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Introduction

• Environmental
– Intakes (mainly warm water)

– Discharge

– Regulatory framework

Barriers to Commercialization 
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– Regulatory framework

• Technological
– Cold water pipe

• Economic
– Ancillary civil structures

– Project financing



Introduction

ImpingementImpingement EntrainmentEntrainment
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Flow Flow

Pinning of larger organisms on 
screen mesh

Passage of smaller organisms 
through screen mesh



Introduction

Federal Regulation
Clean Water Act Section 316(b)

• For power plant intakes, but 

likely to be applied to OTEC

“…the location, design, 
construction and capacity of 
cooling water intake 
structures reflect the best 

technology available for 

minimizing adverse 

environmental impact.”

Intake Regulation in the U.S.
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likely to be applied to OTEC

• Sets numerical performance 

standards

State Regulation
• Multiple agencies involved

• Level of protection varies by 

state

environmental impact.”

“…pulling large numbers of 

fish and shellfish or their 

eggs into a power plant's or 
factory's cooling system.”

“…trapped against screens 

at the front of an intake 
structure.”



Research Objectives

Intake Design

• Evaluate warm water intake 
alternatives

• Select feasible warm water 
intake technologies for Kauai 
site

• Develop conceptual warm 
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• Develop conceptual warm 
water intake designs

Potential Impacts

• Conduct field sampling to:
– characterize baseline 

populations of ichthyoplankton

– determine which species may be 
susceptible to impingement and 
entrainment

Report available at: 

http://www.osti.gov/scitech/biblio/1092416



Hawaiian Site – Port Allen, Kauai

Land-based OTEC Facility
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Potential Potential 
OTEC OTEC FacilityFacility

Potential Warm Potential Warm 
Water Intake Water Intake 

LocationLocation



Warm WaterWarm Water
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Intake DesignIntake Design



Offshore Intake/Onshore Screens
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Courtesy Water Corp



Offshore Intake/Onshore Screens

Flow

Courtesy USFilter
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Onshore Intake/Onshore Screens
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Offshore Intake/Offshore Screens
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Potential ImpactsPotential Impacts
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Potential ImpactsPotential Impacts



Field Sampling

Objectives

– Characterize baseline 
populations of 
ichthyoplankton at 
intake location

– Document natural 
variations:

Station 1
15 – 35 ft

Station 2
35 – 50 ft

Station 3
50 – 100 ft
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variations:
– distance from shore

– depth

– diel period

– season

– Determine species 
susceptible to 
impingement and 
entrainment

50 – 100 ft

Sample Sample 
StationStation

DielDiel
PeriodsPeriods

DepthsDepths ReplicatesReplicates Total Samples Total Samples 
per Surveyper Survey

1 - Onshore 2 1 3 6

2 - Middle 2 1 3 6

3 - Offshore 2 2 3 12

Samples/

month
24

9 months 9 months 
completecomplete

205205



Methods

• Bongo net tows – 335-µm  mesh

• Samples preserved in 5% buffered 

formalin

• Samples sorted

• Organisms identified to lowest taxon

possible

• Subset measured for length and head 
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• Subset measured for length and head 

capsule



Results

Taxon Common
Name

Total 
No.

Average 
Concentration 
(No./1,000m3)

Percent 
of Total

Fish Eggs Unidentified 297,638 11,928 100%

Fish Larvae

Schindleria spp. Infantfishes 12,754 540 26.6%

Salariinae Blennies 7,969 335 15.9%

Gobiidae Gobies 5,758 243 11.5%
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Gobiidae Gobies 5,758 243 11.5%

Pomacentridae Damselfishes 5,301 222 10.5%

Enneapterygius atriceps Hawaiian triplefin 4,148 180 8.5%

Myctophidae Lanternfishes 2,400 102 4.8%

Encrasicholina spp. Anchovies 2,251 99 4.5%

larval/post-larval fish Larval fishes 1,702 70 3.3%

Cyclothone spp. Bristlemouths 1,160 48 2.3%

Carangidae Jacks 805 34 1.6%

Pristiapogon spp. Cardinalfishes 747 31 1.5%

Apogon spp. Cardinalfishes 474 20 0.9%



Results

Taxon Common
Name

Average Concentration 
(No./1,000m3)

Station 1Station 1 Station 2Station 2 Station 3Station 3

Fish Eggs Unidentified 12,602 11,495 11,362

Fish Larvae

Schindleria spp. Infantfishes 577 689 503

Salariinae Blennies 516 356 228

Gobiidae Gobies 200 341 224
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Gobiidae Gobies 200 341 224

Pomacentridae Damselfishes 214 275 191

Enneapterygius atriceps Hawaiian triplefin 562 77 52

Myctophidae Lanternfishes 84 81 124

Encrasicholina spp. Anchovies 27 90 124

larval/post-larval fish Larval fishes 48 79 71

Cyclothone spp. Bristlemouths 31 43 50

Carangidae Jacks 12 55 34

Pristiapogon spp. Cardinalfishes 35 39 28

Apogon spp. Cardinalfishes 37 20 12

Total larvae 2,491 2,320 1,862



Results

Head 
Capsule

Length

Hawaiian triplefin, 
Enneapterygius atriceps

Larval length versus head capsule 
measurements for Hawaiian triplefin
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Results
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Conclusions

• Samples were dominated by larvae that become 

small nearshore adults, ~75%

• Few commercially- or recreationally-important 

species, <7%

• Dominant taxa are benthic spawners (eggs less 

susceptible to entrainment)
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susceptible to entrainment)

• Spatial variation:
• By distance from shore – no diff for eggs, but lower conc of larvae 

offshore

• By depth – no diff for eggs or larvae

• Temporal variation:
• Higher conc at night for eggs and larvae

• Spring peak for eggs

• Late summer peak for larvae



Implications for OTEC

• Offshore intake location may pose less of an 

entrainment risk than onshore

• No conclusive evidence of depth differences at 

depths sampled

• Construction of offshore intake pipeline would be 
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more expensive and impactful to benthos than 

onshore

• Morphometric data can be used to optimize screen 

mesh sizes for intake

• Intake selected will have to balance environmental 

impacts with economic and operational feasibility
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