AD/A167 877 L WZ
vl LAUSER

£iS

FISHERIES HANDBOOK OF ENGINEERING REQUIREMENTS
AND BIOLOGICAL CRITERIA

U.S. Army Corps of Engineers
Portland, OR

1986

U.S. DEPARTMENT OF COMMERCE
National Technical Information Service




AD/Al67 877

Fisheries Handbook
of
Engineering Requirements & Biological Criteria

by
Milo C. Bell

1 4%6

Fish Passage Development and Evaluation Program
Corps of Engineers, North Pacific Division
Portland, Oregon

REPRODUCED BY
U.S. DEPARTMENT OF COMMERCE
NATIONAL TECHNICAL
INFORMATION SERVICE
SPRINGFIELD, VA. 22161



UricLassirileu
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

READ INSTRUCTIONS

REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM =
1. REPORT NUMBER 2. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOCG NUMBER
5oA A f} : )
ANG 16789 -
4. TITLE (and Subtitle) 5. TYPE OF REPORT & PERIOD COVERED

FISHERIES HANDBOOK OF ENGINEERING REQUIREMENTS

AND BIOLOGICAL CRITERIA §. PERFORMING ORG. REPORT NUMBER
7. AUTHOR(a) B. CONTRACT OR GRANT NUMBER(a)
Milo C. Bell, Professor Emeritus, University of DACW57~-79-M-1594
Washington DACW57-80-M-0567
8. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT, TASK
AREA & WORK UNIT NUMBERS

U.S. Army Corps of Engineers
North Pacific Division _
P.0. Box 2946, Portland, OR 97208-2946

1. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
U.S. Army Corps of Engineers 1986
Office of the Chief of Engineers 13. NUMBER OF PAGES
Washington, D.C. 20314-1000 326

14, MONITORING AGENCY NAME & ADDRESS(if different from Controlling Cffice) 15. SECURITY. CLASS. (of this report)

15a, DECLASSIFICATION/DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release, distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abatract ontered in Bleck 20, If dilferent from Roeport)

I8, SUPPLEMENTARY NOTES

Revised edition of report first issued in 1973. Report includes glossary,
references, and index.

19. KEY WORDS (Continue on reverse asido if necessary and identify by block number)

- Fishways, —— Anadromous fish,
Fisheries Fish barriers,
Fish passage, - Fish management, _ _ .

.

20. ABSTRACY Ccfmunin on roverae aide If necessary and Identily by block number)

™ This handbeok covers both fish facility design problems and the operation of
fish facilities. Chapters on swimming speeds, spawning criteria, and food and
oxygen requirements for several species of fish are included. The effects of
temperature, water quality, silt and turbidity on fish are discussed. The
toxicity on fish of elements and compounds, including metals, plastics,
pesticides, and herbicides are reviewed. Hatcheries, rearing ponds and fish
pumps are described. The subjects of fish behavior and diseases are addressed|

{(continued)

FOR
DD ,%35%, 1473 EDiTion OF 1 NOV 65 1S OBSOLETE

Unclassified
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)




Unclassified
SECURITY CLASSIFICATION OF THIS PAGE(Whaen Data Entersd)

20. Abstract (continued).

——p> Fishway structures at natural obstructions and dams are examined, as is the
Cbﬁj'j related subject of artificial guidance of fish. K s

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)



CONTENTS o

Chapterl .............ciiiiiininnn. 110

Miscellaneous Information

Conversion factors . Terminology and equivalents . Definitions .
Miscellaneous information . Miscellaneous definitions . Cubic foot diagram
. Basic formulas . Some pipe and circle areas . Beaufort scale of wind
velocity . Relative humidity tables = Weight of dynamite charge (40% or 50%)
vs. distance from charge within lethal range . Nomograph showing the
solubility of oxygen in water , Nomograph for determining N 2 (with A 2) at
ats. pressure and different temperatures . Nomogram for determining 0,
saturation at different temperatures and altitudes.

Chapter2 ...........c.oviiian . 1114

Definitions of Common Term in Use
A number of biological terms are defined.

Chapter3 ..............ciiiiii..... 1516
Legal '

State, federal officers, commissions empowered to carry out intent of an act .
General statutes cover habitat protection . Migrating fish protected by
fishways and screening of intakes , Habitat protected by limiting pollution .
Laws pertaining to flows in river channels . Coordination of individual states
and federal government . References to early legal action.

Chapter4 ... .0 1719

Scientific and Common Names of Some of the More
Abundant Fish Species

gommon and scientific names and sketches of fishes common to the Pacific
oast.

Chapter ..........oivviiin....2149

Useful Factors in Life History of Most Common
Species :

Occurrence and spawning characteristics of salmonid and related species .
Method for determining brood year . Detailed tables follow.

Chapter6 ............................5159

Swimming Speeds of Adult and Juvenile Fish
Importance of cruising, sustained & darting swimming speeds to fish facility
structures . Amount of energy loss in transfer of muscular energy to
propulsion . Forces working against fish movement . Effects of exhaustive
exercise . Ratio of sustained speed to darting speed and crusing speed to
darting speed . Attractive velocities at obstructions and fishways . Effects of
velocity gradients . Method of Determining the time fish can maintain
various speeds . Velocities to be used in designing upstream facilities .
Pulsing velocities and turbulence effects . Pollution effects.

Chapter7 ...............cccivuu.....6168

Spawning Criteria

Oxygen requirements , Stream flow, velocity and depth (diagrams shown) .
Size and shape of redds (including a sketch) . Water quality . Temperature .
Energy requirements.

Chapter 8 .. ........................6988

Food Producing Areas & their Requirements
Assessing food potential for fish production . Important physical and
biological parameters that affect food production . Problems associated with
using standing food crops as an indicator of an area’s potential . Evaluation
of food potential of an area . Mathematical model for estimating stream
width, depth and velocities with respect to average annual flow . Shapes of
stream beds . Energy control in streams . Amounts of food, space, and
quality of water required for growth . Oxygen levels and temperature effects
« Age and quality of lakes.

=N



CONTENTS pace

Chapter9 ..........ciiiiiiiiiiineen...89

Effects of Fish Pressure

Undisturbed fish populations in confined ares reduced when subjected to
continued fishing pressure . Frequently maximum size limit imposed . Net
mesh size exercises selective action on size of fish caught . Mesh size may
also affect sex ratio of salmon escapement’ . Timing of runs . Escapement
must take into account natural attrition or unnatural hazards to which fish are
subjected . Intensive fishery may result in minor delay to movement of fish .
Plantings over many years may cause genetic changes . Regulation changes
that allow for large escapement by time period closures result in waves of fish
approaching fish facilities.

Chapter10................. ... ......91:92

Water Quality

Dissolved oxygen criteria . pH value . pH influence on toxicity of dissolved
materials . Fish in acid vs. alkaline waters . Controlled use of phosphates
and nitrates.

Chapter11.......................... 93101

Temperature . Effects on Fish

Effect on mortality . Relation of growth to temperatue levels . Cause of
diseases . Swimming speeds affected . Tables and charts follow.

Chapter12......................... 103109
Silt and Turbidity

Types of sediment . Turbidity vs. water color . Methods of measuring
turbidity . Sedimentation rates and characteristics . Effect of sedimentation
on spawning . Silt and turbidity causes . Composition of silt and effect on
spawning . Gill irritation caused by turbid water . Some species suffer more
dial;)tlrees than others . Adverse effects in hatchery operation . Summary of
tables.

Chapter13............coovvon. .. 111117

Toxicities of Elements and Compound

Limits (standard and goals) in fresh and salt water for many common metals
are given . Effects on fish life are reported for many of the elements and
compounds.

Chapter14 .......................... 119120
Metals '

Trace amounts of metals in natural waters . Adverse effects of effluents from
industrial plants . Synergistic effects of two or more metal elements . Types
of piping in hatcheries and aquaria . Check water quality before introduction
of new strains of fish.

Chapter15...........c.oiiiii 121

Plastics
Importance of properties . Toxic qualities . Toxicity studies.

Chapter16......................... 123125

Pesticides and Herbicides

Must be judiciously applied . Some pesticides have been discarded because of
inherent danger . Many solvents, diluents and other carriers used with
pesticides also have toxic properties . An important factor to be considered is
the biclogical magnification . In making judgment necessary to measure
toxicity of a compound in a specific environment . Insufficient data available
on toxicity, both short term and cumulative, of more than a few common
pesticides of their degradation products . Establishment of tolerable
concentration of pesticides for fish requires consideration of food chain
accumulation . Chlorinated hyrocarbons more toxic to fish . Organic
phosphates are generally, but not always, less toxic to fish.



Herbicides, in general, are less toxic to fish than insecticideg . Inorg};nic
herbicides are being replaced in many areas by some of more effective
proprietary organic products . Various aromatic solvents alao nged . Of
particular major concern in any consideration of effects of pesticides on
aquatic biota are conditions that may prevail in river estuaries.

Chapter 17 ......................... 127130

Fish Toxicants
Competent technicans should be employed to apply toxicants . Rotenone most
widely used and acceptable . Reasonable care should be used in handling and
applying rotenone . Discussion of stability of different forms of this toxicant
. Formulas given for determining amount of rotenone needed in boby of water
. Factors affecting rotenone concentration . Conversion table when rotenone
content varies between 5 and 10% . Antimycin A (Fintrol) powerful, action
irreversible . Toxic effect of Antimycin A occurs slowly than that of rotenone
. Combination of Antimycin A and rotenone more toxic than either of these
toxicants alone . Possible disadvantages to use of Antimycin A . Use of
chlorinated hydrocarbons compounds, organophosphates and selectively
toxins discussed.

Chapter 18......... ... .. ... ..., 13113

Avoidance

Effect of stream velocities . Temperature effects . Pressure changes, light
intensity changes, sudden noise or movement . Non-recognition of
contaminants . Avoidance of electric shock . Low oxygen levels and
supersaturated nitrogen . Reaction to chemicals ., Avoidance of odors.

Chapter19...............ccvvv..... 13314

Hatcheries

Need filled by hatcheries . Fish species propaged . Temperatures criteria .
Catch-escapement ratio for hatcheries . Water quality and supply . Silt
problem . Screening of intakes . Water recirculation and replacement .
Control of egg losses . Algae control . Toxic effect of paints and coatings .
Pond planning and design . Hatchery requirements and design . Food
storage location . Waste disposal system . Related buildings . Lighting .
Hatchery costs . Fish marking techniques . Suggested planting rates for
natural and rehabilitated lakes.

Chapter20...........ccovvvnno.... 14915

Rearing Ponds

Pond construction features . Pond loading criteria . Various pond types .
Temperature effects . Effulent . Pond limiting factors . Oxygen
consumption and fish density conversion factors . Conversion factors for
ppm/1b/gpm to mg/kg/hr to oz/1b/hr.

Chapter21..............ceevvven.. 15710

Fish Diseases . Types, Causes, and Remedies

Most disease organisms treatable and controlled . Fish diseases divided int
several categories ., Catergories generally may be considered as nutritional
organic, bacterial, virus, external parasities, internal parasities, and fungi .
More common ones are listed and described here.

See Index - Fish Diseases at beginning of the chapter.

Chapter22.............ccccvvun.... 1691

Use of Anaesthetics and Tranquilizer Drugs in
Fisheries Work

Various compounds are covered . Effects of water temperature, water quali
and sizes of fish . Water solubility . Importance of listed range of
concentration for variety of fish . Preferred use . Check for possible side
effects , Time required for anaesthesia and recovery . Effect on humans i1
contact with drugs.

Chapter 23 .......ccovviinirinenennianss

Fish Pumps
"Bladeless” pump . Propeller pumps for water and fish passage . Avoida:
of injector-type and vacuum-type pumps.



CONTENTS

Page

Chapter24 ..............coovuuvn... 179181

Downstream Migrants, Movement of

Time of downstream migration . Factors influencing and the downstream
migration of salmon and steelhead . Migration path of downstream migrants
. Migration rate of downstream migrants . Diel fluctuation in downstream
migration . Mortality of downstream migrants . Residualism . Estuary
rearing areas.

Chapter25...........ccovvvvev.... 183184

Passage of Fish Through Turbines, Spillways and
Conduit

Descent of fish from one level in a river {0 another . Summaries of success of
passage through turbines and spillways have been published in two previous
compendia (references nos. 1 and 2) . Pressures up to 2,000 feet of head have
been experimented with . Shock waves that produced negative pressures
should be avoided . Cavitation to be minimized or eliminated . Large
clearances should be provided in vanes of runners of turbines and pumps,
between runners and wicket gates . Temperature of water important .
Francis and Kaplan runners should be considered separately

Chapter26......................... 185199

Artifical Guidance of Fish

Natural guidance factors may be used in articifical guidance . Effects of light
. Temperature gradients . Electric screens as barrier . Bubble screens not
effective . Pressure change . Depth consideration . Velocity effect . Use of
louver screens . Effectiveness of wire screens . Precautions for screening
devices . Method of computing mesh size . Approach velocity factor .
Discussion of accompanying exhibits . Need of screen bypasses

Chapter 27 ..................c...... 201-205

Artifical Spawning Channel

Used as alternates to hatcheries . Two general types: upwelling and stream .
Temperature, oxygen and pollution affect articifical spawning channels .
Normally permit greater percolation rate and higher survival of eggs to fry .
_Gelilegz.ld design criteria for channel given . Diagrams, charts and exhibits
included.

Chapter28.........................207-208

Predation

Occurrence in same species due to size difference . Menace of squawfish and
suggested control . Effect of turbidity . effect of bypasses .. Menace of fish-
eating birds and aquatic mammals . Suggested method for controlling
predator populations,

Chapter29......................... 209213

Fyke nets, description and use . Effectiveness of gill nets . Beach seine value
. Traps and pounds and nets . Plankton nets . Weirs . Underwater
photography . Fish wheels . Electric fish collectors . Exhibits at end of
chapter.

Chapter30......................... 215220

Transportation —Mechanical Hauling of Fish

Necessary amount of space and water . Recommended temperature . Tank
types and fish handling . Aeration methods . Tank truck costs and cost of
operation . Control of toxic metabolic products . Aerial planting of trout .
Pumps and air compressors for aeration . Barging in transportation . Tables
and photograph.



Chapfer31................._...........221

Culverts

Flow coefficients . Culverts size and setting . Preasure head and velocity .
Gra&i:nt and bed roughness . Minimum flow passage levels and swimming
depths.

Chapter32......................... 223226

Channel Changes

Principal methods used . Effect of increased velocities . Suitable flows for
salmonid production . Chezy’s formula for measurements of changes .
Application of this formula to Washington streams . Wetted perimeter effect
on velocity . Pools and riffles affect velocities in chute sections . Importance
of gravel size . Methods of lessening velocity head in a pool . Importance of
bed stability.

Chapter33..........c.civiivi. ... 227230
Locks and Mechanical Handling

Surface and pressure locks . Rounds vs. rectangular locks . Removal of fish
from lock chamber . Types of approach . Success in use of locks vs. use of
hauling tanks . Factors in design of a lock Rules for haulmg tanks .
Exhibits at end of chapter.

Chapter34......................... 231273

Fishway Structures at Dams and Natural
Obstructions

Fishway head differences . Structures size criteria . Basis of choice for
fishway patterns . Limited application for Denil fishway types . Tabulated
fishway design data with reference to related exhibits . Special considerations
for site conditions and individual species of fish ", Qrifice depths size of
openings . Fish jumping causes and prevention . Discussion of weir and
orifice type fishways . Methods of trapping fish . Times of fish movement .
Position of fishway entrances and light effects . Effect of spillway flow .
Relation of submerged or surface type jump to fishway entrances . Collection
systems at powerhouses . Methods of attracting fish to desired locations .
Controlling flows from fishway entrances . Location of fishway exits .
Barrier dams to divert fish to fishway system . Effect of high dams .
Discussion of counting stations . Brief mention of fish locks . Effects of deep
reservoirs in river areas on migrants . Nitrogen entrainment under certain
spillway conditions . Criteria for design of temporary fishways during
construction of permanent structures . All exhibits shown at end of chapter.

Chapter35.........................275289
Oxygen

Composition of air . Stream reaeration . Oxygenlgag curve . Deoxygenatlon
coefficient . Reaeration coefficient . Pond reaeration . Diffusion coefficient
« Absorption coefficient . Oxygen consumption of fed and starved sockeye .
Oxygen use by migrating sockeye . Oxygen use of adult fish from rest levels
to feedings levels . Oxygen concentrations at various temperatures in fresh
water with formulae to adjust for pressure and salinity . Re-oxygenation
efficienty of stones, micropore tubes and latex tubes . Capacity of oxygen
cylinders.

INdeX ..ot ittt i itnassasoeseneaeeans.s 283290





