systems as
compared to surface water intake systems can be achieved. He wrote:

“The capital cost ratio is relatively constant for the system sizes analyvzed with a range
Jrom 1.81 to 1.99. Under certain circumstances, the surface-water intake system can cost
up o three times greater than a beach well system. The O&M cost ratio is the highest in
smaller systems and levels out to about 1.25 on the larger volume systems.”

One solution to the high cost associated with the use of open ocean infake structures is to
utilize the natural filtering properties and the low dissolved oxygen levels of the seafloor. This
can be done by locating an intake system within the porous strata of the seafloor. The utilization
of horizontal directional drilling (HDD) techniques to position a horizontal well within the
seafloor was the focus of this project.

R-562310 “Engineering Systems for Tomorrow™ 2
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Horizontal Directional Drilling (HDD)

Horizontal directional drilling techniques can place a horizontal well in position 10 to 15
feet under the seafloor. The reason this form. of well drilling has not been used up to now for
seawater intakes is that it is very difficult to develop a horizontally drilled well for long-term use
with conventional well packing techniques. A new product that has recently become
commercially available is a porous polyethylene well pipe that is reported to not require
additional external media packing for long-term operation. Instead, its porous structure acts as a
well screen and packing all in one. This product could make horizontal drilling of wells under the
ocean feasible and economical for the first time.

Numerous advantages can be realized using a seafloor intake structure or well. By using
the natural strata beneath a body of water to filter water before pumping to a SWRO facility, all
suspended solids, particulates and colloids in the body of water are removed. Because of that,
coagulation may not be necessary, and pre-filiration system components may be reduced and/or
simplified. Chlorination and dechlornation treatment stages may be omitted due to the dramatic
reduction of biological life in the desalination facility feedwater. Climatic and seasonal factors
(such as red tide), which affect open ocean water quality, will not significantly affect the quality
of water drawn from a seafloor structure. Additional promising advantages of a seafloor intake
system include:

* Reduced or eliminated requirements for maintenance operations to remove marine growth
due to the early removal of organisms in larval stage, and naturally low dissolved oxygen
levels;

Less likelihood of damage to intake structures from collision or severe sea conditions;

» Reduction or elimination of requirements to build/use supporting or protective structures
(such as piers); and

+ A visually and physically less obtrusive system in areas where the shoreline has multiple
uses.

Overall, the advantages of a seafloor intake system should lead to dramatically lower SWRO

facility capital, operation, and maintenance costs,

3.0 SELECTION OF WELLSCREEN MATERIALS

3.1 Survey of Commercially Available Wellscreens.

A survey of manufacturers that provide well screen products considered current state-of-
the-art was conducted. The survey showed that fully developed techaologies, considered
applicable for this research effort, fell within four basic configurations: (1) porous plastic, (2) “v~
wire” wrapped, (3) gravel/sand packed, and (4) filter mesh. The paragraphs that follow describe
the well screen technologies surveyed within each of these generic configurations.

Porous Plastic

Schumasoil® is a porous polyethylene well screen produced by US Filter. In addition,
the company has distributors in Germany, France and Japan. This product is manufactured in
sizes from 1 inch to 7 inch outside diameter (OD) and pore sizes of 20 to 500 microns (um). The
total open surface area typically varies between 30 to 36%. Figure 1 illustrates the construction
of this screen. Table 1 presents flow rate design criteria for typical applications.

R-562310 “Engineering Systems for Tomorrow” 3
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Figure 1. Schumasoil Wellscreen Construction.
Table 1 Flow Rate Des1gn Criteria for Typlcal Apphcanons
ER 1 GrySize Pass
CPore | LaoD. asrop. | Through (units)
Size . - = - : I
500um N/A N/A 945 gpm/ft | 15.75 gpm/ﬁ 22 68 gpmfﬁ 170
200um | 0.46 gpm/R | 0.76 gpm/it | 1.14 gpm/it | 1.90 gpovit | 2.73 gpmvft 80
80um | 0.14 gpm/ft | 0.24 ppmvt | 0.35 gpm/ft | 0.59 gpm/ft | 0.85 gpmvt 40
40um | 0.08 gpmyRt | 0.14 gpm/ft | 0.21 gpmvit | 0.34 gpnv/ft | 0.49 gpm/ft 20
V-Wire Wrapped

Johnson Screens by UOP manufactures PVC plastic screen that is resistant to corrosion

from salts and gases commonly found in seawater. The screen is a continuous slot, wire-wound
design that provides maximum inlet area consistent with strength requirements. It is fabricated
by circumferentially wrapping a triangularly shaped wire around a circular array of inner rods.
The orientation of the wire is such that it produces inlet slofs with sharp outer edges, widening
inwardly so as to minimize clogging. Each juncture between the horizontal wire and the vertical

rods is sonic welded. Figure 2 illustrates the screen construction,

R-562310

“Engineering Systems for Tomorrow”
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Figure 2. Vee-Wire Construction Detail.
The Vee-Wire screen is available in nominal pipe sizes from 1 % inches to 8 inches with

rated slot opening sizes from 6 to 60 slot (i.e. 0.006 inches to 0.06 inches). Table 2 presents
engineering specifications for the range of sizes considered for this research effort.

Table 2. Vee-Wire Design Specifications.

Nom. |- ) Clear | Open Area (sq. inches) Per Foot of Sereen ~ ~~* .
cSiwe 1 OD | ID [ gglot | 10slot | 15slot | 20slot | 30stot | 40slot | 60slot |
1w | 166" | 1127 3 5 8 10 13 17 22
1% | 190" | 1417 4 6 9 11 15 19 25
2 237 | 1.88” 5 7 11 14 19 24 32
3" 3.50" | 2.81” 5 9 13 16 23 29 39
47 450" | 3817 7 12 17 22 30 37 50

Gravel/Sand Packed

Pre-packed well screens are manufactured by a sumber of suppliers. One of the most
promising of these is the PVC Vee-Pack produced by Johnson Screens. The Vee-Pack consists of
an inner screen and an outer screen with a prescribed filter sand packed into the annulus. The
sand pack consists of uniform, well-rounded, pre-washed silica sand. This space is divided into
channels by blades, which extend the entire vertical length of the screen, ensuring that the filter
pack will stay uniformly positioned around the screen. This design element reduces the
likelihood of bare spots, which allow geologic sediments to enter the well. The screen is
designed and constructed in a similar fashion as the Vee-Wire, having inlet slots with sharp outer
edges, widening inwardly so as to minimize clogging. The inner screen is fabricated with an
ultra-narrow face wire for maximum flow rate. Figure 3 illustrates this configuration.

R-562310 “Engineering Systems for Tomorrow” 5
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Figure 3, Vee-Pack Screen Configuration.

Possible applications for the Vee-Pack screen include:

¢ Silty, fine-grained sediments;

¢ Caving or heaving sands;

» Borizontal or angular drilled wells; and

o Dewatering of silty sands.
This screen is available in nominal pipe sizes 2-inch and 4-inch. Table 3 presents design
specifications for this screen.

Table 3. PVC Vee-Pack Design Specifications.

- Pipe |, Diameter | Standard.| _ OpenArea(sq in/ft) .~ Cono o Strength. S
_ Size - [“OD | D | Lengths | . 40360 | 20x40 . | 10x20 | Collapse | Tensile | ~Hanging .
Cnckes) | Gn) | Gm) | @) | Pack | Pack | Pack | (ps). | @b | WeQbs
TEERICRTN NI Pte Pte ony RECe (e . & A oQ2slot) 120 8lot) 4 o fe S e

2 363 | 20 | 25510 6.1 8.9 14.0 250 1,100 425

4 5.67 | 40 | 25,510 9.3 13.8 21.7 150 1,600 525

Filter Mesh

Filter mesh well screens can be an innovative way of preventing fine sand from entering
a well, while at the same time providing high open areas to allow maximum flow rates while
minimizing entrance velocity. They can be fitted to any type of perforated base pipe. Bedrock
Enterprises produces the Hydroquest Filtermesh well screens. The three-layered filter mesh
system is pulled over the base pipe and sealed at each end. The screen system is made up of five

basic components:

R-562310 “Engineering Systems for Tomorrow”
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Base pipe — perforated or slotted plastic or high density polyethylene (HDPE) pipe;
Inner coarse mesh — channels water flow towards the base pipe perforations;
Filtermesh - this layer is chosen to fit the geological characteristics of the well site;
Outer coarse mesh - protects the two inner meshes from damage during transportation
and installation; and

e Heat shrink seal — seals the end of the system and prevents the three layered mesh from
migrating along the base pipe during installation.

Figure 4 illustrates the construction and configuration of the Hydroquest system.

Inner Coarse Mesh

NS
o

Filtermesh

By
Base Pipe r/_/"‘ - e ] /
—— VIR
. g, A
4 g " 4
S
J

Outer Coarse Mesh

%‘I Heat Shrink Seal

Figure 4. Hydroquest Wellscreen.

Filter mesh well screen systems can have a much higher open area as compared to wire wrapped
screens. Table 4 compares slot opening and open areas for the Hydroquest filter mesh systems
available.

Table 4. Slot Slze and Open Areas for Hydroquest

Product sl Slot Openmg SR Open Area
HQ 40 0.040” 58%
HQ 30 0.030” 52%
HQ 20 0.020” 49%
HQ 15 0.015” 48%
HQ 10 0.010” _ 43%
HOQ 08 0.008” 43%
HQ 06 0.006” 40%
HO 04 0.004” 31%
R-562310 “Engineering Systems for Tomorrow” 7
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4.0 TEST DESCRIPTION

The ultimate objective of this project is to demonstrate that a reduction by 20-32% in
initial capital expenditure costs as well as a reduction of operation and maintenance (O&M) of
SWRO facilities can be achieved using an advanced intake/pretreatment concept termed the
Subfloor Water Intake Structure System (SWISS). Development of this concept would represent
a significant savings potential for facilities utilizing RO membrane technologies to produce
potable water from high salinity water supply sources, This concept was demonstrated by the
side-by-side operation of the SWISS and an open ocean intake structure. Each intake system was
operated using essentially identical reverse osmosis test skids. The firsf was designated as the
“control” unit and was operated using feed water from the open ocean intake. This unit was
equipped with the conventional pretreatment equipment that is required for open ocean intake
systems. Specifications and details of this system are presented later in this Section. The second
unit was an identical RO skid operated using feed water from the SWISS. This unit was operated
using only the SWISS as intake and prefreatment all-in-one. Specifications and details of this
systern configuration are presented later in this Section.

The test systems were operated together from June 1999 through August 1999, during
which time data on all operation and maintenance parameters were collected. Maintenance
requirement data collected included:

e Multi-media filter backwashing requirements for the open ocean intake,
¢ Cartridge filter element replacement required for each intake system, and
e Chemical dosage requirements for each intake system.

Operanonal data collected included:

Sampl ik _ Cond. | "pH { Rate | Temp | DO -
Open ocean intake effluent X

SWISS efffuent X

Membrane influent (control) X X X
SWISS membrane influent X X X
RO product water (SWISS) X X X

RO product water (control) X X X

Performance data for each of the two RO elements on the test skid was collected. A sample data
sheet outlining detailed data parameters collected during testing is provided in Appendix A,

4.1 Open Ocean Intake System

The conventional RO system was operated using a standard open-ocean intake, shown in
Figure 5 of Appendix B. This system utilized the normal pretreatment, as well as antiscalant and
coagulant injection systems that are required of all conventional desalination plants. A schematic
representation of this test system is provided in Figure 6 (see Appendix B).

The seawater intake pump draws water in from the Port Hueneme harbor through an
intake screen and 30-mesh strainer. Major elements of the test system include: (1) multimedia
fitter, (2) cartridge filter, (3) coagulant injection, {4) antiscalant injection, and (5) RO system.

Multimedia filter

The media filter utilized for this effort (see Figure 7, Appendix B) was a 16-inch diameter
FRP housing that was packed with a standard media, which included: % x % quartz, 8 x 12
garnet, 36 mesh garnet, 0.5 mm silica sand, and 0.8 mm anthracite. The depth for each media
layer is shown in Table 5.

R-562310 “Engineering Systems for Tomorrow” 8
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Table 5. Media and Depths Used for MMEF.

~‘MediaType | - .LayerDepth
Top 0.8 mm anthracite 14.0.”
0.5 mm silica sand 11.0”
36 mesh garnet 7.0”
8 x 12 garnet 45"
Bottom Vax Y4 quartz 5.5”

Raw water flow rate through the media filter ranged between 4.2 and 5.0 gpm. Using 1.4 £ as
the cross-sectional area of the filter, this provided a loading rate range of 3-3.6 gpm/ft’.

Cartridge filter

A cartridge filter was installed in the RO feed line just upstream of the high-pressure
pump on the RO skid. The cartridge filter used was a standard single element, 5-micron, 20-inch
housing, manufactured by Eden Equipment Company, PN XL1-FP005-PCL-20. For the RO feed
water flow rate range of 4.2 to 5.0 gpm, the loading rate for the filter element is calculated at 2.1
to 2.5 gpm per 10-inch element length.

Chemical injection

The conventional RO system was operated using coagulant and antiscalant injections.
The chemicals utilized were produced by Argo Scientific in San Marcos, California. Table 6
presents the specific chemical used, batch concentration, chemical feed rate, and feed water
concentration for each injection point. The location of injection points within the test system is
shown in Figure 5 (see Appendix B). The injection system utilized for this effort is shown in
Figure 8.

Table 6 Coagulant and AnuScalant Injection Concentrations for Convent;onal RO System.

= . ‘Batch | Feed Rate . ‘f: Feed Water .
' ln]ectmn Chemxcal  Concentration | (abatch W‘m“‘m} " Concentration
Coagulant “Filtermate CISO 1.07 mi/gal 25 ml/min 0.4 ppm
Antiscalant Hypersperse AF 150 13.3 ml/gal 25 ml/min 5 ppm

RO System
The RO systems used for this effort were standard packaged units purchased from
Applied Membranes in San Marcos, California. The components were comprised of standard
features, and include:
TFC membranes — 2 each 2.5” x 40” Filmtec High Rejection
FRP membrane housings
Nickel-aluminum-bronze high pressure pumps
Permeate and concentrate flow meters
Low and high pressure shutoff
Stainless steel back pressure control valve
High pressure relief valve
Liquid filled stainless steel pressure gauges
Cartridge filier housing with 5-micron element
Filter infout pressure gauges
Antiscalant and coagulant injection ports
Puisation dampener
Hour meter
System controlier with indicator lights and controls

R-562310 “Engineering Systems for Tomorrow” 9




g o  PACIFIC RESEARCH GROUP - PROJECT REPORT FINAL
I Initial Evaluation of the Subfloor Water Intake Structure System (SWISS) o

During the test period, the RO elements were operated at an average constant flux rate of 10
gallons per square foot per day (gfid), and are shown in Figure 9 (see Appendix B).

4.2 SWISS Intake System

The concept RO system was operated using the SWISS as intake and pretreatment all in
one without the benefit of media prefiltration for removal of suspended solids (see Figure 10,
Appendix B). The well screen selected for the SWISS during Task 1 (Selection of candidate
wellpoints for the SWISS) was the filter mesh screen HQ06 manufactured by Hydroquest (see
Table 4). This screen was hydraulically jetted approximately 15 feet below the seafloor and
connected to the SWISS intake piping (see Figure 11). The test system utilized antiscalant and
bio-fouling control injection systems. A schematic representation of this test system is provided
in Figure 12 (see Appendix B).

The scawater intake pump drew water up from the SWISS without the use of a strainer or
media filtration. Major elements of the test System were limited to (1) antiscalant and bio-fouling
control injections, (2) cartridge filter, and (3) RO system.

Cartridge filter

A cartridge filter was installed in the RO feed line just upstream of the high-pressure
pump on the RO skid. The cartridge filter used was a standard single element, S-micron, 20-inch
housing, manufactured by Eden Equipment Company, PN XT1-FP005-PCL-20. For the RO feed
water flow rate of 5.0 gpm, the loading rate for the filter element is calculated at 2.5 gpm per 10-
inch element length.

Chemical injection

The SWISS RO system was operated using antiscalant and bio-fouling control injections.
The antiscalant utilized was Hypersperse AF 150 and produced by Argo Scientific of San
Marcos, California. The bio-fouling control agent was a proprietary liquid RO antibacterial
pretreatment. Table 7 presents the specific chemicals used, batch concentration, chemical feed
rate, and feed water concentration for each injection point. The locations of injection points
within the test system are shown in Figurel2 (see Appendix B).

_Table 7. Anuscalant and Anubactcnal Injection Concentrations for SWISS RO System.

. Batch | FeedRate | ~Feed Water
- Injection | - Chemlcal | Concentration | (etbatchconsentmation) | Concentration -
Antibio-fouling Antibacterial 26.6 ml/gal 25 mi/min 10 ppm
Antiscalant Hypersperse AF 150 13.3 ml/gal 25 mi/min 5 ppm

RO System

The RO system used for this effort was a standard package unit purchased from Applied
Membranes in San Marcos, California. The unit was comprised of standard features, and
identicat to the unit described in paragraph 4.1 above. During the test pcnod, the RO elements
were operated at an average constant flux rate of 10 gfd.

4.3 Instrumentation .
The following paragraphs describe the instruments and associated specifications used to
measure and collect operational data.

Pressure Measurements
All pressure and vacuum measurements were made using 316 SS gauges having a dial
diameter of 2 % to 6 inches and an accuracy of ¥ % of full scale.

R-562310 "Engineering Systems for Tomorrow " 10
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Flow Measurement

All flow measurements were performed using in-line, direct reading rotometers having an
accuracy of 3% of full scale. Calibration was performed using a timed volume technique.

Turbidity

Turbidity measurements were performed using a Hach 1720D Low Range Turbidimeter
and AquaTrend Interface system. This unit is an in-line system that provides the sensitivity to
accurately track turbidity levels down to 0.001 NTU. It is capable of measuring turbidity from
0.001 to 100.0 NTU with accuracy at 2% of full scale.

Silt Density Index

The SDI apparatus utilized the 0.45 um, 47 mm diameter MF-Millipore membrane filters.
This system was designed to accurately maintain filter pressure at 30 psi during the test run. The
SDI apparatus is shown in Figure 13 (see Appendix B).

Conductivity
Conductivity measurements were achieved vsing a YSI conductivity/salinity meter,
Model 34, having an accuracy of 0.5% fuil scale.

ORP

ORP measurements were made using a portable platinum band-sensing electrode,
manufactured by Cole-Parmer. This unit has a range of ~50 to +1050 mV with an accuracy of
5mV.

pH
The pH meter utilized was a portable, handheld unit having an accuracy of 0.01 units,
manufaciured by Cole-Parmer.

DO
Dissolved oxygen measurements were accomplished using a Chemetrics Model 1-2002
colorimeter.

5.0 TEST RESULTS
Performance data achieved during the test and evaluation period was reduced and is
presented in chart form in the following figures. These include:

Figure 15 — Salt Transport

Figure 16 — Membrane Differential Pressure
Figure 17 — Turbidity Comparison

Figure 18 — Water Transport Comparison

Figure 19 — Dissolved Oxygen and ORP

Figure 20 — Water Temperature Comparison
Figure 21 — Silt Density Index Comparison
Figure 22 — SWISS Vacuum

Figure 23 — Cartridge Filter Differential Pressure

R-562310 “Engineering Systems for Tomorrow” 11
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seawater from the open ocean intake and from the SWISS simultaneously. The feedwater

5.1 Raw Feedwater Characteristics

The test systems were operated together from June 1999 through August 1999 using raw

characteristics measured for each of the intake systems during the test period are summarized in

Table 8.
Table 8 F eedwater Charactetistics Summary
Parameter f System ' Open Oceant Intake SWISS
Temperature (©) 154- 189 16.3 -17.6
Turbidity (NTU) 0.492 — 1.204 0.055-0.132
SDI 15.19 — not measurable 1.69-2.81
ORP (mV) 45 - 140 5105
Dissolved Oxygen {(mg/L) 5.8-8.0 1.0-5.1
pH 8.08 —8.42 7.80 — 8.05
Temperature

Temperature readings for the open ocean intake and SWISS remained approximately the
same with the greatest variations occurring with the open ocean system. Readings for the SWISS
tended to remain more straight line during the test period. It can be seen in Figure 20 that the
open ocean temperature was sometimes greater than the SWISS and sometimes lower than the
SWISS. The open ocean intake is more susceptible to ambient conditions (wind, tides, currents,
temperatures) than the SWISS. For the short test conducted in this study, the average
temperatures for the open ocean and the SWISS were 16.7 and 17.0 °C respectively. Because of
the effect of temperature on RO operating pressure (at constant flux), it would be interesting to
conduct a test over one year to observe whether lower RO operating pressures are achieved with
the SWISS because of a higher average temperature than an open ocean system.

Turbidity

Significant differences between the two intake systems are obvious in terms of feedwater
turbidity shown in Figure 17. Average turbidity of the open ocean intake was 0.750 NTU with a
standard deviation of 0.201, while the average turbidity for the SWISS was 0.075 NTU with a
standard deviation of 0.021. The red tide condition that occurred at 400 operating hours was
responsible for the highest turbidity measured during the test, which also corresponded with the
elevated water tetuperatures at the time. The red tide condition had no impact on the SWISS
water’s turbidity. The influence of local weather and ocean conditions on the quality of the water
will have impacts on the operation of the plant in order for the plant to maintain good water
quality to the reverse osmosis system. These impacts could include requirements for varying
coagulant dose and lowering loading rates which all increase the complexity of the design and
operation of a desalination plant.

Silt Density Index

SDI measurements are shown in Figure 21, The SDI for the conventional open ocean
intake could only be measured by performing a 5-minute test. During certain time periods where
the line is discontinuous, the SDI pad plugged before the 5 minute test could be completed. In
contrast, the SWISS intake system provided a consistently low SDI of approximately 2.46
throughout the test. As in the turbidity data, local conditions bave a significant affect on the SDI
for open ocean intakes compared to the SWISS system. The red tide condition that occurred at
400 operating hours created an immeasurable SDI and also elevated the SDI of the RO feed. The
red tide condition had no impact on the SWISS.

R-562310 “Engineering Systems for Tomorrow” 12
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General Mineral Analysis

Appendix C presents the results of the general mineral analyses performed for the raw
water for the open ocean intake and the SWISS system. Jon ratios (ion to overall TDS) for most
of the compounds were very similar for both system raw waters. The results show that the only
significant difference in the water quality is the greater iron and manganese concentrations in the
SWISS intake system (0.14 mg/liter versus non-detect for iron, and 0.070 mg/liter versus 0.030
mg/liter for manganese). Because of the likelihood of the growth of iron reducing bacteria in the
RO system, the antibacterial was dosed at 10 mg/liter for the SWISS system in order to prevent
the growth of iron bacteria in the system. The 10 mg/liter dose concentration recommended by
the manufacturer was injected in the well by inserting a Y-inch OD tube down the suction line of
the SWISS intake. This dose appeared to be effective as minimal growth was observed at the
clear rotometers and on the cartridge filters. No specific tests were done to detect the presence or
quantify the number of bacteria in the system.

ORP, pH and Dissolved Oxygen

Figure 19 shows the dissolved oxygen and ORP measurements for both the open ocean
intake and the SWISS. As shown in the chart, the ORP tracks the dissolved oxygen levels with
the open ocean having a higher DO and ORP than the SWISS intake. The average DO and ORP
for the open ocean intake water was 7.1 mg/L and 90 mV respectively. The average DO and
ORP for the SWISS was 2.6 mg/L and 29 mV respectively. The lower DO concentrations for the
SWISS indicate the presence of aerobic bacteria within the porous strata surrounding the
wellscreen as they remove DO from the raw seawater. The lower pH of the SWISS intake water
shown in Figure 150 also signifies the presence of aerobic bacteria as the bacteria respire carbon
dioxide, which lowers pH. It is this presence that required the use of the antibacterial to inhibit
the growth of these bacteria in the RO system. The lower pH may have a beneficial effect on RO
systerns, which operate at 40 to 50% recovery by reducing acid or antiscalant requirements for
calcium carbonate scale control.

5.2 Open Ocean Intake with Conventional Pretreatment: System Performance

The RO system used with the open ocean intake and the conventional pretreatment
system performed as expected during the 85-day test period. There were no unusual operational
events, very little RO element fouling occurred, and there were not excessive media filter
backwashes or cartridge filter changeouts required. No RO membrane cleanings were required.

Pretreatment System Performance

Figures 3 and 7 show the turbidities and SDI measurements for the feedwater to the
reverse osmosis system. The average RO feed turbidity was 0.094 NTU with a standard
deviation 0.078. The average turbidity removal by the pretreatment system was 86.4% with a
standard deviation of 6.4%. The average RO feed SDI was 4.71 with a standard deviation of
1.42. Except for an anomaly at 400 operating hours where the raw seawater turbidity increased
due to red tide conditions, the RO feed turbidities and SDI’s were very stable as would be
expected from a conventional, well designed pretreatment system. The SDI was below the
maximum of 5 recommended by RO membrane manufacturers throughout most of the fest.

During the 85-days operating period, the media filter was backwashed 6 times and the
cartridge filter did not require changing. The average backwash frequency was once every 14
days. The total coagulant consumed was 509 ml.

R-562310 “Engineering Systems for Tomorrow” 13
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RO System Performance

Figure 18 shows the water transport coefficient (calculated using the solution diffusion
model) for the RO elements installed on the conventional system, Over the 85-day test period,
the water transport remained essentially constant for both elements with only minor fluctuations.
The stable water transport indicated that very little fouling was occurring and therefore membrane
cleaning was not required. The membrane differential graph in Figure 16 also shows that the
feed/brine channel of the RO membranes experienced very little fouling and indicated no
requirement for membrane cleaning,

Figure 15 shows the salt transport (calculated using the solution diffusion model) over the
test period being stable, indicating no degradation of the membrane over the test period.

Overall, the RO system performed as expected with conventional pretreatment operating at
conservative loading rates.

5.3 SWISS Intake: System Performance

The RO system used with the SWISS performed as expected during the test period.
There were no unusual operational events, very little RO element fouling occurred, and excessive
cartridge filter changeouts were not required. No RO element cleanings were required.

SWISS Performance

Figure 22 shows the measured vacuum across the SWISS wellscreen operating at a
constant flowrate of 5 gpm. The vacuum remained relatively constant over the first 600 hours
and then showed some erratic variation. The reason for the variation is unknown. OQOverall, the
vacuum showed no steady increase, which would signify fouling or plugging of the wellscreen or
formation,

Pretreatment System Performance

Figures 17 and 21 show the turbidities and SDI measurements for the feedwater to the
reverse osmosis system. The average turbidity was 0.075 NTU with a standard deviation of
0.021. The average turbidity removal by the cartridge filter was 16.3% with a standard deviation
of 11.2 %. The low turbidity removal by the cartridge filter shows that it was performing very
little particle removal, as the SWISS intake water was very high quality. As mentioned earlier the
average SDI of the SWISS intake water was only 2,46, After the cariridge filter the average SDI
was 1.97 with a standard deviation of 0.80. This shows that the cartridge filters are really not
necessary from a particulate removal standpoint and function more as a safety device to remove
debris that may be shed from the pipe walls during startup or operation. Another feature to point
out on Figure 21, is that the SWISS system was not affected by the red tide condition as was the
conventional system at 400 operating hours.

During the 85-day operating period, the cartridge filter was changed 5 times. The
cartridge filter changeout frequency was once every 17 days. This was due completely to iron
bacteria being drawn from the well onto the cartridge filter. The total antibacterial consumption
was 3.36 gallons.

RO System Performance

Figure 18 shows the water transport coefficient {calculated using the solution diffusion
modet) for the RO elements instalted on the SWISS system. Over the 85-day test period, the
water transport remained essentially constant and comparable to the conventional system’s RO
elements. The stable water transport indicated that very little fouling was occurring and therefore
membrane cleaning was not required. The membrane differential graph in Figure 16 was also
very comparable to the conventional system’s RO elements indicating that the feed/brine channel
of the RO membranes experienced very little fouling with no requirement for membrane cleaning.

R-562310 “Engineering Systems for Tomorrow” 14
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Figure 15 shows the salt transport {calculated using the solution diffusion model) over the
test period being comparable to the conventional system’s RO elements. Though there appears to
be some increase between 400 and 700 operating hours, the salt transport did level off close to the
initial performance. The salt transport for the elements was very similar to that for the
conventional system’s RO elements, which indicates little degradation of the membrane over the

test period.

Overall, the RO system performed as expected when provided with a high quality
feedwater of low turbidity and SDI. Bio-growth potential was minimized with the use of a
proprietary antibacterial. As discussed earlier, the antibacterial addition was required given the
iron and manganese concentrations, and the lower DO levels, which indicated biologica! activity

in the strata surrounding the SWISS wellscreen.

6.0 DISCUSSION OF RESULTS

RO System Performance
The previous discussions presented the data for both RO systems; one operating using an
open ocean intake water source and the other using the SWISS as a water source. Each system
was operated at the same average flux of 10 gfd. As discussed previously, both RO systems
operated very similar with no significant fouling or membrane degradation. Cleaning of the RO
elements was not required for either system. The water and salt transport, and membrane
differential pressure for each system were within 8.9%, 3.4%, and 2.6% respectively. These
percentages can be considered insignificant given the variations in new membrane performance.

RO Feedwater Quality
Previous discussions presented the measured temperatures, turbidities, SDI, ORP, DO, pH, and

general mineral analysis. The Table 9 summarizes the water quality differences between the RO
feedwater for the two systems,

Table 9. RO Feedwater Comparison.

i ey - Average Standard Deviation _~ 1 .~ " . Ramge " -
U Parameters - 1 Open Ocean ™| SWISS Open Ocean SWISS | -OpenOcean . SWISS . -
Temperature (°C) 168 - 17.0 1.1 0.4 15.4-18.9 163-176
Turbidity (NTL)) 0.094 0.061 0.078 0.014 0.054 - 0332 | 0.036-0.078
Sbl 4.71 1.97 1.42 0.80 3.73-9%.56 0.89-4.47
ORP (mV) 9 29 24.5 29 45-140 5-105

DO (mg/L) 7.1 2.6 0.8 14 58-8.0 1.0-5.1
pH 8.31 7.95 0.09 0.08 8.08-842 7.80 -~ 8.05
Fe (ppb) ND 146 - - - -

Mn (ppb) 30 70 - - - -

From the above table it can be seen, that except for the Fe and Mn concentrations, the
water quality to the RO system from the SWISS with just cartridge filter pretreatment would be
considered better than that for the open ocean intake system with coagulant addition, multimedia
filtration, and cartridge filtration. This initial research effort showed that the SWISS is capable of
providing as high or better quality feed water than the conventional pretreatment equipment and

techniques.

The differences in the standard deviations and the ranges in the measured water quality
parameters do show the susceptibility of an open ocean intake to the local weather and ocean
conditions compared to the SWISS system. This dependence on local weather and ocean

R-562310
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conditions due identify the need for a more complex design and operation of a conventional plant
compared to one that operates on a SWISS system.

Performance Summary

The results of this initial effort have been highly successful. The level of filtration that is
created with the SWISS design is equivalent to a deep bed slow sand filter and therefore provides
filtration of particles down to 1 to 10 micron size range. The quality of raw water directly exiting
the SWISS is, in many ways, superior to RO feed water pretreated with conventional systems. It
effectively eliminates the need for costly media pretreatment and associated capital and O&M
costs for water treatment facilities. Figure 14 illustrates the effect the SWISS intake had on
aquatic growth within process equipment as compared to a conventional open water intake
system. With the conventional intake system, the flowmeter was almost completely covered after
only 800 hours of service and unusable due to growth, while the SWISS intake flowmeter
remained clean and functional.

Figure 14-a. Open Water Intake Flowmeter. Figure 14-b, SWISS Flowmeter.

7.0 COST COMPARISON

The ultimate objective of this initial research effort was to demonstrate that a reduction
by 20-32% in initial capital expenditure costs of SWRO facilities can be achieved using an
advanced intake/pretreatment concept termed the SWISS. The basis for this cost comparison is
taken from cost reports presented by Wright, as well as Shields (1996), and current SWISS
capital costs prepared by The Source Group (Evensen, 1999). Wright (1996) has compiled intake
costs for a number of intake alternatives having a water supply capacity range of 0.5 to 8 MGD.
Shields and Moch (1966) present SWRO capital and operating costs associated with six different
facilities. The Source Group (Evensen, 1999) presents initial design criteria for the SWISS, as
well as, capital costs associated with its construction and installation (see Appendix D).

R-562310 “Engineering Systems for Tomorrow” 16
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The overall costs associated with complex conventional pretreatment systems usually
range from 20 to 30% of the total SWRO facility costs. In addition, costs associated with open
ocean intake systems will often be 10% or more of the total SWRO facility costs. Table 10
presents capital cost data extracted from Wright, as well as Shields and Moch (1996). Capital
costs of open ocean intakes, process equipment, and total capital costs for three facilities
(Mediterranean Sea, Red Sea, and Arabian Guif) have been extracted from the work performed
by Shields and Moch (1996). The composite costs compiled by Wright (1996) for surface intake
structures are also included. Projected pretreatment costs have been calculated at 20%.

Table 10. Typical Capital Costs.

S e b MedSea o} "RedSea | Arabian Gulf «j ‘Surface Intake o o
S -~ Functon =~ . ' 6 MGD)SK {12 MGD (28K | 6 MGD() $K-| 1 MGD (1) $K. | &
Intake 1,850 3,250 2,350 540 -
Process equipment 13,700 23,800 16,700 - -
Total direct capital costs 19,650 36,650 24 650 - -
Projected pretreatiment costs — (20%) 3,930 7.330 4,930 - -
Intake costs scaled to 1 MGD 416 439 529 540 481
Pretreatment costs scaled to 1 MGD 665 611 822 - 696

As part of this initial research effort, The Source Group prepared initial design criteria for
the upscale SWISS and prepared capital cost estimates associated with the construction and
installation of a 1 MGD system. Table 11 presents a summary of these costs for a very modest
entrance velocity of 0.02 ft/sec and a more tailored rate of 0.05 ft/sec. Based on results of testing,
it is anticipated that an entrance velocity between 0.02 and 0.05 ft/sec will be used for future
SWISS designs, depending on local geology. Table 12 presents a cost comparison between three
selected locations analyzed by Shields and Moch (1996) using conventional intake and
pretreatment systems and projected costs for those same locations if the SWISS were
incorporated into the design.

Table 11. SWISS Capital Cost Summary for 1 MGD.

“Velocity {ft/sec) |- - SWISS Installation ($K) Material (8K) .. . o0 U Total (BK). . 7 =
0.02 210 27 237
0.05 84 10.8 94.8

Table 12 presents more detailed cost data extracted from Shields and Moch (1996) for the
same three facilities, and then projects these same cost categories for two different velocity
SWISS (0.02 and 0.05 fi/sec) intakes if incorporated into the design.

Table 12 SWISS Cost Companson for Three Locatlons (0. 02 and 0.05 fi/sec).

. R “Med. Sea ] Med:'Seg: "Red Sea -} Red Sea Aralnau Axabisn Gulf " ‘;;Ambmn(}ulf-i'
- Function/Location. Med. Sea -/ SWISS =1 w/ SWISS ) Red Sea - wi SWISS |/ SWISS o Gglf e SWISS T i SWISS
Direct Capital (0.02 fi/sec) | {0.05 f/sec) (0.02 ﬂ!sec) (0.03 fi/sec) 0.02 ftlsec) (0.05 fifsec)
RO modules 3,600 3,600 3,600 8,600 8,600 8,600 . 5,100 5,100 5,100
Site Development 500 500 500 1,000 1,000 1,000 500 500 500
Intake 1,850 1,422 569 3,250 2,840 1,138 2,350 1,422 369
Process equipment 13,700 9,710 9,770 23,800 16,470 16,470 16,700 11,770 11,770
Sub Total 19,650 15,292 14,439 36,650 28,914 27,208 24,650 18,792 17,939
Indirect Capital
Const. Interest -983 765 722 1,833 1,446 1,361 1,233 940 897
Oonti.ngency 1,572 1,223 1,155 2,932 2,313 2,177 1,972 1,503 1,435
A&E fees 3,341 2,600 2,455 6,231 4,916 4,626 4,191 3,195 3,050
Working capital 983 766 722 1,833 1,446 1,361 1,233 940 897
Sub Total 6,879 5,353 3,055 12,829 10,121 9,524 8,629 6,578 6,280
TOTAL CAPITAL 26,529 20,645 19,493 49,479 39,035 36,731 33,279 25,370 24,218
Projected savings 22.2% 26.5% 211% 25.8% 23.8% 27.2%
R-562310 “Engineering Systems for Tomorrow” 17
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In summary, the cost comparison presented in Table 12 indicates a projected savings of
21.1 to 27.2% for the three facilities with a SWISS designed at two different entrance velocities
0f 0.02 and 0.05 ft/sec.

Microfiltration Pretreatment Systems
The cost analysis shown in this report is based upon the use of media filtration as
pretreatment to an SWRO facility. Current trends in SWRO facility design, however, appear to
be moving towards the use of microfiltration technology for pretreatment. As a result, the
following cost information provides a summary of projected savings in Total Capital Costs when
microfiltration is incorporated into an SWRO process design.
o Costs associated with microfiltration technologies are usually about 30% higher than
conventional media filtration equipment.
e  When microfiltration is incorporated in to the process design, pretreatment costs increase
from 20% to about 25% of Total Direct Capital costs.
e The projected savings in Total Capital Costs increases by 4-5% over the savings presented
in Table 12 when the SWISS is compared with microfiltration pretreatment.

8.0 CONCLUSIONS

1. The quality of RO feedwater coming from the SWISS (after biocide addition and 5-micron
cartridge filtration) is superior in several ways compared to that exiting an open ocean intake
and conventional pretreatment equipment (after polymer chemical addition, multimedia

filtration and 5-micron cartridge filtration). This is evidenced by the data shown in Table 8

with the following feedwater characteristics:

s  Average tubidity measurement of the conventional open-ocean intake system was 0.750
NTU, while the average turbidity measurement of the SWISS was oniy 0.075 NTU. This
is an order of magnitude less for the SWISS and reflects the fact that it acts as a slow sand
filter with greafly superior filtration performance.

e The range of SDI readings for the conventional open-ocean intake was 15.19 to not-
measurable for a 5-minute SDI measurement, while the average SDI reading of the
SWISS raw water was 2.25 for a 15-minute SDI measurement (and only 1.97 after
cartridge filtration). Clearly, the feedwater coming from the SWISS is significantly less
fouling over long-term operation of RO membranes, as compared to membranes fed from
an open-ocean intake.

e The average dissolved oxygen reading for the conventional open-ocean intake was 7.1,
while the average dissolved oxygen reading for the SWISS was 2.6. The lower dissolved
oxygen levels observed with the SWISS indicates that state-of-the-art polymeric
membranes should experience longer life compared to membranes fed from an open-
ocean intake, due to reduced oxidation.

2. The results of this initial research effort clearly indicate that polymer chemical addition and
media filtration are not required as pretreatment o RO membranes systems when a SWISS is
installed as the seawater intake structure. The SWISS satisfies the requirements of both
seawater intake and pretreatment filtration simultaneously, while providing higher quality
feedwater than that of open-ocean takes and conventional pretreatment techniques.

3. The subsequent reduction of pretreatment equipment will result in a total capital cost savings
of between 21.1 and 27.2%, depending on intake flow velocities and desalination facility
location. :

R-562310 “Engineering Systems for Tomorrow” ig
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9.0 RECOMMENDATIONS _

A SWISS should be installed using HDD techniques and operated as the intake for a
seawater RO facility. This evaluation should document RO membrane performance and process
operation and maintenance characteristics over an extended period of time, such as one year.

10.0 REFERENCES
Evensen, J., “Evaluation of Well Materials and Installation Techniques”, The Source Group, 1999
(included in Appendix D)

Shields, C. P., and 1. Moch, “Evaluation of Global Seawater Reverse Osmosis Capital and
Operating Costs”, Technical Proceedings American Desalting Association, 1996 Biennial
Conference & Exposition, pp 44-60.

Wright, Robert, “Pretreatment Cost Evaluation of Surface-Water Versus Alternative Intake
Systems for Seawater Membrane Treatment Plants”, 1996
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- PACIFIC RESEARCH GROUP ~ PROJECT REPORT

7] e
(0  PACIFICRE . PORT FNAL
e initial Evaluation of the Subfloor Water intake Structure System (SWISS)
APPENDIX A
SAMPLE DATA SHEET
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‘ ?‘ 3 PACIFIC RESEARCH GROUP —~ PROJECT REPORT ' FEE\‘E AL
E - Initial Evaluation of the Subfloor Water Intake Structure System (SWISS) - o
DATA SHEET
Desalination Research and Development Program
Cost Reduction Study

Date:
Time: Ovperator: Time:
; T | Tutbidity (NTUY.

Raw Water
RO Feed
Permeate

- |Pressure (psig).
WP Vacuum (m Hg)
CFIn
CF Out
RO Feed

Brine

[Elow (gpm) S Flow (gpm) - =7
Raw Water Raw Water
Permeate Permeate
Brine Brine
Titted Flow {(gpm) s o Timed Flow - 77 b i
Brine Brine
Permeate 1 Permeate 1
Permeate 2 Permeate 2
Condectivity (unhos) S Conductivity (wmhosy 070
RO Feed (umhos) RO Feed (umhos)
Permeate 1 (umhos) Permeate | (unthos)
Permeate 2 (umhos) Permeate 2 (umhos)
Brine (umhos) Bnne (umhos)
P“‘ bl S O
Raw Water (5 min}) Well Pomt (15 mm)
CF In { 15 min) RO Feed (15 min)
RO Feed ( 15 mm)
d¢ (mls titeant) ,, ~{Chioride (mls titranty. -
RO Feed

s

__{Dissolved Oxysen (nigh)
RO Feed|

R-562310 “Engineering Systems for Tomorrow” 30
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[%g ~ PACIFI _‘ EPOF FINAL
Havg initial Evaluation of the Subfloor Water iniake Structure System (SWISS) :
APPENDIX B
TEST SYSTEM FIGURES
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PACIFIC RESEARCH GROUP; PROJECT REPORT
Initial Evaluation of the Subfloor Water intake Structure System (SWISS)

FINAL

Figure 7. Multimedia Filter for Convention RO System.

R-562310
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PACIFIC RESEARCH GROUP — PROJECT REPORT FINAL
Initial Evaluation of the Subfloor Water Intake Structure System % =

Figure 8. Chemical Injection System.

Figure 9. Testbed RO Units,

R-562310 “Engineering Systems for Tomorrow” 34



PACIFIC RESEARCH GROUP — PROJECT REPORT
Initial Evalyation of the Subfloor Water intake Structure System

Figure 10b. SWISS Intake.

R-562310
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PACIFIC RESEARCH GROUP — PROJECT REPORT
Initial Evaluation of the Subfloor Water Intake Structure System

FINAL

Figure 11. SWISS Wellscreen.

Figure 13. SDI Apparatus.

R-562310
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ggg. _ PACIFIC RESEARCH GROUP — PROJECT REPORT RINAL
T Initial Evaluation of the Subfloor Water Intake Structure System (SWISS) T
APPENDIX C
GENERAIL MINERAL ANALYSES
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‘ ij‘g o PACIFIC RESEARCH GROUP - PRQJECT'REPORT 7 E’:EN AL '
48 : initial Evaluation of the Subfloor Water Intake Structure System {(SWISS) T
ENVIRONMENTAL

ANALYTICAL CHEMISTS

September 13, 1999

Pacific Research Group
162 Fraser Lane
Ventura, CA 53001

Sampie Site: 562310-A
Description: 562310-A

LAB No: SP 907157-1

Sampled

August 19, 1999

Received ; August 19, 1999

Completed

August 25, 1999

Sample type: Surface Water

General Mineral Analytical Results

CONSTITUENT METHOD UNITS DLR RESULTS MCL
Total Hardness {CaC0;) mg/L 7 5710
Calcium {€a) 200.7 mg/L 2 358 {a}
Magnesium (Mg} 200.7 mg/L 10 1170 (a)
Potassium {K) 200.7 mg/t 10 390 (a)
Sodium {Na) 208.7 mg /L 50 10300 (a)
Total Cations meq/L 572
Total Alkalinity (CaCl;) mg/L 10 120
Hydroxide (OH) 23208 mo/L 10 ND (a)
Carbonate (COz) 23208 mg/L 10 ND {a)
Bicarbonate {HCG:) 23208 mg/L 10 140 (a)
Sulfate (50 4110B mg/L 100 2500 500 (b)
Chloride {c1} 41108 mg/L 200 17500 500 (b)
Nitrate {NOy) 41108 mg/L 2 ND 45
Nitrite (NO3) 41108 ma/L 1.5 ND 3.3
Nitrate as N (NO-N) 41108 ma/L 0.5 ] 10
Nitrite as N (ND,-N) 41108 rg/L 0.5 ND 1
Filuoride {3 41108 ma/L 20 ND 1.4-2.4{c}
Total Anions meq/L 548

KD = Not Detected greater than or equal to the DLR,

DLR = Detection Limit for Reporting purposes

¥Cl = Maximum Contaminant Level (California Health & Safety Code, Title 22)
mg/L = Milligrams Par Liter (ppm) meqfL = Nilliequivalents Per Liter

(a) Mot specificatly restricted. Yalue obtained does relste to both E.C. and 105 values,
(b} Upper timit, Mineralization - Secordary Drinking Water Standards.
{c) Deperxient on Annuat Average of Maximum Daily Air Temperature.

This report paciage s nol intended for u3e in the Stats of Utsh uniess bound or paginated

- Citices A L y Offics & Laborstory
PO Box 272 1 853 Coeporation 2600 Slagacoach Road
Santa Pauts, GA 930510272 Stockdon, CA 95215
TEL: 805850-0910 TEL 208/m42-0181
FAY: 8055254172 FAX: 200/342

Field Gtfice
Viaslia, CA

TEL:  S5Q/734-0413
FAX:  SSR/734-8435
Mabile: S59/737.2359

R-562310

“Engineering Systems for Tomorrow”
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- /A PACIFIC RESEARCH GROUP ~ PROJECT REPORT FRNAL
e Initial Evaluation of the Subfioor Water Intake Structure System (SWISS) o
September 13, 1999 LAB Ne: SP 907157-1
Pacific Research Group Sampled : August 19, 199%
Sample Site: 562310-A
Description: 562310-A Sample type: Surface Water
General Mineral Analytical Results
CONSTITUENT METHOD UNITS DLR RESULTS MCL
Aggressiveness Index Calc. - 0.1 12.8
Langlier Index (Corrosivity} 0.1 0.7
pH 4500-H B ——— 7.8
E.C. 25108 umhos/cm 1 50600 1600 (b)
TDS (Residue at 180°C) 2540C mg/L 510 34700 1000 (b)
TOS (by Summation) Calc, mg/L 1 32400
MBAS BEBAOC ma/L 0.1 0,1 0.5
Boron (B} 200.7 mg/L 0.1 4.3
Copper (Cu) 200.7 ug/L 50 ND 1000
Iren (Fe) 200.7 ug/L 50 ND 300
Manganese {Mn) 200.7 ug/L 30 30 50
Zinc {Zn) 200.7 ug/L. 180 ND 5000
ND = Not Detected greater than of equal to the DLR. BER = Detection Liait for Reporting purposes
MCL = Moximum Contanminant Leve! (Catifornin Heatth & Safety Code, Title 22)
ugflL = Micrograme Par Liter (ppb) mg/L = Milligrame Por Liter (ppm)
{b) Uppsr limit, Mineralization - Secondary Drinking Water Standards,
FGL ENVIRONMENTAL
e
Kurt Wilkinson, B.S.
QA Director
KW: kdm
R-562310 “Engineering Systems for Tomorrow” 40




]ifg o PACIFIC RESEARCH GROUP ~ PROJECT REPORT FRUAL |
E Y - Initial Evaluation of the Subfloor Water Intake Structure System (SWISS) kel
ENVIRONMENTAL
ANALYTICAL CHEMISTS
Saptember 13, 1999 LAB No: $P 907157-1
Pacific Research Group RE: Inorganic Analysis
162 Fraser Lane ‘
Ventura, CA 93001
Sample Site: 562310-A
Description: 562310-A Sampled : August 19, 1999
Sampled by : Robert Love Received : August 19, 1998
Type of Sample: Surface ¥ater Completed : September 2, 1994
QA/QC 1DZ : 90715701
Anzlytica} Results
CONSTITUENT METHOD UNITS DLR RESULTS
Sitica 200.7 my /L 2 ND
DLR = Detectipn {imit for Reporting Purposes. KD o Hot betected at or sbove the DLR.
ug/L = Hicrograms Per Liter {ppb) mg/L = Milligroms Per Liter (ppo) ng/kg o Nitligrams Per Kilogram
+ u DLR sdjusted bacsuse of dftutions, concentrations, or Limited campte.
Preservatives: (1) HHO3 pit < 2 Centainers: (o) Plastic
If you have any questions, please call.
FGL ENVIRONMENTAL
Kurt Wilkinson, B.S.
QA Director
KW : kdm
e s n ot o ‘This report packege 1 not inkended for usa in tho Stk of Utsh uless bound ar peginated
Offices & Lab y Offlce & Labormery Fleid Office
PO Box 272 853 Corporation Stroot 2500 Stagecanch Bosd Visalix, GA
Sanda Paula, CA B3081-0272 Stockton, OA 95215 TEL: 5597349473
TEL: BOS855-0610 TEL: 2000424181 FAX: 5597340425
FAX: BOS/SZ5-4172 FRG 200/942-0423 Mobila: 5547272399
CAELAP Canification Ma: 1673 CA ELAP Cortticalion No: 1863
R-562310 “Engineering Systems for Tomorrow” 41



| ggg - ~PACIFIC RESEARCH GROUP — PROJECT REPORT RINAL
E Initial Evaluation of the Subfloor Water Intake Structure System (SWISS) o
ENVIRONMENTAL
ANALYTICAL CHEMISTS
September 13, 1999 LAB No: SP 907157-2
Pacific Research Group Sampled : August 19, 1999
162 Fraser Lane Received : August 19, 1999
Ventura, CA 93001 Completed : August 25, 1999
Sample Site: 562310-8
Pescription: 562310-B Sampie type: Surface Water
Generzl Mineral Analytical Results
CONSTITUENT METHOD UNITS BLR RESULTS MCL
Total Hardness (CaC0z) ma/l 7 5870
Calcium {Ca) 200.7 mg/L 2 358 {a)
Magnesium {Mg) 200.7 mg/L 10 1210 (a)
Potassium {K) 200.7 mg/L 10 410 (&)
Sodium {Na) 200.7 ma/L 50 9700 {a)
Tota} Catiens meq/L 550
Total Atkalinity (CaCDj) mg/L 10 130
Hydroxide {CH 23208 mg/L 10 ND (a)
Carbonate (C0;y - 23208 ng/L 10 ND {a}
Bicarbonate (HCOz } 23208 mg/L 10 150 {a)
Suifate {s0,) 41108 mg/L 100 2300 500 (b)
Chloride {C1) 4110B mg/L 200 19600 500 (b)
Nitrate {NO) 41108 mg/L 2 ND 45
Nitrite {NO,) 41108 g /L 30.0 KD 3.3
Nitrate as N {NO;-N} 41108 mg/L 0.5 ND 16
Nitrite as N {NO,~N) 41108 ma/L 10 ND 1
Fluoride {F) 41108 mg /L 20 ND 1.4-2.4{c)
Total Anions meg/L 603
WD = Mot Detected groster then o egual to the DLR. DLR = Detection Limit for Reporting purposes
MCL » Maximum Contaminant Levet (Califarnia Health & Safoty Code, Title 22)
mg/l = Milligrams Per Liter (ppm) mag/L o Witliequivalents Per Liter
£8) Mot specifically restricted. Value abtained does relate to both E.C. and TS values.
{b) Upper timdt, Mineralization - Secondary Drinking Water Standards.
(¢} Dependant on Annuak Avarage of Maximum Daily Air Temperature-
) This report pacikage is nol intended for use in the Stala of Utah ynless bound or paginated
P Offices & L Oéfice & Laboratory Fisid Office
PO Bax 272 { 853 Corporation Simat 2500 Slgecoach Road Visaka. CA
Spnta Pauda, GA Q306 1-0272 Sroakton, CA 95215 TEL' 55%784-D473
TEL: 8Q5053-0Ma TEL: 200420101 FAX:  559/734-8435
FAX: B0S/525-4172 FAX: 209/942.0423 Mobda: SSNTI7.2359
CA ELAP Cartificaioh No: 1573 CA ELAP Cantification No: 1363
R-562310 “Engineering Systems for Tomorrow” 42
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PACIFIC RESEARCH GROUP —~ PROJECT REPORT _ ' EINAL
lnitial Evaluation of the Subfloor Water Infake Structure System {SWISS) ] )

September 13, 1999 LAB No: SP 907157-2
Pacific Research Group Sampled : August 19, 1999
Sample Site: 562310-8

Description: 562310-B Sampte type: Surface Water

General Mineral Analytical Results

CONSTITUENT METHOD URITS DLR RESULTS MCL
Agaressiveness Index Calc. —— 0.1 12.7
Langlier Index (Corrosivity) 0.1 6.6
pH 4500-H B ——- 7.6
E.C. 25108 umhos/cm 1 50900 1600 {b)
TDS (Residue at 180°C) 25400 my/l. 510 34400 1000 (b)
TDS (by Summation) Calc. mg/L 1 33700
MBAS 55400 ma /L 0.1 WD 0.5
Boron (8) 200.7 my /L 0.1 4.1
Copper (Cu) 200.7 ug/L 50 ND 1000
Iron (Fe) 200.7 ug/L 50 140 300
Manganese (Mn) 200.7 ug/L 30 70 50
Zinc (Zn) 200.7 ug/L 100 ND 5000

NO = Not Datected grester than or equal to the DLR. DLR = Detection Lfmit for Reporting purposes

ML = Maximam Contaminant Level (Californfia Heatth & Safety Code, Title 22)
ug/L = Micrograms Per Liter (pph) mg/L = Hilligrams Per Liter (ppm)
(b) Upper lipit, Mineralization - Secondary Crinking Water Standards.

FGL ENVIRONMENTAL

P

Kurt Wilkinson, B.S.
QA Director

Kh:kdm

R-562310

“Engineering Systems for Tomorrow” 43
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PACIFIC RESEARCH GRO'UP - PROJECT REPORT
Initial Evaluation of the Subffoor Water Intake Structure Systern (SWISS)

FINAL

ENVIRONMENTAL

ANALYTICAL CHEMISTS

Seplember 13, 1999 LAB No: SP 907157-2

Parific Research &roup RE: Inorganic Analysis
162 Fraser Lane
Ventura, CA 93001

Sampie Site: 562310-B

Description: 562310-B Sampled  : August 19, 1999

Sampled by : Robert Lovo Received : August 19, 1999

Type of Sample: Surface Water Completed : September 2, 1999
‘ QasQc 1D# : 90715702~

nalytical Results

CONSTITUENT METHOD UNITS DLR RESULTS
Silica 200.7 mg/L 2 7

DLR = petection Limit for Reparting Purposes. K& = ot Detected at or above the DLR.

ug/lL = Nicrograms Per Liter (ppb)  mg/L = Willigrams Per Liter (ppm)  m@/kg = Willigramns Per Kilogrom
¢ = DLR adjusted because of dilutions, concentrations, or limited sample.

Freservatives: (1) HNO3 pH < 2 tontainers: {(a) Plastic

If you have any guestions, please call.
FGL ENVIRONMENTAL
CKurt Wilkinson, B.S.
gA Director

KW :kdm

Tris raport patkage is not intonded for use in the Siate of Utah unkass bound or paginated

-y

Offioes & Lob- Oftice & taborstory Fisid Otfice

Carp ¥

PO Box 272 1 853 Cotporalion Sirsel 2300 Siagecoach Road Visalia, CA
Santa Pasis, CA 930610272 Srockon, CA 95213 TEL: SEW734-0473
TEL. BOS/B59-0510 TEL 20a/942-0181 FAX: 5587348435
FAX: BOS2E-4172 FAX: 97420423 Uobile; 5597372399

R-562310

“Engineering Systems for Tomorrow”

44




= 7 - PACIFIC RESEARCH GROUP — PROJECT REPORT . FmesL |
U initiaf Evaluation of the Subfioor Water Intake Structure System (SWISS) - :

ENVIRONMENTAL

ANALYTICAL CHEMISTS

September 13, 1999 LAB No: SP 907157-3
Pacific Research Group Sampled : August 19, 19%9
162 Fraser Lane Received : August 19, 1998
Yentura, CA 93001 Completed : August 25, 1999
Sample Site: 562310-C

Deseription: 562310-C Sample type: Surface Water

General Mineral Analytical Results

CONSTITUENT METHOD URITS DLR RESULTS McL
Total Hardness {CaCly)} mg/L 7 56590
Calcium {Ca) 200.7 mg/1. 2 353 {a)
Magnesium {Mg) 200.7 mg/L 10 1170 {a)
Potassium () 200.7 mg/L 10 400 ()
Sod{ium {Na) 200.7 mg/L 50 10400 (a)
Tatal Cations meq/L 576
Total Alkalinity (CaCD;) mg /L 10 120
Hydroxide {OH) 23208 mg/L 10 ND {a)
Carbonate {COz) 23208 mg/L 10 ND (a)
Bicarbonate {HCO; ) 23208 mg/L 10 140 {a)
Suifate {50, 41108 mg/L 100 2500 500 (b)
Chloride {t) 41108 mg/L 200 19400 500 (b}
Nitrate {N0y) 4110B mg/L 2 ND 45
Nitrite {ND; } 4110B mg/L 30.0 ND 3.3
Nitrate as N {NO;~-N) 41108 mg/L 0.5 ND 10
Nitrite as N (NO,-N}) 41108 mg/L 10 ND 1
Fluoride (F) 41108 mgyL 20 ND 1.4-2.4(c}
Total Anions meq/L 602

KD = Hot Det=cted greater than or equal to the DLR. DLR = Detection Limit for Reporting purpeses
MCL = Maximut Cahteminant Level {Californis Heaith R Safety Code, Title 220
my/i, = Mitkigrams Per Liter (ppmd)  meci/L = Millieguivalents Per Liter
{a) Hot specifically restricted. Vaiue cbtained does retate to both E.C. and 105 values,
(b) Upper timit, Mineralization - Secordary Drinking Mater Standards.
(c) Dapendent on Annual Average of Maximm Daily Air Temperature.

This repod packaga is nel intendad Sor use in tha State of Ulah unless bound of paginated

LA A A A A A A A A A A A A A A A A A & A A A A A A A A A A A A A A A A 4 & A A A A A A

corp Otfices & 1 Y OMico & Laborstory Fleld Othice
PO Box 2727 853 Somorstion Strwst 2500 Stapecosch PORS Visala, CA
Saema Paulg, CA B3061 0272 Slackion, CA 85215 TEL: 55%734-8473
TEL: BOS/BS3-0910 TEL 2040420181 FAX: SS5MT34-8435
FAX: BOS/525-4172 FAX: 206/342-0423 Mobile: 5537372399
A ELAP Cartification No: 1573 CA ELAP Cartification No: $563
s : ”
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fm | _ PACIFI , i FINAL
¥ Initial Evaluation of the Subfloor Water infake Structure System {SWISS) .
September 13, 1999 LAB No: SP 907157-3
Pacific Research Group Sampled : August 19, 1999
Sampte Site: 362310-C
Description: 562310-C Sample type: Surface Water
General Mineral Analytical Results
CONSTITUENT KRETHOD UNITS DLR RESULTS MCL
Aggressiveness Index Calc. - 0.1 13.0
Langlier Index {Corrosivity) 0.1 0.9
pH 4500-H B —= 8.0
£.C. 25108 umhos fcm 1 51200 1600 (b}
TDS (Residue at 180°C) 25400 mg/L 680 35000 1000 (b)
TDS (by Summation) Calc. mg/L 1 34400
MBAS 5540C mg/L 0.1 ND 0.5
Boron (B) 200.7 ma/L 0.1 4.4
Copper (Cu) 200.7 ug/L 50 ND 1000
[ron (Fe) 200.7 ug/L 50 ND 300
Manganese ("n) 200.7 ug/L 30 30 50
Zinc {Zn) 200.7 ug/L 100 ND 5000
ND = Not Detected greater than o equal to the DLR. DLR = Detection Limit for Reporting purposes
MCL = Max{mum Contaminant tevel (California Bealth % Safety Code, Title 22)
ug/L = Micrograms Per Liter {ppd) mgfL = Hilligrams Per Liter (ppm}
{b) Upper Liniz, Mineralization - Secondary orirking wWater Standards,
FGL ENVIRONMENTAL
i A a——
Kurt Witkinson, B.S,
QA Director
KW+ kdm
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EVALUATION OF WELL MATERIALS AND INSTALLATION TECHNIQUES
Horizontal Well Pilot Program, Port Hueneme, California

Dear Mz, Lovo:

The Source Group, Inc. (TSG) is pleased to provide this evaluation of various well/casing
materials and driiling techniques to be used for horizontal seawater intake wells at the Naval Base
in Port Hueneme, California. Information for the recommendations contained herein are based on
discussions with you and your affiliates, results from the short-term pilot study, and in
conjunction with our experience in the field of horizontal directional dritling. The formulation of
our opinions focus on meeting the future objectives for installing a cost effective seawater intake
well.  The horizontal well will have a suitable design to be used for either desalinization or
aquaculture. This report presents the well design parameters derived from the pilot study, which
tested a modified design approach for the installation of seawater intakes.

1.0 RESEARCH OBJECTIVE
The objective of the short-term pilot study was to test the performance of selected well materials
and evaluate their applicability for potential use in a large-scale horizontal well application. A
total of five types of well/filter material were considered for the pilot test program. Of the five
products, two of them showed the greatest promise for the large-scale application. The premise
for the field program was to initiate the study using what we believed would be the best-suited
well product. If that product was unable to function at the required performance level, then the
product considered to be the next most feasible was to be tested.

In support of the research premise and design objective presented above, TSG prepared an
evaluation of well materials followed by well design specifications and construction parameters
specific to installing farge-scale horizontal wells. These topics are discussed in the following

paragraphs.

1.1 Study Premise

Seawater intake design for desalination and aquaculture facilities can be improved through the
use of horizontal well drilling technology combined with the use of specially designed well
materials. A seawater intake system installed below the sea floor could allow for the production
of seawater that is free from the organic and inorganic (including silt and clay material)
particulate debris which is normally produced from standard open-water intake designs. The
particulate-free water produced wili altow for greatly extended well and system operating life in
addition to a significant reduction in water filtration maintenance costs. To accommodate the
goals of the pilot study, the wide array of commercially available well products were considered.

2.0 MATERIALS EVALUATION
Evaluation of well materials for use as a horizontal seawater intake considered four major design
criteria as follows: 1) chemical compatibility; 2) installation feasibility; 3) flow capacity; and 4)
life expectancy. Due to the nature of the intended study, the criteria of chemical compatibility
combined with installation feasibility serve to screen out most standard well materials. Based on
out review, we were able to reduce the number of feasible product candidates to five. Each of
these five products would require different well designs, based on their respective materials,
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slot/pore properties, and strength (Table 1, attached). In order of expected performance, the
products are described as follows:

2.1  Hydroquest® Filtermesh Well Screens

This material consists of a base pipe wrapped by coarse and finer mesh materials. Design can be
customized to all standard sizes and can be constructed of either PVC or HDPE base pipes.
HDPE has superior qualities that include flexibility, low reactivity (virtually inert), and longevity;
however, the machine cut slots are not as precise as a PVC product. Overall, either pipe
composition is well suited for horizontal well installations. The entrance velocity for this type of
design is based primarily upon the fine mesh and to a lesser extent on the base pipe used in ifs
consfruction. Based on our sieve data showing a 50 to 60% retained grain size of 0.0071 inches,
we proposed the use of HQ 06 fine mesh which has an open area of 40% and an equivalent to
0.006 slot width.

It has recently been discovered that the Hydroquest® product is no longer commercially available.
The manufacturer that originally produced this product bas been acquired by another company
that ultimately discontinued this product line. It is unlikely that this product can be used in the
large-scale application,

2.2 US Filters Schumafilter Well Screens

The Schumafilter™ consists of a porous polyethylene material that acts both as a sand pack and
the well screen. The Schumafilter is, as the name implies more of a filter type product, but
appears to be well-suited for this application due to the large open area of the design. The key in
using this material is to design the large-scale well so that the entrance velocity through the
materials does not exceed that prescribed maximum for the adjacent formation materials. Based
on the sieve data obtained from one sand sample, we propose the use of Schumafilter screen with
an average pore size of 200 pm. The average particle pass size for this screen is 80 pm.,

2.3 Titan EnviroFlex

This material is similar to the Hydroquest® except that the base pipe forms the outside layer in
this system. The interior of the base pipe is fitted with either a non-woven geotextile or porous
polyethylene filter. This material is available with circular holes, vertical machined slots, or
horizontal machined slots. Similar to the Hydroquest®, it is also available in HDPE and PVC as
well as steel. The main difference in this product is that the base pipe controls the entrance
velocities. It is our opinion that the total open area may be closer to the sum of open area of the
interna} liner directly adjacent to the openings in the base pipe.

2.4 Machine Slotted Well Screen (Custom Design)

The fourth design represents an experimental method to allow an inner well screen that can be
removed for maintenance. This design will utilize inner and outer sections of machine siotted
well screen. The inner material was constructed of flexible HDPE well screen with large slots
and resulting open area, wiapped in a porous filter mesh similar to the above designs. The
difference with this design is that the inside HDPE pipe was removable from the well for
cleaning/replacement of the filter mesh.

For test materials 2, 3, and 4, the well design based on entrance velocity is primarily controlled by
the properties of the base pipe, with interference from exterior filter mesh material. TSG
originally proposed to utilize a filter mesh material equivalent to the Hydroquest® HQ 06 for this
pilot test.
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2.5 Plastic V-Wire Screen

The last type of test well will utilize PVC VEE-WIRE® or equivalent well screen. This type of
well screen is constructed by wrapping plastic v-shaped wires around ribs that run the length of
the pipe. There are significant advantages to this type screen configuratiop. The primary
advantage of the type of product is the greater percentage of open area relative to equally sized
machine slotted screen greater than 0.010 inches (In the finer slot sizes, the relative width of the
v-wires cause the percentage of open area to be quite small). The other advantages include better
capacity for well development due to the geometry of the slot openings, which ultimately
increased the well efficiency. Lastly, this type of screen characteristically offers greater longevity
as a result of the maximized open area and slot geometry. This screen, however, has limited
flexibility and tensile strength. These limitations may be overcome by material and/or structural
modifications.

Table 2 (attached) summarizes flow capacity information for various well diameters and
materials. Final well design for the pilot test can be modified in accordance with the depths of
the vertical wells and the available diameters.

3.0 HORIZONTAL WELL INSTALLATION
3.1 Horizontal Directional Drilling
Horizontal Directional Drilling (HDD) was introduced into the construction industry during the
mid 1980s. The technology was adopted from the petroleum exploration industry and has been
scaled down to accommodate the installation of utility pipelines, ducting, cables, and wells. The
advantages offered by this technology versus conventional trench installation techniques include:
1) minimized surface disturbance/impacts; 2) reduction in the quantity of excavated material; 3)
achievement of greater depths; 4) accuracy of conduit placement; 5) safer working conditions;
and 6) backfill and compaction of open trenches is eliminated.

In most applications, the borehole is initiated at grade by drilling into the ground at a low angle
relative to a horizontal datum. Depending on the scale of the operation, bend radius of the drill
stem or conduit materials, and/or the design parameters, the trajectory of the drilling can be
remotely controlled to accommodate the desired depth or position. In other settings, the borehole
can be drilled into a slope or wall, enabling the orientation to be established at the initiation of the
hole. Drilling can be accomplished by either rotary, percussion, or jetting techniques. Typically,
rotary drilling or percussion is used in rock or densely consolidated material, whereas, jetting is
performed predominantly in unconsolidated materials, Rotary drilling utilizes mechanical cutting
tips in conjunction with drilling fluids/muds to advance the drill string, The circulating drilling
fluids/muds are used to stabilize the borehole, cool and lubricate the cutting tip, and to remove the
drill cuttings from the drill hole. In an application where the drilled media is soft or
unconsolidated, high pressure water can be jetted from the drill tip to cut through the porous
material.

With the exception of an air-cutting tool, the borehole is usually stabilized with drilling muds or
engineered fluids. The design or the drilling fluid is developed to maintain the integrity of the
open hole, while keeping the drilling equipment from becoming lost in the borehole. Conductor
or carrier casings are also commonly used during drilling. These types of casings are used to hold
the borehole open as well as to significantly improve the driller’s ability to circulate the drilling
fluids. For example, during the installation of Schumafilter material, the manufacturer
recommends the use of such a carrier casing. For this application, the carrier casing is solid
HDPE pipe that is installed in the borehole as it is drilled. Once the borehole is completed, the
Schumafilter product is inserted into the carrier casing and then both are flooded with the
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completion solution. The carrier casing is then removed, allowing the completion solution to
flow into the annulus.

3.2 ‘Well Installation

Numerous well instatlation techniques can be employed for the placement of well screen and
casing. For shallow and many small-scale applications, the borehole is advanced from the ground
surface, drilled horizontally for the desired distance, then drilled upward and surfaced. This
technique yields two openings to the borehole that can be accessed for the installation of the final
product. In this double aperture technique, the well product or conduit is usually fed into the exit
hole and pulled back into position by the drilling rig.

The other most common techniques involves drilling a hole that is terminated at the prescribed
depth and position. In this setting, the well product or conduit is either pushed into position
(short runs) or is installed by connecting the leading tip to a thrust tool and pulling the product
into position by pushing the thrust rod. Once the desired position is achieved, the mechanical
connection at the leading end is released and the thrust rod is removed.

3.3  Well Development _

Well development is used fo both remove the residual drilling fluids/muds and to increase the
yield of the well. The removal of the drilling fluids/muds is critical for maximizing the
productivity of the well and to prevent those residuals from being pumped from the well during
subsequent operations. The principle objective of developing a well in natural formation material
is to remove up to 50 to 60 percent of the fine-grained formation material that resides in close
proximity to the well screen. Hence, the remaining material is coarser-grained adjacent to the
well and is graded (percentage of fine sediment increases away from the well), yielding a
significantly more productive well. For a well where a filter pack is installed, the goal is virtually
the same as that of a naturally developed well. In either case, the objective is to remove as much
of the fine material that could clog the openings in the well screen.

Well development can be accomplished by hydrojetting and pumping, surging and pumping,
and/or simple bailing. During development, the fines are pulled into the well casing and removed
from the well. It is good practice to monitor turbidity during development and to collect as much
of the recovered sediment to document the completeness of the undertaking.

4.0 LARGE-SCALE DESIGN PARAMETERS
The purpose of this section is to outline the design parameters for two large-scale wells; a 1
million gallon per day well and a 10 million gallon per day well. In general terms, the objectives
for designing a good water supply well include maximized production rates and longevity,
optimized water quality, with minimized costs. For the purpose of this report, TSG prepared the
following example well design. Due to the fact that the Hydroquest® product is not currently
available, the design herein is based on commercially available Schedule 40, PVC, VEE-WIRE®
well screen.

The example well design is based on the results from of the sieve analysis performed on a sample
collected from the shallow marine sediment, located directly off shore at Port Hueneme. At the
laboratory, the sample was dried, reduced to grain sized-material, and subsequently passed
through a set of Tyler mesh screens. The analysis was performed by Goode Core Analysis
Service, located in Bakersfield, California. The results of the sieve analysis were presented in
both tabular and graphical formats (Analysis report attached).
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The information revealed by the sieve analysis shows that the sediment sample is predominantly
fine- to very fine-grained sand. The information also shows that less than 50 percent of the
sample, by weight, is coarser than the fine-grained sand range (approximately 0.0078 inches).
This indicates that after development of a conventional well screen with a slot size 0f 0.010
inches, approximately 70 percent of the sedimentary particles that are within close proximity to
the screen will be developed out of the formation and extracted from the well, If the slot size
were reduced, the effective open area would also be reduced to the extent that the well would be
inefficient or simply too long and ultimately economically infeasible to install.

Based on the flow requirements of 1 million gallons per day with an intake velocity of 0.01 feet
per second, a standard design using 6-inch diameter VEE-WIRE® well screen would require an

aggregate screen length of approximately 1,700 feet. However, if the intake flow velocity were
increased to 0.05 feet per second, the aggregate length of the well would only be in the order of
340 feet.

The cost of materials for horizontal wells of 1,700 feet and 340 feet well would be approximately
$54,000 and $10,800, respectively. For those same wells, the horizontal directional drilling, well
installation, and development costs would be approximately $420,000 and $84,000, respectively.
For wells capable of producing as much as 10 million gatlons per day, the incremental cost
increase is almost directly proportional to the aggregate length of well screen. Specifically,
muitiple horizontal wells can be installed from the same origin and simply manifolded together to
meet those high production requirements.

5.0 PILOT STUDY FINDINGS AND RESULTS

The objective of this study revealed crifical information regarding the mechanisms involved in
the material selection, technology alternatives, and potential costs for the instaliation and
operation of a large-scale horizontal seawater intake well. The design parameters developed from
this study can be applied to the construction of large-scale wells that are capable of producing 10
million gallons (or greater) per day of sediment-free seawater. These types of wells have
excellent applicability in the aguaculture industry or for supplies to desalination plants.

This investigation and field pilot study produced the foliowing findings:

The field pilot study produced the expected and ultimately favorable results,

¢ As anticipated, the Hydroquest® well screen performed effectively, with extremely low
sediment production and no measurable pressure drop during the 1,000-hour term of the test.
These positive results meant that the other well products need not be tested in the same
manner.

o Horizontal directional drilling offers the necessary technology for installing wells that are
capable of having very low intake velocities. Achieving these low velocities will be
imperative to meet the objective of long-term operation without silt fouling.

e The cost of these wells may appear to be relatively large; however, they offer the significant
benefits of extremely long operational life spans. Hence, the actual long-term costs of these
wells are low when maintenance, downtime, and replacement expenses are considered.

We sincerely appreciate the opportunity to be of service on this important project. If you have
any questions or comments, please feel free to call us at any time.
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Sincerely,

The Source Group, Inc.

Paul D. Horton, R.G., C.HG James M. Evensen, Jr., R.G,
C.HG
Principal Hydrogeologist Principal Hydrogeologist

Attachments: Table 1. Well Design Data
Table 2. Well Product Cost Comparison
Sieve Analysis
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SB4  PACIFIC RESEARCH GROUP — PROJECT REPORT | FENAL
2T .. Initial Evaluation of the Subfloor Water Intake Structure System (SWISS) ' sl

GOODE CORE ANALYSIS SERVICE

Company: The Source Group, Inc. FILE NO: 98575
WELL.: SIEVE ANALYSIS DEPTH: Sea Floor
FIELD: SAMPLE ID:

1850 4310 0930 0650 0460 0328 0232 Di64 016 L0082 0SB 0041 0029 0021 Opening (Inches)
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Tyler Mesh
wt % ek cum wt %
Sieve Analysie Tabular Data
"ylor Mesh Oponing Sample Porcont Cumulative Porcct Opening
Inches Weight Toul % Woight Retained Inches
4 1850 0.00 00.00 00.00 w0 0.0046
& 1310 0% 00.21 00.21 n 0.0135
3 0930 0.07 00,18 00,38 30 0.0103
[11] D650 1.03 02.4% 0287 L. 0.0088
14 8460 1.58 03.60 0647 50 0.0078
20 0328 L0 04.09 10.56 .1 Q.0071
25 0132 1.56 WS 143 0 0.0064
as 0164 1.28 .0 1732 80 0.0057
48 0116 £ -] 04.41 21.73 90 0.0048
&5 0082 9.6 2.0 0o
100 0058 14.36 s.n ., T79.48
150 K] 7.19 17.28 96,74
200 o0y 1.2 w73 947
20 o0t 0.17 00.41 9%.88
Pan 0.05 00.12 100.00
Tolale 41.60 100.0
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