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NPDES PERMIT APPLICATION 
for the Carlsbad Energy Center LLC, 

Carlsbad Energy Center Project, San Diego County 
 
 

Submitted to the 
      San Diego Regional Water Quality Control Board 

       August 15, 2008 

 



 

 

The Carlsbad Energy Center, LLC is submitting this NPDES Permit Application, dated August 15, 2008 

for the proposed Carlsbad Energy Center Project, to be located in Carlsbad, CA, in San Diego 

County.  The following California and Federal application forms are enclosed: 

 

 Signatory and Certification Statement to NPDES Permit Applications 

 State Water Resources Control Board Form 200 

 EPA Form 1 

 EPA Form 2D 

 

These applications contain the following Attachments and Appendices: 

 

State Water Resources Control Board Form 200: 

1. Attachment 1: Section VI-Plant and Operations Description 

a. Hydrodynamic Analysis of Near-shore Dispersion and Dilution of Concentrated Sea 

Water from Closed-Cycle Cooling Systems at Encina Generating Station, Carlsbad, CA, 

May 9, 2008 

b. Attached to this application are the following U.S. EPA applications: 

i. Form 1 

ii. Form 2D 

These forms and their attachments provide a complete characterization of the proposed 

waste discharge, and include: 

a. EPA Form 1: 

i. Attachment 1: Site Mapping 

A. Figure 1.2-2:Project Location Map 

B. Figure 1.2-3: Site Vicinity Location Map 

C. Figure 2.2-1B: Plot Plan, showing location of Cooling Water intake 

and Discharge Point locations 

b. EPA Form 2D 

i. Attachment 1: Section III A & B:Flows, Sources of Pollution, Treatment 

Technologies, including: 

A. Figure 2.2-6a: Water Balance with Power Augmentation 

B. Figure 2.2-6b: Water Balance without Power Augmentation 

ii. Appendices 

A. Encina  Power Station Intake Water Analysis, April 26 2004 

B. CECP Analysis of Reverse Osmosis Brine Wastes from Desalination 

Plant 
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WASTE DISCHARGE REQUIREMENTS OR NPDES PERMIT

APPLICATION/REPORT OF WASTE DISCHARGE
GENERAL INFORMATION FORM FOR

State of California
Regional Water Quality Control Board

CALIFORNIA ENVIRONMENTAL
PROTECTION AGENCY

Page 5

Form 200(6/97)

          City:           State:            Zip Code:

     Contact  Person:    Telephone Number:

   City: County: State: Zip Code:

    City: State: Zip Code:

A.  Facility:

 Address:

 Name:

       Contact Person:        Telephone Number: Federal Tax ID:

C.

 Address:

 Name: Operator Type (Check One)

   City: State: Zip Code:

     Contact Person:        Telephone Number:

D.  Owner of the Land:

 Address:

 Name: Owner Type (Check One)

   City: State: Zip Code:

     Contact Person:         Telephone Number:

Facility Operator (The agency or business, not the person):

E.   Address Where Legal Notice May Be Served:

      Contact Person:         Telephone Number:

 Address:

    City: State: Zip Code:

F.   Billing Address:

        Address:
1. Individual 2.   Corporation

3. Governmental 4.   Partnership

Agency

5. Other:

 Address:

Contact Person:   Telephone Number:

      Name:    Owner Type (Check One)

 I.  FACILITY INFORMATION

 B.  Facility Owner:

1. Individual 2.   Corporation

3. Governmental 4.   Partnership

Agency

5. Other:

1. Individual 2.   Corporation

3. Governmental 4.   Partnership

Agency

5. Other:



WASTE DISCHARGE REQUIREMENTS OR NPDES PERMIT

APPLICATION/REPORT OF WASTE DISCHARGE

GENERAL INFORMATION FORM FOR

State of California
Regional Water Quality Control Board

CALIFORNIA ENVIRONMENTAL

PROTECTION AGENCY

Page 6

Form 200(6/97)

II.  TYPE OF DISCHARGE
Check Type of Discharge(s) Described in this Application (A or B):

 A. WASTE DISCHARGE TO LAND B. WASTE DISCHARGE TO SURFACE WATER

Domestic/Municipal Wastewater
Treatment and Disposal

Waste Pile

Other,  please describe:

Wastewater Reclamation

Cooling Water Land Treatment Unit

Dredge Material Disposal

Surface Impoundment

Animal Waste Solids

Industrial Process Wastewater

Mining

Check all that apply:

Animal  or Aquacultural Wastewater

Hazardous Waste  (see instructions)

Landfill  (see instructions)

Storm Water

Biosolids/Residual

1.  Assessor's Parcel Number(s) 2.  Latitude 3.  Longitude

Facility: Facility: Facility:

Discharge Point: Discharge Point: Discharge Point:

III.  LOCATION OF THE FACILITY
      Describe the physical location of the facility.

New Discharge or Facility Changes in Ownership/Operator (see instructions)

Change in Design or Operation Waste Discharge Requirements Update or NPDES Permit Reissuance

Change in Quantity/Type of Discharge Other:

IV.  REASON FOR FILING

Name of Lead Agency:

Has a public agency determined that the proposed project is exempt from CEQA? Yes No

If Yes, state the basis for the exemption and the name of the agency supplying the exemption on the line below.

Basis for Exemption/Agency:

Has a "Notice of Determination" been filed under CEQA? Yes No

If Yes,  enclose a copy of the CEQA document, Environmental Impact Report, or Negative Declaration.  If no, identify the

expected type of CEQA document and expected date of completion.

V.  CALIFORNIA ENVIRONMENTAL QUALITY ACT (CEQA)

EIR Negative Declaration Expected CEQA Completion Date:

Expected CEQA Documents:

✔

✔

210-01-41
210-010-29

33° 08' 22" N
33° 08' 17" N

117° 20' 01" W
117° 20' 22" W

✔

California Energy Commission (CEC)

✔

✔

03/30/2009

Andersonguest
Text Box
The CEQA equivalent document issued by the CEC is the "Staff Analysis Report"
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Statedf California
 
Regiunal WalntQ1Jl11ity'<.]ontrolBoard
 

APPUCATIClN1REPORT OF WA8TE DISCHARGE
 
GENERAL INFORMATION FORM FOR
 

WASTE DISCHARGE REQUIREMENTS OR NPDES PERMIT
 

VI. OTHER :REQUIRED INFORMAnON 

Please provide a COMPLETE eharacterization of y!ll'Ut dischm'gce. A cQmpletecharacterizatioo inclutlus, 
hut is not limited to, design .and actual flu'\vs" a list of constituents and the disohargc oonccntmtion Qfeach 
constituent, a list ofather appropriate waste: discharge ~hanroteristics, a de~ription and schematic drawing 
of aU treatment process.es, a descrl,ption at' an~~ Best ManagemenLPractices (BMPs) used, and a decscciption 
of disp.ooal methQd$. 

A1sQinctude a site 11ll;\p showing tb.e location of the facUity and, ifyou are subrnitttng this application for an 
'NPDES pemlit, identify the surface water to whioh you propose to discharge. PUilase try to lintit yourmaps 
t<O a s~le of 1;24,000{7. 5' USGS Quadrangle) ~r a street map" if luore appropriate. 

VII. OTHER
 

1. Hydrodynamic Analysis of Near-shore Dispersion and Dilution of Concentrated Sea Water from 
Closed-Cycle Cooling Systems at Encina Generating Station, Carlsbad, CA, May 9, 2008 

¥Q;JJ wjUb~ MtitieiJ Ity" I:cp~jlni!ltlv;e{If t~ Q'WQCJl""if;bin 3\1 da~'lI ll.freceipt of ¥l}ur llPplt~tioo. The notice will stll:t\1lfyolfJ.' 
:lJlplie-.lt1llQ is cOlllpleteor if tbere is !1dt!fUoJtlJJillio:rma~ofl you m~..t su.bmit to fOlllllleteYllllr Applicati9n1Repl»'t.af Wlime Disclillrg(>~ 
pursuant to lJivision 1;, Sqcti'on 13l(iO.oftheCaljfornill Water Code. 

VIlJ. CERTIFICATION 

III el:rfify uWet penalty of la;w that tbis do-eUl))tm.4 iud.uding Ill1 attwlunenfs and supplemental int'o.r.Dullion, werepfelllired undctmy 
iJi'lr()ctJOO l\ndmp:ervlsion in ai.'Clrrdance witb a system d~lgnc.d to llSSJll'e that qUl;dHied penllnncl pr9p.c.rly gathll.red 1I01J evalllated. the 
information sub~ BlIStld on my lnqn'ay of thepw-son or persOIls who m-auage t.be sys.t'.l!m,or thoseperwl1l.i dirooly r~p.onsible fill' 
i{ilthering t1reinfornnrtillD, the inf{)l'itIatio)j $ubmift\ld t.., to the b~st of my kl!.owledge and Irolief, ltruC,al:CIII'llt.e, alfdClllnplcfc. I ron llWllXe 
that th.,rll 1I.1'e· sign,ifi,cant pen~lt1es fnT sll.lnnitting fl(lliC infO"flllltf'l!lJ], iudq:dtng the possfbi'Uty of fine and impl'i/lonm~.~ 

PrintName: *111I..s fdcltA£AS . Title: VICE 8elf'.sIbE1'JT - ~~L r 
SlgnatlJte~ ~~k:;& DatJ<! AV6IJsr /.$~a 

FOR (>FFlCE. USE ONLY 
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ATTACHMENT 1: SECTION IV: PLANT & OPERATIONS DESCRIPTION 
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SWRCB Form 200 
Attachment 1 

Section VI. – Waste Discharge Characterization and Site Maps 
 

1. Project Summary 
 

In 2007 the Carlsbad Energy Center, LLC submitted to the California Energy Commission an 
Application For Certification (AFC) for the construction and operation of the Carlsbad Energy Center 
Project (CECP).  CECP will be a 540.4 megawatt (MW) net/558 MW gross combined-cycle 
generating facility configured using two trains with one natural-gas-fired combustion turbine and one 
steam turbine per train (or unit). 

 
The 2007 AFC proposed using Reverse Osmosis (R/O) and Ion Exchange (I/E) to demineralize the 
City of Carlsbad reclaimed water to produce the high purity water required for the power plant’s heat 
recovering steam generators (HRSGs) and other process uses.  The resulting R/O reject stream, 
consisting of the reclaimed water’s concentrated constituents, would be discharged to the City of 
Carlsbad’s sanitary sewer system in accordance with the Encina Wastewater Authority Pretreatment 
Ordinance.   
 
An ocean water purification system is proposed as an alternative source of industrial water for CECP 
in addition to the use of California Code of Regulations (CCR) Title 22 reclaimed water. An alternative 
industrial wastewater discharge path through the existing Encina Power Station ocean water 
discharge system is offered in addition to the plan to discharge CECP industrial wastewater through 
the City’s system. These alternatives resolve any issues related to the City’s position that it has 
insufficient quantities of CCR Title 22 reclaimed water to meet the industrial water requirements for 
the Project, and the City’s position that it does not have sufficient capacity for CECP to discharge 
industrial wastewater to the City’s existing sanitary/industrial sewer system. 
 
2. Facility Description 
 
The CECP site is located within the existing Encina Power Station (Encina Power Station), which is 
adjacent to Agua Hedionda Lagoon and across Carlsbad Boulevard from the Pacific Ocean and 
Carlsbad State Beach (refer to EPA Form 1, Figures 1.2.1. and 1.2.2).  The CECP will be a 540.4 
megawatt (MW) net (rated at an average annual ambient temperature of 60.97 degrees Fahrenheit 
[°F] with steam power augmentation and evaporative air cooling) and 558 MW gross combined-cycle 
generating facility configured using two trains with one natural-gas-fired combustion turbine and one 
steam turbine per train (or unit).  
 
The CECP units will connect to the electrical transmission system via 138-kilovolt (kV) and230-kV 
lines that connect to the respective, nearby existing SDG&E switchyards at the existing Encina Power 
Station. Natural Gas will be provided from the existing Southern California Gas Company (SoCalGas) 
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transmission pipeline (Line TL 2009, “Rainbow line”) which is located immediately adjacent to the 
CECP site, on the west side parallel to the existing rail line via a 1,100 foot long interconnection 
pipeline. On the CECP site, the gas will flow through a flow-metering station, a fuel gas compressor 
station, gas scrubber/filtering equipment, a gas pressure control station, and electric-driven booster 
compressors prior to entering the combustion turbines. With the exception of short, onsite 
interconnections, no offsite transmission or gas supply lines are required for the project (refer to EPA 
Form 1, Figure 2.2-1B: Plot Plan). 
 
The ocean water purification system will use Reverse Osmosis (R/O) and Ion Exchange (I/E) to 
produce the high purity industrial water required for the power plant’s heat recovering steam 
generators (HRSGs) and other process uses. The purification of ocean water will provide a reliable 
supply of source water to be used at the CECP facility and demineralization of this source water to 
produce the high purity industrial water required for the CECP’s processes, including evaporative 
cooling water, miscellaneous plant uses (e.g., equipment wash water), and possibly onsite irrigation.  
Revised Figure 2.2-6a: CECP Water Balance with 8 Hr/Day Power Augmentation (PAG), and 
Revised Figure 2.2-6b: CECP Water Balance-No Power Augmentation, provide the schematics of the 
ocean water purification and demineralization processes (refer to EPA Form 2D, Attachment 1).   
 
Water requirements for CECP are presented in Table 2 -1. Annual average water use is based on the 
desalination plant operating 40% of the time. Daily peak water (purified ocean water and potable) use 
(3.8 acre feet per day) is based on a 24-hr a day of plant output. Under these annualized conditions, 
CECP would require up to 567 acre-feet of water per year.  

TABLE 2-1 
Daily and Annual Water Use for CECP Operations 

Daily Use (gpm) 
Water Use Water Source 

Average1 Maximum2
Annual Use (afy) 

Without 
PAG 

With 
PAG Industrial Processes Purified Ocean Water 420  848 

270.9 547.0 

Potable Water (non-fire) Offsite 12 12 19.4 
1: Without PAG 
2: With PAG 
GPM = gallons per minute 
AFY = acre-feet per year (based on an annual operation of 3,504 hours/year   (i.e., operating 40% of the 
time) 
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The intake for the ocean water purification system will be from the existing Encina Power Station’s 
once through cooling water discharge channel, upstream of any process wastewater discharge into 
the discharge channel from the Encina Power Station. The Encina Power Station is permitted for a 
maximum combined discharge flow rate of 863.142 Million Gallons/Day (MGD). This includes 857.29 
MGD of once through cooling water. The remainder consists of low volume wastes, metal cleaning 
wastes, and stormwater runoff. Domestic wastewater is discharged to the municipal sewer system for 
treatment and disposal.  The CECP’s maximum daily intake of ocean water for purification would 
range between 604,500 gallons per day (GPD) without Power Augmentation (PAG) and 1.22 MGD 
with PAG operating 8 hours per day, plus additional seawater for mixing at the outfall totaling a 
maximum of 4.32 MGD.  

The CECP’s ocean water purification process will consist of an Ultra Filtration system installed 
upstream of the first stage R/O system with a storage tank to permit continuous operation regardless 
of the power plant’s operating mode. The ocean water purification system will operate on average 
40% of the time to support power production and plant operation.  The first stage R/O treated ocean 
water will pass through a second stage R/O system, then the second stage R/O permeate will be 
further demineralized by treatment using ion-exchange to produce purified industrial water suitable for 
injection to the HRSGs.    

There will be no onsite preparation, regeneration or disposal of the CECP’s ion-exchange system’s 
spent resin. The ion-exchange system will utilize a completely contained mobile modular 
demineralization system provided and maintained by a third part vendor.  The vendor will deliver the 
mobile demineralizer unit to the site; set the enclosed trailer in place and connect the 
demineralization system to the second stage R/O treatment unit’s permeate. The process will use one 
demineralizer trailer to produce 200 GPM of high purity industrial water (<0.05 ppm total dissolved 
solids, TDS) starting with ocean water that contain approximately 33,000 ppm TDS.  Once the resin 
system has become spent, the vendor will remove the spent resin unit for regeneration offsite and 
replace the spent system with a fresh, regenerated resin trailer. 
 
3. Discharge Description 
 
The first-stage R/O process will generate an aqueous wastestream highly concentrated in dissolved 
solids (i.e., brine or R/O reject).  The CECP discharge will consist solely of the first-stage R/O brine. 
As previously discussed, the CECP desalination system would draw source water off the existing 
Encina Power Station once-through cooling water discharge channel. The source water intake flow 
for the CECP power plant will be 3,000 GPM and assumes a 24-hour, seven day operating schedule. 
The concentration factor of the first-stage R/O brine is estimated to be 1.679.   Based on an average 
ambient ocean salinity of 33.52 ppt1, the salinity of the first stage R/O brine is estimated to average 
56.29 ppt. The first-stage R/O brine will be further diluted by mixing the R/O reject wastestream with 
residual source water from the 3,000 GPM intake flow prior to being discharged back to the Encina 
Power Station cooling water discharge channel.   

 
1 The mean seawater salinity between 1980 through 2000 reported by the Encina Power Station   
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Based on 3,000 GPM intake flow, the estimated volume and salinity concentrations of the CECP first 
stage R/O reject wastestream would be the following: 
 

Table 3-2 
CECP First Stage R/O Reject Wastestream 

Operating Condition 
1st Stage R/O Reject Properties1

With PAG Without PAG 

Desalination system draw from source water intake of 3,000 GPM 848 GPM 420 GPM 

Residual source water for dilution prior
 to discharge to Encina Power Station discharge channel

2,152 GPM 2,580 GPM 

R/O Reject volume 505 GPM 275 GPM 

Dilution factor from mixing R/O reject with residual source water2 4.26:1 9.38:1 

R/O Reject salinity prior to dilution3 56.29 ppt 56.29 ppt 

R/O Reject salinity after dilution and at 
the point of discharge into the Encina Power Station discharge 

channel
37.84 ppt 35.71 ppt 

CECP combined discharge to Encina Power Station cooling water 
discharge channel

2,657 GPM 2,855 GPM 

Notes: 1- Refer to the Water Balances 
 2- Dilution Factor = Residual Source Water volume/ R/O Reject Volume 
 3- Assumes intake ocean water with average salinity of 33.5 ppt and concentration factor of 1.679 

 
Assuming that the discharge from the Encina Power Station discharge channel to the Pacific Ocean 
is made up of only the CECP’s combined discharge, nowhere in the near-shore environment would 
salinity values in the combined discharge brine plume approach the threshold (38-40 ppt) for hyper-
salinity tolerance of local marine organisms ((Jenkins and Wasyl (2008)-Attachment 1a). Kelp beds 
and tide pools to the south of the Encina Power Station discharge would experience salinity 
elevations from brine plume impingements that are no greater than what occurs inter-annually under 
natural seasonal fluctuations of ocean salinity.  

EPA From 2D, Section V: Effluent Characteristics lists the type, concentration and mass load of the 
pollutant constituents anticipated to be discharged (i.e., R/O brine) from the CECP facility.  The R/O 
brine waste profile is based on the water quality of the ocean water at the Encina Power Station’s 
cooling water intake structure (refer to EPA Form 2D, Appendix A: ESP Intake Water Analysis, 
Reported April 26, 2004).  Reported concentrations and mass loads assume that the pollutant 
constituent concentrations reported in Appendix A are in the dissolved form (refer to EPA Form 2D, 
Appendix B: CECP Analysis of Reverse Osmosis Brine Wastes from Desalination Plant). 
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In addition to the first-stage R/O brine, the Ultra Filtration (U/F) system will produce an aqueous 
wastestream highly concentrated with suspended and settleable solids. The concentrated 
wastestream will be further treated onsite using a dewatering process that recycles liquids back to the 
ocean water storage tank and produces a filtered solids cake that will be suitable for disposal as a 
solid waste at a Class II or Class III landfill. Based on an assumed worst-case scenario of 30 ppm 
total suspended solids (TSS) for the U/F influent, the estimated quantity of wastes generated is: 
 

Table 3-3 
Desalination Process: Ultra Filtration Wastes 

Operating Condition1 Concentrated Solids Wastes2 Filtered Solids Cake3

Dry 300 lbs/day 
With PAG 48 GPM 

Wet4 600 lbs/day 

Dry 150 lbs/day 
Without PAG 30 GPM 

Wet4 300 lbs/day 

Notes: 
1. Refer to Water Balances 
2. Aqueous wastestream from U/F process 
3. Solid wastestream from dewatering waste treatment process 
4. Assumes up to 50% moisture content, the maximum moisture content permitted for disposal as a solid waste to a 

Class II or III landfill 
 
4. Description of Receiving Waters 
 
The Carlsbad Energy Center, LLC proposes to construct and operate the Carlsbad Energy Center 
Project on a 23-acre parcel within the site of the Encina Power Station. The Encina Power Station 
generates up to 939 megawatts of electrical power using five steam generators and one gas turbine 
generator. The Encina Power Station steam generators are cooled by a once through seawater flow 
system. Encina Power Station cooling water is discharged to the Pacific Ocean under the 
requirements established in Regional Water Board Order No.2006-0043. 

 
4.1 Hydrologic Setting 
 
The CECP site is in the City of Carlsbad, located in northern San Diego County. Carlsbad is 
located within the Agua Hedionda Lagoon watershed, which has a total drainage area of 
approximately 29 square miles in the cities of Carlsbad, Vista, Oceanside, and San Diego 
County. Annual precipitation ranges from 10 to 13 inches per year, most of which falls between 
November and February. The climate of San Diego County is characterized by long, warm, dry 
summers and mild, and sometimes wet winters. The average mean temperature for the area is 
approximately 65°F in the coastal zone and 57° F in the surrounding hills. 
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4.2 Surface Waters 
 
The CECP site is located between the San Luis Rey River to the north and the San Marcos 
Creek to the south. It is situated within the Agua Hedionda Lagoon watershed.  The main 
stream in the watershed is Agua Hedionda Creek, which begins on the southwestern slopes of 
the San Marcos Mountains in northern San Diego County, flowing generally southwestward to 
the Agua Hedionda Lagoon and the Pacific Ocean.  The nearest surface water drainage to the 
CECP site is Agua Hedionda Creek. As described in the San Diego Regional Water Board 
Basin Plan, beneficial uses of Agua Hedionda Creek include municipal and domestic supply, 
agricultural, industrial services, contact and non-contact water recreation, and wildlife and 
warm freshwater habitat.  
 
Coastal waters in the vicinity of the project include the Pacific Ocean and Agua Hedionda 
Lagoon. The existing beneficial uses of San Diego County beaches and near-shore areas 
include water contact recreation (e.g., surfing, swimming), non-contact recreation (e.g., 
walking, jogging), sport fishing, aquaculture, shellfish harvesting, municipal and domestic 
supply, preservation of rare and endangered species, marine and wildlife habitat, areas of 
special biological significance, and navigation.  
 
The Agua Hedionda Lagoon is listed on the State Water Resources Control Board’s 2006 
303(d) List of Impaired Water Bodies for bacteria and sediments. Agua Hedionda Lagoon is 
designated as an estuarine habitat and has the same beneficial uses as the Pacific Ocean 
except for commercial fishing, areas of special biological significance, spawning of aquatic 
organisms, and navigation. 

 
4.3 Marine Setting 
 
A geophysical survey of the near-shore vicinity of the Encina Power Station was conducted by 
Coastal Environments (Elwany et al., 1998a and b) to characterize topography, habitat types, 
and sediment thickness for a sediment transport study. In general, the seafloor topography 
gently slopes offshore to the southwest. The near-shore area up-coast of the Encina Power 
Station intake channel consists of predominantly rocky outcrops, with the offshore areas 
almost exclusively sand. The northern rocky-outcrop area extends fewer than 1,000 feet down-
coast (south) of the inlet channel. The downcast bottom, extending approximately 1,000 feet 
past the Encina Power Station discharge channel, is entirely sandy until the rocky outcrops of 
the Terra Mar headlands are reached. Offshore sediment depth is generally less than four feet 
thick at a water depth of about 48 feet. There are some exceptions, such as deeper pockets 
between the northern and southern outcrop areas. These may be associated with erosional 
channels created in the lagoon watershed when the sea level was lower. Sediment thickness 
is deeper farther offshore, to greater than 12 feet in about 70 feet of water.  
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ABSTRACT: 

 

This study invokes a well-tested and peer-reviewed hydrodynamic model 

(SEDXPORT) to assess dispersion and dilution of concentrated sea water (brine) 

arising from the production of make-up water for a closed-cycle cooling system at 

Encina Generating Station. The make-up water would be produced by a small 

reverse osmosis desalination system that would draw source water off the existing 

sea water circulation system at Encina. The source water intake flow will be 3,000 

gpm. The make-up water desalination system will draw 848 gpm off this source 

water stream and will produce 505 gpm of brine by-product. The concentration 

factor of the 505 gpm of brine is only 1.679, as compared to a concentration factor 

of 2.0 for the Carlsbad Desalination Project that was issued a certified EIR, 

(referred to as EIR, 2005, herein).  For an average ambient ocean salinity of 33.52 

ppt, the salinity of the brine reject from the closed-cycle cooling system will 

average 56.29 ppt (as compared to 67.04 ppt for brine produced by the Carlsbad 

Desalination Project). The brine from closed-cycle cooling will be mixed with a 

residual source water throughput of 2,152 gpm, producing a combined discharge of 

2,657 gpm through the jetty fortified discharge channel. The combined discharge 

in the discharge channel will have an average salinity of 37.84 ppt.  

  Even for the worst-case outcome (an event with a probability of 0.013% 

occurrence), the hydrodynamic model analysis finds that hyper-salinity impacts 

and suppressed dilution rates arising from brine discharge by the closed-cycle 

cooling system are benign. Nowhere in the nearshore environment do salinity 

values in the brine plume approach the threshold (38-40 ppt) for hyper-salinity 

tolerance of local marine organisms. Kelp beds and tide pools to the south of the 

Encina discharge will experience salinity elevations from brine plume 
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impingement that are no greater than what occurs inter-annually under natural 

seasonal fluctuations of ocean salinity. The strictest standards contemplated for 

discharges from ocean desalination plants under proposed amendments to the 

California Ocean Plan are generally satisfied, even in the worst-case assessment. 

Only the strictest proposed standard (a 36.5 ppt numeric limit) is slightly exceeded 

in a small localized area of surfzone seabed amounting to 1.44 acres. The less 

severe 10% over background standard being proposed for the California Ocean 

Plan is satisfied everywhere in worst-case.  Existing NPDES discharge permit 

limits on minimum dilution presently applied to thermal effluent are also satisfied 

everywhere by the brine discharge along the perimeter of the “zone of initial 

dilution” (ZID) under worst-case conditions. 

In addition to the worst-case scenario, as many as 7,523 modeled cases were 

evaluated using ocean water mass properties and mixing conditions from the same 

20.5-year long period of record as used in the certified EIR (2005). From these 

large numbers of solutions, high resolution histograms (probability density 

functions) were constructed of salinity and dilution factor. On average, the long 

term simulations show that only 0.31 acres of the sub-tidal beach face and sandy 

bottom nearshore habitat immediately seaward of the discharge jetties would 

experience salinity that would exceed (slightly) the 36.5 ppt discharge limit 

proposed as an amendment to the California Ocean Plan.  Further offshore, in the 

middle of the ZID, the long term median salinity was found to be 34.2 ppt, which 

is a value in the range of naturally occurring salinity in the coastal ocean off 

Carlsbad. The maximum salinity in the middle of the ZID was found to be 35.8 

ppt, which is well within the salinity tolerance of the local keystone species. At the 

outer edge of the ZID, median salinity is within 0.14 ppt of average ocean salinity 

off Carlsbad, and the maximum salinity is only 34.5 ppt, roughly equivalent to the 
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maximum naturally occurring value in these coastal waters. Over this 

representative 20.5 year long period of record, there is a 90% probability that 

maximum salinity on the edge of the ZID will not exceed 33.87 ppt.  This is well 

within in the range of natural seasonal variability of ambient ocean salinity for this 

coastal region.  

Dilution factors of the brine discharged from closed-cycle cooling operations 

are considerably better than what was found for the Carlsbad Desalination Project. 

In the middle of the ZID, minimum dilution was typically 33.5 to 1, and at the 

outer edge of the ZID minimum dilution climbs to a median value of 162 to 1, with 

worst-case here being no less than 23.2 to 1. In 90% of the model runs, minimum 

dilution of brine at the edge of the ZID exceeds 98 to 1.  

We conclude that closed-cycle cooling operations at Encina will produce 

brine plume effects that are well below what could be tolerated by indigenous 

marine organisms, and are within the strictest standards being contemplated 

through amendments to the California Ocean Plan. In addition, minimum dilution 

levels of the brine discharge will also satisfy present NPDES discharge limits 

permitted for the Encina thermal effluent. 
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1) Introduction: 

This study invokes a well-tested and peer-reviewed hydrodynamic model 

(SEDXPORT) to assess dispersion and dilution of concentrated sea water (brine) 

arising from the production of make-up water for a closed-cycle cooling system at 

Encina Generating Station. The make-up water would be produced by a small 

reverse osmosis desalination system that would draw source water off the existing 

sea water circulation system at Encina. The required flow to the desalination 

system will be 848 gpm and will produce 505 gpm of brine by-product having an 

initial salinity of 56.29 ppt before being recombined with the residual source water 

stream. The available source water intake flow will be 3,000 gpm. The 505 gpm of 

brine by-product would be blended with a residual 2,152 gpm of source water and 

subsequently discharged into the nearshore through the existing discharge channel 

at a combined rate of 2,657 gpm and salinity of 37.85 ppt.  

The dilution and dispersion of this discharge in the nearshore environment 

was studied using the same models, ocean forcing functions and water mass 

properties applied in the certified EIR for the much larger Carlsbad Desalination 

Project, (referenced herein as EIR, 2005). However, the proposed study will 

evaluate the brine discharges from closed-cycle cooling operations at Encina as a 

stand alone process, independent of any hyper-saline discharges from the Carlsbad 

Desalination Project. We ultimately compare the model results against criteria for 

hyper-salinity tolerance of local marine species (as adopted in the certified EIR of 

the Carlsbad Desalination Project); as well as considering potential compliance 

with proposed amendments to the California Ocean Plan that would set salinity 

discharge limits on coastal desalination plants (see Appendix A, Issue 10). 
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2) Technical Approach 

 This study addresses the concerns of brine dilution by utilizing a coupled set 

of numerical tidal and wave transport models. The numerical model used to 

simulate tidal currents in the nearshore and shelf region of Encina Generating 

Station is the finite element model TIDE_FEM.  Wave-driven currents are 

computed from the shoaling wave field by a separate model, OCEANRDS.  The 

dispersion and transport of concentrated seawater and backwash discharge by the 

wave and tidal currents is calculated by the finite element model known as 

SEDXPORT.   

A) Model Pedigree: Besides being validated in coastal waters of southern 

California, the SEDXPORT modeling system has been extensively peer reviewed. 

Although some of the early peer review was confidential and occurred inside the 

Office of Naval Research and the Naval Research Laboratory, the following is a 

listing of 5 independent peer review episodes of SEDXPORT that were conducted 

by 9 independent experts and can be found in the public records of the State Water 

Resources Control Board, the California Coastal Commission and the City of 

Huntington Beach.  

 

1997- Reviewing Agency: State Water Resources Control Board 

Project: NPDES 316 a/b Permit renewal, Encina Power Plant,                                        

Carlsbad, CA 

          Reviewer: Dr. Andrew Lissner, SAIC, La Jolla, CA 

 

1998- Reviewing Agency: California Coastal Commission 

Project: Coastal Development Permit, San Dieguito Lagoon                   

Restoration 
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Reviewers: Prof. Ashish Mehta, University of Florida, Gainesville                                     

Prof. Paul Komar, Oregon State University, Corvallis; Prof.  Peter Goodwin, 

University of Idaho, Moscow 

2000- Reviewing Agency: California Coastal Commission  

Project: Coastal Development Permit, Crystal Cove Development 

Reviewers: Prof. Robert Wiegel, University of California, Berkeley                                   

Dr. Ron Noble, Noble Engineers, Irvine, CA 

2002- Reviewing Agency: California Coastal Commission 

Project: Coastal Development Permit, Dana Point Headland Reserve  

Reviewers: Prof. Robert Wiegel, University of California, Berkeley ;  

Dr. Richard Seymour, University of California, San Diego 

2003- Reviewing Agency: City of Huntington Beach 

Project: EIR Certification, Poseidon Desalination Project   

Reviewer: Prof. Stanley Grant, University of California, Irvine 

 

 B) Model Architecture: The model has been built in a modular 

computational architecture (see Jenkins and Wasyl, 2005 a & b).  The modules are 

divided into two major clusters: 1) those which prescribe hydrodynamic forcing 

functions; and, 2) those which prescribe the mass sources acted upon by the 

hydrodynamic forcing to produce dispersion and transport.  The cluster of modules 

for hydrodynamic forcing ultimately prescribes the velocities and diffusivities 

induced by wind, waves, and tidal flow for each depth increment at each node in 

the grid network.  

 The finite element research model, TIDE_FEM, (Jenkins and Wasyl, 1990; 

Inman and Jenkins, 1996) was employed to evaluate the tidal currents within the 

Oceanside Littoral Cell.  TIDE_FEM was built from some well-studied and proven 
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computational methods and numerical architecture that have done well in 

predicting shallow water tidal propagation in Massachusetts Bay (Connor and 

Wang, 1974) and along the coast of Rhode Island, (Wang, 1975), and have been 

reviewed in basic text books (Weiyan, 1992) and symposia on the subject, e.g., 

Gallagher (1981).  The governing equations and a copy of the core portion of the 

TIDE_FEM FORTRAN code are found in Jenkins and Wasyl, 2005 a & b.  

TIDE_FEM employs a variant of the vertically integrated equations for shallow 

water tidal propagation after Connor and Wang (1975).  These are based upon the 

Boussinesq approximations with Chezy friction and Manning’s roughness.  The 

finite element discretization is based upon the commonly used Galerkin weighted 

residual method to specify integral functionals that are minimized in each finite 

element domain using a variational scheme, see Gallagher (1981).  Time 

integration is based upon the simple trapezoidal rule (Gallagher, 1981).  

  The computational architecture of TIDE_FEM is adapted from Wang 

(1975), whereby a transformation from a global coordinate system to a natural 

coordinate system based on the unit triangle is used to reduce the weighted 

residuals to a set of order-one ordinary differential equations with constant 

coefficients.  These coefficients (influence coefficients) are posed in terms of a 

shape function derived from the natural coordinates of each nodal point in the 

computational grid.  The resulting systems of equations are assembled and coded 

as banded matrices and subsequently solved by Cholesky’s method, see Oden and 

Oliveira (1973) and Boas (1966).  The hydrodynamic forcing used by TIDE_FEM 

is based upon inputs of the tidal constituents derived from Fourier decomposition 

of tide gage records.  Tidal constituents are input into the module TID_DAYS, 

which resides in the hydrodynamic forcing function cluster (see Jenkins and 

Wasyl, 2005 a & b for a listing of TID_DAYS code).  TID_DAYS computes the 
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distribution of sea surface elevation variations in Oceanside Littoral Cell based 

on the tidal constituents derived from the Scripps Pier tide gage station (NOAA 

#941-0230).  Forcing for TIDE_FEM is applied by the distribution in sea surface 

elevation across the deep water boundary of the computational domain.   

 Wave driven currents were calculated from wave measurements by the 

Coastal Data Information Program (CDIP) arrays and/or buoys (CDIP, 2004).  

These measurements were back refracted out to deep water to correct for island 

sheltering effects between the monitoring sites and Carlsbad. The waves were then 

forward refracted onshore to give the variation in wave heights, wave lengths and 

directions throughout the nearshore around Carlsbad and the surrounding areas of 

Oceanside Littoral Cell.  The numerical refraction-diffraction code used for both 

the back refraction from these wave monitoring sites out to deep water, and the 

forward refraction to the Carlsbad site is OCEANRDS and may be found in 

Jenkins and Wasyl, 2005 a & b.  This code calculates the simultaneous refraction 

and diffraction patterns of the swell and wind wave components propagating over 

bathymetry replicated by the OCEANBAT code found in Jenkins and Wasyl, 2005 

a & b.  OCEANBAT generates the associated depth fields for the computational 

grid networks of both TID_FEM and OCEANRDS using packed bathymetry data 

files derived from the National Ocean Survey (NOS) depth soundings.  The 

structured depth files written by OCEANBAT are then throughput to the module 

OCEANRDS, which performs a refraction-diffraction analysis from deep water 

wave statistics.  OCEANRDS computes local wave heights, wave numbers, and 

directions for the swell component of a two-component, rectangular spectrum.   

 The wave data are throughput to a wave current algorithm in SEDXPORT 

(see Jenkins and Wasyl, 2005 b) which calculates the wave-driven longshore 

currents, v(r).  These currents were linearly superimposed on the tidal current.  The 
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wave-driven longshore velocity, v(r), is determined from the longshore current 

theories of Longuet-Higgins (1970). Once the tidal and wave driven currents are 

resolved by TIDE_FEM and OCEANRDS, the dilution and dispersion of brine and 

backwash constituents is computed by the stratified transport algorithms in 

SEDXPORT .  The SEDXPORT code is a time stepped finite element model 

which solves the advection-diffusion equations over a fully configurable 3-

dimensional grid.  The vertical dimension is treated as a two-layer ocean, with a 

surface mixed layer and a bottom layer separated by a pycnocline interface.  The 

code accepts any arbitrary density and velocity contrast between the mixed layer 

and bottom layer that satisfies the Richardson number stability criteria and 

composite Froude number condition of hydraulic state.   

 The SEDXPORT codes do not time split advection and diffusion 

calculations, and will compute additional advective field effects arising from 

spatial gradients in eddy diffusivity, (the so-called “gradient eddy diffusivity 

velocities” after Armi, 1979).  Eddy mass diffusivities are calculated from 

momentum diffusivities by means of a series of Peclet number corrections based 

upon TSS and TDS mass and upon the mixing source.  Peclet number corrections 

for the surface and bottom boundary layers are derived from the work of Stommel 

(1949) with modifications after Nielsen (1979), Jensen and Carlson (1976), and 

Jenkins and Wasyl (1990).  Peclet number correction for the wind-induced mixed 

layer diffusivities are calculated from algorithms developed by Martin and 

Meiburg (1994), while Peclet number corrections to the interfacial shear at the 

pycnocline are derived from Lazara and Lasheras (1992a;1992b).  The momentum 

diffusivities to which these Peclet number corrections are applied are due to 

Thorade (1914), Schmidt (1917), Durst (1924), and Newman (1952) for the wind-
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induced mixed layer turbulence and to Stommel (1949) and List, et al. (1990) for 

the current-induced turbulence.   

 SEDXPORT solves the eddy gradient form of the advection diffusion 

equation for the water column density field: 

 

                      ( ) bbb VQu
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where ur  is the vector velocity from a linear combination of the wave and tidal 

currents, g is the mass diffusivity, L  is the vector gradient operator and ρ  is the 

water mass density in the nearshore dilution field; and bρ  is the density of the 

combined discharge flowing at a rate bQ through a discharge channel of volume bV . 

In (1) the term  ε∇   acts much like an additional advective field in the direction of 

high to low eddy diffusivity.  This additional "gradient eddy diffusivity velocity" is 

the result of local variations in current shear and wave boundary layer thickness. 

Both are bathymetrically controlled and the latter is associated with the 

refraction/diffraction pattern and is strongest in the wave shoaling region 

nearshore. 

 Both the density of the receiving water ρ  and the density of the discharge 

fluid bρ  is a function of temperature, T, and salinity, S, according to the equation 

of state expressed in terms of the specific volume, ρα /1=  and bb ρα /1= or: 
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where QdS  is the salinity contrast between the combined discharge and the ambient 

ocean water.  The factor M"/MT, which multiplies the differential temperature 

changes, is known as the coefficient of thermal expansion and is typically 2 x 10-4 

per oC for seawater; the factor M"/MS multiplying the differential salinity changes, 

is the coefficient of saline contraction and is typically 8 x 10-4 per part per 

thousand (ppt) where 1.0 ppt = 1.0 g/L of total dissolved solids (TDS).    For a 

standard seawater, the specific volume has a value " = 0.97264 cm3/g.  If the 

percent change in specific volume by equation (3) is less than zero, then the water 

mass is heavier than standard seawater, and lighter if the percent change is greater 

than zero.   

Solutions to the density field of the discharge plume from the outfall are 

calculated from equation (1) by SEDXPORT, from which computations of local 

discharge salinity, ),,( zyxS , can be made using equation (3).  The salinity field of 

the discharge plume can be used to solve for the dilution factor ),,( zyxDb  of the 

brine effluent according to: 

 

                           
),,(

),,(
zyxSS

SS
zyxD

o

ob
b −

−
=                                           (3)          

 

where oS is the ambient seawater salinity in ppt, bS is the salinity of the brine, and 

),,( zyxS  is the local salinity in the discharge plume from the model solution in ppt.  

Model solutions will find a significant variation in the salinity with water depth, z.  

Therefore we introduced a depth-averaged dilution factor,   
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Where η+== hyHxH ),(  is the local water depth, h is the local water depth below 

mean sea level and η  is the tidal amplitude. 

 Solutions for the density and concentration fields calculated by the 

SEDXPORT codes from equations (1)-(2), are throughput to the dilution codes of 

MULTINODE to resolve dilution factors according to (3)-(4). These codes solve 

for the dilution factor (mixing ratio) for each cell in the finite element mesh of the 

nearshore computational domain based on a mass balance between imported 

exported and resident mass of that cell (see Jenkins and Wasyl, 2005 a & b). The 

diffusivity, g, in (1) controls the strength of mixing and dilution of the seawater 

and storm water constituents in each cell and varies with position in the water 

column relative to the pycnocline interface.  Vertical mixing includes two mixing 

mechanisms at depths above and below the pycnocline: 1) fossil turbulence from 

the bottom boundary layer, and 2) wind mixing in the surface mixed layer.  The 

pycnocline depth is treated as a zone of hindered mixing and varies in response to 

the wind speed and duration.  Below the pycnocline, only turbulence from the 

bottom wave/current boundary layer contributes to the local diffusivity.  In the 

nearshore, breaking wave activity also contributes to mixing.  The surf zone (zone 

of initial dilution) is treated as a line source of turbulent kinetic energy by the 

subroutine SURXPORT (see Jenkins and Wasyl, 2005 a & b).  This subroutine 

calculates seaward mixing from fossil surf zone turbulence, and seaward advection 

from rip currents embedded in the line source.  Both the eddy diffusivity of the line 

source and the strength and position of the embedded rip currents are computed 

from the shoaling wave parameters evaluated at the breakpoint, as throughput of 

OCEANRDS. 
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3) Initial Conditions: 

Uninterrupted, long-term monitoring of ocean properties has not been 

maintained at Encina, but are available from the nearby Scripps Pier.  The Scripps 

Pier site has many physical features in common with the nearshore area around 

Encina.  Both sites have a narrow shelf and a submarine canyon nearby.  

Consequently, internal waves are an active mechanism at both sites in causing 

daily (diurnal) variations in salinity, temperature, and other ocean properties.  The 

longer period variations at seasonal and multiple year time scales are the same at 

both sites due to their proximity.  The Scripps Pier Shore Station data (SIO, 2001) 

and the Coastal Data Information Program monitoring at Scripps Pier (CDIP, 

2004) are used as surrogates for long term records of physical ocean properties at 

Encina.  These properties exhibit considerable natural variability over the period of 

record from 1980 to mid 2000 due to daily and seasonal changes, as well as 

climate cycles.  

A) Flow Rates and Discharge Salinity: The existing sea water circulation 

system of the power plant draws source water from the lagoon, which is 

subsequently discharged into the ocean through an independent discharge channel 

located between Middle Beach and South Beach. The existing cascade of 

circulation and service water pumps available at Encina Generating Station can 

provide a maximum once-through flow rate of 808 million gallons per day (mgd). 

The make-up water would be produced by a small reverse osmosis desalination 

system that would draw source water off this existing sea water circulation system. 

The source water intake flow will be 3,000 gallons per minute (gpm). The make-up 

water desalination system will draw 848 gpm off this source water stream and will 

produce 505 gpm of brine by-product. The concentration factor of the 505 gpm of 
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brine is only 1.679 (40.45% recovery), as compared to a concentration factor of 

2.0 (50.0% recovery) for the Carlsbad Desalination Project, (EIR, 2005).  For an 

average ambient ocean salinity of =0S 33.52 ppt, the salinity of the brine reject 

from the closed-cycle cooling system will average =bS 56.29 ppt (as compared to 

67.04 ppt for brine produced by the Carlsbad Desalination Project). The brine from 

closed-cycle cooling will be mixed with a residual source water throughput of 

2,152 gpm, producing a combined discharge of =bQ 2,657 gpm through the jetty 

fortified discharge channel. The combined discharge in the discharge channel will 

have an average salinity of =QS 37.84 ppt. 

B) Environmental Variables: Altogether there are six environmental 

variables that enter into the computer model for resolving the dispersion and 

dilution of the unheated concentrated seawater by-product discharged from the 

stand-alone desalination plant. These environmental variables may be organized 

into boundary conditions and forcing functions.  The boundary conditions include: 

ocean salinity, ocean temperature and ocean water levels.  The forcing function 

variables include waves, currents, and winds. For the present analysis, we use the 

same set of environmental variables applied to the dilution analysis in the certified 

EIR for the Carlsbad Desalination Project.   

Overlapping 20.5 year long records of the boundary condition and forcing 

function variables are reconstructed in Sections 3.1 and 3.2 of Jenkins and Wasyl 

(2005) found in Appendix E of the certified EIR (2005). These records contain 

7,523 consecutive daily observations of each variable between 1980 and the 

middle of 2000. For clarity, these long term records are plotted here in Figures 1 

and 2.  We search this 20.5 year long period of record for the historical 

combination of these variables that give a worst-case day, generally defined by 

benign ocean conditions that minimize mixing and dilution rates. We then overlay  
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the brine discharge scenario for the closed-cycle cooling system on those 

extremely benign ocean conditions.  The criteria for the historical extreme day was 

based on the simultaneous occurrence of the environmental variables having the 

highest combination of absolute salinity and temperature during the periods of 

minimal wave, wind, currents, and ocean water levels (including both tidal 

oscillations and climatic sea level anomalies).  We repeat the analysis using 

average ocean mixing conditions. The average day scenarios were based on the 

20.5 yr mean of the 6 environmental variables.   

C) Worst-Case Assignments: The 20.5 year long records of the boundary 

condition variables in Figure 1 and the forcing function variables in Figure 2 were 

subjected to a joint probability analysis for the simultaneous occurrence of the 

“worst-case” combination of these variables. The criteria used to define worst-case 

combinations of environmental variables for this analysis is outlined in Table 1. 

The joint probability analysis involved 7,523 historic combinations of ocean 

salinity, temperature, wave, current and wind variables, for which the 

maximization/minimization criteria in Table 1 were applied. The joint probability 

analysis produced a worst-case day solution for 17 August 1992.  This day is 

represented by the vertical dashed red line in Figures 1 and 2. The monthly periods 

containing these extreme events are shown in Figures 3 and 4.  The environmental 

factors of this day were associated with a building El Niño that subsequently 

climaxed in the winter of 1993.  The ocean salinity was 33.51ppt, (about the same 

as the long term mean), but the ocean temperature was 25.0 oC, within 0.1 oC of the 

20.5 year maximum.  The waves were only 0.16 m, which was the 20.5 year 

minimum.  Winds were 3.4 knots and the maximum tidal current in the offshore 

domain was only 27.5 cm/sec (0.53 knots).  The sluggish tidal current was due to 

neap tides occurring on this day with a minimum water level of -0.74 ft NGVD.   
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Table 1: Search Criteria and Ecological Significance for Worst-Case  
              Combinations of Environmental Variables.  
                                                                                                             

Variable Search 
Criteria 

Ecological Significance 

   

Ocean 
Salinity 

Maximize Higher salinity leads to higher concentrations of RO 
by-product causing greater stress on marine biology 

Ocean 
Temperature 

Maximize Higher temperature leads to greater stress on marine 
biology 

Ocean Water 
Levels 

Minimize Lower water levels result in less initial dilution in the 
discharge channel 

Waves Minimize Smaller waves result in less mixing in surfzone and 
less inshore dilution 

Currents Minimize Weaker currents result in less advection and less 
offshore dilution 

Winds Minimize Weaker winds result in less surface mixing and less 
dilution in both the inshore and offshore 

 

 

 

This combination of environmental variables represents a situation that would 

place maximum thermal stress on the marine biology; and one in which the 

dilution of the concentrated seawater by-product of the closed-cycle cooling 

system would occur very slowly due to minimal ocean mixing. The probability of 

occurrence of these worst-case mixing conditions is 1day in 7,523 days, or 

0.013%. 
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D) Average Case Assignments: The average daily combination of the 7 

controlling variables over the 20.5 year period of record was found to be 

represented by the conditions on 23 May 1994.  This day is represented in Figures 

1 and 2 by the vertical dashed green line.  This was a spring day with moderate 

temperature, winds, waves, and currents.  The Southern Oscillation Index (SOI) 

was zero indicating that the oceanic conditions relative to El Niño were in a neutral 

phase.  Ocean salinity was 33.52 ppt and ocean temperature was 17.6 oC, both 

identically the 20.5 year mean.  Wave heights were 0.65 m, slightly below the 20.5 

year mean, and maximum tidal currents reached 29.4 cm/sec (0.57 knots), also less 

than the 20.5 year mean.  The daily low water level at -1.96 ft NGVD was very 

close to the mean low tide (MLT).  Winds were 5.3 knots, slightly above the 20.5 

year mean. 

   

3) Results: 

Results are presented for worst-case and average conditions in terms of four 

principle model outputs: 1) salinity of the combined discharge on the sea floor, 2) 

dilution factors for the raw concentrate at the sea floor, 3) depth-averaged salinity 

of the combined discharge, and 4) depth-averaged dilution factors for the raw 

concentrate in the water column.  

 Salinity fields are contoured in parts per thousand (ppt) according to the 

color bar scale at the bottom of each plot. For purposes of comparing scenarios, the 

salinity scale range spans from 33.5 ppt to 38.0  ppt. Ambient ocean salinity is 

stated in the caption of each salinity field plot. Of particular concern in dilution 

analyses of preceding desalination projects has been areas in which the discharge 

plume elevates the local salinity above 38- 40 ppt. When salinities rise above 38 to 
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40 ppt, increases in mortality and reductions in reproductive rates have been 

found in some marine organisms (see Graham, EIR, 2005). However, in the 

present analysis this concern is not a factor because discharge salinities at end-of-

pipe remain below 38 ppt ( cf. Section 3a). However, there have been recent 

proposed amendments to the California Ocean Plan that would either set numeric 

limits on discharges from ocean desalination plants at 36.5 ppt (see Appendix A, 

Issue 10, Alternative 3); or set relative limits on discharges at 10% over natural 

background (see Appendix A, Issue 10, Alternative 2). The 10% over background 

standard would place discharge limits on a plant sited in Carlsbad at 37 ppt. 

Therefore we will pay particular attention to any portion of the discharge plume 

that exceeds 36.5 ppt - 37 ppt.   

 The dilution fields in the following sections are contoured in base-10 log 

according to the color bar scale at the bottom of each plot, with a scale range that 

spans from 100 to 107. We are particularly concerned about the dilution factor of 

the raw concentrate in the water column at the edge of the “zone of initial dilution” 

(ZID), 1000 ft in any direction from the mouth of the discharge channel. The 

present NPDES permit for the thermal effluent requires a dilution factor of 15 to 1 

at the edge of the ZID, and this standard might possibly be applied to the brine by-

product of a closed-cycle cooling system at Encina. 

A) Worst-Case Hyper-Saline Effects and Dilution Rates: The combined 

brine discharge effluent flowing from the discharge channel at =bQ 2,657 gpm and 

salinity of =QS 37.84 ppt is heavier than the ambient ocean water, which has a 

salinity of 33.51 ppt and a temperature of 25.0 oC on the worst-case day 

(represented by proxy, 17 August 1992). As a result, the brine plume concentrates 

on the seabed, flowing down-slope along the beach and subtidal bathymetry as a 

gravity flow. This action causes the highest salinity anywhere in the  
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receiving water to be found in the brine footprint on the seafloor. Figure 5 gives 

the salinity field in the hyper-saline bottom boundary layer as it spreads down-

slope (seaward) across on the sea floor under the worst-case mixing conditions. 

Out of 7,523, modeled outcomes, no other results are more extreme in terms of 

hyper-salinity impacts than what is shown in Figure 5. The salinity field is 

averaged over a 24 hour period. The inner core of the hyper-saline bottom 

boundary layer (contoured in yellow immediately seaward of the head of the 

discharge jetties) is at a maximum salinity of 36.61 ppt, and 1.44 acres in the inner 

core is at a salinity that exceeds the proposed numeric limit of 36.5 ppt. This 1.44 

acres that exceeds the proposed numeric limits is well inside the ZID.  Maximum 

bottom salinity found anywhere along the boundaries of the ZID is 34.5 ppt, 

occurring 1000 ft directly offshore of the discharge channel. This ZID boundary 

maximum is a value that is approached as a result of the natural variability of 

coastal ocean temperatures, (where the maximum value recorded in Figure 1a is 

34.44 ppt).   The brine plume in the bottom boundary layer follows a general 

southward trajectory, but only produces elevated salinity on the order of 0.1 ppt to 

0.4 ppt above ambient in either the offshore kelp beds or the tide pools to the south 

near Terra Mar. This is well within the range of inter-annual variability. Bottom 

dilution factors for the raw concentrate are shown in Figure 6 for worst-case 

ambient mixing. Minimum dilution on the sea bed at the edge of the ZID is 23.2 to 

1 for worst-case, providing a comfortable margin over the minimum 15 to 1 

prescribed by the present NPDES discharge permit on the Encina thermal effluent. 

It should be noted that these ultimate worst-case outcomes for salinity maximums 

and dilution minimums on the seafloor are extremely rare and non-persistent, 

representing an event with a 0.013% chance of occurrence. The relatively higher 

salinity found in the brine plume on the seabed is confined to a thin bottom 
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boundary layer that is constrained from mixing significantly upward into the water 

column. This is a consequence of the small bottom stresses and low eddy 

diffusivity that prevail during the worst-case mixing conditions. Above this bottom 

boundary layer the salinity drops rapidly. Maximum salinity in the water column 

for worst-case is found to be 34.0 ppt in the surfzone immediately seaward of the 

discharge jetty (Figure 7). The pelagic area subject to salinity in excess of 40 ppt is 

3.3 acres. About 28 acres of pelagic habitat are subjected to salinity reaching 10% 

over ambient. Maximum water column salinity at the edge of the ZID is 33.9 ppt, 

found in the surf zone 1000 ft to the south of the discharge channel. These values 

are all within the range of typical inter-annual variability associated with higher 

evaporation rates during summer months. Figure 8 shows that in the water column, 

where 316(A) dilution standards apply, minimum dilutions improve to 59.9 to 1 at 

the edge of the ZID, significantly higher than the 15 to 1 prescribed by the present 

NPDES discharge permit on the Encina thermal effluent. 

 In summary, the worst-case outcome for hyper-salinity impacts and 

suppressed dilution rates arising from brine discharge by a closed-cycle cooling 

system are found to be benign. Nowhere in the nearshore environment do salinity 

values in the brine plume approach the threshold (38-40 ppt) for hyper-salinity 

tolerance of local marine organisms. Kelp beds and tide pools to the south of the 

Encina discharge will experience salinity elevations from brine plume 

impingement that are no greater than what occurs inter-annually under natural 

seasonal fluctuations of ocean salinity. Even the strictest standards contemplated 

for discharges from ocean desalination plants under proposed amendments to the 

California Ocean Plan are generally satisfied. Only the strictest proposed standard 

(a 36.5 ppt numeric limit ) is slightly exceeded in a small localized area of surfzone 

seabed amounting to 1.44 acres. The less severe 10% over background standard 
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being proposed for the California Ocean Plan is satisfied everywhere in worst-case 

outcomes.  Existing NPDES discharge permit limits on minimum dilution 

presently applied to thermal effluent are satisfied everywhere by the brine 

discharge along the perimeter of the ZID under worst-case conditions. 

  B) Average Case Hyper-Saline Effects and Dilution Rates: Figure 9 

shows the salinity field on the sea floor resulting from brine dispersion from the 

closed-cycle cooling system under average case mixing conditions (as represented 

by proxy records from 23 May 1994). The salinity field is averaged over a 24 hour 

period. Maximum bottom salinities reach 36.5 ppt over an area of 0.31 acres of the 

sub-tidal beach face and sandy bottom nearshore habitat immediately seaward of 

the discharge jetties. Nowhere is any benthic habitat subjected to salinity elevated 

10 % above ambient ocean conditions. Only 7.3 acres in the inner portion of the 

ZID are subjected to bottom salinity that exceeds the upper limit of natural 

variability (34.44 ppt). Maximum bottom salinity found anywhere along the 

boundaries of the ZID is 33.66 ppt, occurring at the shoreline 1000 ft south of the 

discharge channel. Bottom dilution factors for the raw concentrate in Figure 10 

indicate that minimum dilution on the sea bed at the south end of the ZID at the 

shoreline is 162 to 1 under average mixing conditions. Therefore in-place NPDES 

discharge permit limits on minimum dilution are satisfied for the brine effluent by 

a wide margin under average conditions.  

Maximum salinity in the water column for average case conditions is found 

in Figure 11 to be 35.2 ppt in the surfzone immediately seaward of the discharge 

jetty. No pelagic area is subject to brine salinity in excess of any of discharge 

limits being proposed under amendments to the California Ocean Plan. Maximum 

water column salinity under average conditions at the edge of the ZID is 33.6 ppt,  
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found in the surf zone at the shoreline 1000 ft south of the discharge channel. 

Figure 12 shows that in the water column, where 316(A) dilution standards apply, 

minimum dilutions are 285 to 1 at the south end of the ZID.  

In summary, brine dispersion under average case conditions results in no 

instances of elevated salinity outside the ZID that exceed the range of natural 

seasonal variability. Inside the ZID only 7.3 acres are subjected to bottom salinity 

that exceeds the upper limit of natural variability, and only 0.31 acres of the sub-

tidal beach face and sandy bottom nearshore habitat immediately seaward of the 

discharge jetties would experience salinity that would exceed (slightly) the strictest 

proposed discharge limit to the California Ocean Plan (36.5 ppt discharge limit). 

No pelagic area is subject to brine salinity in excess of any of discharge limits 

being proposed under amendments to the California Ocean Plan. Existing NPDES 

discharge permit limits on minimum dilution presently applied to thermal effluent 

are satisfied everywhere by a wide margin for brine discharges under average 

conditions.  

 

C) Long-Term Salinity and Dilution Statistics: Here we solve the brine 

dilution problem utilizing all 7,523 possible combinations of fluid forcing and 

water mass properties from the 1980-2000 period of record (Figures 1& 2). Among 

these 7,523 dispersion and dilution solutions are the worst-case scenarios shown in 

Figures 5- 8, along with all the other more common outcomes. From this large 

ensemble of dilution calculations we are able to construct probability density 

functions that quantify both the extremes and the means of the envelope of possible 

outcomes. The purpose of this long-term continuous modeling exercise was to both 

establish the viability of the event analysis presented in the preceding sections, as 

well as to explore the persistence of all the intermediate outcomes occurring 
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between worst and average cases. Our focus here is what goes on inside and 

along the perimeter of the ZID, as these are the areas of the solution space where 

the highest salinity and lowest dilution were found by the preceding event 

analyses. 

The historic boundary conditions from Figure 1 and the forcing functions 

from Figure 2 were sequentially input to the model, producing daily solutions for 

the brine plume. This input stream of variables produced 7,523 daily solutions for 

the salinity and dilution fields. A numerical scan of each of these daily solutions 

searched for the maximum salinity and minimum dilution anywhere on the seabed 

or in the water column at distances of 500 and 1000 ft from the head of the 

discharge jetties. For each of these search radii, the largest salinity and smallest 

dilution found in any direction away from the discharge channel was entered into a 

histogram bin for ultimately assembling a probability density function and 

cumulative probability from the 7,523 outcomes. Histogram bins were constructed 

at salinity increments of 0.05 ppt and dilution factor increments of 5:1. The bins 

were summed to calculate the cumulative probability distribution. 

 Figure 13 shows that the median salinity in the middle of the ZID was 34.2 

ppt, which is a value that occurs naturally (on occasions) in the coastal ocean off 

Carlsbad. The maximum salinity in the middle of the ZID was found to be 35.8 

ppt, which is well within the salinity tolerance of the keystone species targeted by 

the certified EIR (2005) and less the 36.5 ppt numeric discharge limit being 

proposed as an amendment to the California Ocean Plan. The long term model 

simulations prove there is a 90% probability that maximum salinity levels in the 

middle of the ZID will not exceed 34.72 ppt. At the outer edge of the ZID in Figure 

14, median salinity is 33.66 ppt, or within 0.14 ppt of average ocean salinity off 

Carlsbad; and the maximum salinity is only 34.5 ppt, roughly equivalent to the 
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maximum naturally occurring value in these coastal waters. Over this 

representative 20.5 year long period of record, there is a 90% probability 

that maximum salinity on the edge of the ZID will not exceed 33.87 ppt. 

Dilution factors of the brine discharged from the closed-cycle cooling 

operations are considerably better than what was found for the Carlsbad 

Desalination Project. In the middle of the ZID (Figure 15) minimum dilution 

was found to have a median value of 33.5 to 1.  Ninety percent of the time, 

the minimum dilution would exceed 17.5 to 1, even greater than the 15 to 1 

required by the NPDES permit at the edge of the ZID, another 500 ft further 

away from the discharge jetties. The smallest minimum dilution in the 

middle of the ZID was found to be 9.9 to 1 for the worst-case mixing event 

(with a 0.013% probability of occurrence). This does not represent a 

violation of the NPDES permit standard for the thermal effluent because it 

occurs inside the ZID. The point to be acknowledged here is that the brine 

dilution inside the ZID remains impressively large. At the outer edge of the 

ZID (Figure 16) minimum dilution climbs to a median value of 162 to 1, 

with the lowest dilution factor here being no less than 23.2 to 1 for the 

worst-case mixing scenario. This result does not stand out in Figure 16 

because worst-case is so rare, but it is note worthy that the next most 

impaired dilution events still produce minimum dilutions on the order of 50 

to 1, comfortably above the NPDES limit of 15 to 1 set on thermal effluent. 

Ninety percent of the time, minimum dilution of brine at the edge of the ZID 

exceeds 98 to 1.
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4) Summary and Conclusions:  

This study invokes a well-tested and peer-reviewed hydrodynamic model 

(SEDXPORT) to assess dispersion and dilution of concentrated sea water (brine) 

arising from the production of make-up water for a closed-cycle cooling system at 

Encina Generating Station. The make-up water would be produced by a small 

reverse osmosis desalination system that would draw source water off the existing 

sea water circulation system at Encina. The source water intake flow will be 3,000 

gpm. The make-up water desalination system will draw 848 gpm off this source 

water stream and will produce 505 gpm of brine by-product. The concentration 

factor of the 505 gpm of brine is only 1.679, as compared to a concentration factor 

of 2.0 for the Carlsbad Desalination Project that was issued a certified EIR, 

(referred to as EIR, 2005, herein).  For an average ambient ocean salinity of 33.52 

ppt, the salinity of the brine reject from the closed-cycle cooling system will 

average 56.29 ppt (as compared to 67.04 ppt for brine produced by the Carlsbad 

Desalination Project). The brine from closed-cycle cooling will be mixed with a 

residual source water throughput of 2,152 gpm, producing a combined discharge of 

2,657 gpm through the jetty fortified discharge channel. The combined discharge 

in the discharge channel will have an average salinity of 37.84 ppt.  

  Even for the worst-case outcome (an event with a probability of 0.013% 

occurrence), the hydrodynamic model analysis finds that hyper-salinity impacts 

and suppressed dilution rates arising from brine discharge by the closed-cycle 

cooling system are benign. Nowhere in the nearshore environment do salinity 

values in the brine plume approach the threshold (38-40 ppt) for hyper-salinity 

tolerance of local marine organisms. Kelp beds and tide pools to the south of the 

Encina discharge will experience salinity elevations from brine plume 
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impingement that are no greater than what occurs inter-annually under natural 

seasonal fluctuations of ocean salinity. The strictest standards contemplated for 

discharges from ocean desalination plants under proposed amendments to the 

California Ocean Plan are generally satisfied even in the worst-case assessment. 

Only the strictest proposed standard (a 36.5 ppt numeric limit) is slightly exceeded 

in a small localized area of surfzone seabed amounting to 1.44 acres. The less 

severe 10% over background standard being proposed for the California Ocean 

Plan is satisfied everywhere in worst-case.  Existing NPDES discharge permit 

limits on minimum dilution presently applied to thermal effluent are also satisfied 

everywhere by the brine discharge along the perimeter of the zone of initial 

dilution (ZID) under worst-case conditions. 

Brine dispersion under average case conditions results in no instances of 

elevated salinity outside the ZID that exceed the range of natural seasonal 

variability. Inside the ZID only 7.3 acres are subjected to bottom salinity that 

exceeds the upper limit of natural variability, and only 0.31 acres of the sub-tidal 

beach face and sandy bottom nearshore habitat immediately seaward of the 

discharge jetties would experience salinity that would exceed (slightly) the strictest 

proposed discharge limit to the California Ocean Plan (36.5 ppt discharge limit). 

No pelagic area is subject to brine salinity in excess of any of the discharge limits 

being proposed under amendments to the California Ocean Plan. Existing NPDES 

discharge permit limits on minimum dilution presently applied to thermal effluent 

are satisfied everywhere by a wide margin for brine discharges under average 

conditions. 

In addition to the worst-case and average case scenarios, as many as 7,523 

modeled cases were evaluated using ocean water mass properties and mixing 

conditions from the same 20.5-year long period of record as used in the certified 
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EIR (2005). From these large numbers of solutions, high resolution histograms 

(probability density functions) were constructed of salinity and dilution factor. On 

average, the long term simulations show that only 0.31 acres of the sub-tidal beach 

face and sandy bottom nearshore habitat immediately seaward of the discharge 

jetties would experience salinity that would exceed (slightly) the 36.5 ppt 

discharge limit proposed as an amendment to the California Ocean Plan.  Further 

offshore, in the middle of the ZID, the long term median salinity was found to be 

34.2 ppt, which is a value in the range of naturally occurring salinity in the coastal 

ocean off Carlsbad. The maximum salinity in the middle of the ZID was found to 

be 35.8 ppt, which is well within the salinity tolerance of the local keystone 

species. At the outer edge of the ZID, median salinity is within 0.14 ppt of average 

ocean salinity off Carlsbad, and the maximum salinity is only 34.5 ppt, roughly 

equivalent to the maximum naturally occurring value in these coastal waters. Over 

this representative 20.5 year long period of record, there is a 90% probability that 

maximum salinity on the edge of the ZID will not exceed 33.87 ppt, well within in 

the range of natural seasonal variability of ambient ocean salinity for this coastal 

region.  

Dilution factors of the brine discharged from closed-cycle cooling operations 

are considerably better than what was found for the Carlsbad Desalination Project. 

In the middle of the ZID, minimum dilution was typically 33.5 to 1, and at the 

outer edge of the ZID minimum dilution climbs to a median value of 162 to 1, with 

worst-case here being no less than 23.2 to 1. In 90% of the model runs, minimum 

dilution of brine at the edge of the ZID exceeds 98 to 1. 

We conclude that closed-cycle cooling operations at Encina will produce 

brine plume effects that are well below what could be tolerated by indigenous 

marine organisms, and within the strictest standards being contemplated through 
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amendments to the California Ocean Plan. In addition minimum dilution levels 

of the brine discharge will also satisfy present NPDES discharge limits permitted 

for the Encina thermal effluent. 
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is incorrect, cross through it and enter the correct data in the 
appropriate fill-in area below. Also, if any of the preprinted data 
is absent (the area to the left of the label space lists the 
information that should appear), please provide it in the proper 
fill-in area(s) below. If the label is complete and correct, you 
need not complete Items I, III, V, and VI (except VI-B which 
must be completed regardless). Complete all items if no label 
has been provided. Refer to the instructions for detailed item 
descriptions and for the legal authorizations under which this 
data is collected. 

II. POLLUTANT CHARACTERISTICS  

INSTRUCTIONS: Complete A through J to determine whether you need to submit any permit application forms to the EPA. If you answer “yes” to any questions, you must 
submit this form and the supplemental form listed in the parenthesis following the question. Mark “X” in the box in the third column if the supplemental form is attached. If 
you answer “no” to each question, you need not submit any of these forms. You may answer “no” if your activity is excluded from permit requirements; see Section C of the 
instructions. See also, Section D of the instructions for definitions of bold-faced terms. 

Mark “X” Mark “X” 

SPECIFIC QUESTIONS YES NO FORM 
ATTACHED SPECIFIC QUESTIONS YES NO FORM 

ATTACHED 

      A. Is this facility a publicly owned treatment works which 
results in a discharge to waters of the U.S.? (FORM 2A) 

16 17 18 

B. Does or will this facility (either existing or proposed) 
include a concentrated animal feeding operation or 
aquatic animal production facility which results in a 
discharge to waters of the U.S.? (FORM 2B) 19 20 21 

      C. Is this a facility which currently results in discharges to 
waters of the U.S. other than those described in A or B 
above? (FORM 2C) 

22 23 24

D. Is this a proposed facility (other than those described in A 
or B above) which will result in a discharge to waters of 
the U.S.? (FORM 2D) 

25 26 27

      E. Does or will this facility treat, store, or dispose of 
hazardous wastes? (FORM 3) 

28 29 30

F. Do you or will you inject at this facility industrial or 
municipal effluent below the lowermost stratum 
containing, within one quarter mile of the well bore, 
underground sources of drinking water? (FORM 4) 31 32 33

      G. Do you or will you inject at this facility any produced water 
or other fluids which are brought to the surface in 
connection with conventional oil or natural gas production, 
inject fluids used for enhanced recovery of oil or natural 
gas, or inject fluids for storage of liquid hydrocarbons? 
(FORM 4) 34 35 36 

H. Do you or will you inject at this facility fluids for special 
processes such as mining of sulfur by the Frasch process, 
solution mining of minerals, in situ combustion of fossil 
fuel, or recovery of geothermal energy? (FORM 4) 

37 38 39 

      I. Is this facility a proposed stationary source which is one 
of the 28 industrial categories listed in the instructions and 
which will potentially emit 100 tons per year of any air 
pollutant regulated under the Clean Air Act and may affect 
or be located in an attainment area? (FORM 5) 40 41 42 

J. Is this facility a proposed stationary source which is 
NOT one of the 28 industrial categories listed in the 
instructions and which will potentially emit 250 tons per 
year of any air pollutant regulated under the Clean Air Act 
and may affect or be located in an attainment area? 
(FORM 5) 

43 44 45 

 

III. NAME OF FACILITY  
C 

1 
SKIP                                         

15 16   –  29 30       69 

 

 

IV. FACILITY CONTACT  
A. NAME & TITLE (last, first, & title) B. PHONE (area code & no.)  

C                       

2                                         
 

15 16 45 46 48 49 51 52- 55  
 

V. FACILTY MAILING ADDRESS  
A. STREET OR P.O. BOX 

C 

3                               
15 16 45 

 

 

B. CITY OR TOWN C. STATE D. ZIP CODE 
C                    

4                          
 

  
 

     
15 16    40      41 42 47 51 

 

 

VI. FACILITY LOCATION  
A. STREET, ROUTE NO. OR OTHER SPECIFIC IDENTIFIER 

C 

5                               
15 16     45 

 

 

B. COUNTY NAME 
                         

                         
46      70 

 

 

C. CITY OR TOWN D. STATE E. ZIP CODE F. COUNTY CODE (if known) 
C                                    

6                          
 

  
 

     
 

   
 

 
15 16    40      41 42 47 51  52 -54 

EPA Form 3510-1 (8-90)   CONTINUE ON REVERSE 



B. SECOND 

D FOURTH 

N/A 

N/A 

(specify) 

(specify) 

(specify) 
pM = PUBLIC (olher Ihanfederol or slale) 

0= OTHER (specify) 

C. STATUS OF OPERATOR (Enler the appropriate Ie tier into Ihe answer box: if "Other, " specify.) 

C. THIRD 

(specify) ELECTRIC POWER GENERATION 

(specify) 

F = FEDERAL 
S =STATE 
P = PRIVATE 

26 

4600 CARLSBAD BLVD 

15 16 1718 

XI MAP 

9 R 

!--r,--..,--,-,.---,--..,--,-,.---,---r--,-r-r-,--,-r-r-,--,'-"-rr=-r--,-r-,-,--,-,r-,-...-,--,,---,-...-,--,-,-....-.-,----I B.ls the name listed in Item 
VIII-A also the owner? 

'--:-fuc-­__C_A_B_R_I_L_L_O_P_O_W_E_R_O_P_E_RA_T_I_ON_S_I_N_C --,,-10 YES IZl NO 
r. ,,66 

Attach to this application a topographic map of the area extending to at least one mile beyond property boundaries. The map must show the outline of the facility, the 
location of each of its existing and proposed intake and discharge structures, each of its hazardous waste treatment, storage, or disposal facil~ies, and each well where it 
injects fluids underground. Include all springs, rivers, and other surface water bodies in the map area. See instructions for precise requirements. 

XII NATURE OF BUSINESS (provide a brief description) 

CONVERSION OF CHEMICAL ENERGY INTO ELECTRICAL ENERGY. In 2007 the Carlsbad Energy Center LLC (Applicant) 
prepared and submitted an Application for Certification (AFC) for the Carlsbad Energy Center Project (CECP) in 
accordance with the California Energy Commission's (CEC) Power Plant Site Certification Regulations.The CECP 
project is located on approximately 23 acres of the existing Encina Power Station (WDR ORDER NO. R9-2006-0043, 
NPDES NO. CA0001350) .The Applicant proposes to develop a natural gas-fired generating facility. The CECP will 
utilize technology that provides rapid response to demand, while at the same time providing combined-cycle 
efficiencies. The CECP will consist of a 540.4-megawatts (MW) net (at 73.6 degrees Fahrenheit [OF] with steam 
power augmentation and evaporative cooling) 558 MW gross combined-cycle generating facility configured using 
two trains with one natural-gas-fired combustion turbine generators (CTG) and one steam turbine generator (STG) 
per train (or unit). The generating facility will consist of two power blocks, each having one CTG equipped 
with Ultra Low Nitrogen oxide (ULN) combustors; one heat recovery steam generator (HRSG); one condensing STG;an 
air-cooled fin-fan cooler; and associated support equipment. 

Another critical component of the CECP generating units is that the project will be air cooled, thereby 
avoiding the need to connect to the existing Encina Power Station's sea water once-through cooling system. For 
the project's high quality water needs, CECP will purify the Encina Power Station's Units 4 and 5 once-through 
cooling water discharge by desalination (Ultrafiltration followed by Reverse Osmosis) and demineralizationl2nd 
stage R/O followed by Ion/Exchange), minimizing its use of potable water. 

XIII CERTIFICATION (see instructions) 

I certify under penalty of law that I have personally examined and am familiar with the information submitted in this application and all attachments and that, based on my 
inquiry of those persons immediately responsible for obtaining the information contained in the application, I believe that the information is true, accurate, and complete. I 
am aware that there are significant penalties for submitting false information, including the possibility of fine and imprisonment. 

A. NAME & OFFICIAL TITLE (Iype or print) 

Ia',f)/ $ ZlCHMIJS, VICE 1'1ti'T/~t.")ff 

CAb..SDlJrI)ewEYU Ca~tt LU!­

C. DATE SIGNED 

EPA Form 3510-1 (8-90) 



 

 

 

 

 

 

 

EPA FORM 1 

ATTACHMENT 1: SITE MAPPING 
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FIGURE 1.2-1
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EPA FORM 2D 















 

 

 

 

 

 

 

EPA FORM 2D 

ATTACHMENT 1 

FLOWS, SOURCES OF POLLUTION, AND TREATMENT TECHNOLOGIES 



 
EPA FORM 2D 

ATTACHMENT 1 
SECTION III.A AND III.B  

FLOWS, SOURCES OF POLLUTION AND TREATMENT TECHNOLOGIES 
 

This attachment addresses sections III.A and III.B: Flows, Sources of Pollution, and Treatment 
Technologies of EPA Form 2D. As required in section III.A, revised Figure 2.2-6a: CECP Water 
Balance with 8 Hr/Day Power Augmentation (PAG), and Revised Figure 2.2-6b: CECP Water 
Balance-No Power Augmentation, provide the schematics of the ocean water purification and 
demineralization processes. 
 
Treatment of the R/O reject is limited to dilution. The first-stage R/O process will generate an 
aqueous waste stream with high concentration of dissolved solids (i.e., brine or R/O reject).  The 
CECP ocean water purification system would draw source water off the existing Encina Power 
Station’s once-through cooling water discharge channel. The source water intake flow for the CECP 
power plant will be 3,000 GPM and assumes a maximum 24-hour, seven day operating schedule. 
The concentration factor of the first-stage R/O brine is estimated to be 1.679.   Based on an average 
ambient ocean salinity of 33.52 ppt1 the salinity of the first stage R/O brine is estimated to average 
56.29 ppt. The first-stage R/O brine will be further diluted by mixing the R/O reject waste stream with 
residual source water from the 3,000 GPM intake flow prior to being discharged back to the Encina 
Power Station’s once-through cooling water discharge channel.   
 
Based on the 3,000 GPM intake flow, the estimated volume and salinity concentrations of CECP’s 
first stage R/O reject wastestreams are shown in the following table: 
 

CECP First Stage R/O Reject Waste stream 

Operating Condition 
1st Stage R/O Reject Properties1

With PAG Without PAG 

Ocean water purification system drawn from source water 
intake of 3,000 GPM 

848 GPM 420 GPM 

Residual source water for dilution prior to discharge to EPS 
discharge channel 

2,152 GPM 2,580 GPM 

R/O Reject (brine) volume 505 GPM 275 GPM 

Dilution factor from mixing R/O reject with residual source 
water2 4.26:1 9.38:1 

R/O Reject salinity prior to dilution3 56.29 ppt 56.29 ppt 

                                            
1 The mean seawater salinity between 1980 through 2000 reported by the EPS   



CECP First Stage R/O Reject Waste stream 

Operating Condition 
1st Stage R/O Reject Properties1

With PAG Without PAG 

R/O Reject salinity after dilution and at the point of discharge 
into the EPS discharge channel 

37.84 ppt 35.71 ppt 

CECP combined discharge to EPS cooling water discharge 
channel 

2,657 GPM 2,855 GPM 

Notes: 1- Refer to the Water Balances 
 2- Dilution Factor = Residual Source Water volume/ R/O Reject Volume 
 3- Assumes intake ocean water with average salinity of 33.5 ppt and concentration factor of 1.679 
 
 
 
 







 

 

 

 

 

 

 

EPA FORM 2D 

APPENDIX A 

EPS INTAKE WATER ANALYSIS, 4/26/2004 

 



















































































































































































 

 

 

 

 

 

 

EPA FORM 2D 

APPENDIX B 

CECP ANALYSIS OF REVERSE OSMOSIS BRINE WASTES FROM DESALINATION PLANT 



&

CECP Analysis of Reverse Osmosis Brine Wastes from Desalination Plant

Ocean Water Consumption, (GPM daily
avg. w/PAG) 848
Ocean Water Consumption, GPD 1221120
RO Reject, (gpm daily avg. w/PAG) 505

Seawater Analysis (notes 1 & 2) Actual Conc. MDL, mg/l lbs/day

Concentration of R/O 
Reject, mg/l (notes 3 
5) Notes

Constituents Units

Boron mg/l 3.9 0.024 39.72 6.549
Barium mg/l 0.0071 0.006 0.07 0.012
Bromide mg/l 66.6 1.00 678.26 111.835 Note 4.
Iron mg/g 0.039 0.0066 0.40 0.065
Magnesium mg/l 1200 0.45 12220.97 2015.050 Note 4.
Manganese mg/l 0.0045 0.0035 0.05 0.008
Antimony mg/l 0.054 0.031 0.55 0.091
Selenium mg/l 0.062 0.057 0.63 0.104
Tin mg/l 0.13 0.036 1.32 0.218
Silver mg/l ND 0.0005 0.01 0.001
Aluminum mg/l ND 0.48 4.89 0.806
Ammonia mg/l ND 0.05 0.51 0.084
Arsenic mg/l ND 0.0005 0.01 0.001
Beryllium mg/l ND 0.0015 0.02 0.003
Cadmium mg/l ND 0.0005 0.01 0.001
Cobalt mg/l ND 0.036 0.37 0.060
Chromium mg/l ND 0.0005 0.01 0.001
Copper mg/l ND 0.0025 0.03 0.004
Cyanide mg/l ND 0.005 0.05 0.008
Fluoride mg/l ND 0.01 0.10 0.017
Mercury mg/l ND 0.0001 0.00 0.000
Molybdenum mg/l ND 0.035 0.36 0.059
Nickel mg/l ND 0.0025 0.03 0.004
Phosphorus mg/l ND 0.06 0.61 0.101
lead mg/l ND 0.0025 0.03 0.004
Titanium mg/l ND 0.05 0.51 0.084
Thallium mg/l ND 0.086 0.88 0.144
Zinc mg/l ND 0.0081 0.08 0.014

Note 1: The analysis is for selected components 
Note 2: The ocean water analysis is based on Encina NPDES Recertification - 2004, reported on April 26, 2004
Note 3: Data in shaded areas are projected assuming the contaminants are present just at or below MDLs.
Note 4: The concentrations are greater than TSS concentration (assumed 30 mg/l). The contaminants, therefore, can not be all insoluble.
Note 5: Assume that all contaminants are soluble and rejected via R/O 1st pass (an absolute and unlikely worst case scenario) 
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	Facility Contact Person: SHEILA HENIKA
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	Facility Owner Name: CARLSBAD ENERGY CENTER LLC
	Facility Owner Address: 4600 CARLSBAD BLVD
	Facility Owner City: CARLSBAD
	Facility Owner State: CA
	Facility Owner ZIP Code: 92008
	Facility Owner Contact Persom: TIM HEMIG
	Facility Owner Phone: 760-710-2144
	Facility Owner Fed Tax ID: 26-2075294
	Owner Type 1: Off
	Owner Type 2: Off
	Owner Type 3: Off
	Owner Type 4: Off
	Owner type 5: Yes
	Owner Type other: LLC
	Facility Operator Name: NRG CABRILLO POWER  OPERATIONS INC.
	Facility Operator Address: 4600 CARLSBAD BOULEVARD
	Facility Operator City: CARLSBAD
	Facility Operator State: CA
	Facility Operator ZIP Code: 92008
	Facility Operator Contact Person: SHEILA HENIKA
	Facility Operator Phone: 760-268-4018
	Operator Type 1: Off
	Operator Type 2: Yes
	Operator Type 3: Off
	Operator Type 4: Off
	Operator Type 5: Off
	Operator Type Other: 
	Land Owner Name: CABRILLO POWER I LLC
	Land Owner Address: 4600 CARLSBAD BOULEVARD
	Land Owner City: CARLSBAD
	Land Owner State: CA
	Land Owner ZIP Code: 92008
	Land Owner Contact Person: KEITH RICHARDS
	Land Owner Phone: 760-710-2146
	Land Owner 1: Off
	Land Owner 2: Off
	Land Owner 3: Off
	Land Owner 4: Off
	Land Owner 5: Yes
	Land Owner Other: LLC
	Legal Address: 1817 ASTON AVENUE  SUITE 104
	Legal City: CARLSBAD
	Legal State: CA
	Legal ZIP Code: 92008
	Legal Contact Person: MIKE TIERNEY
	Legal Phone: 760-710-2187
	Billing Address: 4600 CARLSBAD BOULEVARD
	Billing City: CARLSBAD
	Billing State: CA
	Billing ZIP Code: 92008
	Billing Contact Person: SHEILA HENIKA
	Billing Phone: 760-268-4018


