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Executive Summary 

In 2005, the Re-Circulated Environmental Impact Report (REIR) for a 50 

million gallon per day (mgd) reverse osmosis (RO) desalination plant at 

Huntington Beach, CA was approved.  This plant is co-located with the 

Huntington Beach Generating Station (HBGS), which will provide the 

source water for RO from the large volume of seawater pumped to cool its 

condensers. After passing through the condensers, about 100 mgd of this 

heated seawater will be withdrawn into the RO plant and processed to form 

approximately 50 mgd of potable water and about 50 mgd of doubly 

concentrated (salinity = 67 parts per thousand, ppt) seawater byproduct.  The 

latter will be added back to the cooling water stream exiting the power plant 

enroute to the ocean-discharge site.   

The HBGS fully compliments the RO operation, providing both the 

source water and, through excess flow, contributing to the "in pipe" dilution 

of the concentrate before it is discharged, thereby lessening the potential 

environmental effects of elevated salinity in the receiving-water habitat.  The 

use of cooling water to dilute the concentrate before it is discharged into the 

ocean is an important advantage for co-locating desalination with a power 

plant and adds flexibility in planning for the handling of the discharge 

O-102



 2

operation.  Due to the many different variables existing at each desalination 

facility, the manner in which the discharge is processed must always be done 

on a case-by-case basis. 

It is highly probable that, for the foreseeable future, co-location will 

continue to be the operational mode at Huntington Beach.  However, 

because future operations could possibly involve the long-term reduction or 

no seawater discharge from the power plant, this report analyzes the 

potential impacts to the marine environment associated with a "stand alone" 

operational scenario for desalination at Huntington Beach, that is, in the 

absence of the power plant’s discharge of a high volume of heated seawater.   

Jenkins and Wasyl (2006, revised 2010) developed a hydrodynamic 

discharge model for the stand alone operation by the Huntington Beach 

desalination plant.  The model's assumptions are:  

1. Seawater intake pumps will deliver a flow rate of 152 mgd.  

2. Normal desalination operations (i.e., 100 mgd intake, 50 mgd potable 

water, 50 mgd of seawater concentrate with 67 ppt salinity), with 52 

mgd of seawater dilution.  

3. The receiving-water conditions for mixing with the discharge were 

modeled at two different mixing rates: 
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a) The average rate of ocean mixing determined by integrating long-

term conditions (i.e., the mixing strength due to mean values of the 

mixing-forcing conditions such as winds, waves, and currents; 

average mixing occurs about 50% of the time).  

b) The worst-case conditions for ocean-mixing (probability 

occurrence 0.04% to 0.1%.  

Model results were evaluated by comparing the effects of different 

ocean-mixing levels on the area of the discharge plume encompassed by the 

40 ppt salinity contours.  Use of the 40 ppt contour as a reference point is 

based on findings, reported in the approved REIR, Appendix S (Graham 

2004) and in Le Page (2004, 2005) that long-term exposure to salinities 

higher than 40 ppt may adversely affect many marine species.  

The models show that stand-alone desalination operations at a total flow 

of 152 mgd will result in the formation of a very small area of elevated 

salinity around the discharge tower and that this area will be affected by 

ocean-mixing conditions.  The approximately 1:1 ratio for "in-pipe" dilution 

of the concentrated seawater stream reduces its salinity from about 67 to 

49.9 ppt at the point of discharge and further dilution by the receiving water 

begins immediately upon contact.   
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Under both average and worst-case mixing conditions the maximum 

salinity occurring in the water column is about 49.4 ppt.  The maximum 

salinity occurring on the bottom next to the base of the discharge tower is 

41.0 ppt during average mixing conditions and 44.2 ppt under worst-case 

mixing conditions.  Both water-column and bottom salinities decrease with 

distance and ultimately equilibrate with ambient salinity (33.5 ppt).  During 

worst-case mixing conditions (occurring less than 0.1%) the perimeter of the 

40 ppt contour on the seabed occurs 100 ft out from the base of the discharge 

tower and the contour’s area is 0.72 acres.  Under average mixing conditions 

(occurring 50% of the time) there is a smaller average distance from the base 

of the discharge tower to the 40 ppt contour (about 54 ft) and the seabed area 

covered by this contour is 0.21 acres.   

The major difference between stand alone and co-located desalination 

operations at Huntington Beach is the smaller total flow rate occurring 

during stand alone, which causes less "in pipe" dilution and a higher 

discharge salinity and  results in the formation of the small area of elevated 

salinity defined by the 40 ppt contour.   

The principal biological effects of stand alone operation will occur within 

the small area of the 40 ppt contour.  It can be expected that this very small 

area will undergo a decrease in the total number of organisms living there 
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and perhaps also a reduced biodiversity.  The replacement of some of the 

species living there now by other more salinity tolerant species is also a 

possibility.  With respect to fishes and other pelagic organisms contacting 

the high salinity waters within the 40 ppt contour, these will either swim or 

“drift” (e.g., plankton) through the area in 1.4 hours, a relatively short time.   

(with average mixing conditions the shore-parallel maximum diameter of 

this contour would be approximately 100 ft) and this will lessen the effect of 

high-salinity exposure.  Concerning the benthic organisms living outside the 

contour but within the area where the salinity gradient undergoes rapid 

dilution from 40 ppt down to ambient (33.5 ppt), these may become adapted 

to these salinity conditions and remain in the area, or species having a 

greater tolerance for variable salinity may move into the area.  This will be 

determined by the effects of water mixing and currents on variability in 

salinity and exposure times these organisms experience.  

  It is emphasized that the elevated salinity area formed by stand alone 

desalination is very small.  It will have an average area of 0.21 acres 50% of 

the time and would only rarely increase to 0.72acres.  The area around the 

Huntington Beach discharge where this salinity elevation will occur contains 

no threatened or endangered species and the area itself is not designated an 

Area of Special Biological Significance.  Further, the very small area of 
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elevated salinity formed by stand alone desalination is extremely small 

relative to the vast expanse of the contiguous and biologically homogeneous 

area occupied by the sand-mud bottom community that extends several 

kilometers up- and down-coast from the Huntington Beach discharge.  Also, 

the benthic species living in the discharge area are part of broadly distributed 

populations that extend throughout the coastal waters of Southern California, 

in most cases to as far north as Point Conception, CA as well as south into 

Baja California, Mexico.      

 

O-107



 7

Introduction 

In 2005 the City of Huntington Beach, CA approved the Re-Circulated 

Environmental Impact Report (REIR) for a 50 million gallon per day (mgd) 

seawater reverse osmosis (RO) desalination plant to be co-located at the 

Huntington Beach Generating Station (HBGS).  The title of this REIR is 

"Recirculated Environmental impact Report on the Seawater Desalination 

Project at Huntington Beach," and it will be hereafter referred to as REIR 

2005.   

This report analyzes what marine environmental effects would be 

associated with the operation of the Huntington Beach Desalination Plant as 

a stand alone facility, that is, without the HBGS providing a high volume of 

heated water discharge that dilutes the seawater concentrate.  Stand alone 

operation would become necessary if the power plant changed from using all 

or a large portion of the once-through cooling for its condensers.   

While there are no plans to alter the co-location operational status at 

Huntington Beach, it is clear from information presented in REIR 2005 that 

the HBGS is compatible with the Huntington Beach desalination plant.  In 

addition to supplying the RO source water via its once-through cooling 

system, the concentrated seawater byproduct of RO is diluted by mixing 

with the cooling-water effluent before both are discharged into the ocean.  
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For this reason the requirement of a stand alone desalination operation 

would alter the concentration and distribution of the discharge. 

A hydrodynamic modeling study of the dispersal and dilution of the 

discharge from the stand alone desalination plant was developed by Jenkins 

and Wasyl (2006, revised 2/2010).  The objective of this report is to evaluate 

the biological significance of their findings.  

 

The Model  

The stand-alone model assumptions are: 

1. Pumps would supply a flow of 152 mgd. 

2. Normal operation of the desalination plant [withdrawal of 100 mgd of 

seawater to form 50 mgd of product water and 50 mgd of concentrated 

seawater byproduct (67 ppt salinity), and 52 mgd of seawater for 

dilution]. 

3.  In-pipe dilution of the concentrate would be done on an approximately 

1:1 ratio and result in an end of pipe salinity of 49.9 ppt.  

4.  The receiving-water conditions affecting its mixing rate with the 

discharge (i.e., temperature, salinity, tides, waves, currents, wind) 

would result in either: 
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a) average mixing conditions, as determined by integration of time-

series for the variables affecting mixing, and which occur 50% of 

the time, or  

b) worst-case mixing conditions, which has the probability of 

occurrence of  0.04% to 0.1%.  

Modeling results were evaluated by comparing the areas of the average 

and worst-case discharge plumes encompassed by the 40 ppt contour (i.e., 

the area having salinity levels of 40 ppt or higher).  The 40 ppt contour 

criterion is based on findings showing that long-term exposure to salinities 

40 ppt or higher may negatively affect some marine species (REIR 2005, 

Appendix S, Le Page, 2004, 2005).  Also, the hydrodynamic dispersal 

models developed at higher flow rates and reported in REIR 2005 used the 

40 ppt threshold as a targeted boundary.  

 

 

Findings   

The stand alone operational models show that a protracted period of low 

flow (152 mgd) in the presence of either average or worst-case mixing 

conditions results in the formation of a small area of elevated salinity around 

the discharge tower.  The approximately 1:1"in-pipe" dilution of the 
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concentrated seawater stream reduces its salinity from about 67 to 49.9 ppt 

at the point of discharge.  Further dilution by the receiving water begins 

immediately upon contact and an elevated salinity plume will form and 

extend outward and mainly down current from the discharge site.  However, 

because the more saline water sinks, the highest plume salinities always 

occur on the seabed.  This plume's shape and salinity will be a function of 

the rate of ocean mixing with the receiving water and with distance the 

plume and ambient salinities will equilibrate (REIR 2005).  

  Under both average and worst-case mixing conditions the maximum 

salinity occurring in the water column is 49.4 ppt.  However, the maximum 

salinity occurring on the bottom next to the base of the discharge tower is 

41.0 ppt during average mixing conditions and 44.2 ppt under worst-case 

mixing conditions.  During worst-case mixing conditions (0.04% to 0.1% 

occurrence probability) the average distance from the discharge to the 40 ppt 

seabed contour will be 100 ft and the area of the seabed covered by the 40 

ppt salinity will be 0.72 acres.  Under average mixing conditions (50% 

occurrence probability) there is a smaller average distance from the 

discharge tower to the 40 ppt contour (54 ft) and the seabed area covered by 

this contour is 0.21 acres.   
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Operational Differences: Stand Alone vs Co-location 

Co-location of the desalination and power plants at Huntington Beach 

allows use of a larger volume of heated cooling water to obtain a greater 

dilution of the seawater concentrate (REIR 2005 Appendix C). Under the 

stand alone operation, the hydrodynamic model shows that a 152 mgd flow 

rate with cold water will result in an extremely small area of elevated 

salinity, defined by the 40 ppt contour, around the discharge.    

 

Biological Implications    

Insofar as the biological community living within the 40 ppt salinity 

contour is concerned, the long-term benthic salinity gradient that prevails 

within the area will influence the kinds of organisms occurring there.  The 

permanent salinity increase could likely affect either the abundance of some 

species or even the area's total species diversity.  Within this area the result 

could be a less diverse community and the replacement of some of the 

species living there now by species that can be ecologically successful (i.e., 

feed, grow, and reproduce) there because they are normally adapted to 

habitats having higher salinities (e.g., euryhaline organisms typically found 

in estuaries).  While there certainly will not be a “dead zone” around the 

discharge, it is possible that the numbers, diversity, and species types 
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occurring in this very small area will change and the area may have only a 

limited number of macro-organisms.  

With respect to fishes and other pelagic organisms that come into contact 

with the concentrated salinity area within the 40 ppt contour in the water 

column, these would either swim or “drift” (e.g., plankton) through this 

small (about 100 ft along shore, Jenkins and Wasyl, 2006, revised 2/2010) 

area in a relatively short period of time, which will minimize their exposure 

to the elevated salinity and thus lessen its effect.  For the benthic organisms 

living outside the 40 ppt contour, but still within the small zone where 

salinity undergoes dilution from 40 ppt down to 33.5 ppt (ambient), these 

may, depending on the variability of salinity and exposure time, become 

adapted to the fluctuating salinity conditions and remain in the area.  

Alternatively, euryhaline species having a greater salinity tolerance may 

move into the area.     

When considered on a larger scale, the ecological effects of the stand-

alone discharge will be insignificant for several reasons.  First, the seabed 

area having this high salinity is less than 1 acre, even under worst-case 

ocean mixing conditions.  Second, no threatened or endangered species 

inhabit the area which is also not designated by the State of California as an 

Area of Special Biological Significance.  Third, the area of the 40 ppt 
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contour is very small relative to the vast expanse of the contiguous and 

biologically homogeneous seabed occupied by the sand-mud bottom 

community in the area; this extends for many kilometers up- and down-coast 

from the Huntington Beach discharge.   Finally, all of the species occurring 

in the discharge area are part of broadly distributed, continuous populations 

occurring throughout the coastal waters of Southern California, in most 

cases to as far north as Point Conception, CA as well as south into Baja 

California, Mexico.  These distributional features of the organisms occurring 

around the Huntington Beach discharge ensure that stand alone effects will 

be localized.       
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