TOXICITY TESTING OF THE CONCENTRATE DISCHARGE OF
THE CARLSBAD SEAWATER DESALINATION PLANT

BACKGROUND

The Encina Power Plant has been selected as the site for the development of the Carlsbad
Seawater Desalination Plant. The source water for the seawater reverse osmosis (SWRO)
desalination plant will be collected from the existing cooling water discharge canal of the power
plant. The power plant withdraws cooling water from the Pacific Ocean via the Agua Hedionda
Lagoon. The concentrate and the treated waste filter backwash water from the desalination plant
will be discharged into the existing cooling water discharge channel downstream of the point of
interconnection for complete mixing with the cooling water discharge from the power plant prior
to its ultimate disposal to the ocean.

In the summer of 2003, Poseidon Resources completed toxicity testing on the combined
concentrate/cooling water discharge to -identify if the discharge will exhibit acute and chronic
toxicity and will meet the 2001 California Ocean Plan (COP) toxicity requirements.

SAMPLING WATER SOURCES

For the purposes of the toxicity testing, the following samples were required: (1) concentrate
from the SWRO plant; (2) Encina Power Plant cooling water effluent. A representative sample

of the seawater desalination plant concentrate was obtained using Poseidon’s Carlsbad pilot
SWRO plant.

The*Carlsbad pilot plant is a 25 gpm seawater desalination facility located at the Encina power
plant site. The plant consists of the same treatment facilities and uses the same chemicals as
these planned to be used at the full-scale Carlsbad desalination plant. Under average conditions,
the pilot desalination plant intake pump diverts up to 55 gpm of seawater from the Carlsbad
power plant cooling water discharge. The intake seawater is treated using a two-stage sand
filtration system followed by cartridge filter and reverse osmosis (RO) seawater desalination
system. The basic design criteria of the pilot plant are the same as these used for the full-scale
facility. The pilot plant uses the same type of cartridge filters, and number and type of reverse
osmosis membranes as the full-scale facility. The pilot project generates 25 gpm of permeate of
low salinity (300 to 400 mg/L), and the following waste streams:

e Filter Backwash Water - 3 to 5 gpm
¢ RO system concentrate — 20 to 25 gpm

The waste streams indicated above are generated continuously and the volumetric ratios of these
streams are similar to these that will be generated at the full-scale desal plant in Carlsbad.
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The Encina cooling water effluent samples for the toxicity tests were collected at the power plant
sampling station designated for NPDES permit sample collection. This sampling station is
located adjacent at the power plant discharge outfall.

COOLING WATER/CONCENTRATE BLENDING RATIO TESTED

In order to get a very conservative estimate of the toxicity of worst-case combination of
discharge conditions and hydrodynamic conditions in the ocean, the actual dilution ratio between
. power plant cooling water and desalination plant concentrate tested was 10:1. This ratio also
reflects the results from a hydrodynamic modeling effort entitled “Hydrodynamic Modeling of
Dispersion and Dilution of Concentrated Seawater Produced by the Ocean Desalination Project
at the Encina Power Plant, Carlsbad, CA (Scott A Jenkins, Ph.D., and Joseph Wasyl, 2003)”,
.which indicate that under most extreme conditions, the seawater salinity in the point of the

combined discharge is expected to increase with approximately 10 percent over the background
ocean salinity.

Therefore, the cooling water/concentrate test sample referred to in the attached toxicity testing
results as “Encina Cooling Water Discharge/Desal RO Brine” was created by combining 10

volumetric parts of Encina cooling water with 1 volumetric part of the Carlsbad desalination
plant concentrate (brine).

Under typical operating circumstances, the power plant discharge will be 750 MGD and the
Carlsbad desalination plant will be operating at an intake flow of 100 MGD and will be
discharging concentrate of 50 MGD. Under such circumstances, the desalination plant’s 50
MGD concentrate discharge will be diluted by a ratio of 650 MGD: 50 MGD (13:1) prior to
ocean discharge. When combined by the minimum 15:1 ocean dilution allotted to the power
plant in its NPDES permit, the total dilution achieved will be 195:1. If the Regional Water
Quality Control Board were to establish acute toxicity limits on the basis of the total achieved
dilution, a combined dilution of 195:1 would result in an acute toxicity limit of approximately 6

TUa, based on the formula for calculation of this parameter defined in the 2001 California Ocean
Plan. '

Under worst-case scenario, it is anticipated that the minimum power plant cooling discharge flow
will be 270 MGD. For such scenario, the 50 MGD desalination plant concentrate discharge
would be diluted by a factor of 170:50 (3.4:1) prior to ocean discharge. With a minimum ocean
discharge initial dilution of 15:1, the total combined dilution would be 51:1. Such worst-case
dilution of 51:1 would result in an acute toxicity limit of approximately 1.8 TUa.

TOXICITY TEST SPECIES

The COP requires a minimum of three test species for use in measuring compliance with toxicity limits.
The COP has approved one plant species, six invertebrate, and two fish species for toxicity testing.

Where possible, the COP requires the toxicity testing to include a fish, an invertebrate, and an aquatic
plant.

Copyright © 2005 Poseidon Resources Corporation. All rights reserved.




Table 1 represents test species used and the types of toxicity tests completed.

Table 1
Toxicity Test Species
Species Chronic Toxicity Test Acute Toxicity Test
. . . Percent germination;
Giant Kelp (Macrocyctis pyrifera) germ tube length NA
Abalone (Halilotis rufescens ) Growth & fecundity NA
Topsmelt (Atherinops affinis)® Larval growth rate Percent survival

The species shown on Table 1 and used in this toxicity testing study are the same the Encina Power Plant

uses to fulfill its toxicity testing obligations under plant’s current NPDES permit requirements.

TOXICITY TEST RESULTS

" The chronic and acute toxicity testing results are attached with this document. These results indicate that
under worst-case discharge conditions, the blend of power plant cooling water and desalination plant

concentrate will not exhibit acute or chronic toxicity.




MEC Analytical Systems, Inc.

Analytical Report

Client Poseidon Date Received: 21, 23 Jul 03

Project: Poseidon 1-Discharge Samples Date Test Started: 22 Jul 03
Client Sample ID: Enc. Cooling Water Discharge/Brine RO Date Test Ended: 26 Jul 03
Desal . Matrix: Liquid

MEC Test ID: €030721.0862, C030723.0162

96 Hour Acute Effluent Toxicity Bioassay
MEC Testing Protocol No. BIO 062C
EPA-821-R-02-012

Test Organism: Atherinops affinis
Age: 10 day(s) old

Control 40 B . 100
12.5 40 40 _ 100
25 40 39 97.5
50 40 40 100
75 40 38 95
100 | 40 39 97.5

Acute Toxicity Statement for Sample Enc. Cooling Water Discharge/Brine RO Desal

Shapiro-Witk's Test | Non-Normal; p < 0.01 Could Not Be Confirmed

Maximum Likelihood-Probit

Acute Toxicity Statement: Test substance Enc. Cooling Water Discharge/Brine RO Desal did not
have a toxic effect on the survival of Topsmelt exposed for a duration of 96 hours. Test substance
Enc. Cooling Water Discharge/Brine RO Desal produced 97.5 percent survival in the 100 percent
concentrafion at 96 hours. The LCs, at 96 hours was calculated to be greater than 100 percent
test substance.

Toxicity. expressed as toxic units acute(TUa), was calculated to be 0.23
‘Protocol Deviations: Test substance was renewed and test animals were fed daily to ensure
acceptable control performance. Test substance was renewed at greater than two hours from

feeding time on Day 2. Since there was no significant mortality in the Control, this deviation is not
expected to impact the significance of the test results
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MEC Analytical Systems, Inc.

Client : Poseidon

Project: Poseidon 1-Discharge Samples

Analytical Report

Client Sample ID: Enc. Cooling Water Discharge/Brine RO
Desal

MEC Test ID: C030721.0862, C030723.0162

Date Received: 21, 23 Jul 03
Date Test Started: 22 Jul 03
Date Test Ended: 26 Jul 03
Matrix: Liquid

96 Hour Acute Effluent Toxicity Bioassay
MEC Testing Protocol No.: BIO 062C

EPA-821-R-02-012

Test Organism: Atherinops affinis

Test Solution Physical and Chemical Data

Control

0.02

0.01 0.04

100

~ 0.01

0.00 0.03

Mean

. :

S ——

320 | 80

Control Minimum 79 19.9 31.7 7.8
Maximum 98 204 324 8.3

Mean 84 20.1 324 8.0

125 Minimum 73 20.1 323 7.8
Maximum 100 20.3 32.7 8.2

Mean 85 20.2 329 8.1

25 Minimum 77 20.1 32.7 7.9

- Maximum 103 20.6 33.1 8.3

Mean 85 20.2 33.7 8.1

50 Minimum 75 20.0 33.5 7.9
Maximum 104 20.5 339 8.2

Mean 87 20.1 346 8.1

75 Minimum 79 20.0 343 7.9
Maximum 107 20.3 34.8 8.3

Mean 86 20.2 35.5 8.1




MEC Analytical Systems, Inc.

Analytical Report

Client: Poseidon Date Received: 21, 23 Jul 03

Project: Poseidon 1-Discharge Samples Date Test Started: 22 Jul 03

Client Sample ID: Enc. Cooling Water Discharge/Brine RO Date Test Ended: 26 Juf 03
Desal Matrix: Liquid

MEC Test ID: C030721.0862, C030723.0162

TEST: 96 Hour Acute Effluent Toxicity Bioassay, MEC Protocol No. BIO
062C, EPA-821-R-02-012

LAB CONTROL WATER: Sea Water collected from Scripps Insfitiute of Oceanography.
. Dissolved Oxygen 98 %

Temperature 20.1°C
pH 8
TEST ORGANISM: Topsmelt, Atherinops affinis Age: 10 day(s) old

Supplier:  Aquatic BioSystems .
Feeding: Fed Artemia nauplii ad libitum daily prior to testing.

TEST CHAMBER: Half liter containers, 4 replicate samples, 5 concentrations, and 4
replicate controls, brought to a 250mL final volume.

EXPERIMENTAL DESIGN: 1. Test substance was collected on July 21 and 23, 2003 at 0900
C and 0800 hours respectively by Encina Power Station personnel and
delivered to MEC at 1230 and 0925 hours on the same days.
Temperatures upon arrival were 8.7 and 6.7°C.

2. The salinity of the samples was adjusted prior to receipt by MEC

_personnel. Encina Power Station personnel diluted the Poseidon
brine sample by using 10 parts discharge water of Encina Power
Station to every 1 part Poseidon brine sample with resutting salinities
of 35.1 and 35.2 ppt for the two samples.

3. The temperature of the effluent was adjusted to 21+1°C.
4. 10 test organisms were placed in each test container.

5. Test chambers were held at 21+1°C for 96 hours with a
photoperiod of 16 hours light: 8 hours darkness.

6. Test chambers were renewed daily.

7. Each test chamber was fed 1000 freshly hatched Arfemia nauplii
daily for the duration of the test.

MORTALITY CRITERIA:  Lack of respiratory movement and lack of reaction to gentie prodding

ACCEPTIBILITY CRITERIA > 90%survival in controls

REFERENCE TOXICITY: Toxicant: CuSO4, Lot No.: 2351-09, Received: 3/14/03, Opened:
(Control Chart included) 3/25/03, Expires: 12/17/04.

96 Hour LCs: 257.65 ppb

Laboratory Mean: 238.84 ppb

Test Date: 7/22/03 Within 95 % Confidence Limits
STUDY DIRECTOR: T. Staker
INVESTIGATORS: J. Word, M. lrwin, A. Margolis, L. Sequeira, C. Osuch, R. Marshall, B.

Hester, T. Staker
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Acute Fish Test-96 Hr Survival

Start Date: ©~ 7/22/0316:05 ¥ Test ID: C030721.0862 ¢ « Sample ID: Brine/Discharge *
End Date: 7/26/03 14:30 v LabID: CAMEC-MEC Anayttical, Car Sample Type: EFF3-Power Plant v~
Sample Date: 7/21/03 09:00 / Protocol: EPAA 91-EPA Acute v Test Species: AA-Atherinops affinis /

Comments:

Conc-% 1 2 3 4

Control 1.0000 1.0000 1.0000 1.0000
125 1.0000 1.0000- 1.0000 1.0000
25 1.0000 1.0000 1.0000 0.9000

50 1.0000 1.0000 1.0000 1.0000

75 1.0000 1.0000 0.9000 0.9000

100 1.0000 0.9000 1.0000 1.0000

v’
. Transform: Arcsin Square Root Rank 1-Tailed Number Total
Conc-% Mean N-Mean Mean Min Max CV% N Sum  Critical Resp Number
Control 1.0000 1.0000 14120 14120 14120 0000 4 0 40
125 1.0000 1.0000 14120 14120 14120 0.000 4 18.00 10.00 0 40
25 09750 09750 1.3713 12490 14120 5942 4 16.00 10.00 1 40
50 1.0000 1.0000 14120 14120 14120 0.000 4 18.00 10.00 0 40
75 09500 09500 1.3305 1.2490 14120 7072 4 1400 10.00 2 40
100 09750 0.9750 1.3713 12490 14120 5942 4 16.00 10.00 1 40
o .
Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates non-normal distribution (p <= 0. 01) 0.82981 0.884 -0.9927 0.8961
Equality of variance cannot be confirmed
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU
Steel's Many-One Rank Test 100 >100 1
.
Maximum Likelihood-Probit
Parameter Value SE  95% Fiducial Limits Control Chi-Sq Critical P-value Mu Sigma  Iter
Slope - 0.81567 0.76623 -0.6861 2.31748 0 261806 7.81472 0.45 42143 1.22599 5
Intercept 1.56253 1.35863 -1.1004 4.22545
TSCR 1.0
Point Probits %  95% Fiducial Limits 09 ]
EcCo1 2674 23.0263 ;
ECO5 3.355 157.663 0.8 1
EC10 3.718 439.677 0.7
EC15 3.964 878.307 © 06
EC20 4.158 1522.24 g
EC25 4326 2439.98 8 %1
EC40 4747 8011.28 & 0.4 -
EC50 5.000 16379.6 03]
EC60 5.253 33489.1 4
EC75 5.674 109956 021
EC80 5842 176247 0.1 4
EC85 6.036 305463 001
EC90 6.282 610199
ECS5 6.645 1701672 v 1 100 10000 1000000 1E+08
ECO9 7.326 1.2E+07 Dose %
Ty 023 /
Page 1 ToxCalc v5.0.23 Reviewed by:_Q
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MEC Analytical Systems, Inc. : BIO062
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MEC ANALYTICAL SYSTEMS, INC.

Analytical Report
Client: Poseidon Date Received: 23 Jul 03
Project: Poseidon 1-Discharge Samples 2" Set Date Test Started: 23 Jul 03
Sample Matrix: Liquid Date Test Ended: 25 Jul 03
Sample Name/ID:  Encina Discharge/Desal RO Brine Test ID No.: C030723.0147
Poseidon Desal RO Brine/DI €030723.0247

Giant Kelp Germination and Growth Bioassay
MEC Testing Protocol BIO047
EPA/600/R-95/136

Test Organism: Macrocystis pyrifera

Concentrations Tested: Control, 3, 6, 12, 50 and 100%

Summary of Results — Germination

Encina Dischrgesal I
RO Brine
Poseidon Desal RO
Brine/DI 100% >100% >100% 1
Ref Tox 100 180 166.35 N/A

Summary of Results — Growth

Encina DischrgeID B

RO Brine 100% >100% 1
Poseidon Desal RO
Brine/DI 100% >100% >100% 1
Ref Tox 10 18 224.08 N/A

Chronic Toxicity Statement - Germination:
Test substances Encina Discharge/Desal RO Brine and Poseidon Desal RO Brine/DI both produced a NOEC of 100
percent. The ECso was greater than 100 percent for both samples.
Toxicity for germination, expressed as toxic units chronic (TUc), was calculated to be 1 for both samples.

Chronic Toxicity Statement - Growth:
Test substances Encina Discharge/Desal RO Brine and Poseidon Desal RO Brine/DI both produced a NOEC of 100
percent. The ECsy was greater than 100 percent for both samples.
Toxicity for growth, expressed as toxic units chronic (TUc), was calculated to be 1 for both samples.

e

VO%/ M 9 /) o3 7//;/03
QA Unit 4 Date Approved Date
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MEC ANALYTICAL SYSTEMS, INC.

Analytical Report
Client: Poseidon ' Date Received: 23 Jul 03
Project: Poseidon 1-Discharge Samples 2™ Set Date Test Started: 23 Jul 03
Sample Matrix: Liquid . Date Test Ended: . 255103
Sample Name/ID:  Encina Discharge/Desal RO Brine Test ID No.: C030723.0147
Poseidon Desal RO Brine/DI C030723.0247

Giant Kelp Germination and Growth Bioassay
MEC Testing Protocol BIO047
EPA/600/R-95/136

Test Organism: Macrocystis pyrifera

Test Solution Physical and Chemical Data

Control (0) 94 99 16.3 16.7 31.9 31.8 7.9 8.1
3 91 96 161 | 160 32.1 31.9 8.1 8.2

6 94 95 16.0 15.6 32.2 319 8.2 8.2

12 94 95 16.4 15.3 324 319 8.2 83

50 99 97 15.9 15.0 33.7 33.5 8.2 83
100 102 99 15.3 15.3 35.5 35.5 8.2 83

Control (0) 94 99 16.3 16.7 319 31.8 7.9 8.1
3 96 96 16.4 16.3 32.1 31.9 8.1 8.3

6 93 93 16.2 15.6 32.2 31.9 8.1 83

12 98 94 16.3 16.0 324 324 8.1 8.3

50 . 86 94 16.3 16.0 34.1 33.8 8.1 8.3

100 71 92 162 15.6 36.1 35.5 82 | 84

Protocol Deviations: The temperature of the Control surrogate chamber was above protocol limits on
day 2. As there was no adverse effect observed in the test, this deviation is not expected to impact the



