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Policy Directions ' 1

he focus of this report is technologies a hydropower dam unless some fish passage
for fish passage around hydropower facility is present. Downstream passage facilities
generation facilites and protection may not always be necessary if the fish can
against entrainment and turbine mortal- safely pass through turbines, spillways, or sluice-
ity. Emphasis is given to Federal Energy Regula-ways, though there is significant debate about the
tory Commission (FERC)-licensed hydropower adequacy of these latter two passage mettods.
projects where fish protection is a subject of con-  pacisions about the need for fish protection
troversy and congressional interest due_ to thémeasures at dams are often based on the per-
Federal Power Act (FPA) and the Electric Con- ..ived or measured impacts on one or more spe-

sumers Protection Act (ECPA). Thus institu- cies at the site (242). Fish populations may be

tional issues related to FERC-relicensing are alsg s
discussed. (Major points of controversy are high_adversely affected by hydropower fées and

lighted in box 1-1.) Federal hydropower projects, mam;loth der acfsw;ues ?jnd f?cnmes (Ie % m"p_lpi d
especially in the Columbia River Basin, and irri- use, flood control, and water supply .ams, an
gation water diversions in the Pacific Northwest use p.ract|ces I!ke grazing and forestry; and fac!l-
and California are included to the extent that theym(_ES I|ke_ coql-flred power pllants that cause acid
provide information on fish passage technologies'@n)- Migrations and other important fish move-
(see table 1-1). Many of the technologies dis-MeNts can be blocked or delayed. The quantity,
cussed are applicable to other types of dams angu@lity, and accessibiy of up- and downstream
water diversions. In fact, there are many morefiSh habitat, which can play an important role in
obstructions to fish passage that are not coveredopulation sustainability, can be affected. Fish
by FERC-licensing requirements, than are that pass through power generating turbines can
(approximately 76,000 dams versus 1,825be injured or Kkilled. Increased predation on
FERC-licensed facilities) (70). migratory fishes has also been indirectly linked
Fish passage is considered necessary whereta hydropower dams (e.g., due to migration
dam separates a target species from needed halsglelays, fish being concentrated in one place, or
tat. Fish are generally unable to pass upstream ahcreased habitat for predatory species). Habitat

1 spillways are used to pass water over a dam. Sluiceways are usasktdebris, ice, logs, etc.
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BOX 1-1: Fish Passage At FERC-Licensed Hydropower Facilities: Controversial Issues

This study was initiated because of significant controversy about technical issues related to fish pas-
sage and the relicensing of a large number of hydropower facilities, beginning in 1993 and continuing
through 2010. Major con troversial issues that are discussed in this study are listed below:

Discussed in Chapters 1-4:

» Do riverine fish need passage? (chapter 2)

» Do riverine fish need protection from entrainment? (chapter 2)

= Is experimentation with alternative behavioral technologies warranted? (chapters 1 and 4)
Discussed in Chapter 5:

» Is FERC's balancing of developmental and nondevelopmental values adequate?

= How should the baseline goal for mitigation be defined?

= How timely is the licensing process?

= How well are license reopeners implemented?

» Should dams be decommissioned and/or removed?

SOURCE: Office of Technology Assessment, 1995.

TABLE 1-1. Columbia River Basin: Downstream Fish Passage Methods And Research

Status Stakeholder views Effectiveness

Downstream passage

technique Resource agencies  Hydro industry
TRANSPORTATION

Barging Conventional Mixed Accepted Good
Trucking Conventional Mixed Accepted Good
SCREENS (low-velocity)

STS Conventional Mixed Contentious Good
Vertical traveling Conventional Accepted Accepted Good
Rotating drum Conventional Accepted Accepted Good
SCREENS (high-velocity)

Eicher screen Experimental Mixed Mixed Very Good
MIS Experimental Mixed Mixed Very Good
ALTERNATIVE BEHAVIORAL DEVICES

Acoustics (sound) Experimental Hopeful Hopeful Unknown
Surface collector Experimental Hopeful Hopeful Unknown
OTHER METHODS

Turbine passage Conventional Contentious Accepted Fair
Spilling Experimental Contentious Accepted Good

NOTE: Many of the downstream passage technologies and devices discussed in this report are being experimented with in the Columbia River
Basin. For further discussion of these, see chapter 4. For further discussion of the Columbia River Basin, see appendix A.

SOURCE: Office of Technology Assessment, 1995.



Chapter 1  Executive Summary and Policy Directions | 3

alterations and increased predation pressurEONTROVERSIES
caused by hydropower dams are significant issue

The need for fish passage fit@s is widel
but fall beyond the central scope of this report. P d y

accepted for anadromous fish (i.e., fish that

This study was initiated loause of significant - jgrate from the ocean to spawn in freshwater)
controversy about technical issuesated to fish  (gee hox 1-2). Considerable controversy exists

passage and the relicensing of a large number @ftween resource agencies and hydropower

hydropower facilities, beginning in 1993 and operators about the passage and protection

continuing through 2010. Major points of contro- requirements for riverine fish (i.e., the so-called

versy are discussed below. resident species that spend their entire lives in
freshwater) (see chapter 2).

BOX 1-2: Chapter 2 Findings—Fish Passage and Entrainment Protection

= The need for entrainment protection and passage for riverine fish is very controversial. There is a grow-
ing body of evidence that some riverine fish make significant movements that could be impeded by
some hydropower facilities. The need for passage for riverine fish is most likely species- and site-spe-
cific and should be tied to habitat needs for target fish populations. This will be difficult to determine
without establishing goals for target species.

» The acceptability of turbine passage for anadromous fish is site-specific and controversial. There is
major concern when anadromous fish must pass through multiple dams, creating the potential for sig-
nificant cumulative impacts. Passage of adult repeat spawners is also a major concern for most Atlan-
tic Coast species.

» The effects of turbine passage on fish depend on the size of the fish; their sensitivity to mechanical
contact with equipment and pressure changes; and whether fish happen to be in an area near cavita-
tion or where shearing forces are strong. Smaller fish are more likely to survive turbine passage than
larger fish. Survival is generally higher where the turbines are operating with higher efficiency.

= Riverine fish are entrained to some extent at virtually every site tested. Entrainment rates are variable
among sites and at a single site. Entrainment rates for different species and sizes of fish change daily
and seasonally. Entrainment rates of different turbines at a site can be significant.

= Turbine mortality studies must be interpreted with caution. Studies show a wide range of results, prob-
ably related to diversity of turbine designs and operating conditions, river conditions, and fish species
and sizes. Turbine mortality study design is likely to affect results. Different methods may yield differ-
ent results.

» Methods for turbine mortality study include: mark-recapture studies with netting or balloon tags, and
observations of net-caught naturally entrained fish, and telemetry. Methods for entrainment studies
include: netting, hydroacoustic technology (used especially in the West), and telemetry tagging. These
methods have advantages and disadvantages depending on target species and site conditions.
Hydroacoustic technology and telemetry tagging can provide fish behavior information (e.g., tracking
swimming location) useful for designing passage systems and evaluating performance.

= Early agreement on study design would help minimize controversies between resource agencies and
hydropower operators. Lack of reporting of all relevant information makes it difficult to interpret results.
Standardized guidelines to determine the need, conduct, and reporting of studies could help over-
come this limitation.

= Mitigation by financial compensation is very controversial. The degree of precision necessary for eval-
uation studies and how fish should be valued are items of debate.

SOURCE: Office of Technology Assessment, 1995.
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This controversy over whether riverine fish ment under section 10(j) of the FPA. The deci-
need safe passage relates to whether or neton to include section 10(j) recommendations in
movement to habitats blocked by a dam have hydropower license order rests with the Federal
adverse impacts on the population. Although théenergy Regulatory Commission. FERC s
paradigm is beginning to change, the predomirequired to balance developmental and nondevel-
nant thinking has been that riverine fishes hav@pmental values of hydropower development in
restricted movements. This may be true at somthe licensing progss. This requires an evaluation
sites, but the generalization may in part be amf the need for (i.e., benefits) and costs of recom-
artifact of the movement studies that have beemended mitigation compared to the benefits of
done. Recent research has identified major difthe hydropower project; such evaluations have
ferences in fish movements among different spemany limitations.
cies of riverine fish and there are some studies Apart from the controversies about the need
that document different movements of the samdor fish passage and protection, there are issues
species in different watersheds. The need for mitabout the technologies (boxes 1-3 and 1-4). For
igation to provide passage for riverine fishes isupstream technologies, the issues relate to proper
most likely site- and species-specific and shouldiesign, operation and maintenance, understand-
be tied to the specific habitat needs for target fisling fish behavior, and the need to develop tech-
populations in a given river reach. nologies for additional species (see chapter 3).

The controversy over whether riverine fish These upstream technology issues are not partic-
need protection from entrainment is largely unre-ularly controversial.
lated to issues about passage requirements (seeFor downstream technologies, the primary
chapter 2). The controversy centers on the lack afontroversy is the value of investing time and
information on the impact of entrainment on themoney in alternative behavioral technologies,
overall fish population. Population impact stud-especially for conitions where conventional
ies would be exceedingly complex, time consumimethods with high levels of effectiveness are
ing and costly, and are rarely, if ever, done (146)possible. This issue is highly controversial and
The hydropower industry and resource agenciesomplex (see chapter 4). It is not readily
take very different positions about the need forexplained without an understanding of the tech-
entrainment protection, given the lack of goodnologies for fish passage and the different posi-
site-specific information. Industry generally saystions of key stakeholders, including:
that entrainment protection is not necessary for resource agencies with respibilities for pro-
riverine fish. Resource agencies consider entrain- tection of fish species, many of which are in
ment a chronic loss of fish that requires mitiga- serious decline;
tion, or at least compensation. As a result of this hydropower operators with the mission of pro-
controversy, entrainment and turbine mortality viding a renewable form of electricity vibut
studies are frequently done. Thesteidies also the emissions and adverse environmental
have limitations. effects associated with alternative generation

The National Marine Fisheries Service methods; many operators are seriously con-
(NMFS) and the U.S. Fish and Wildlife Service cerned about their viability in anticipated
(FWS), referred to throughout this report as fed- deregulated markets; and
eral resource agencies, have the authority to pre- developers of new technologies who are con-
scribe mandatory fish passage mitigation under vinced they have viable approaches to fish
section 18 of the Federal Power Act, as amended passage and protection that will cost much less
(FPA). These agencies, along with their state than conventional methods.
counterparts, may also make aixial recom- Resource agencies take the position that con-
mendations to protect, mitigate, and enhance fiskientional downstream passage technologies
and wildlife afected by hydropower develop- should be installed lbause the alternative meth-
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BOX 1-3: Chapter 3 Findings—Upstream Technologies

= There is no single solution for designing upstream fish passageways. Effective fish passage design for
a specific site requires good communication between engineers and biologists and thorough under-
standing of site characteristics.

» Technologies for upstream passage are considered well-developed and understood for particular
species.

» Upstream passage failure tends to result from less-than-optimal design criteria based on physical,
hydrologic, and behavioral information or from a lack of adequate attention to operation and mainte-
nance of facilities.

SOURCE: Office of Technology Assessment, 1995.

BOX 1-4: Chapter 4 Findings—Downstream Technologies

= There is no single solution for designing downstream fish passage. Effective fish passage design for a
specific site requires good communication between engineers and biologists and thorough under-
standing of site characteristics.

= Physical barrier screens are often the only resource agency-approved technology to protect fish from
turbine intake channels, yet the screens are perceived to be very expensive.

= The ultimate goal of 100 percent passage effectiveness is most likely to be achieved with the use of
physical barrier technologies; however, site, technological, and biological constraints to passing fish
around or through hydropower projects may limit performance.

» Structural guidance devices have been shown to have a high level of performance at a few studied
sites in the Northeast. The mechanism by which they work is not well understood.

= Alternative behavioral guidance devices have potential to elicit avoidance responses from some spe-
cies of fish. However, it has not yet been demonstrated that these responses can be directed reliably;
behavioral guidance techniques are site- and species-specific; and it appears unlikely that behavioral
methods will perform as well as conventional barriers over a range of hydraulic conditions and for a
variety of species.

SOURCE: Office of Technology Assessment, 1995.

ods are unproven, will likely remain highly site cial interest groups (e.g., environmentalptive
specific, and may never provide the levels of proAmerican tribes, individual owner/operators, and
tection of well-designed and operated conventhe public at large are all involved. Balancing all
tional measures under the wide range obf these competing interests in licensing is a
conditions present at a site. On the other handomplex process, generating much dispute
hydropower operators and promoters of newamong the participants. Key areas of controversy
technologies want the opportunity to find lowerinclude: adequacy of FERC's balancing of
cost solutions to fish protection. developmental and nondevelopmental values;

Hydropower licensing is a highly controver- defining the baseline goal for mitigation; timeli-
sial issue among the many stakeholders involvedess of the licensing process; license reopeners;
in the process (see box 1-5). State and federaind dam decommissioning and/or removal (see
resource agencies, the hydropower industry, speshapter 5).
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OTA does not resolve these controversies irchapter continues with policy directions, a sum-
this report. OTA does, however, discuss themary of technologies, and overall conclusions
issues underlying these controversies and theelated to technologies and hydropower licens-
context in which they have developed. Thising.

BOX 1-5: Chapter 5 Findings—Federal Role

» The Federal Energy Regulatory Commission (FERC) has exclusive authority to license nonfederal
hydroelectric facilities on navigable waterways and federal lands, which includes conditioning of
licenses to require operators’ adoption of fish protection measures.

= Section 18 of the Federal Power Act gives the federal resource agencies authority to prescribe
mandatory fish passage conditions to be included in FERC license orders. Section 10(j) recommen-
dations relate to additional mitigation for rehabilitating damages resulting from hydropower devel-
opment or to address broader fish and wildlife needs (e.g., minimum flow requirements). Yet, these
recommendations are subject to FERC approval.

» FERC's hydroelectric licensing process has been criticized as lengthy and can be costly for appli-
cants and participating government agencies. In some cases, the cost of implementing fish protec-
tion mitigations from the utility perspective may render a project uneconomical.

s FERC uses benefit-cost analyses in its final hydroelectric licensing decisions; yet economic meth-
ods for valuing habitat or natural resources are not well established and many economists feel that
they fit poorly in traditional benefit-cost analysis.

= There is no comprehensive system for monitoring and enforcing resource agency fish passage pre-
scriptions. FERC’s monitoring and enforcement authority has been used infrequently, and only
recently, to fulfill its mandate to adequately and equitably protect, mitigate damages to, and
enhance fish and wildlife (including related spawning grounds and habitat) affected by the devel-
opment, operation, and management of hydroelectric projects.

= Parties must perceive a need to negotiate in the FERC hydropower licensing process, beyond the
regulatory requirements of applicants and agencies, in order to achieve success. FERC must be
seen as a neutral party to motivate participants to find mutually acceptable agreements in accom-
modating the need for power production and resource protection. If FERC is perceived to favor cer-
tain interests, the need to negotiate is diminished or eliminated.

= There are no clearly defined overall goals for North American fishery management, and Congress
has not clearly articulated goals for management of fishery resources and/or priorities for resource
allocation.

» Fish protection and hydropower licensing issues return repeatedly to the congressional agenda.
The 1920 Federal Power Act (FPA) was designed to eliminate controversy between private hydro-
power developers and conservation groups opposed to unregulated use of the nation’s waterways.
Greater consideration of fisheries and other “nondevelopmental” values was called for in the Elec-
tric Consumers Protection Act of 1986 (ECPA) and oversight on these issues continued with the
passage of the Energy Policy Act of 1992. In the 104th Congress, efforts continue to address power
production (e.g., sale of PMA’s; BPA debt restructuring) and developing sustainable fisheries (e.g.,
Magnuson Act Amendments; Striped Bass Conservation Act).

SOURCE: Office of Technology Assessment, 1995.
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POLICY DIRECTIONS [ Advancing Fish Passage Technologies

Three key areas exist for policy improvements: For the successful development of new fish
establishing sustainable fisheries, improving perpassage technologies, there is a critical need for
formance of fish passage technologies, angood science and independent evaluation of tech-
advancing fish passage and protection technoldiologies. This is essential for experiments that
gies. are currently underway, future site-specific stud-
First, to establish and maintain sustainabld€S; and for any efforts to create more systematic
fisheries, goals for protection and restoration of"d comprehensive research programs in the
fish resources need to be clarified and strengtHond term. A sound sc;nentllflc Qpproa;_cgﬂﬁz devel-
ened through policy shifts and additionalOlc_),:_ng’I ixe(;rl:tlng, an er? uztmg at ¢ yflsf_ h
research. Congress could give FERC rESponSibifégsl(;:geotecﬁnzr:;gzs l1J'hea (\allaerrfsmsn cg‘ooa q IS
ity to sustain fish populations through IegISIatlvetest include the establishment of clear objectives,

language similar to that used in the Central Val'agreement amongst all parties on thedg

ley Improvement Act (title 34 of the Reclamation design including quantifiable standards of
Projects Authorization and Adjustment Act, PL acceptability that are measurable in the studies,

102-575), which elevates the importance of fishyhg 3 protocol that lends itself to repeatability.
and wildlife protection in Central Valley Project stdies should be designed by an interdiscipli-
management. Congress could direct FERC t@ary team including not only those knowledge-
expand river-wide planning and cumulative anal-aple about fisheries, hydrology, hydraulics, and
ysis in the hydropower relicensing process byhydropower operations, but also biologists
synchronizing license terms on river basinsknowledgeable about fish behavior and sensory
Additional research would be needed on theaesponse. In addition, there must be a proper
effects of obstructions and habitat alterations orccounting of environmental variability and doc-
fish populations. umentation of underlying assumptions. Studies
Second’ mechanisms to ensure the gooéhOUld span mUItlple seasons in order to collect
design, construction, and operation and mainteddequate data and include appropriatessizl
nance of all fish passage technologies ar&valuation. Regular communication among
needed. Improved coordination is needed amongtakeholders should occur throughout the study

fishway design engineers, and fisherigislo- process. Evaluative reports on the worlowdd

gists, and hydropower operators, especially durpe peer reviewed by credible professionals with

ing the design and construction phases. Alsorjo vested interest in the results, and then pub-

S : . lished. Agreement on performance criteria and
institutional mechanisms must be improved for . . -
adequate oversight commitment. and enforCe§tandards prior to study will facilitate acceptance
q ¢ fish gnt, , d ) of data and recommendations (210). An effort to
me.nt. _O IS \{vay operations ap ma'nte_nar_lcesystematically evaluate the potential for acoustic
activities. An increased emphasis on mon'tor'ng(echnologies is underway in the Columbia River
and evaluation of fish passage performanCg,sin, This may serve as a useful model for sys-
could provide useful feedback information on theiematic research. However, a mechanism to
performance of technologies that could be usegansfer results and expand investigations to fish
to make improvements. guidance problems in other parts of the country
Third, new initiatives are needed to advances needed (see box 1-6).
fish passage technologies, especially for safe If Congress decides that a coordinated effort
downstream passage. This area, the focus of this advance fish passage technology is ddsia
report, was addressed in an OTA-sponsoretechnology certification organization could be

workshop, and is discussed in detail below. established that would provide unbiased data.
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BOX 1-6: Columbia River Acoustic Program—A Model For Systematic Research

The U.S. Army Corps of Engineers and Department of Energy initiated a program to develop acoustic
technologies to improve fish passage in the Columbia River Basin at the end of 1994 (165). This multi-
year program provides a systematic guide for evaluating existing technologies; conducting needed
research that prevents immediate application of acoustic methods; developing prototype systems; and
evaluating their feasibility and potential effectiveness. It also demonstrates field performance of sound-
based fish behavior modification systems under normal operating conditions for extended time periods.
Specific research areas include: sound characterization, fish hearing characterization, target behavior
stimulus identification, fish behavioral models, target behavior stimulus delivery, behavioral response
monitoring and evaluation, assessing predictive tools for sound fields, and evaluating other potential
behavioral stimuli. The program is directed at solving problems of downstream fish passage on the
Columbia River, including need for increased bypass screen guidance efficiency, enhanced surface col-
lection, increased spill effectiveness, and reduced predation losses. The Columbia River Acoustic Pro-
gram involves technical reviewers as well as resource agencies, Indian tribes, Bonneville Power
Administration, and the Corps of Engineers.

It is not clear how transferable results from these investigations will be for other smaller hydropower
sites and water diversions in other parts of the country. Basic research to develop evaluation tools for fish
behavior in sound fields, and information on fish hearing capabilities will be useful at other sites. If the
background studies resolve uncertainties associated with the use of sound to guide targeted fish, then a
similar effort to meet needs of targeted species in other parts of the country should be pursued.

It must be recognized, however, that other fish species in other locations will likely need different
behavioral stimuli and delivery systems. Thus not all of the results that emerge from the Columbia River
program will be applicable to other settings. However, a mechanism (e.g., a workshop) could be
designed to review progress and evaluate transferability of results to other fish guidance problems. A
parallel and broader research, development, demonstration, testing, and evaluation program, possibly
centered at the Conte Anadromous Fish Laboratory of the National Biological Survey, could be devel-
oped to meet the needs for fish guidance at FERC relicensing sites. Additional centers of research may
be needed to address other fish populations, such as riverine fish in the Midwest and declining popula-
tions in the Central Valley of California.

SOURCE: Office Of Technology Assessment, 1995.

This group would have no proprietary interest in but would provide a controlled evaluation of its
the technology under investigation. It would effectiveness under specific conditions. It would
carry out applied laboratory and field tests ofprovide data on performance that would be the
newly developed technologies (as well as conequivalent of peer reviewed materiathus
ventional technologies) and verify claims of per-removing the possibility of the misuse or misin-
formance and cost. The certifying organizationterpretation of data. The work of such a certifica-
would set the standards for methodology oftion organization would be considerably
investigation, would test the system, and wouldenhanced with the availability of clear standards
define the conditions under which certain levelsand expectations for protection of species of fish
of performance could be expected. It couldin different regions.

arrange for pilot test locations on federal proper- The certification organization could produce a
ties or private sites, and have a mechanism toatalog similar to a physician’s desk reference.
compensate vendors as appropriate. The organirformation would be provided on conditions
zation would not actually approve a technology where the technology is likely to be useful,
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counter-indications, possible problems, and perBoth organizations provide an indication of the
formance at other sites. It would evaluate appliform that such an organization could take.
cations of the technology. All technologies to be

included in the catalog would need to undergosSUMMARY OF FISH PASSAGE
the same levels of testing. TECHNOLOGIES

The certification organization should be ade_This section summarizes fish passage research
guately and independently funded and free of P g

" . : programs and technologies for upstream and
political pressure. One option might be to have . e
surcharge placed on all electricity generatecfmwnStream passage. Brief ment|on. IS given to
through hydropower plants; this would be placecpew concepts in hydropower generation.
into an escrow account to pay for the opera )
of the organization and the dissemination of datal] Fish Passage Research Programs
Alternatively, a portion of FERC license feesFederal agencies play pivotal role in water
might be diverted to support such an organizaresources management and research and devel-
tion. Other sources of funding that could be conopment of fish protection technologies. The
sidered would be a tax on utidis, or the National Biological Survey (NBS), Bureau of
diversion of some public funds or taxes sinceReclamation (BuRec), U.S. Army Corps of Engi-
hydropower sites are often not the only contribuneers (COE), Department of Energy (DOE), and
tors to fishery problems in a watershed. How-the Bonneville Power Administration (BPA) are
ever, one can be certain that any efforts tkey agencies involved in current fish passage and
increase fees on electricity or raise taxes woulgbrotection research, and development and evalu-
be strongly resisted. ation of technologies. Research on fish passage

Congress could give certification responsibil-technologies under investigation by these federal
ity to the National Biological Survey. This may agencies is summarized in table 1-2.
only be feasible if NBS remains as an indepen- The need for more research and development
dent research group and is not reswidated in the area of fish passage is great. Federal
with the FWS. (The FWS has a key role in rec-money for fish passage research is extremely
ommending and prescribing fish protection in thelimited and funneled to a few research facilities.
FERC-relicensing process, aftous is not con- Although these centers conduct hydraulic model-
sidered to be entirely objective in this arena.)ng and behavioral analysis and develop their
This option would take advantage of the uniqueesearch agenda to generate broadly applicable
NBS Conte Anadromous Fish Laboratory. Otheresults, the task is much broader than what they
research facilities may be needed in other partsan accomplish alone. Partnerships between the
of the country. agencies and the private sector show some prom-

Alternatively, Congress could create an inde-se in this respect. For example, Alden Research
pendent, non-profit fish passage -certificationLaboratory and Northeast Utilities are testing a
organization, modeled as a research and educaew weir design at the NBS Conte Anadromous
tional foundation. Possible models might be theFish Research Center for application at projects
Electric Power Research Institute (EPRI) or theon the Connecticut River and elsewhere.

Rocky Mountain Institute. EPRI knows the Many unanswered research questions remain,
power generating industry, issues of concern andnd the scope and variety are extensive. Despite
the stance of most of the parties involved.this, the hydropower industry is becoming
Although EPRI is now linked to industry, the increasingly unwilling to provide high levels of
new organization would be independent andinancial support for research and development,
impartial in its approach. The Rocky Mountainand many feel that the burden for deyshy
Institute has a broader mandate, crossing bounarew and improved methods for fish protection
aries and addressing a number of disciplinesshould be borne by the resource agencies who
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TABLE 1-2: Federal Agency Research on Fish Passage Technologies

Upstream Downstream Alternative
Conventional and physical Conventional and physical Behavioral guidance devices
barrier technologies barrier technologies (and other methods)
Federal Agency (and other methods)
Bonneville Power Flat plate and rotary drum Surface collector
Administration screens Acoustics
U.S. Bureau of Reclamation Hydraulic modeling Archimedes screw pump
Hydrostal-volute pump
U.S. Army Corps of Advanced turbine design Surface collector
Engineers Acoustics
U.S. Department of Energy Advanced turbine design
National Biological Survey/ Denil NU-Alden weir
U.S. Fish and Wildlife Steeppass Denil Cabot sampler
Service Notching

KEY: NU=Northeast Utilities.
SOURCE: Office of Technology Assessment, 1995.

prescribe their implementation. However, thethem. Special designs for catadromous fish (i.e.,
Electric Power Research Institute (EPRI), andish that migrate from freshwater to spawn in the

the Empire State Electric Energy Research Corecean) are used in Europe, but have not been
poration (ESEERCO), organizations financed byused in the United States.

industry contributions, have funded a large part The upstream passage or transport of fish can
of fish passage research in the field. EPRI hage provided for through several means: fish lad-
produced numerous publications highlightingders, lifts (i.e., elevators or locks), pumps, and

experimentation with new and evolving technol-transportation operations. Ladders and lifts, or

ogies and summarizing performance of moreishways, are widely accepted technologies.
conventional methods. Hydropower operatorspymps are a more controversial method. Trans-
indicated to OTA that funds for research, indUd'portation operations are often used as an interim

ing for support of research groups like EPRI, argneasuraintil fishways are completed, especially

declining. when there is a series of dams that must be

passed. Transportation is also used as the long-
[ Upstream Passage Technologies and term solution at some high-head projects. Site-
Alternative Methods and species-specific criteria, project scale, and

9_egonomics help to determine which method is

Upstream passage technologies are in use at ; . )
ost appropriate. Fish passage succesglgyhi

percent of the 1,825 FERC-licensed hydropowe . o . - :
plants (242). The need for upstream passage flependent on creating a “fish friendly” environ-
well established for anadromous speciesMent
whereas the need for upstream passage for river-
ine species remains controversial. Fish Ladders and Lifts

Upstream passage technologies are considergsbme fish ladders perform well because they
well-developed and understood for certainaccommodate fish behavior and the target spe-
anadromous species including salmon, Americagies’ alility to respond to particular hydraulic
shad, alewives, and blueback herring. Upstreamonditions. An understanding of fish swimming
passages have not been specifically designed fgerformance and behavior is essential to fish pas-
riverine fish, although some of these fish will usesage success. It is difficult fwnpoint the range
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of responses that fish might exhibit under naturageneric. However, because river systems are var-
conditions, but significant knowledge existsied and dynamic, each site presentspgbssibil-
which must be applied to fishway design. Speity of new challenges. The full involvement of
cies require different types of flows and condi-agency personnel with the experience and exper-
tions to encourage and support movement, or itise necessary for designing effective fish pas-
some cases to prevent movement of unwantesage systems may not be possible, due to lack of
species. There is some controversy over the ussifficient staff and/or their time constraints. In
of certain ladder types for some species. addition, the individuals responsible for fish pas-
Fish ladders (e.g.pool and veir, Denil, sage may not be as experienced or may not have
Alaska steeppass, vertical slot, hybrid) can bghe information necessary for proper design. As a
designed to accommodate fishes that are bottomesult, a fishway may be inappropriate. There-
swimmers, surface swimmers, or orifice swim-fore, a successful passage project will likely
mers, fishes that prefer plunging or sméag depend on the cooperative efforts of the project
flow, and weak or strong swimmers (102). Butowner, the resource agencies, consultants, and
not all kinds of fish will use ladders. Fish lifts, research scientists. In the Northeast, the FWS
including elevators and locks, are favored forreviews and comments on all fish passage facil-
species that will not use ladders. Fish elevatordy final designs under FERC project licenses.
can move fish to a high vertical level. Locks, like
boat locks, where the water level is controlled toFish Pumps

move fish to a slightly higher elevation, canThe use of pumps for fish passage at dams is
move a large number of fish. controversial and largely experimental. There are
Poor fishway performance, on the other handseveral different types of fish pumps in exist-
can generally be attributed to inadequate operasnce, a few of which are new methods under
tions and maintenance including ill-maintaineddevelopment, while others are technologies
flow regime; and poor design including inappro-being transferred from other applications. This
priate siting, inadequate capacity, inadequatgechnology is relied upon in aquaculture for
coordination between design of fishway andmoving live fish, and in fishing operations for
hydropower generation, inadequate attractioff-loading dead fish from boats. It has recently
flow, or excessive fishway length (e.g., fish been tested at government-owned fish hatcheries.
become fatigued or delay in resting areas). WateThese pumps can be used to force both juveniles
quality may also affect passage performanceand adults into bypass pipes for passage either
Lack of goals for fish passage often contributesiownstream or upstream of projects.
to design failures. The FWS in the Northeast and some state
Attraction flow can make the difference resource agencies do not support the use of
between fish passage success and failure. This pumps due to the nature of the passage method.
true for fish ladders and lifts. A lack @food Fish movement is completely facilitated and fish
attraction flow, or the inability to maintain the are subjected to an artificial environment. Pump-
appropriate flow, can result in delays in migra-ing of fish can lead to injury and de-scaling as a
tion as fish become confused, milling aroundresult of crowding in the bypass pipe (196).
looking for the entrance. The proper location andPumping fish may also cause them to be disori-
position of the fishway entrme will help ented once released baicko theriver environ-
enhance effectiveness by decreasing the time fisiment. These conditions support the conventional
can spend looking for a means past the obstruaisdom of the agencies to use passage methods,
tion. like ladders, which allow fish to move of their
Conventional fish ladder designs have beemwn volition (196). The agencies also have con-
experimented with and used often enough to passrns about capacity, and reliability of parts, and
certain species that the design criteria are almostverall system operation. However, the resource
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agencies have approved the use of a fish pump && raised by some fishing interests if fish are
an interim measure for thgpstream transport of removed from key stretches of a river. For exam-
adultalewives at the Edwards Dam on the Ken-ple, the proposed trucking of Atlantic salmon
nebec River in Maine. In the Northwest, thearound the proposed Basin Mills hydropower
Bureau of Reclamation is currently testing twoproject on the Penobscot River in Maineuid
types of pumps for downstream passage of juveremove fish from the usual and customary fish-
niles at the Red Bluff Diversion Dam on the Sac-ng locations of the Penobscot Indian Nation—
ramento River. one of their negotiated treaty rights.

Transportation [J Downstream Passage Technologies

The use of trucks to move adult migrants . .
) . 9 Downstream passage technologies are in use at
upstream is somewhat controversial. (Down-

M 13 percent of the 1,825 FERC-licensed hydro-
stream transportation is discussed below.) Som ower plants (242). The primary passage method
practitioners have concerns regarding the effe é

i . ._at other sites is through turbines. The need for
that handling and transport has on fish behav'ordownstream assage is well established for
health, and distribution. On the otheand, trans- P 9

. . . anadromous species, whereas the need for down-
portation using trap and truck operations has L . .

) . Stream passage for riverine species remains con-
been successful in some cases for moving adul

S .
: . ttroverS|aI.
upstream of long reservoirs where they might

become lost or disoriented on their way to )
spawning grounds. Accepted Downstream Passage Technologies

The trap and truck technique for transportingThere are egional differences in the recommen-
upstream migrants has been used as an interiitions of resource agencies for downstream pas-
measure until upstream fish ladders or lifts aréS@ge. Variations relate to differences in target
constructed. In somkigh-head situations, trans- fish. including differences in swimming ability
portation is the long-term passage method,Of_ down-mlgratllng juveniles, susceptibility to
Where dams occur in series and fishway installalliury, and the history of concern for endangered
tion occurs as a staged process, trucking may ' threatened  species. Structural methods,

used as an interim measure. For example, on t chuding _Screens _that physically exclude fish
’ rom turbine entrainment and angled bar racks

Susquehanna River in Pennsylvania, fish eleva-

: . ?nd louvers that may alter flow patterns and rely

tors are in operation at the downstream-mos . : :

dam to assist a trap and truck operation which " fish behavior for exclu_3|on, are the most
widely accepted technologies for downstream

supports the restoration of American shad, bluebassage. Downstream technologies that are

back herring, and alewives. The fish are transé\ccepted by resource agencies in different
ported upstream of the four projects on the riveteigns of the country, and those that are consid-
and released in the highest headpond near e experimental, are summarized in table 1-3.
spawning grounds. The 10-year-old program peqqrce agencies generally prephtysical
supported by state and federal resource agencigs rrier screening techniques with associated
is considered to be successful. bypasses for downstream passage (e.g., drum,
Trap and truck techniques can work well foryrayeling, and fixed screens). This type of tech-
some species, provided there is a good methogblogy is well understood. Physical barrier and
for collecting and handling fish. However, pypass systems can prevent entrainment in tur-
resource agencies have concerns about potentigines and water intake structures. Design criteria
adverse effects of handling on some species, th@acorporate hydraulic characteristics and take
potential for trapping non-target fish, and theinto account the swimming ability and size of
intensive labor requirements to implement tragfish present to avoid impingement problems. A
and truck operations. In addition, objections carcommonly cited advantage of these systems is
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TABLE 1-3: Downstream Fish Passage Technologies: Status and Use

Accepted in the Accepted in the

Northwest and Northeast and In use Considered
Downstream passage technology California Midwest experimental
PHYSICAL BARRIER DEVICES
Drum screen O O
Travelling screen (submersible; | |

vertical)

Fixed screen (simple; inclined) O O
Eicher screen O O
Modular inclined screen O
Barrier net O O O
STRUCTURAL GUIDANCE DEVICES
Angled bar/trash rack | |
Louver array O O
Surface collector O O
COMPLEMENTS TO TECHNOLOGIES
Bypass chute or conduit | | |
Sluiceway | |
ALTERNATIVE BEHAVIORAL
GUIDANCE DEVICES
Acoustic array | |
Strobe and mercury lights | |
Electric field O O
OTHER METHODS
Trapping and trucking | | | |
Pumping | |
Spilling | | |
Barging | | |
Turbine passage | | |

SOURCE: Office of Technology Assessment, 1995.

that they are effective for any species of the size In the Northeast, resource agencies more fre-
and swimming ability for which the system is quently recommend the use of angled bar racks
designed. This type of downstream passage techvith relatively close spacing and an associated
nology is usually recommended in the Pacificbypass for down-migrating anadromous juve-
Northwest and California. Acceptance is basediles. This approach is also supported by favor-
on experience at many sites and non-peeable evaluations in one peer reviewetdy
reviewed (i.e., gray literature) evaluations of per{167) and a small number of gray literature stud-
formance. Design criteria are mandated for somées, although the mechanism that leads to suc-
species by some state and federal agencies. Criteessful performance is not understood (198). A
ria vary among the agencies but generallysimilar approach is louve, a behavioral system
address approach velocities and flow-throughhat alters the flow characteristics of the water
velocities, size of mesh, and materials, for differthat fish are able to respond to. Louvers are
ent sizes and species of fish. Designs generallyiewed favorably by some, but have been
must be tailored to the individual site and targecriticized by the NMFS NW region as having
fish. unacceptably high entrainment rates for small
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fish, even with favorable hydraulic systems (seeand barging) and spilling. Controversy centers
appendix B) (236,236a). In the Northwest, manyaround whether the techniques are actually bene-
poorly performing louvers have been replaced byicial to the fish populations. Both the trap and
physical barrier screens and bypass systems.  tryck method and barging depend on the success-
Screens built prior to the mid-1980s some-f| cojlection of fish. Methods are being explored

times experlenped poor performance mdg_ng .to improve collection for transportation, includ-
juvenile fish. Since then, new screen designs in

the Pacific Northwest and California have |ng. surface collgctors and behaviogalidance,
achieved nearly 100 percent guidance efficienq\/\’hICh are described below.

(59,245). However, these screens can be expen-

sive. A significant portion of costs are due toTransportation

structural measures required for proper anchorfransporting juvenile out-migrants around dams
ing and installation and there are frequently operin trucks or barges helps to prevent the loss of
ation and maintenance deficiencies. Incompatiblgish in long reservoirs, avoids the potential
operation of hydropower facilities or water impacts of nitrogen supersaturatidhat may be
diversions may also reduce the effectiveness ofssociated with spilling water, and decreases the
the technology. These accepted technologies aig,ipility of turbine entrainment and predation

usually designed to withstand normal Variationsproblems at intervening dams and reservoirs. In

n f!OW; however, flow caditions can k.)e hlghly the Columbia River Basin the use of transporta-
variable. In some cases, changes in the river

itself can cause problems; thesition of the tion tg move juvenile_salmon is controversigl.
river can actually change over time, resulting inBenefits of transportation during low flow peri-
screen failuré. This is more likely to be a prob- 0ds are generally recognized because transporta-
lem at water diversions where there are no damién may reduce the time it takes fish to move
controlling water flow. through the system. The controversy mainly cen-
Adequate operation and maintenance igers around transportation during the mid-range
required to optimize the performance of theseof flows. Delay in migration may have a negative

accepted technologies. Preventive maintenancgnpact on the physiological development of
can minimize failure. Manual methods of clean-gmots which is critical to survival. Transporta-

ing are generally favored to reduce capital costs;on may expose juveniles to disease, cause stress
but few resources are devoted to e”S“F'“’f from overcrowding, and increase the chance of
manual cleaning occurs. Frequent cleaning ma .

edation upon release.

be needed where there is a lot of debris. Some

the more sophisticated and expensiveigies Whether transportation contributes to more
provide automated cleaning, but these are raref@dult returns to spawning grounds does not
installed due to the high capital costs. appear to be conclusive. There is some agree-
ment that barges are preferable to trucks. How-
Controversial Downstream Passage ever, agenciesndicate that barginghould be
Techniques regarded as experimental (251). Yet transporta-

There are some downstream techniques in us&0n is only as good as the collection technology;
especially for juvenile salmon in the Columbiajuveniles not collected pass through the turbines.
River Basin, that are controversial. These techEfforts are ongoing to improve the collection
niques include: transportation (trap and truckphase of this passage technology (see chapter 4).

2The Glenn-Colusa Irrigation District in Hamiltont@Zi CA, is an example. A drustreen was built for thetsi then the river changed
course and gradient, and the technology was no longer appropriate.

3 As spill water plunges below the dam, the hydrostatic pressure causes air—mostly nitrogen gas—to be entrained in the flows. The pres-
sure at the bottom of the stilling basins forces the gases into solution, crestipgraaturated ndition. When a fish is exjsed tothis
supersaturated water, gas bubbles can forits iloodstream and result in a variety of traumatic effects and even death.
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Spilling nile fish. The concept was derived from observa-
Spilling water to pass juvenile fish is a techniquetions of high levels of safe juvenile passage at
used to move down-migrants past hydropowelVells Dam, which uses a hydrocombine configu-
projects in the Columbia River Basin. The COEration where spill intakes are located directly
considers the use of spills to pass fish to be onabove turbine intakes. If successful, the method
of the lowest mortality optionfor getting fish may be useful for attracting juveniles to
past dams, yet recognizes that spill has its owbypasses, or allowing more efficient collection of
associated risks (231). There has been some difish for transportation (40).

pute over the effects of #mg on the health of

fish. However, recently the NMFS NW office Experimental high-velocity screens

and the Intertribal Fish Commission, which rep-The development and application of the Eicher
resents tribes in the Columbia River Basin, recscreen and the dtlular Inclined Screen (MIS)
ommended that spilling should be implementechave followed similar paths. Both have under-
on a broader scale to support juvenile downgone a deliberate process of development which

stream migration. has included extensive laboratory testing with a

variety of species, as well as prototype develop-
Experimental Downstream Passage ment and field evaluation. These efforts have
Technologies been championed largely by EPRI, in some

There is a strong desire to have downstream pasgistances working jointly with Alden ésearch
sage technologies that are less expensive toaboratory (ARL) and Stone and Webster Envi-
design, install, operate, and maintain; easy to reronmental Services. Successful laboratory exper-
rofit into existing facilities; and water-conserv- imentation led researchers to identify appropriate
ing with respect to the primary purpose of thesites for field testing of prototypes. These appli-
facility. This desire haked to the investigation of cations have showhoth screening technologies
methods to improve performance of currentlyto be successful in guiding certain types and
used methods (e.g., surface collector) and altesizes of fish under a range laigh-velocity con-
natives to accepted passage methods. Thesktions. However, these screens only collect fish
alternatives include both physical barrierwhen water is flowing over them. Operational
approaches and behavioral guidance techniqueshanges may be necessary to ensure adequate
(Fish pumps are also being investigated foflow to the screens, especially during seasons
downstream passage of juveniles, but die  when reservoirs are filling and little power is
cussed previously under upstream passage techroduced.

nologies.) Efforts are underway to develop new Research and evaluation of the Eicher screen
turbine designs that reduce problems of turbindnas led to approval from agency personnel for
entrainment and mortality. New concepts inspecific sites. Eicher screens are in use at the
hydropower production that would eliminate someElwha Hydroelectric Project on the Elwha River
of the dangers for fish passing through generatioim Port Angeles, Washington, and at the Puntledge

systems also are being explored (box 1-7). Hydropower Project in British Columbia.
Resource agency approval for use at other sites
Improving current passage technologies will depend on documentation that the design

The COE has been working for decades in thgerforms well for target fish at velocities present
Columbia River Basin to identify modifications at the site.

that can be made at specific sites on the Colum- A prototype (reduced-scale) MIS has been
bia River to improve fish passage performanceconstructed and will be field-tested in the spill-
One example of this effort is a new emphasis onwvay sluicegate at Niagara Mohawk Power Cor-
surface collector technology that will capitalize poration’s 6-MW Green Island hydropower plant
on the surface orientation behavior of the juve-on the Hudson River in New York during Sep-



16 | Fish Passage Technologies: Protection at Hydropower Facilities

BOX 1-7: New Approaches to Hydropower Generation

Turbine passage in current settings potentially exposes fish to blades and physical contact, which can
either de-scale or kill them, and pressure changes, which may cause physical injury and/or death. Tur-
bine entrainment has become a major issue in FERC relicensing. Turbine entrainment levels and mortality
vary widely from site to site. Results of studies of turbine passage vary and there is some dispute over the
necessity and interpretive value of these studies. Entrainment studies are most common when relicensing
applicants question the level of adverse impact and the need for protection measures, especially for riv-
erine species. Nevertheless, the cumulative impact of entrainment on juveniles passing through turbines,
especially where dams exist in a series, can have a significant impact on the population.

The Department of Energy’s (DOE) Hydropower Program and the hydropower industry have co-
funded the Advanced Hydropower Turbine System Program. It is an effort to look at innovative solutions
to problems associated with the operation of turbines at hydropower projects. DOE has the lead role in
program development, proposal review, and implementation. The program is meant to stimulate and
challenge the hydropower industry to develop new environmentally friendly concepts in power generation
by applying cutting edge technology and innovative solutions to support safe fish passage. The Army
Corps of Engineers-Portland District is also working to develop relatively minor modifications of existing
turbines in the Columbia River Basin to increase survival of downstream migrants.

Technologies that can produce large quantities of electricity without adverse effects to river ecosys-
tems may be feasible. However, a significant commitment to research and development, demonstration,
testing, and evaluation will be required. The current hydropower generation technologies were developed
with the objective of producing power. Although the need for fish passage was recognized when many of
our nation’s existing dams were built, effective passage was not incorporated into designs. New designs
that simultaneously optimize for energy production, fish protection, and ecosystem integrity are conceiv-
able. OTA received information on more than one concept of this nature during the course of this study.
However, evaluation of these ideas was beyond the scope of this study.

SOURCE: Office of Technology Assessment, 1995.

tember of 1995. This test is important in theAt sites where icing is a problem, nets may be
development and acceptance of the technologgifficult to use in winter and thus may only pro-
However, resource agencies will belikely to  vide seasonal entrainment protection.

approve full-scale applications of the MIS with-

out additional testing (12). Alternative behavioral guidance methods
Experimentation with various stimuli (e.g.,
Barrier nets lights, sound, electricity) to elicit a response in

Barrier nets are used to prevent fish entrainmerfish has been going on for decades. With a few
and impingement at water intakes. The ability ofnotable exceptions for specific species at specific
the net to exclude fish depends on local hydraulisites, there is no behavioral guidance technology
conditions, fish size, and the size and type othat has been used to meet resource agency
mesh used (59). Low approach velocities, lightobjectives and guide fish downstream at hydro-
debris loading, and minimal wave action are crit-power sites or at water diversions. Behavioral
ical to success. Barrier nets are not considered tmethods can repeatedly elicit startle responses in
be appropriate at sites where the concern is forarious species of fish, but the problem of getting
entrainment of very small fish, where passage ofish to move consistently in the desired direction
fish is considered necessary, and/or where thergas proven to be more difficult. Given the limited
are problems with keeping the net clear of debrisswimming ability of many down-migrating juve-
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niles, behavioral mechanisms may not be able t¢<50 Hz)* The response of fish to ultrasonics
direct fish to bypasses that are small compared twas discovered in experiments witthah-fre-
an intake or river flow. It is rarely economical to quency fish counter. Most of the work has been
devote a significant percentage of flow to adone with clupeids (especialhjAlosa spp.,
hydropower fish bypass. including blueback herring, alewives, and Amer-

Successful guidance has been reported for clucan shad). Signals from 110-130 kHz have been
peids (eg., blueback herring and shadying used for clupeids. The COE is completing testing
ultrasound and strobe and mercury lights. Experof a system at the Richard B. Russell pumped
imentation with sound has also shown somestorage site in South Carolina. A commercial
promise with salmonids. General claimshijh  system, FishStartle™, by Sonalysts, Inc., has
performance and low cost cannot be verifiedoeen tested at hydropower facilities on the Con-
with the limited experience available. However,necticut and Susquehanna Rivers and at other
there are indications that lower costs than conkinds of generating statioRsOther species have
ventional methods and good performance may bbeen evaluated in laboratory cage tests with vari-
possible for some systems at some sites. able, species-specific results.

Soundis a potentially useful stimuli to guide  Low-mid frequency sound experiments have
fish. Advantages of sound are that it is direc-included historic tests of pneumatic poppers and
tional, rapidly transmitted through water, nothammers conducted by Ontario Hydro. Results
affected by water turbidity, and unaffected bywith these technologies were variable, and prob-
light changes (i.e., diurnal changes). Sound isems with the reliability of the equipment led to
used by fish to get a general sense of their envihe utility abandoning the effort.
ronment (207). There is some evidence that Another low-mid frequency concept of play-
fishes may respond to sounds tha¢ produced ing back modified fish sounds was developed
in association with structures such as barrieand tested by American Electric Power (141).
screens and turbines (6,164), although little isThis system has been further refined and is cur-
known about the actual behavioral response teently being marketed by Energyn@ineering
these sounds. Services Company (EESCO) and has been

Various species have narrow ranges of soundndergoing testing since 1993 at a number of
which they can detect, and some species respomnater diversion sites on the Sacramento River.
differently at different times of the day. This may Much of the work on this system has been
be an advantage or disadvantage, depending docused on defining the appropriate array of
which species are targeted for guidance. It mayransducers, dealing with equipment anchoring
be possible to develop systems that specieand reliability problems, and establishing appro-
respond to differently, allowing managementpriate testing protocols and statistical methods.
objectives for different species to be met. Onénvestigations have been hampered by difficulties
disadvantage of sound stimuli is that they can bénstalling equipment due to extreme flows and
masked by dam noises and other ambient soundsigh water levels. There have also been delays in

Experimental sound guidance technologieghe studies due to the presence of endangered
include several methods that use various frespecies. The experience at several sites has been
guency ranges. For the purposes of this discustery contentious and the evaluations have failed
sion, methods are loosely divided into threeto reach the efficiency goals of the resource
frequency ranges: ultrasonic (above 30 kHz)agencies. The process has been proceeding best
low-mid frequency (50-900 Hz), and infrasonic at Georgiana Slough, a natural diversion site

4OTA did not identify any mid-high frequency (900 Hz—30 kHz) systems.
5 Full-scale sound system tests of the Sonalyst, Inc., Fish Startle System at a nuclear power plant on Lake Ontariofe®re been
reviewed and are highly regarded. However, the hydraulic conditidhis @fite are very different from those gdhopower fadities.
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which carries about 15 percent of the flow, wherestream primarily at night (as is the case with
there are no practical physical barrier alternajuvenile American shad).
tives. An interagency group is involved in the Mercury or other forms of incandescent illu-
tests, and results during the spring of 1995 werenination and strobe lights have undergone labo-
considered encouraging (50 percent overall guidratory testing for a number of species. Field
ance at a statistically significant 95 percent levellesting also has been conducted for a few
by at least one agency (100). selected species. The effect of lights vaies by

The EESCO technology is also undergoingspecies and the type of lights. Some species are
tests on the Columbia River system in 1995 asttracted to the lights, others are repelled. And
part of the new Columbia River Acoustic Pro-the response may change with age of the fish,
gram, sponsored by DOE and COE to evaluatphysiology, motivation, etc. EPRI has supported
existing sound-based fish guidance and detemesearch in this area and has developed guide-
rence systems for the Columbia River systeriines for implementing light systems at water
(see box 1-5). The EESCO system uses militarjntakes (60). These guidelines recognize the need
grade speakers, originally designed for use by thtor careful site-specific evaluation of field condi-
U.S. Navy, that weigh 50 pounds and can bdions.
installed on buoys (170). The speakers produce a Strobe lights have been receiving considerable
sound field with very little particle motion (39). attention in recent fish guidanctudies in the
Field test results are nobnsistent with what is mid-Atlantic region and New England. A multi-
known about sound detection capabilities ofyear testing effort has been underwaygtade
salmonids, thus some reviewers are very criticajuvenile American shad to a bypass at the York
of this system (179). However, the mechanismsdaven Hydropower Plant on the Susquehanna
that fish use to respond to other more accepteRiver (61,152). These tests have often been ham-
technologiesare not well understood either. pered by water conditions, years when there were

Infrasound has shown some success ghlyi few fish, and other environmental variables.
controlled field experiments in Norway with Nevertheless, there apositive indications that
Atlantic salmon. A consistent behavioral respons¢he lights can increase use of the bypass,
was demonstrated in laboratory experiments. Thalthough effectiveness varies with environmental
developers of this approach are now workingconditions. At this site, preliminary tests combin-
with the Columbia River Acoustic Program oning strobe lights and ultrasonic methods have had
Pacific salmonids. This approach requires largeencouraging results. Tests of strobe lights are
displacement transducers of special design thalso being conducted at other hydropower sites
generate a sound field with large particle motionin New England. These tests are primabéing
The current system only works with fish within a done as enhancements to conventional trash rack
few meters of the sound source. This finding ismeasures. Yet, the installation of some of the
consistent with what is known about the soundconventional measures and dam operation has
detection capabilities of salmonids (39). Othemot been in accordance with resource agency
private initiatives are underway to develop infra-expectations at some of these sites.
sound systems (50, 219). Electrical barriers have been successfully

Lights are also a potentially useful stimulus toused to prevent upstream passage of fish. Sys-
guide fish. Light is directional, is transmitted tems are operating in Salt River Project irrigation
rapidly through water, and is not masked bycanals in Arizona to prevent the mixing of spe-
noise. However, light may be hampered by tur<ies of fish from the Colorado River and other
bidity. Although it is most #ective as a stimulus Rocky Mountain streams.
when there are sharp contrasts between the light Development of downstream protection is
and background (usually at night), this may notmore challenging. Key requirements are favor-
be an issue if the target species move dowmable flow condions and adequate security to
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ensure safety of people and other animals. Therassess the effectiveness of the techniques. Much
have been field trials that were abandoned due tof the work is not peer reviewed, and the gray lit-
problems in these two areas. Other problemgrature often does not contain sufficient informa-
have been encountered with corrosion of election to allow critical analysis and possible
trodes. A number of questions about the impacteplication of the experiment. In some cases,
of electrical pulses on fish have been raised bylaims of high levels of guidance and reliability
resource agency biologisteeviewing experi- of equipment have not been supported in further
ences with electric barriers (111). Field tests ofield tests.

the Smith-Root Graduated Field Fish Barrier There is genera| CONsensus among resource

(GFFB) are underway at a water diversion on thgygencies and scientists that development of new
Sacramento River. In this test, major efforts haveyehavioral approaches requires a combination of
been devoted to ensuring appropriate flow conditay and field experimentation. Because there are
tions with the installation of structural devices many variables at work when dealing with living
(209). Tests by the manufacturer have indicate‘érganisms, especially in uncontrolled environ-
that flow (i.e., velocity) requirements will vary ments, there have been many cases when lab
with different species. Yet, results of th®95  yesyits of response to stimuli have not been
tests were inconclusive and indied that flow epeatable in field tests. Thus, laboratory investi-
and velocity conditions were still difficult to con- gations of fish behavior are not sufficient. Nor

trol (100). are field tests alone. Data from field studies need
to be evaluated in the lab to fully understand the
Alternative behavioral guidance issues nature of the results.

Several generalizations can be made from exper- gy, dies to determine the basic sensory abili-
iments to date with alternative behavioral guid-jas of fishes are best done in the laboratory

ance measures. Response to various behaviorghjie stydies of ovell fish behavior in response
stimuli is very species specific and is variabley, enyironmental variables might be started at
even for a single species, depending on condiig|q sites. But there needs to be close interaction
tlon_s at the site. Slf[e cditions are |anuence_d bY petween lab and field work if the mechanisms by
gnvwgnmenta(;_\_/anables (e”.g., vr\]/eather,htm;e _?(Nhich behavioral methods work are to be fully
ay, flow conditions) as well as the way the facil- ;4o g0, Understanding mechanisms of response

ity is Qperated. _It is 6,“50 likely that Fhe responsgg necessary to design widely applicable systems
of a single species will vary depending on its Ilfeto control fish behavior

stage and motivation. Favorable hydrology is a Many of the technology vendor companies are

key element o the success of any Of. the_se SY¥ustrated in their efforts to conduct field investi-
tems. Fish must be capable of moving in the

) . . ! . . ations. Generally, they must obtain agreement
desired direction for a stimuli to be effective. 9 Y y 9

M X e fish h limited swimmi from the hydropower operator and resource
agl?g/ej:veme ISh have very limited swimming agencies to conduct a test. Hydropower operators

. . are motivated by a desire for lower cost fish pro-
~ For the most part, knowledge of fish behaviorigction, yet they have little interest in participat-
is very limited. Nothing is known of how fish of g in a test, let alone helping to finance it, if they
many species respond to various stimuli, flowcannot be assured that positive results will be
conditions, and structes. In the more well-stud- \jewed favorably by the resource agencies.
ied species, major informational gaps remain irHydropower operators are concerned that they
our knowledge of behavioral responses andnay be forced into paying for conventional mea-
mechanisms. sures after having invested in testing new

Field investigations of behavioral methodsapproaches, or even penalized with fines if the
have for the most part been weak. Analysis anéxperimental methods result in significant loss of
statistical methods havbeen too limited to fish.
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A technology company may be successful in  The current system of site-by-site investiga-
getting an initial field test sited at little or no costtion, short-term funding of experiments, lack of
to the hydropower operator. If gitive results are rigorous scientific methods, and lack of wide dis-
obtained, the next hurdle is locating anothersemination of favorable and unfavorable results
appropriate test site and possible salet, Ynajor is unlikely to result in robust technologies
questions exist regarding the transferability ofacceptable to agencies within a time frame rele-
performance information from one site tovant for relicensing atities in the next 10
another. years. Even with a major coordinated research

Performance of any passage technique is gere_nd development effort to advance alternative
erally considered to be site specific. InformationP€havioral technologies, it is unclear whether
that is most transferable from one field site toSignificant progress will be made in developing
another concerns what went right and what wenp€havioral systems to ‘guide fish past hydro-
wrong. One would also generally expect that thd?@Wer generation facilities and water diversions.
operation of the device would be similxom And yet, if behavioral methods prove successful,

site to site. It is the species response that may H8€Y could mean large cost savings for the indus-

expected to vary, due to different site and envilly- _ . o
ronmental conditions. Is it worth pursuing a significant research pro-

In general, the resource agencies’ responses %am on behavioral methods, for settings where

. i ' ?
eests 1 et new lchnologie have Been neG#11GT 0proaces e ieve? On e
ative. Yet they are under considerable pressure to. " e

with behavioral systems and so little is known

allow field testing. Resource agencies are skeptiy out the behavior of fish that further investment

cal about performance claims, and are concerne .
. L may not be warranted. The process of applying a

that testing of unproved technologies is time con- . d
suming. expensive. and mav detract from h dro_system developed for one site to another will
9, €xp ' y Y require significant expenditures and time for test-

power operators’ willingness to spend funds toIng and finetuning. Also, too many spies are

install the technologies agencies prefer. Resourchy oived at most sites to assume that a single

agencies are concemed that technologieg, .| system will be effective. On the other
installed for experiments tend to become the perp, 4 the successes with sound lightts suggest
manent solution at the test site, despite substafy, pehavioral systems have real potential for at
dard performance relative to conventionaligast some species. Alternative behavioral sys-
measures. Resource agencies are concerned thafns if perfected, may be very cost effective:
experiments with alternative technologies maygng they may be particularly useful when several

be used as a delay tactic to avoid expenditureg,e combined, or they are used to enhance the
for conventional technologies. Resource agenperformance of physical barriers.

cies are more willing to entertaimnovative

epproaches, either as an enhancement to CONVERHNCLUSIONS

tional measures or at locations where conven-

tional measures are not practical. The NMFSThe incomplete state of knowledge regarding
regional offices in the Northwest and Southwesfish population dynamics, the impacts of hydro-
have developed policy statements that allow testower development on fish, the need for mitiga-
ing of experimental systems, provided a tieredion in various contexts, and the protection/
process of research and evaluation is followedpassage effectiveness of available mitigation
along with the simultaneous design for a physicalechnologies exacerbates the sometimes adver-
barrier/bypassystem for the site (237,238,239). sarial relationships among stakeha&leThissit-

By setting standards and criteria for effective-uation is unlikely to be alleviated unless a solid,
ness, NMFS establishes goals for technologgcience-based process for mutual undedstean
vendors and state agencies to follow. The FW&nd rational decisionmaking can be developed
has no similar policy. (see box 1-8).
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BOX 1-8: Development of Fish Passage Technologies: Research Needs

There are no “sure things” in the world of fish passage technology. The technologies themselves,
which are based on hydraulic engineering and biological science, can be designed to accommodate a
wide range of environmental conditions and behavioral concerns, but in the real riverine world anything
can happen.

Upstream and downstream fish passage problems differ considerably and both present a range of
obstacles and challenges for researchers and practitioners. Despite these differences, common consid-
erations in design and application exist, including: hydraulics in the fishway, accommodating the biology
and behavior of the target fish, and considering the potential range of hydrologic conditions in the water-
way that the passage technology must accommodate. Engineers and biologists in the Northeast and
Northwest are collaborating in a number of research programs designed to improve understanding of the
swimming ability and behavior of target fish. Understanding how fish respond to different stimuli, and
why, is critical to improving passage methods.

Using a scientific approach to explore as many scenarios as possible, and collecting data in a careful
manner, can improve researchers’ abilities to design improved technologies. In addition, producing infor-
mation that all parties can acknowledge as credible is key to the successful advancement of fish pas-
sage technologies. A sound scientific approach to developing, executing, and evaluating a field study is
critical to the successful advancement of fish passage technologies. The elements of a good test include
the establishment of clear objectives, agreement among all parties to the study design, and a protocol
that lends itself to repeatability. In addition, there must be a proper accounting of environmental variabil-
ity, documentation of all assumptions, and sufficient replications to support findings. Regular communica-
tion among stakeholders and peer-reviewed research results are key requirements.

Employing a process of this type could increase the potential for information transfer between sites.
That information might include data regarding the response of the device to hydraulic parameters (e.g.,
flow/acoustical response), fish response to stimuli under hydraulic parameters, and basic biological infor-
mation within species. Agreement on performance criteria and standards prior to study will avoid lack of
acceptance of data and recommendations in the long term.

SOURCE: Office of Technology Assessment, 1995.

A combination of academic, government, andhydrologic, and behavioral information, or lack
industry expertise is needed in a concerted efforef adequate attention to operation and mainte-
to focus science and technology resources on theance of facilities. Downstream fish passage
question of the effects of hydropower develop-technology is complicated by the limited swim-
ment on fish population sustainability; and on theming ability of many down-migrating juvenile
assessment of available and developing fish pagPecies and by unfavorable hydrologic condi-

sage and protection technologies at hydropowelions. There is no single solutidor desiging
facilities. up- and downstream passageways; however,

both types must be designed and applied in such
. a manner that in theory, model, and reality they
[ Technologies should suit the range of conditions at the site—
Technologies for upstream passage are morstructurally, hydraulically, and biologically.
advanced than for downstream passage, but botffective fish passage design for a specific site
need more work and evaluation. Upstream pasrequires good communication between engineers
sage failure tends to result from less-than-optiand biologistand thorough understanding of site
mal design criteria based on physical,characteristics.
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Downstream passageways for fish and protec- The lack of clear goals is, in part, reflected in
tive measures to reduce turbine mortality arghe disjunction between section 18 presavipd
probably the areas most in need of researctand section 10(j) recommendations of the FPA.
Many evaluations of conventional and alterna-Section 18 fish passage prescriptions are manda-
tive technologies have not been conducted witfiory; however, section 10(j) recommeridas
scientific rigor. This results in unsubstantiatedMay be altered based on consistency with other
claims and arguments. Moreover, some experidPplicable law or the goals for the riverde
mental results contradict others. Ambiguous opVhitéwater rafting/recreation, power production
equivocal results of many fish passage studie8€€ds)- Yet, the recommendations made under
have caused concern as to whether certain tecfECtion 10() may be critical to maintaining habi-

nologies are effective or generally useful. Thetaj{ for. fish popula}tlons or promoting t|me!y
N . ... migrations for certain species. FERC, as the final
variability of results may reflect site variability;

. " ... ' authority for balancing developmental and non-
uncontrolled environmental conditions in field . .
. . . developmental values, is not specifically charged
studies; or incomplete knowledge of fish behav

. Th ; lai b'with sustaining fish populations. Withouatear
lor. us, some periormance Claims may by nification of the goal for mitigation, monitor-

based on incomplete assessments. Advocates % and evaluation become less meaningful and
both sides of the fish/power issue can select frondi| 1o become critical to the process.

a diverse body of scientifically unproved infor- Monitoring and evaluation conditions for

mation to substgntlgte thelr.pomts of V'eW'_Carenydropower licenses are infrequently enforced,
must be taken in interpreting much publishediggyiting in litle information on hoveffective
information on fish protection, arguments drawngy,ailable mitigation technologies are in improv-
from it, and conclusions reached. Whgood ing fish passage and survival at hydropower
scientific research and demonstration is carrieghjants. Operation and maintenance failures have

out, results can be dramatic. been implicated in poor efficiency of fishways.
Forty percent of nonfederal hydropower projects
O Hydropower Licensin96 with upstream fish passage mitigatibave no

Controversy abounds in the FERC hydropowelperformance monitoring rqulrements. Those
Shat do generally only quantify passarges,

licensing process..ln p?‘r_" this may be a.result OWithout regard to how many fish arrive at and
the lack of clearly identifiedoalsto be achieved

h h mitigati Alth tobiect e fail to pass hydropower facilities. Moreover,
through mitigation. Althouglobjectivesexist in- g monitoring has dealt with anadromous

the legislative language of the FPA, as amendedsamonids or clupeids; much less is known about
these lend themselves more tphalosophy than o effectiveness of mitigation measures for
to hard goals that describe numbers, timeframesjess-yalued” or riverine fish. Research is needed
and methods for achieving and measuring thg determine whether river blockage is even neg-
stated goal. Clearly defined goals for protectiongtively affecting riverine species.

and restoration of fish resources might refer to Rejicensing decisions often are not based on
numbers or percentages of fish expected to sugiver-wide planning and cumulative analysis.

cessfully pass a barrier and/or projecpeppula-  FERC is required to review existing river man-

tion sizes. Since resource management goals akgyement plans to assure that the project will not
rarely articulated, mitigation and enhancemeninterfere with the stated goals (pursuant to sec-
measures are judged on a case-by-case basiimn 10(a) of the FPA). Yet, comprehensive river

with no means for assessment or comparison. basin planning is fragmented. Synchronizing

6 These conclusions are largely based on discussiithghe OTA Advisory Panel for this project. Due to the elimination of OTA, this
project was terminated early, without an opportunity to analyze fully many of the isklressd in this section.
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license terms on river basins could improve thestruction and operation of fish passages could
relicensing process and promote cumulativeprovide significant opportunities for restoring
impact analyses. Terms could be adjusted taistoric fish runs. In the western states, water-
meet the ecological needs of the basin and to prgheds on national forests provide about one-half
vide timeliness and predictability for licensees.of the remaining spawning and rearing habitat
Under such a plan, multiple sites could be relitor anadromous fish in the United States. Ecosys-
censed simultaneously, although operators maym or watershed management in these areas

be unlikely to respond positively to undergoingcoyid have immediate and long-term impacts on
the relicensing process “early.” On the otherggh populations.

hand, consolidation could yield benefits, allow- The following chapters provide detailed infor-
ing licensees to develop integrated management

. ; mation about current understanding about the
plans to maximize the energy and capacity val-

ues of their projects; making it easier for an”‘?ed for fish passage and protection associated
involved parties to view the projects and theirW'th_ hydropower facilities (.chapter 2); the stgtus
impacts in their totality; and facilitating under- of fish passage technologies, both conventional
standing of cause and effect reteuships. and emerging (chapters 3 and 4); and the federal
There is a need for further research on cumut©le in fish passage at hydropower facilities
lative fish passage impacts of multiple projects(chapter 5). Appendices providistorical infor-
and for consideration of fish needs at the watermation on fish passage research in the Columbia
shed level. In several northeastern states, coopeRiver Basin (appendix A); experimental guid-
ative agreements between resource agencies aftice devices and resource agepojicy state-
hydropower companies have generated succesgents (appendix B); and additional suggested
ful approaches to basin-wide planning for fishreadings related to fish passage tetbagy
protection. Carefully planned sequential con-issues (appendix C).



