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Introduction

� Increased reliance 
on desalination in 
the future

� Environmental 
impacts of water 
withdrawal need to 
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be minimized

� What are the impacts 
and which technologies 
are available to 
minimize them?



Impacts to Biological Resources

Impingement Entrainment
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Pinning of larger organisms on 
screen mesh by withdrawn 
water flow.

Passage of smaller organisms 
(often passive life stages) 
through screen mesh.



Regulation of IM&E

Federal Regulation
• None specific to desalination intakes
• Clean Water Act, Section 316(b)

• For cooling water intake structures used in the power 
generation industry

• Must use the best technology available to minimize 
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• Must use the best technology available to minimize 
adverse environmental impacts

State Regulation
• Large variation among states in

• Number of agencies involved
• Level of protection proposed



Fish Protection Technologies

Surface Intakes
� Behavioral technologies
� Collection technologies

� Exclusion technologies
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Subsurface Intakes
� Infiltration galleries
� Slant wells
� Vertical wells
� Horizontal directionally drilled wells



Behavioral Technologies

� Light
� Sound
� Air bubbles
� Electricity
� Velocity Cap

Light
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� Species-specific
� May reduce impingement of 

juveniles and adults
� Will not reduce entrainment 

of early lifestages (passive 
organisms)

� Effectiveness measured as a 
% reduction in impingement

Air Bubbles

Velocity Cap



Behavioral Technologies

� Offshore location 
provides benefit for 
entrainment reduction

� Low intake velocities 
can reduce 

Velocity cap
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can reduce 
impingement, not 
entrainment

� “Entrapment” of 
organisms may be an 
issue

� Onshore screening 
facilities often do not 
include fine screening or 
fish return systems

Courtesy Water Corp



Fish Protection Technologies

Surface Intakes
� Behavioral technologies
� Collection technologies

� Exclusion technologies
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Subsurface Intakes
� Infiltration galleries
� Slant wells
� Vertical wells
� Horizontal directionally drilled wells



Diversion Systems :

� Angled Screens
� Angled Bar Racks
� Louvers
� Inclined Plane Screens
� Modular Inclined Screens

Angled Screens

Collection Technologies
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� Reduce impingement and, in some 
cases, entrainment

� Require a bypass flow (i.e. additional 
pumps)

� MIS can be used at high velocities

� Modular Inclined Screens
Louvers



Modified Traveling 
Water Screens

� Fish-friendly buckets 
increase impingement 
survival

Collection Technologies
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� Fish bucket modification in 
1990 increased 
impingement survival 

� Coarse-mesh does not 
reduce entrainment

� Fine-mesh does reduce 
entrainment

� Substantial data available 
on performance
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Collection Technologies

� Reduces mortality of 
impinged juveniles and adults

� Does not reduce entrainment 
of early lifestages

� Post-impingement survival is 
species-specific

Coarse-mesh Screen
9.5 mm

Fine-mesh Screen
0.5 – 3 mm

� Reduces entrainment of early 
lifestages and impingement of 
juveniles and adults

� Post-impingement survival is 
species-specific

� Through-screen velocity 
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species-specific � Through-screen velocity 
should be low



Collection Technologies

Measuring Effectiveness

Physical exclusion
� Species
� Lifestage
� Maintenance of technology 

(debris load, cleaning 
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(debris load, cleaning 
frequency)

Survival
� Data available for traveling 

screens from power industry 
research
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Fish Protection Technologies

Surface Intakes
� Behavioral technologies
� Collection technologies

� Exclusion technologies
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Subsurface Intakes
� Vertical wells
� Slant wells
� Horizontal directionally drilled wells
� Infiltration galleries



Exclusion Technologies

Cylindrical 
Wedgewire

Screens

� Low through-slot velocity 
minimizes impingement 
and entrainment
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and entrainment
� Wide-slot (9.5 mm) does 

not reduce entrainment
� Narrow-slot (0.5 – 3 mm) 

does reduce entrainment
� Requires sweeping flow 

for optimum performance

Case Study – Elm Road 
Generating Station



Exclusion Technologies

Aquatic Filter Barrier

� Reduces entrainment of 
early lifestages

� Reduces impingement 
of juveniles and adults

� Low flow rate requires a 
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� Low flow rate requires a 
large surface area

� Requires sweeping flow 
� Difficult to maintain in 

marine environment 
due to hydraulic and 
hydrodynamic forces

Case Study – Taunton 
River Desalination Plant

Hudson River Installation

0.8-mm pores

Installation Schematic



Exclusion Technologies

Barrier Nets

� Coarse mesh (9.5 mm) 
reduces impingement of 
juveniles and adults

� Finer-mesh (�  9.5 mm) 
can reduce entrainment 
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can reduce entrainment 
of early lifestages

� Higher flow rate than 
AFB requires less 
surface area

� Cleaning may be 
difficult

9.5-mm mesh

Chalk Point Installation



Exclusion Technologies

Measuring Effectiveness
Physical exclusion

� Species
� Lifestage
� Maintenance of technology (debris 

load, cleaning frequency) Head Capsule Depth
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At 6.5 mm , 100% of 
this species would 
be excluded from 
entrainment with a 
0.5-mm mesh.

0%

20%

40%

60%

80%

100%

0 2 4 6 8

Length (mm)

Probability of Entrainment 
through 0.5-mm mesh



Co-location with Power Plant Intakes

� Makes use of existing 
fish protection technology 
at power plant intake

� Reduces the total volume 
of water being withdrawn 
from the source 

Co-location
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from the source 
waterbody

� Provides efficient brine 
dilution and discharge

� Saves money on 
construction of new 
intake and discharge 
structures

Case Study – Tampa 
Bay Water
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Fish Protection Technologies

Surface Intakes
� Behavioral technologies
� Collection technologies

� Exclusion technologies
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Subsurface Intakes
� Vertical wells
� Slant wells
� Horizontal directionally drilled wells
� Infiltration galleries



Subsurface Intakes

� Eliminate entrainment and 
impingement

� Provide a level of pre-filtration

Wells and Infiltration 
Galleries
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� Installation requires proper geology 
and sediment characteristics

� Intake capacity is dependent on 
sediment characteristics

Vertical Beach Well

Horizontal Directionally Drilled Well



Conclusion

Intake alternatives for desalination:
Surface

• Behavioral – limited potential to minimize impacts
• Collection – good potential to minimize impacts
• Exclusion – good potential to minimize impacts

Subsurface
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Subsurface
• good potential to minimize impacts
• potential engineering constraints

Co-located
• good potential to minimize impacts if existing intake 

technology is good



Questions?Questions?
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Questions?Questions?


