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Techn ica l  Memorandum 

Date: 18 October 2013  

To: Scott Maloni, Poseidon Water 

From: Gordon Thrupp,  Geosyntec Consultants 

Subject: Response to Requests from California Coastal Commission Regarding  
Geosyntec’ s Feasibility Assessment of Shoreline Subsurface 
Collectors Huntington Beach Seawater Desalination Project, September 
2013 

This memo provides responses to requests for additional information made by Coastal 
Commission (CCC) Staff1 based on their review of Geosyntec’s September 2013 Feasibility 
Assessment of Shoreline Subsurface Collectors, Huntington Beach Seawater Desalination 
Project (the Geosyntec Report).  Each CCC staff request is provided below, followed by 
Geosyntec’s response. 

1. All seismic reflection profile data, in both uninterpreted and interpreted
versions (the report provided just a few of the survey runs).

A portable hard drive is being provided to CCC Staff that includes all of the raw data from the 
seismic reflection survey (Geophysical Survey) conducted offshore of Huntington Beach on 
August 6-7, 2013, by EcoSystems Management Associates, Inc. (ECO-M). The hard disk also 
includes PDF files of migrated (FKmig_Profiles) and stacked profiles (Stack_Profiles) with ten 
times vertical exaggeration and seismic velocity of 5,000 ft/sec. The other folders on the portable 
hard drive include the navigation files (SEGP1), Observer’s Logs from the Geophysical Survey, 
and USGS data for other seismic surveys previously conducted on the San Pedro Shelf.2  
Attachment 1 provides two figures showing the location of the San Pedro Shelf. 

1 Email dated 8 Oct 2013 from Tom Luster of the CCC to Scott Maloni with Poseidon Water and Phone call with 
Mark Johnson of the CCC on 10 Oct 2013  re: preliminary review of Sept 2013 Geosyntec report. 
2 The San Pedro Shelf is a broad extension of the continental shelf between Newport Beach and the Palos Verde
Peninsula.  Approximately 400 km2 of the area has water depths that are less than 100 m. The San Pedro Sea Valley, 
San Gabriel Canyon, and Newport Canyon cut into the slope off San Pedro Shelf at the west, south, and southeast. 
Based on numerous sea-floor samples the majority of the sea floor of the San Pedro Shelf consists of muddy sand. 

Attachment A
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Interpreted profiles were provided as geological cross-sections in the Geosyntec Report (Figures 
6 and 7).  The cross-sections show the character of the sub seafloor geology in the region 
offshore of the proposed desalination facility.   For the complex geology and dense sub seafloor 
data coverage, interpretation was accomplished using the Geographix interpretation software and 
the points (“picks”) for the relevant sub seafloor horizons were exported as XYZ (ascii) files for 
contouring and hydrogeological modeling.  Figures 8, 9 and 10 of the Geosyntec Report provide 
contours on the top, bottom and thickness of the Talbert Aquifer offshore, based on processing 
and interpretation of the Geophysical Survey data by Legg Geophysical.  The portable hard drive 
also includes the data sets from the Geophysical Survey of approximately 11,000 points 
(“picks”) that define the top and bottom of the Talbert Aquifer.   

Interpreted profiles (cross-sections) were not prepared for all the seismic reflection lines because 
they were not needed for the feasibility assessment of offshore collectors.  

2. Justification of the K values used, especially for the Holocene sediments 
overlying the Talbert Aquifer offshore up to the seafloor.   

The Holocene sediments overlying the Talbert Aquifer are dominantly fine-grained and function 
as a confining unit because of their low hydraulic conductivity.  The basis for Geosyntec’s 
determination of the fine-grained nature and low hydraulic conductivity of these sediments 
includes several references that are summarized in Section 3 of the Geosyntec Report, some of 
which are discussed below.  Figure ES-1 and Figure 5 from the Geosyntec Report, which is a 
map showing locations of the numerous geotechnical samples further discussed below, is 
provided as Attachment 2 to this memo. 

USACOE, 1988.  Santa Ana River Design Memorandum No. 1.  Ten shallow soil borings 
were drilled in 1979 along the Santa Ana River between Hamilton Ave and PC Hwy.  Table 
7, which is provided as Attachment 3 to this memo, summarizes geotechnical properties of 
44 shallow borings drilled from 1980 to 1986. As summarized graphically by Figure 1 
below, only 8% of the depth intervals logged in the ten borings are sand (USCS3, SP or SW) 
and 92% of soil borings are fine-grained sediments of low-permeability, which is 
representative of the fine-grained sediments that overlie of function as confining layer above 
the Talbert Aquifer. 

                                                 

3 Unified Soil Classification System (USCS) is a soil classification system used in engineering and geology to 
describe the texture and grain size of soil (e.g. ASTM, 1985). The classification system is a two-letter symbol.  The 
first letters include G (gravel), S (sand), M (silt), C (Clay), and O (organic).  The second letters include P (poorly 
graded=uniform grain size), W (well graded=diverse range of grain sizes), H (high plasticity), and L (low plasticity). 



Response to Requests by Coastal Commission 
18 October 2013 
Page 3 
 
 

 
 
 

 

Figure 1.  Compilation of soil types reported for ten shallow borings along 
the Santa Ana River (US ACOE, 1988) 

 

GeoLogic Associates (GLA), May and November 2002, Geotechnical and Seismic 
Assessments for the Poseidon Desal Project.  This investigation includes 21 cone 
penetrometer tests (CPTs) and 6 mud rotary borings to depths of approximately 90 ft on 
shore at the proposed Desal Facility Site.  The report indicates that the Facility Site lies 
within a former estuarine environment in which deposition of dominantly fine-grained 
sediments is expected.  The stratigraphy consists of approximately 9 ft fill / 4 ft clay / 
interbedded fine-grained sand with interbeds of clay and silt to depths of 72 ft (marine and 
estuarine) underlain by fluvial deposits (sand, silt & clay) from depths of 72 to 90 ft.   

CDM 2000. Orange County Water District (“OCWD”) Barrier System Modeling/Design 
Criteria.  This report documents the design and application of a calibrated groundwater 
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model developed for OCWD to optimize operation of the Talbert Seawater Intrusion Barrier 
comprised of injection wells to both prevent seawater intrusion and replenish groundwater. 
The hydraulic conductivity assigned to the OCWD model for the aquifers is in part based on 
aquifer testing and boring logs of wells. The ECO-M Geophysical Survey justifies 
correlation of the offshore stratigraphy to the onshore geology and previous modeling efforts 
because it demonstrates continuity between onshore and offshore stratigraphy. 

The properties of the OCWD model are based on aquifer testing and boring logs of many 
wells in the Orange County Groundwater Basin including the Talbert Gap.  The top of the 
Talbert Aquifer near the Huntington Beach Coastline including the coastline adjacent to the 
proposed Desal Facility is approximately 90 feet deep and is overlain by a confining layer of 
fine-grained sediments with a reported range of hydraulic conductivity from 0.01 to 0.04 ft/d 
(Table 2-2, CDM, 2000; Figure 8 of the Geosyntec Report). 

Tetra Tech, 2012, Site-Specific Hydraulic Conductivity Values. This report contains a 
compilation of site data and calculation of hydraulic conductivity for the Facility Site from 
GLA (2002) CPT data.  Based on soil properties measured at hundreds of different points in 
21 separate CPT soundings from the ground surface to depths of approximately 90 ft 
beneath the proposed Desal Facility Site. Tetra Tech calculated an average hydraulic 
conductivity (K) of 6 ft/d (2.1 x 10-3 cm/sec).  The Geophsyical Survey conducted in August 
2013 establishes that the onshore shallow stratigraphy beneath the coast, including the fine-
grained sediments characterized by the CPT soundings at the Desal Facility Site, continues 
offshore.  Therefore the geotechnical data collected onshore underneath the Project site are 
also applicable to the offshore sediments. 

Osborne, et al., 1983, Documentation of borings offshore of Huntington Beach between the 
mouth of the Santa Ana River and the Huntington Beach Pier and within a distance of 
10,000 ft from the beach indicates that shallow subsurface consists of silty very fine sand to 
very fine sand (USCS SM – SP).  The sample locations are shown on Figure 5 of the 
Geosyntec Report, which is provided as Attachment 2 to this memo. 

US ACOE, 1988.  Shallow seafloor sediments between the beach and 10,000 ft offshore of 
Huntington Beach and from the mouth of the Santa Ana River and the Huntington Beach 
Pier consist of silty sand, and silt or clay intervals with thickness of 0.5 to 6 ft depths of 
greater than 20 feet. 

US ACOE, 2001.  Offshore vibracore and diver-core samples offshore of the mouth of the 
Santa Ana River, southeast of the proposed Desal Facility Site are dominantly silty fine-
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grained sand.  Moreover, the sandy sediment is commonly micaceous, which reduces 
vertical hydraulic conductivity. 

Wong et al, 2012. USGS publication on seafloor geology of the San Pedro Shelf.  182 grab 
sediment samples with grain-size analyses from the seafloor of the San Pedro Shelf.  22 
samples are within the vicinity of Desal Facility area (see Figure 5 of Geosyntec Report, 
which also is included on Attachment 1 with this memo). The majority are sandy silt or 
silty sand referred to by Wong et al. as “muddy sand.” 

Based on characterization of the sediments summarized above, the assigned values in the 
Geosyntec model of 10 and 1 ft/d for the horizontal and vertical hydraulic conductivity (Kv and 
Kh) of the fine-grained sediments overlying the Talbert Aquifer is conservatively high for the 
purpose of evaluating potential water production from the Talbert Aquifer beneath the shoreline.   
Heath (1989) reports that values for hydraulic conductivity of silty sand range from 
approximately 0.02 to 30 ft/d with a mean value of approximately 1 ft/d. Bear (1972) classifies 
very fine sand and silt as semi-pervious with hydraulic conductivity ranging from 1x 10-7 to 
1x10-3 cm/sec, which is equivalent to a range of 3x10-4 to 3 ft/d.  Moreover, as reported with the 
documentation for the OCWD groundwater model (Table 2-2, CDM 2000), values of hydraulic 
conductivity for the fine-grained material overlying the Talbert Aquifer are much lower, and 
range from 0.01 to 0.04 ft/d.   

Because of the generally stratified nature of alluvium sediments, the hydraulic conductivity is 
lower across (perpendicular to) layering than parallel to it.  Consequently, vertical hydraulic 
conductivity (Kv) is lower than horizontal conductivity (Kh) in alluvial sediments.  The ratio of 
Kh to Kv is a function of scale, but values of this ratio in the range of 10 to 100 are common4.  A 
ratio of Kh to Kv of 10 to 1, which was assigned to the model for this project, is a typical and 
scientifically appropriate “default” ratio in groundwater models. 

To summarize, the Geosyntec model developed to evaluate the feasibility of subsurface offshore 
collectors is based on extensive onshore and offshore site-specific geotechnical data (See Figure 
5 of the Geosyntec Report, also provided as Attachment 2 to this memo).  The Kh and Kv 
values of 10 and 1 ft/d are scientifically appropriate and optimistically high for alluvial 
sediments consisting dominantly of silty fine sand, termed “muddy sand” by Wong et al. (2012).  
On the scale of several tens of feet of thickness of the fine-grained sediment, the actual Kv value 

                                                 

4 http://web.ead.anl.gov/resrad/datacoll/conuct.htm 
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of the sediments overlying the Talbert Aquifer is likely substantially lower due to the presence of 
intervals of clay and silt.  As discussed above, CDM (2000) report a range of 0.01 to 0.04 ft/d for 
the hydraulic conductivity of the fine-grained sediments overlying the Talbert Aquifer, which is 
25 to 100 times lower than the Kv used in the Geosyntec Model for the fine-grained sediments 
overlying the Talbert Aquifer.   

Assigning a lower value of Kv than 1 ft/d for the fine-grained sediments overlying the Talbert 
Aquifer in the Geosyntec Model would be scientifically justifiable but would result in the model 
showing lower source water production potential from the offshore subsurface and greater 
lowering (drawdown) of the water table along the coast.  Accordingly, the use of a Kh and Kv 
values of 10 and 1 ft/d for the fine-grained sediments overlying the Talbert Aquifer in the 
Geosyntec Model is optimistic because it results in a model showing higher source water 
production potential from the offshore subsurface.  Kh and Kv values greater than 10 and 1 ft/d 
would not be scientifically justifiable because of the dominantly fine-grained texture of the 
sediments.   

3. More complete justification for boundary conditions at the offshore end of the 
model. 

The ocean boundary condition in Geosyntec’s model is a specified constant hydraulic head 
(water pressure) boundary with an assigned elevation of 0.57 ft MSL.  This water level  is based 
on average water levels in monitoring wells near the coastline utilized for calibration of the 
OCWD model (CDM, 2000, OCWD, 2004).  The offshore portion of the uppermost model layer 
in Geosyntec’s model consists entirely of specified head with an assigned elevation of 0.57 ft 
MSL to represent the ocean. The value of 0.57 ft MSL for specified constant hydraulic head to 
represent the ocean results in a greater flow rate from the ocean to the subsurface than a value of 
0 ft MSL.  Accordingly, the conservative assumption behind the ocean boundary condition in the 
Geosyntec model is an additional reason that the model provides for an optimistically high 
estimate of the potential production rate of source water from the subsurface offshore of 
Huntington Beach. 

At the margin of the Geosyntec model, approximately 4.3 miles feet offshore (see Figure 12 of 
the Geosyntec Report), all model layers are in direct connection with the sea.  The distance to the 
seawater connection is generally consistent with the San Pedro Shelf geometry; the distance from 
the Huntington Beach coastline to the edge of the San Pedro Shelf is approximately 5.2 miles.  If 
the Talbert Aquifer extends to the margin of the San Pedro Shelf, it likely would be exposed in 
the slope beyond the Continental Shelf.  
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Although the model represents the Talbert Aquifer as continuous offshore, the Geophysical 
Survey indicates that in reality, the Talbert Aquifer is not continuous but instead segmented.  In 
addition, northwest of the Facility Site, the basal channel portion of the Talbert Aquifer appears 
to thin and even terminate approximately 1,000 feet offshore (see cross-sections on Figure 7 of 
the Geosyntec Report). Accordingly, because the Geophysical Survey demonstrates that the 
Talbert Aquifer actually is not continuous offshore, the model’s representation of the Talbert 
Aquifer as continuous offshore results in overestimation of the potential production rate from the 
Talbert Aquifer. 

4. Sensitivity analyses – i.e., multiple model runs with varying values of Kh, Kv, 
and boundary conditions. 

Sensitivity analyses are not necessary to determine the feasibility of an offshore subsurface 
collector system because Geosyntec’s model is designed as a conservative tool that over-predicts 
production potential from the Talbert Aquifer beneath the coastline.  Further discussion 
regarding representation by the model of Talbert Aquifer and the overlying fine-grained 
sediments follows. 

In the Geosyntec model, the Talbert Aquifer offshore, which underlies the fine-grained 
sediments beneath the seafloor, is assigned an optimistically high hydraulic conductivity and is 
represented as continuous and of constant thickness offshore.  Uniform high values of 300 and 
30 ft/d for Kh and Kv were assigned in the model to the Talbert Aquifer near the coast and 
offshore, which is consistent with the OCWD groundwater model (e.g. CDM, 2000), although in 
reality a general gradual decrease in grain size and permeability in the Talbert Aquifer is 
expected with distance offshore5.  The zonally decreasing values of hydraulic conductivity 
assigned to the Talbert Aquifer in the OCWD groundwater model (CDM, 2000) are shown on 
Figure 13 of the Geosyntec Report.  In addition, although Geosyntec’s model represents the 
Talbert Aquifer as continuous and of constant thickness offshore, in reality, the Geophysical 
Survey shows that the Talbert Aquifer offshore actually is structurally segmented and includes 
localized channels (see Figures 6 - 10 of the Geosyntec Report). 

Geometry of the Talbert Aquifer onshore and offshore is shown by contour maps provided by 
Figures 8, 9, and 10 of the Geosyntec Report.  The offshore geometry is based on the 

                                                 

5 In the Geosyntec Model, the Talbert Aquifer is represented by model layers 5 through 8 and the overlying fine-
grained low permeability sediments are represented by model layers 2 through 4 (see Figures 12 and 14 in the 
Geosyntec Report).  In the model, values of Kh and Kv for the Talbert Aquifer (Layers 5 – 8) are 300 and 30 ft/d 
and values of Kh and Kv for the overlying fine-grained sediments (Layers 2 – 4) are 10 and 1 ft/d. 
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Geophysical Survey; the contour maps of the top and bottom of the offshore Talbert Aquifer are 
each based on approximately 50,000 points (“picks”) identified from the Geophysical Survey 
data by Legg Geophysical.   Based on these detailed geophysical data, the average thickness of 
the Talbert Aquifer offshore in the surveyed area is 81 ft.  A constant thickness of 90 feet is used 
for the Talbert Aquifer in the Geosyntec model, which also contributes to the conservatively high 
assessment by the model of source water production from the subsurface offshore of Huntington 
Beach  because the rate of flow of water through an aquifer is proportional to its thickness (i.e., 
the source water production potential is greater for a thicker aquifer). 

The hydraulic conductivity of the fine-grained sediments that overlay the Talbert Aquifer 
controls the degree of hydraulic connection between the sea and the Talbert Aquifer.   As 
discussed above, the assigned horizontal and vertical hydraulic conductivity (Kh and Kv) values 
in the Geosyntec model of 10 and 1 ft/d are scientifically based, conservative maximum values 
for the fine-grained sediment.  Accordingly, the model is designed to represent the maximum 
degree of hydraulic connection between the offshore Talbert Aquifer and the sea, thus 
eliminating the need for a sensitivity analysis.  As discussed above, the actual Kh and Kv of the 
fine-grained sediment overlying the Talbert Aquifer are likely substantially lower than values of 
10 and 1 ft/d that are used in the Geosyntec model.  Additional model runs to provide a 
sensitivity analysis assuming higher values of Kh and Kv for the low permeability fine-grained 
sediment overlying the Talbert Aquifer would be scientifically inappropriate and produce highly 
unrealistic results. Model sensitivity simulations with lower Kh and Kv values for low 
permeability fine-grained sediment overlying the Talbert Aquifer would decrease the hydraulic 
connection to the sea and thus (1) reduce the model production rate from the Talbert Aquifer and 
(2) increase the drawdown (lowering) of the water table near the coastline. 

In summary, potential sensitivity analyses including (1) lower Kh and Kv of the Talbert Aquifer 
offshore, (2) representation of discontinuities in the Talbert Aquifer offshore, (3) lower Kh and 
Kv for the fine-grained sediment overlying the Talbert Aquifer, would show lower production 
potential from the Talbert Aquifer and more drawdown of the water table near the coastline. 

5. Explain the assumption that the Talbert Aquifer is the only potential alternative 
source of water for offshore subsurface collectors. Is production from deeper 
aquifers feasible? 

On an October 10, 2013, phone call, CCC Staff requested justification from Geosyntec that the 
Talbert Aquifer is the only potentially viable offshore subsurface source of water for the 
proposed Desal Facility.     
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The Orange County Groundwater Basin includes three major aquifer systems commonly referred 
to as the Upper, Middle and Lower (e.g. OCWD, 2004; Edwards, 2009).  The Newport-
Inglewood Fault Zone (NI FZ) functions as an impermeable boundary along the coastline 
because consolidated non-water bearing bedrock is uplifted on the southwest (coastal) side of the 
fault zone.  A generalized regional north-south geologic cross-section through the Santa Ana 
River portion of Orange County Groundwater Basin is provided as Attachment 4 to this memo, 
and a cross-section showing the layers in the OCWD Talbert Gap groundwater model (CDM, 
2000) is provided below (Figure 2).  Both cross-sections illustrate that only the Upper Aquifer 
System extends to the coast and offshore.  The Talbert Aquifer is the primary water bearing 
interval in the Upper Aquifer System; deeper sediments are reported to be semi-indurated and 
have lower permeability or consolidated non-water bearing bedrock (OCWD, 2004; Herndon and 
Bonsangue, 2006; Edwards et al., 2009). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Adapted from Groundwater Master Plan, OCWD 2004 

NI FZ 

Pacific Ocean Coastline Talbert Injection Barrier  

Figure 2.  Layering of OCWD Groundwater Model (CDM, 2000; OCWD, 
2004).    



Response to Requests by Coastal Commission 
18 October 2013 
Page 10 
 
 

 
 
 

In summary, due to uplift of bedrock along the Newport Inglewood Fault, the Middle and Lower 
Aquifer systems of the Orange County Groundwater Basin do not exist offshore of Huntington 
Beach (see Figure 2 above, and Attachment 4).  Due to more consolidation and induration at 
depth, the offshore subsurface deeper than the Talbert Aquifer is expected to have lower 
permeability and thus lower groundwater production potential than the Talbert Aquifer.  
Moreover, the deeper subsurface would have less hydraulic connection to the sea. 
 
In addition, the bottom of the Talbert Aquifer, which reaches depths of approximately 200 feet 
offshore, is a reasonable practical technological limit for potential subsurface collector systems 
beneath the coastline (e.g. US Bureau of Reclamation, 2009).  And, as addressed in the 
Geosyntec Report, offshore vertical wells connected with a deep infiltration gallery (DIG)6 is not 
a feasible alternative offshore of Huntington Beach because of the offshore segmentation and 
complicated geometry of channels in the Talbert Aquifer revealed by the Geophysical Survey.  . 
Moreover, permeability of the Talbert Aquifer is expected to generally decrease further offshore 
as does the subsurface below the Talbert Aquifer.  
 
Hypothetically, even if the Talbert Aquifer was uniform and continuous offshore of Huntington 
Beach, the DIG tunnel likely would have to be dozens of feet in diameter and thousands of feet 
long to connect to tens of offshore vertical wells that would be necessary to achieve the 
necessary source water production rate.  The engineering, construction, operation and 
maintenance of such an enormous system below the ocean floor has never been demonstrated 
and therefore constitutes a risky and unproven technology.  
 
 

                                                 

6 A DIG is a tunnel in the seafloor extending offshore connecting a series of offshore vertical wells. 
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From the Orange County Water District Groundwater Master Plan (OCWD, 2004) and Edwards et al., (2009) 
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