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PREPARATION OF THIS DOCUMENT

This is a review of the methods and approaches currently in use to determine adequately conirolled
discharges (streamflows) for maintenance of fishery resources, The many factors influenced by, or
influencing streamflows in relation to fluvial resources and activities are outlined., Methods of
determining streamflows for Pacific salmon in the states of California, Oregon and Washington are pre—
sented as examples of the quantification of smtreamflow needs of fish, Various "rules of thumb" curr-
ently in use for salmon and trout streams are reviewed, as well as approaches which involve geomorph—
ology, rate of flow change, and the relation of past flows to year-class success, A check chart pro-
vides a basic means of ensuring considerastion of the conditions and factors influenced by various
streamflows for each month of the yeard

Digtributions: Bibliographic reference: -

FAQ Department of Fisheries Praser, J.C. (1975)

Regional Fisheries Officers FAOQ Fish,Tech.Pap., (143):103 p.

Selector SI Determining discharges for fluvial resources
Author

Stream flows, Water resources., Hydrology.
Geomorphology. Water quality. Fisheries

‘resources. Spawning grounds. -Migrations..
Rearing. Survival, Food control.
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INTRODUCTION

The primary purpose of this paper is to review methods and approaches which have been used for the
determination of adequate quantities of water for aquatic life in sireams, including their derivation.
Hopefully, it will provide the basis or background for a critical review of the problem of determining
streamflows and the formation of methods with greater reliability.

Although the treatment of the subject is aimed primarily at fishery resources, I have found it
diffioult to limit consideration of streamflows for this purpose only. The value of streams and the
resources they support extend not only to fish but to many other factors of interest {0 man which I
feel should be considered when control or sbstraction of streamflow is contemplated. The factors of
aesthetics, public health, navigation, fishing, hunting, riparian vegetation, unique or endangered
species, floodplain ecology, water quality, waste transport, boating, swimming and other recreational
aotivities should. all be considered. | However; the limited time for preparation has dictated adherence to
the intended coverage except that, in this introduotion I would at least like %o touch upon g few of
these other factors so that they are recognized., FPerhaps they oan be given greater attention in future
deliberations on the subject of streamflow determirnation.

Actually the science, if one can take the liberty of calling it such, of determining adequate
gtreamflows ig in its infancy = born on the heels of intensive and hastily conceived water development
projeots. Albeit that such water development projects were intended to benefit man and that most of
them have done go, many caused unforeseen downstream losses and benefits as the resuli of changed
streamflow patterms.

Barly water developments were carried out largely on a single-purpose basis with little or no
thought o their potential for benefits to other purposes or to their potential for damage %o other
uses and values of the streams involved. In recent years much more attention is being given to multiple-
use water developments and to their possible effects on other uses including those in downstream areas.
Extensive studies have been made to facilitate development of fish populations and fisheries in the
large impoundments created by these projects. Unfortunately, far less attenition has been given to the
streamflow needs below dams and diversions, The many mistakes that have been made and are still being
made in this respsct are of great concern to an inoreasing number of people.

Huge reservoir dsvelopments such as Karibe on the Zambesi River between Zambia and Rhodesia, Lake
Volta impounded by the Akosombo Dam on the Volta River in Ghana and Lake Nasser behind the Aswan High
Dam on the Hile River have been accompanied by studies of the rivers involved but largely in relation
to development of fisheries in the new reservoirs. Vast sums of money have been expended on studies
aimed at providing and improving the fisheries of Lake Volta and Lake Kariba, but very litile effort

was devoted 1o assessing the effects of probable changes in sireamflows or to determining what flows
shonld be maintained in the rivers below the dams.

Europe, Asia, Africa, FHorth Amerioca and Australia, major impacis on sireams have been
effeoted by abstractiions or dam development with little or no consideration for downsiream water needs.
An average anmual run of 60 000 chinook salmon (Omomx_x_ehus tshamsoha) was eliminated from the
San Joaquin River in California by the construction of the Friant Dam., A giant freshwater shrimp,
highly valued by the Thai people,has been adversely affected by water control developments on the Chao
Phraya River in Thailand. The absence of high-scouring flows and low flows which normally inhibited
the larval stages of the black fly (Simumlium damnosum)caused an inorease in this vector of river
blindness on the Volias River below Akosombo., The controls effected on the Nile River by the High Aswan
Pam are believed %o be causing problems for the sardine catch in the eastern Mediterranean. Sardine
production in the Hediterranean has been obmerved to be closely commected with the File River outflow.

Han and man's interesis are affected in many ways by streamflow and man's activities exercise many
influences on the volume and timing of streamflow. -All of these factors interact to cause the changes
we are experiencing in the world's rivers. It is not within the scope of this paper to treat these
factors in any depth, but a summary listing of the more important elements is provided in Appendix D.
The many and complex interrelations of streamflow and such factors as human use, water sources, catohment,
geomorphology, hydrology and biotic effects are also important to an understanding of the significance
of a partioular flow volume or discharge pattern. These complex relationshipa extend, at least in part,
from the headwaters of the smallest siream, to the largest river, to the river's estuary and to the
ocean., Plate 1 portrays & grouping of these factors as they apply to the catchment, stream, estuary and
ooean.
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Streamflows are affected by many actions of man in addition to his dam-bu:’llding activities.
Deforestation, irrigation,; drainage, land disturbance and paving of the landscape with highways,
streets and buildings can affect sireamflow and ite distribution in space and time.

The biotic effects of streamflow are sxitensive; to engage in a treatment of them is beyond the
soope of this paper; but it musi be noted that a knowledge of the physical, chemical and biotic elements
of o stream are essemtial to the process of determining streamflows. Perhaps the most common failure
associated with stream control activities ig inadequate assessment of posgible downstreem effects.
Careful anslyses by a multi-disciplinary team is highly advisable. All too often water development
engineers make only a cursory examination because they are not interested in the amounts and timing of
water releases from the dam. Their interest in downstream areas is usually overshadowed by their
interest in the proposed project's primary purposes, and so the significance of changed streamflow
patterns is commonly overlooked or even deliberately set aside in the interest of eoconomics or political

purposes.

As we continue to develop the world's water resources it will be necessary to give greater attention
t0 in-stream water needs., Streams have many values which are becoming more important to man's existence
on this earth, and we must develop the techniques to decide, in advance, the effects of our activities
and how to adjust them to minimize or eliminate the adverse effects. When we look at some of the
mammoth projects being considered, such as the Pa Mong project on the Mekong River, the interbasin
transfer scheme in England and many others, we realize the importance of being able to properly assess
the downgtream effects and to determine adequate streamflows more efficiently than we can at the present
time. I fear that we still tend to be development~oriented, and so therefore our society is consciously
quite willing to set aside stream values in the interest of water development. The Pa Mong project on
the Mekong may be an example, The engineering report on feasibility of the project dismisses, with
virtually ocasual treatment, the losses to existing fisheries and the possible loss of meveral species
of fish., One might ask if anybody is looking at the value of keeping the river in its natural state?

Is anybody taking a hard look at the long-term -social impacts of bringing irrigation to the proposed
gervice area of the project? The engineers' zeal to build a project may resuli in an inadequate
evaluation of the project's effects on the Hekong River and its peovle.

Another example of possible inadequate evaluation of water development is the proposed flooding
of the Kafue River Flats in Zambia. Fig. 1 illustrates, in part,; the complex relationship between the
hydrologic cycle of the Kafue River and the plant and animal 1life of the Kafue Flats. The annual
flooding and recession of the river would be replaced by a stending pool. The .delicate balance of a
large and valuable ecosystem would be upset. Will the present river and its values be fully assessed
before proceeding with its alterastion? This magnificent marsh in the Kafue Flats with its tremendous
production of wildlife and fish is to be sacrificed. Once a project such as this is proposed it seems
automatically important to pursue it to completion, and the pre-project biclogical studies are frequently
aimed at how to maximize the fishery in the resulting reservoir. Perhaps, at least in the case of the
Kafue Flats, it might be better to engage in a study of reasons for not destroying the marshland. I
raise this point not only because I consider destruction of the Kafue Flats to be an ecological calamity
of international significance but as a means of pointing out that in situdies to determine streamflows
below proposed water projects, we should consider all aspects of in-stream and off-siream values of the
river, and we should not necessarily resign ourselves to the inevitability of downstream resource losses.
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Figure 1. Generalized annual ecological cycle of the Kafue Flats.

(From a report prepared for the Food and Agriculture Orgenization of the United Nations by
the University of Michigan in 1971 entitled, "The Fisheries of the Kafue Flats, Zambia, in
Relation to the Kafue Gorge Dam."
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GENERAL CONSITERATICES

As noted previously, the siale of the art of detemmining streamflows for fluvial resources is
somewhat in its infancy. Most controlled sireamflow releases have been the result of engineering
estimates of the amount of water necessary 4o satisfy downsiream water rights and activities of man
involving considerable economic significance. Even these factors are not always carefully assessed
despite the comparative ease with which their streamflow needs can be determined.

Determining minimum streamflow for navigation, downstream abstraction, indusirial uses, etc., is
a reasonably uncomplicated process in most cases, Determining minimum gtreamflows for such factors as
fish, fishing, hunting, recreation,sesthetice and public healih, is more complex.

At present we do not have a method or fechmique that can be applied universally to determine
appropriate discharges for the benefit of lotic resources. Streams vary in characteristics as do the
personalities of people. The sand=bank rivers of Africa bear little resemblance to the glacial rivers
of Canada or Alaska. The forces of flow, the patterns of discharge, the morphology and consequently
the biotic community will vary from stream to stream. These differences in rivers are reflected in the
distribution of figh speciss between rivers and within reaches of the individual streanm.

Organiems inhabiting lotic enviromments have a high degree of adaptation to the unidirectional
flow, relatively unstable substirates, linear morphology and relative ghallowness of streams., When these
conditions are changed we cannot expect this assemblage or production of organisms 0 remain unchanged.
We cannot expect the biotic community of an historically deep, muddy river to remain unchanged when a
water project converts the river to a shallow, clear stream, This is a gross example and it must be
recognized that major changes may take place in {the biotic community with only s small change in the
flow pattern.

An indispensable element in the determination of suitable discharge rates is a knowledge of the
life histories of the aquatic organisms living in the system and likely to be affected by a change in
the discharge pattern, either in volume or in time. Discharge recommendations made in the absence of
such knowledge, cannot be expected to succeed. If the objeotive of specific discharges is %o maintain
& population of siream-dependent animals at a given level, then it is essential to consider, and if at
.all posasibleyto quantify the water flow needs of those animals.

In dealing with the problem of streamflows it must be remembered that a stream is a dynamic eco-
system which has evolved through adaptation to a pattern of changes associated with that particular
gtream. Beware of the often used misrepresentation that "stabilized flows will result in a stabilized
stream envirormment', Siabilized flows may result in a "stabilized envirommenti", but that enviromment
may not support a biotic community similar to the original in quality or quantity.

Streams in areas of similar geology and terrain, and in close proximity, may have similar biotic
communities, and it may be possible ‘o apply the same basic criteria for determining suitable discharges,
but even so, the flow requirements will rarely be the same,

Thus quantification of the water—flow needs of the various life history phases of the siream
organisms is the recommended bagis for determining discharges for aquatic organisms. The remainder of
this report will be devoted o describing work that has been done along these lines for salmonids.
Unfortunately, little work has been done on other groups, but the basic approach of measuring velocities,
depths, and other flow characteristics in relation %o spawning; food production, shelter, and rearing
of salmonoid is believed 1o be generally applicable to cther species as well. Much research and field
investigation will be necessary to develop and epply suitable techniques to the tropical rivers where
conditions are markedly different from the salmonid sireams of the temperate climate, Hopefully, the
subzsequent sections describing the techniques applied principally to salmonid waters will provide the
lead for such efforis.

Although emphasis has been placed on detemmining streamflows for fish, techniques are needed for
the determination of sireamflows for such other siream-related factors as aesthetics, recreation, waste
transport and dilubtion, fishing, boating, effects on the esituary and the ccean, etc. Scarcity of
previous work in gome instences; snd lack of time in all cases, hes resulied in omission of these
consideraiions from this report.

4z an aid ox a check list 4o the initial review of sireamflow needs of a siream 2 Streamflow Check
Chart is presented in Appendix B of this report. It iz intended as a starting point toward more careful
apsesmment of those factors whichyat certairn flows would either appear to present problems orx for which
a simple,pogitive or negative guess cannot be mads on the basis of information available,
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THE “"GUESSTIMATE" OR “RULE OF THUMB"

Perhaps the most commonly-used basis for detemmination of controlled discharges from dams or
divereions is some arbitrary formula or percentage of the natural flow or a guess by a biologist or
engineer as to what might be needed. Frequently the pressures of time and economics force such bases
for deocigion. These approaches are mostusually resorted to when specific studies of the needs of
downstream fluvial resources cannot be made for political or economic reasons. In still other cases
it would appear that simple neglect or oversight in respect of downstream resources has resulted in
resorting to lagt-mimate guesswork decisions, or mo decision.

In fairness to those who have developed Mgueastimates" or "rules of thumb" it should be noted that
the absgence of better information or the funds to obtain better information has forced the use of such
approaches, even in instances where the workers involved would have preferred a different approach.

To illustirate this approach, especially the development of "rules of thumb" the following examples
are provided. The reader may also wish to note the '"rule of thumb" used by the Wyoming Game and Fish
Commission noted in the section of this report dealing with "Other Areas',

Use of = Percent of the a.d.f. (Average Daily Flow)

Baxter (1961), former City Water Engineer 4o the Corporation of Edinburgh, Scotland, offers an
approach vhich advocates the need for a variable flow regime based on the seasonal needs of the fish
and the river; and incorporating provision for the release of freshets to ensure the preservation of
migratory fish., -He considers it impractical to express this need as a rate of flow but states that it
is possible to arrive at a reasonable approximation of the flows required if these are visualiged in
terms of the average daily flow or Ma.d.f.", It should be noted that although not defined by Baxter
it is assumed that his abbreviation for average daily flow is synonomous with average ammual dishcarge
or, in other words, the average discharge for the years of record.

He states further that at the a.d.f., for example, the flow is approaching the conditions of a minor
spate, particularly in a large river. The river is running bank to bank and, after a dry spell, the
water is normally discoloured, At gbout 1/8 a.d.f. a river approaches dry-weather conditions with the
flow confined to the deeper parts of the channel except in some streams.

After making a rather detailed analysis of the run—-off of 15 rivers in Scotland and England in
relation to their a.d.fs, he concludes that; "e....broadly speaking, recession of the water from the
width. of bed occupied at about the a.d.f. beging in the wider reaches of a small stream at about ¥ a.d.f.
and at 1 /8 the water may be occupying from only 1 /3 40 % of the stream bed. On the other hand, on the
corresponding reaches of the larger rivers, at % a.d.f., the bed is still fully covered, and over the
streams and fords the flow is essentially turbulent; it is only when the flow falls to about 1 /4 aodefey
that recession begins to show, but even at 1 /8 the greater part of the bed is still fully covered, if

only thinly so.”
He explains the life history of migratory salmonids, mostly Atlantic salmon (Salmo salar).

This is followed by an analysis of the required flow conditions. To ensure fulfilment of the life cycle
and the maintenance of fish stocks he believes the following considerations are necessary:

(a) Flow conditions for inducing the fish to enter and ascend the river to their spawning grounds.

(b) Minimum f£low for the maintenance of healthy conditions, both for the parent fish and for the
fry and parr.

(¢) Spawning requirements.
(d) Requirements of the ova in the spawning grounds.

Baxter then ayrives at a series of conclusions regarding the flows needed to satisfy these consi-
derations; some of these are listed as illustrative of his approach:

(1) vExperience shows — that in general — except during the early spring months — salmon will
ascend most rivers in flows varying from 30-50 percent of the a.d.f. in the lower and middle
reaches, to TO percent in the upper reaches and streams of the headwaters," (These percen-
tages are for rivers with open banks and normal gradients.)
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(2) vMore water is required by the spring fish than by the summer and autumn fish., This is
usually attributed to the lower temperaturs conditions during the early spring, The spring
fish require 50-70 percent of the a.d.f. o induce them to enter and begin their ascent of
a river,"

(3) "™Where the natural sugmentation of the compensation or residiial flow is small, weekly freshets
mey be required from the time the fish are due to enter the river until possibly within a week
or two of spawning time. If the impoundment or diversion is located in the upper reaches or
headwaters of the river and the compensation or residual flow is supplemented by adsquate
natural inflow; only relatively few - and comparatively small - freshets may be required
during the late summer or early autumn to take the fish farther upstream." Duration of
freshets need not be for more than 18 hours, of which 12 should be at the full rate, i.e.,
30=~70 percent of the a.d.f.

(4) v"The minimum flow, i.e., the basic compensation or residual flow, must be such as to maintain
healthy conditions for aquatic life, including that of the food supply of the fry and parr."

(5) "In so far as the food supply of parr is dependent on the hydrological conditions, in the
earlier part of the season this is adequately met by flows of 1/4 for the smaller, and 1/5 asdo .
for the larger rivers with periodic freshets. Thereafter, the flows can be gradually tapered
off to alternate with the naturally occurring "lows" of 1/8 a.d.f. since the fish become les
active in their quest for food as the year advances." ‘

(6) In reference to salmon spawning flows he states:

"The smaller the stream the larger the proportion of the a.d.f. required. In the headwaters
of the River Tweed where the widih of the spawning sireams varies from about 70 feet in the
upper reaches of the river to 15-25 feet in the tributary streams, observations over several
years have emtablished that from 25403 percent of the 2.d.f. is required. In the author's
experience, this must be regarded generally as about the minimum which provides adequate
water in the headwaters of a river. As One proceeds downstream the percentage of the a.d.f.
required becomes progressively less, and in the middle and lower reaches of a river of
medium or large size from 20 t012,5 percent of the a.d.f. should nomally provide an adequate
depth of water and coverage of bed for the potential redds of the later—rumming fish which
normally spawn in these reaches."

(7) Por the period in which the eggs are in the gravel he suggests the normal minima are from
10 to 17 percent of the a.d.f.

(8) For angling he suggests that the minimum flow required in smaller rivers is 25 percent of the
a«defs and 20 percent of the a.d.f. in larger rivers and 20-35 percent a.d.f. for summer
angling.

(9) Baxter's requirements (with the exception of the freshets) are summarized in Table 1. To
these flows he notes that there must be added the freshet water and that this should
preferably be partly in the form of a block allocation to be used as needed.

Baxter makes a strong case for relating the seasonal and life cycle needs of salmon to a percentage
or portion of the a.d.f. In reality he has simply applied his "feeling" and "general experience" in
this respect to the natural flow regime of a siream. He has, in fact, selecied a portion of the average
flow which in his view and experience the fish could get by with. He has used a little biological
information but for the most part his sssumptions appear to this reviewer to be somewhat arbitrary and
lacking in direct relationship to demonsirated needs of the fish. The fish's needs have not, for the
most part, been quantified = they have been subjected to "feeling" type decisions. It is possible that
a relationship exists between the a.d.f. and the water needs of the various stages of a salmon's life
cycle. Baxter did not demonstrate it in his report.

As an indication of the effect of applying Baxter's criteria to two rivers in New Zealand, data
are presented in Table 2 derived from Dalmer (1972).
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Schedule of Flows Proposed by Baxter (1961)

TABLE 1

for Atlantioc Salmon in Streams of Scotland and Bngland

Homth riors aod stresss F"r%“gg sarger rivers Remarks
% of the a.d.f. °

Ootober 15=12.5 15=12.5 During alternate weeks

Hovember 25 15

Dacen;ber 25=12.5 15=10 25 and 15 normally
during first two weeks
only

Jarmary 12+5 10

Pebruary 12.5 10

Harch 20 15

April 25 20

Hay 25 20

June 25«20 20-15 During alternate weeks

July 20-15 15-12,5 During alternate weeks

August 15 15-12.5 During alternate weeks

September 15=-12.5 15-12.5 During alternate weeks

Hote: These schedules are not intended t0 be rigidly applied and require varying
incidence to suit the conditions of the particular case and season, e.g.,

variations in spawning times.
may require adjusting either way.

TABLE 2

This applies also to the rates of flow, which

Application of Baxter's Flow Recommendations to Two Rivers in New Zealand

Haimakariri River Rakaia River
(in Cusees = c.f.s.)
Average anrmsl mean discharge (11 years)

{Baxteris a.d.f.) 4 218 10 921
Average 4% low flow 1 480 3 800
Lowest flows ever mesasured 618 2 730
Healthy conditions - 1/8 %0 1/4 s.d.f. (Baxter) 527 to 1 054 1 365 %0 2 730
Hinimwa flow = largs rivers = 204 a.d.f. (Baxter) 844 2 184
Summer angling = 20 to 30% a.d.f. {Baxter) 844 to 1 476 2 184 o 3 822
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It can be meen that fur these two New Zealand pivers the Baxter recommendation for s minimum flow
(40 maintain "Healthy Conditions™) of 1/8 4o 1/4 a.d.f. could result in reducing the flows of these two
rivers %o levels below the lowest flows ever recorded for them. Such a reduction on & contimuing basis
could well be disastrous o the salmon populations of many rivers. For such recommendations to be
periously considered without determining their relationship 4o the actual requirements of fish and other
organisms in the river would seem unwise.

The "ECE" Report ' e

Another exasmple of this "gueasstimate® or "rule of thumb" type of approach is reflected in a 1969
report by Messra. A. Arkuszewski, A. Stolarksi and A.G. Boulton to the Body on Watsr Resources and
Water Pollution Control Problems of the Economic Commigsion for Europe entitled "Methods for Deter-
mination of Minimum Acceptable Discharge". The authors of this paper define the concept of "minimum
acceptable discharge" as not only being the minimum needed for safeguarding public health and 40 meet
the requirements of existing lawful uses of wabter, whether for agrioculiure, industry, waber supply or
other purposes and the requirements of land drainage, navigation and fisheries, but shonld also have
regard to the character of the surroundings and, in particular, natural beauty.

Unfortunately, the authors then proceed to qualify this seemingly rational definition by stating:
“The determination of minimum acceptable discharge requires consideraticn in the first place of what
it is possible {0 achieve and in the wecond place what it is economically reasonable %o eim at'.
Granted that these practical comsiderations eventually must be dealt with, it seems unfortunate that
the initial process of determination must be influenced by these factors. The ECE report lists the
following sequence of considerations end data in determining minimum acceptable discharge:

1. A contirmous record of river diacharges over a long periocd of time.

2. A topographical and geological survey of the river basin is necessary in order to establish
the storage potential in the area.

3. The quality of the water and its temperature.

From these considerations and data the ECE report suggests that it will then be possible to
indicate the levels at which it is possible to maintain the flows, and the cost of fixing a minimum
acceptable discharge at these levels. I cannot help but observe the absence of an assessment of down-
stream water needs in this sequence of considerations., The ECE report seems to give little recog-
nition to the economic and social needs. of dowmsiream uses as considerations or date to weigh in deter—
mining minimum acceptable discharges.

The report goes on Y0 suggest simplistically that although it is desireble to consider each case
on its merits it is also very inconvenient and ".....requires considerable amount of work in each case.
It is for this reason that it is difficult 4o use it when working out plans for the development of large
river basins'. Without any further justification or rationale the report suggests that one can, for
example, for the purposes of preliminary planning, assume the minimum acceptable discharge to be:

"(a) in small watercourses in mountainous regions 0.2 times the mesn minimum discharge or even
less for short psriods when, in exceptional cases, 1t could be zero;

(b) in larger watercourses where there is a more regular pabtern of discharge 0.5 times the
minimum mean discharge;

(¢) in all other cases 0.8 %o 1.0 times the minimum mean dischargs."

As an example of applying the=e principles the rsparg calls sttention to the River Severm in the
United Kjngdom, which has a mean anmual discharge of 62 m”/s, and sn all-time recorded low discharge .
of 4.4 m /4;. In a figure in their report (See Fig. 2 in this report which has been adapted from the
one in the ECE report) the lowest discharge on any one day for each of 29 yeara is shown. With a
minimum acceptable discharge having been set at 8.4 m / g ‘the report notes that in 20 cut of the 29
years it would not have been necessary to supplement the natural flow 4o meet the minimum acceptable
discharge. It further suggestsz that the river could be saved from serious droughis by a relatively
small capital outlay for = regulating reservoir. The report makes no analysis of the effect on
downstream water needs if the "minimum acceptable discharge’ were 1o become the basic or only flow of
the river. Under inoreasing absetractions there is zlways the possibility this will happen. Although
it is not clear from the report, its authors might be concerned primarily with alleviating undesirably
low flows by establishing their “minimum accepiable flow" concept. The rationale behind its deter=
mingtion is difficult to capbure from the texi.
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The "Hontana Hethod"

Biclogiste with the State of Hontana are engaged in studies 40 determine optimum fisheries flows
for the sport Tishing streams in that siate. The "Honbtana Hethod" is based on percentages of the mean
anmual flow of record. Elser {1972) deseribes a 10 percent flow as being, at best, a short~time
survival flow. A discharge of over 30 percent of the mean anmual flow can be oonsidered as a satisfastory
fishery flow.

Thus under the “Hontans Hethod” the flows inbtended %0 ensure adequate reproductive and reasring
conditions for resident salmonide are a minimum of 30 percent of the mean ammisl flow for the period of
October-March and a 60 percent minimum flow for the April-Sepiember periocd.

Elser {op cit.) reporting on studies made in 1971 o evaluste the "Hontena Method" states that this
method of estimating flows for fishery values appears 1o be far superior to any method which depends
entirely on guesswork, or the btechnigues relying ¢u judgemental interpretation of photographs to define
the ecological needs of 2 stream. Thelr evalustion ghtudiss provided sirong confirmetion of the 30 percent
and 60 percent flows as being suitable in relation to width, depth and velocity and therefore can be
recommendad as a low=flow pattern for resident salmonid fish.

Of the various "rule of thumb¥ methods of deriving acceptable sireamflows for fish, the "Montana
Hethod® seems to have the best justification in relating it to the quaniified needs of the fish - at
least in relation to the two factorz of spewning and rearing.

20.5

MINIMUM ACCEPTABLE DISCHAERGE

LOWEST DATLY DISCHARGE - ¥/s

1936 50

¢ Figure 2. 'MINIMUM ACCEPTABLE DISCHARGE" IN RELATION TO
. THE LOWEST DAILY DISCHARGE DURING EACH YEAR IN
THE SEVERN-REWDLEY RIVERS. (AFPTER ARKUSZEWSKI,

ET AL, 1969)
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CALIFORNIA -~ DEVEIOPMENT OF SALNON SPAWNING FLOW REQUIREMENTS

Perhaps the most significant developments in the avea of quantifying the flow requirements of ons
phage of a fish's life cycle is the work of biologisis and engineers in western North America. Here
there were a number of pioneering efforts to develop the applicable criteria in the fifties and sixties.
I shall emphasige the history and development of these techniques in California, Oregon and Washington
since these are most familiar to me, but the reader should recognize that I may have unintentionally
neglected to cite soms combribuiors and that work from other areas alsc made significant vontributions,

Developmeni of Techniques

The initial efforts were stimmlated by the work of Burmer (1951) who described the characteristics
of Pacific salmon (Onsoz'__hxgchus) spawning nests on the Columbia River., However, Burner's work was based
on measurements of surface velocities and was mainly conducted on small rivers and streams. Other
workers (eege; JoLe. Savage (1962) and Daniel W. Slater of the U.S. Fish and Wildlife Service) discovered
that surface velocity and depth were not closely correlaied with the spawning bed sites selected by
Pacific selmon., They decided to measure the velocity at 0.3 f1 from the bottom, which is the chincok
selmon (Q. %shawytscha) lateral line-messuring depth. '

In personal correspondence, Slater noted that other evidence, such as observations of salmon spawning
at 30 £ in the Columbia River and at 8 to 10 £% in the Sacramentio River, led him to conclude that depth
is only significant %o chinocok salmon spawning as it is related to the significant hottom velocity.

Depth may be important in some other situstions where turbidity shuis out light at deptbs,; but he questions
the importance of this winoe he has oftsn observed chinook salmon spawning at night.

Desoriptions of the early techniques were provided by Savage (1962) and Warner (1953 and 1955).
Bagically, these early efforta were direcied a% debermining the amount of usable spawning gravel in a
river at various water flows. Through the application of the following criteria the cquality and suite~
bility of spawning gravels were determined:

Depth -~ within the limits of 5 4o 48 in
Velocity — between 0.5 %o 3.5 £4/s.

To determine the (uality of the gravel and o vaite it in relation o velecidy and depth. Warner
(1953) and Slater developed a table of standards for salmon spawning gravel surveys vhich is reproduced
as Table 3 in this report. These were based largely on a draft of Burner's report,

After meesuring the surface velocity (note that later studies measured the velocity at 0.3 to 0.4 £
from the bottom) and depth of water over the gravel bed, the area and data were plotted on a map for each
300~£% gection of the study avea (%o = =mcale of 1 in 0 100 £4). The quality of the gravel was normally
determined at a later date when they were exposed by low flows., The composition of the gravels wers then
snalysed by digging into them and classifying them gccording to the tsble of standards.

The $otal amount of usable gravel available to salmon in the study area was computed alier each geries
of meagsurements and plotted on a graph depicting the amount of usadble gravel awailable in relation to
gtreamflow. See Figs. 3 and 4 for the resulis of Harner's sgtudlies on the Ameriocan snd Feather Rivers.
Hote that usable spawning gravel in the American River inoreased until a flow of 500 £t /s wes reached
and then as the flow incresased above this the usable gravels declined in the sgiudy section because the
depth velocities became 00 great in the low flow chamnel., This decline combimued until o flow of
1 300 £ /a was reachsd when the flood plain or peripheral gravels started to be covered by waiter of
suitable depth and veloci§ » The usable g'rav?ls izoreaged with increase in flows from 1 300 ft3/s up
to approximately 2 700 £t /99 Above 2 TOD £ /s the usable gzravels declined, asgaln because of excessive
velocities and depths, This study revealed thet more usable spawning gravels wers availabls o salmon
at a flow of 500 ft3/s then at higher flows. I% alsc gave indicailon that if higher comirolled
disohargsa were necessary during the spawning period it would be best %0 hold them %o approximatsly
2 700 £% /a if possible., A second peak of uszable gravels was not found at higher flows in the Feather
River studies. (Hote that later refinements and re-surveys of the American and Feather Rivers gave
different resulis. These are discussed later in this seciion.)

Using similar oriteria and methods, Hesigate {1958) did not find the pesk of usable spswming gravels
at the flows he studied on the Cosummnes River {See Mg, 5). Unlike the studies reported by Warner, he
measured velocities at a depth of 0.3 £ from the botitonm.

As thess stvdies were carried out it beoame increasingly apparent to those involved that depth was
less of a factor shan velocliy in selection of spawning sites by chinook salmon. Savags (1962) alse noted
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TABLE 3

Pable of Standsyds for Saimon Spawning Gravel Surveys,
(From Warmer, 1953)

Poather River 1954

Gravel Size Good (G1) Fair (az) Poor (63)
Large - 6~12 in  30% or less 31=39% 40% or more
Hedium - 3~6 in  40% or more 21-39% 20% or less
Smell - 1-3 in. 50% or less 51=75% 80% or more
Fine - Up t6 1 in or less 21-39% 40% or more
Sand and Silt 104 or less 11-19% 204 or more
Velocity ) (vz) (v3)

Ft/s at Surface T1o5=2:5 160=104 and 2,6~3,0 0.5-0.99 and 3.1=3.5
Depth of Stream (D1) () (D3)
10~24 in 8-9 in and 25=-36 in 5=-T7 inand 37-48 in
Percent Usable 8. V.0 98% (95—100) G,v,Dor
Gravel L ngngor :
GV D.or
@,V,Dor 2 48%  (41-55)
c}v;nforg 91.5% (86-95) g?g?gsg;
G¥2 ) vagn-;’or
G, V,D,or
1 2 G, V.D.or
¢3vaDZor G273D3or; 35,5% (31-40)
GoV,D 0 78% (71-85) a3v?p3
G12V1D3or 303% )
G1V3D10r§
G,V @,7,D, Up. to 30%
¢ V,D,or -
2272

combination
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¥IGURE 5,
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that the proporiion of Fives in spawning beds play g more limiting rols than does the rangs of size of
gravels., These early studies did not consider the intre~gravel flows of water or the dissolved oxygen
comtent of the water in the gravels. This resulied in early minimum discharge recommendations belng
based on the assumpition thet flows could be reduced during the incubation peried from those required
for the spawning period. This wes done without an understanding of the effects of such reduced flows
on the subsurface Tlows (underflow) and dissolved oxygen combent and the effect of theme faciors om
survival of eggs and fry in the gravel.

Although not directly s matter of concern in relation to regulated discharge it may be of interest
t0 cite some approaches to calculating the number of salmon that can be sccommodated on the spawning
beds. In order to estimate the maximum mumber of chinook salmon that could spawn at & certain flow,
the early studies in the fifties assumed that dividing the usable sgpawning gravel area by the average
redd size (usually 40 fta)ff would give a reasopable approzimetion. This was then related 4o the
average sex ratic of the salmon for the particular river and then adjusted by an arbitrary reduction
{usually around 50 percent}. Savage (1962) reported a &ifferent approach which is gquoted from his
paper in reference %o atudies on the Tuolumne Rivers .

#Two bagic assumptions were mades

(1) That an average of 10 days elspsed fyom the time the Tish were counted until they
commenced spawning. :

{2} That on the average, salmon actively defend their respective spawning aress for &
period of 10 days. .

Daily spawning populations were computed by acoumulating the’ daily counts of fish 40 the given

day, then subiracting the accumulated deily counte of fish for sll days more than 20 days prior %o the

iven day. The calculated pesk~day spawning population was then mulbiplied by the sex ratio factor
0.4) to obtain the given day's population of spawning females. These computations carried throughout
the season identify the maximum daily population. The caloulated total number of females for the
season (0.4 x total count} was then divided into the caleuleted maximum daily number of femeles. This
computation yields the fraction of the totel rumber of females vhich were spawning during the peak-use
day. This fraction is then multiplied by the territorial requirvement of a female salmon $0 obiain the
needed total spawning area requirement. The ten-%‘aorgai requirement for aubumn chincook salmon of

216 4% developed by Burner was reduced to 200 £4° to allow for edges which, although not

spawning gravel, were nevertheless useful for territorial needs. The product represents the average
space required per femazle salmon during the sesson. The sverage spece requirement per female for the
five years of record was determined to be 64 square feet. About 1 /3 of the femalez during the season
were calculated to be spawning during the pesk-day use.”

The results of applying the foregoing procedure for the Tuolumne River is depicted in Teble 4
which is taken from Savage's 1962 report.

During the period of 1961 $0 1963, a follow-up study to those made earlier by Warnmer wes made on
the Fegther River, and it revealed some needed revisions in procedures for detemmining streanflow -
useble ppawning aves relationships {Kier, 1964). The principsl refinement wes %o measure velocities
at 0.3 £t from the sitreambed. The carlier studies by Warner and others in Celiformia used surfuce
velocities corrected to average velocities by use of g consbtant factor. The earlier situdies therefore
tended to give higher velocity readings and therefore tended to eliminete more gravel evsas with
velocoities over the prescribed mazimum of 3.5 ft3/s than would readings based on bottom velocities,
This resulted in a favouring of lower flows for providing more usable gravels in the earlier studies.

Another refinement was in the criteria used %0 evaluate water depth. In the earlier studles,
depths of less tharn 5 in or move than 48 in were comsidered poor for chinook salmon spawning. A4s noted
by Slater and vthers {s.g., Chambers, 19%6) eaimon were observed spawning ab grester depths. Thus the
Federal and Californis biologists decidsed to dimcard the maximum~depth factor and limit unsuitsble depth
orly %0 thome areas less than 0.8 foot. Thus velocity became the dominant quality factor in relation
to volume of streamflow,

Kier's report {op cit,) described the field technigues used; I repeat theme here because they may
be of interest to some readers of this repori. Preliminsry 4o the measurement programme, recomaissance
surveys were made by boat on 14 miles of the river. Charsoieristios of the 47 major riffles were noded
including lengths, widths, gravel quality, gradienmt, and obssrved past spawnming use. Aerial photographs
of the reach were examined and three riffles wers selecied %o represent the entire speuning ares. On
each test riffle, a mtaff geuge and base line slong one bank were csieblished. Sisel fenceposits wers



TABIE 4

Salmon Conndt snd Spawning Area Relationship Based on *l‘errito‘rial Requirements of Spé,wniug Féma.le Salmon
Tuolumse River Salmon Spewning Avea Survey Computed from Salmon Counts at Modesto, California

Tear Season Total o, of Pemalesn Potal Ho. Haximum Day No. of Territorisl Haximum Area Area Per

Ho. of Balmon o Hales of Females | Spewming Salmon Requirement Reqair%d Female in

: Fo, Fraction Per Female ~ in £ e
of Total Sa.lm’o:g in -
o4
1940 122 468 Ood 48 986 12 345 2252 200 2 469 000 50
1941 ‘ 27 208 0.4 10 883 2 935 2270 200 587 000 54
1942 44 626 0od 17 850 4 789 268 200 957 800 54
1943 Yo Count )
1944 125 436 0.4 50 174 17 937 2357 200 3 587 400 T
1945 o Count \ . ‘ :
1946 57 234 Ood 22 894 10 616 <464 - 200 2 123 000 93
Average . 15 400 004 30 187 9 724 0323 - 200 1 944 840 64

(From Savage, 1962)
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driven at 100-ft intervels along both banks. The combined length of the three sections was 1 900 feet.

The test riffles were divided into 100-f%t squares from which gravels were sampled to determine
their quality. (Quality assessment was in reference to essentially the same standards used by Warner,
1953, except that the "good" and "fair® classes were combined into a single "usable" cafegory and all
other gravels were congidered "unusable",) Samples were collected initially by forcing a 2-ft seciion
of 14-in well casing into the streambed to a depth of 1 £ and extracting its contents. Seven samples
were screened in the field after visual grading of their quality hed been noted. Good correlation of
visual grading and screening results led to abandoning the scrsening in the interest of time.

Heasurements of depth and velocity commenced at a flow of 792 ft3/ 8. Measurements were made by
wading and from a boat at 5-ft intervals along a cable tag line streiched across the siream between the
paired fenceposts. Total water depth and velocity at 0.3 £+ above the bottom; measured with Price
current meters, were noted at each interval. A crew of eight men wes required to complete the measure-
ments at all sections during the short periods of equal flow. (A severe flood subsequently delayed
further measurements and caused later measurements to be restricted {o one remaining usable test site.g
The later measurements on one test site were made at four different flows ranging from 800 to 3 400 £+ /s.

A base map showing all suitable spawning gravels in the study section was prepared. Aress of
suitable depths and bottom velocity, tabulated from the field records, were superimposed on the gravel
map to indicate the total amount of usable spawning area at each flow. The relationship of usable
spawning area to discharge was then plotted on a graph.

Fige 6 illustrates the relationship of average bottom velocity to discharge at the 1963 study site.
An average botitom velocity of 1.5 £4/s, the lower limit of preferred spawning velocities, was obtained
at a flow of approximately 1 700£4%8 in the Feather River Studies. The usable spawning area at various
flows in the study section is shown in Fig. 7 (from Kier, op ¢it,). Thus Kier obtained markedly different
results from those of Warner (1955) in the ﬁame general area of the Feather River. Warner's situdy
revealed.an optimum spawning flow of 800 f£% / 8 whereas, Kier concluded that a flow of spproximately
1 700 ft3/s gave the maximum usable spawaing avea.

Kier also made an analysis of historic flows in relation to the 1 700 ft3/5 optimum spawning flow
and found that the average flows during a 38-3year period f%r the chinook sa]smon spawning months of
October, November and December were 1 602 £t3/s, 2 585 £t3/s, and 5 211 £t°/s, respectively. Since
chinook salmon do not usually begin to spawn in the lower Feather %iver until the second week in October,
Kier concluded that his computed optimum spawning flow of 1 700 £t°/s had been aveilsble historically
© throughout the spawning season.

The American River, originally surveyed in the studies reported by Warner (1953), was resurveyed
in 1966 using the later techniques of measuring velocity 0.3 £t from the botiom and disregarding depih
unless it was less than 0.8 ft. Water velocities (0.3 £+ from the bottom) of 1.0 %o 3.0 f't/a were
considered satisfactory for chinook salmon spawning. These gtudies were conducted jointly by the
((2alif<))rnia. Department of Fish and Game and the U.S., Figh and Wildlife Service and reported by Gerstung

1971).

In the resurvey of the American River five representative teast sections ranging from 400 to 2 000 £t
in length were used. The total length of all five sections was 5 500 £4. On each section a staff gauge
and base line were established along one bank., Steel fenceposts were driven at 100-£% intervals along
both banks except in one section whers a 200-f% interval was used.

Heasurements of depth and velocity at 0.3 £% from the bottom at various test flows were made by
wading or from a boat at 10-f% intervals along a cable stretched across the river between the paired
fenceposts. The velocities were measured with Price curvent meters. Gravel gamples were collected
from each test section and graded according to the standards of Werner (1953) eand Kier (1964).

The 1966 studies revealed that available spawning area increases substantially as streamflow
increages from 500 40 1 500ft/8 in the American River; whereas, the early siudies veported by Warner
(1953) suggested a decline about 500 f33/s. The primery differences between the two studies were in
measuring velocity and the elimination of depths over 48 in in the earlier studiss. Both of these

factors resulted in many usable spawning areas being eliminated in the earlier study at the higher flows
because of high velocities or depths in excess of 48 inches,

As a result of these later studies the recommended flows for salmon spawning were revised from
500 to 1 250 f43/s (Gerstung, 1971).
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Purther studies along these same lines were carried out by Puckett (1969) and Horton and Rogers
(1969). The data obtained by Horton and Rogers (op cit,) on the Van Duzen River further illustrate the
usable spawning area technique. Tables 5 and 6 show the data for the two test sections and Fig. 8 is
a graph of the data showing the relationship of flow to usable spawning area.

Relationship' of Velocity (0.3 feet above streambed) to

% Figure 63 ear ‘
: Discharge in the Feather River at 1963 Study Site (from Kier,1964)
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Figure T: Rt'alationsh‘ip of Usable King (Chinook) Salmon Spawning Area to
Discharge in The Feather River at 1963 Study Site (from Kier, 1964)
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TABLE 5

© . Amount of Usable Spawming Area Available at o
© “Vayious Streeamflows ai Study Section T
“on’ the Van Dusen River, California

Measured Amount of usable spawning Total ussble Percent of
Date discherge at area at 4 5 spawning area potential
study site gubsectio £4 in section spawning ares
Subseciions :
1 2 3 2 .
14. 6.68 .56 784 - - - 784 - 0,01
26, 4.68 158 10 208 - - - 10 208 124
6. 1,68 262 1360 - 1,600 2 528 15 488 18,3
16.12.67 293 13 120 - 4 112 2 400 19 632 23.2
13.12.67 494 © |14496 11904 23232 5920| 55552 656
3. 3.68 559 16 656 16 800 25 904  944| 60 304 T1.2
25, 1.68 622 20 400 8992 26 176 1 504 57 072 674
11.12.68 699 17 088 14 560 23 616 6 640 61 904 731
29, 2,68 988 14 000 16 800 32 128 1 332 64 260 7548
27. 3.68 1090 119296 16800 297056 1312| 66464 |  T8.4
9. 2.68 | 1 356 7 344 16 800 31.808 ©1 968}~ 57 920 68.4
27, 2.68 1 465 11910 16 400 32346 1648| 62 304 . 73.5

1/ The amoungs of potential spawning area for subsections 1-4 wers 20 672, 16 800, 34 304,
12 960 £+, respectively. G ~

{From Horton and Rogers, 1969)
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TABLE 6

Amount of Usable Spawning Ares Available at
Various Streanflows at Study Section 2
on the Van Duzen River, Californis

YHoasured Amount of usable spawning Total usable Percent of
Date discharge at ares at iﬁh 5 - spawning avea potential
study site subgeoctio £t in section spavining ares
Subgections
1 2 3 4
14. 5.68 103 - - 11 072 320 ¢ 11 392 10.5
25. 4,68 144 - - 21 328 736" 22 064 20.3
17612.67 232 3 344 - 19 520 - : 22 864 21.0
15012.67 338 2 464 - 17T 728 2 416 22 608 20,8
12,12.67 553 1328 - 5 904 3 32 10 544 9.7
23, 1.68 689 - 2 128 33 664 4 528 40 320 37.0
]/ The smounts of potential spawning ares for subsections 1-4 were 4 608, 19 600, 43 680, 40 992 12
respeoctively,
(Prom Borton and Rogers, 1969)
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THE OHEGON BASIN INVESTIGATIONS

Commencing in 1961 (Buitchison, 1962), the Orsgon State Game Commission embarked upon & series of
river basin fish and wildlife surveys, including sssessments of their water use requirements. (Fortune
and Thompson, 1969; Huitchison 1962, 1965; Hutchison, Thompson and Forbtune, 1966; Hutchison and Aney,
1964; Hutchison and Fortune, 1967; and Thompson, 1972.)

- In relation Ho streamflows the situdies were primarily simed at determining the volumes needed for
spawning, pasgage, reaving, food and sheliter for ansdromous and resident salmonids. In respect to
spayning and pessage, the studies were conducted whenever possible during periods of actual fish move-
ment or spawning. Current meters wers used %0 measure depthe and velocities over gvailable spawning
gravels. Depths and spewning velocities were esteblished for sach species through measurements at
numerous redds. .

Through these measurements & series of flow recommendations were.ccmpiled for the streams siudied.
These flows were comsidered %o be afequate for spowning and passage.

In relation to rearing flows during the summer mofths it was determined that & live sitream with a
minimum depth of cne-tenth to two~tenths of s oot over a substantial portion of each riffle regardless
of size was necessary. It was felt that these flows nommally gatisfied the requirements of food, shelter,
a suitable medium, and passage between pools and for downstresm migration of juvenile salmonids.

In the Clackamas River, spswning flow study on "average velocity snalysis" (Sams ond Pearson, 1963)
was used 0 determine optimum spawning flows for spring ohinook salmon {0. ishawytscha). Ten transects
were esjablished on representative gravel bars in 7.9 miles of the river. The average velocity method
uges the formulas

b
Vo= 5

V = Average water velocity in feet per sgoond over the entire
transect at a given helow

P = Totel flow in cubic feet per second
W = Width of the transect in fest at a given flow
D= Average depth in feet of the transect at a given flow.

Stream width and average depth over each %ransect were measured under four different streamflow
volumes, Average water velocities for each transect wers then computed using the above formula., Then
the means of the average velocities for all itransects for each flow were plotted with the total flows
$0 form a curve. (Fig. 9.) Table 7 shows the measurements of depths and velocities over 340 spring
chinook salmon redds from which the curve is derived.

Careful selection of iransect locations is important so that they are representative of the river's
spawning and passage areas. If they are, then reliance may bs placed on the projection of flows for
sultable or optimum spawning and upsiream passags.

In another spawning flow study on Gales Cresk (Hubchison and Aney, 1964) a "usable widih" criteria
was applied. In two sections of the stream having differsni characteristics, 11 iransects were
established on spawning gravels. One section was narvow with fast water and the other, slover and wider.
Depths and velocities wers measured across each transecs under four differont flows. Areas oonsidered
umseble for coho salmon {Oncorhymchus kisuich) or steelhead trout {Selmo gaipdneri) were those not
covered by more than 0.6 £3 of water at & veleccity between 1.0 and 2.5 ft/s messured 0.4 £t from the
stream botiom. From these measurements the widths of ussble gravels were determined and plotted against
total flows (see Fig. 10). ' The plotted curves depict the relationship between.flow and usable spawning
gravel in the two siudy sections. Reductions in usable gravel due to excessive velocities ocourred in
the narrower upper section at flows in excess of approzizfmtely 85 £+ «3/5. This did not occur in the
lower section until flows exzcesded spproximately 180 £% / .« Flous were satisfactory for spawning over
a far greater range in the lower section than in the upper.

These Orsgon survey reporte usually contained species distribution meps which are helpful in )
orienting the reader t¢ the species~location-flow situstion. Ezamples are reproduced as Plates 2, 3, and 4.
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Per cent utilizable spawning gravel

PER CENT UTILIZABLE SPAWNING GRAVEL

» GALES CREEK
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Figure 10, Per cent of gravel utilizable for steelhead trout and silver salmon
. spawning in Gales Creek as measured at 1l transects {usable width

method) .

(From Hutchison and Aney, 1964)
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Hater Depths and Velocities Heasuvred over 340 Spring Chi
Salmon Redds in Willameitte River System Streams, 1961=6

TABLE T

:ﬁ?k

Water Depthg/ Ho. of Average Velocityg/ Ho, of
(£%) ~ ‘Redds (£t/s) Redds
Co3 7 .45 3
0.4 9 0.5 1
0.5 11 0.6 4
0.6 26 0.7 10
0.7 32, . 0.8 15
0.8 30 0.9 21
0.9 47 1.0 23
1.0 45 fol 25
11 29 1.2 25
1.2 24 1e¢3 29
1'3 9 104 24
1s4 22 1.5 15
1.5 10 1.6 24
1.6 8 1.7 27
1.7 8 1.8 23
1.8 8 1.9 20
1.9 7 2.0 14
2,0 5 2.1 5
2.1 0 2.2 14
2.2 0 2.3 3
263 1 2.4 5
2.4 1 245 3
245 1 2.6 3
i 2.7 1

2.8 1
2.9 o]
3.0 1
3.1 1

Heans 1,03

1046

1/ Of the 340 total redds, Fish Commission persormel measured 270 and Game

Commigsion persommel 70,

Meagurements were obtained from Clackamas,

Little Horth Santiam, HcKenzie, Molalla and South Santiam River systems.

_2/ Measured 1 £t upstream from each redd.

(From Hutchison and Aney, 1564)
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Pitney {1969) points out that there is a distinct difference in the curves of utilizable spawning
gravel in relation to flow from stream fo strsam. Bach stream must be studied. No slide rule formula
hazs been developed as sn alternate, Pig, 11 illustrates the difference for nine Willamette basin streams
in Oregon. Particular atfention iz called to the last graph in this figure, the one for Mill Creek.

Prom this graph 3:.*i'. can be seen that the greatest amount of spawning gravel would be available at a flow
of about 125 £ / 3, However, Oregon law calls for the minimum flow "sufficient to support aguatic life".
The Oregon workers heve interpreted this 0 mean the flow sufficient to maintaln a reasonable fish popu-
lation in balance with fther enviromental f‘ ors., Thys the recommended minmmm spawning flow on Hill
Creek was set at 80 f£% /s instead of 125 £% /s. By this process the water requirements for spawning
was reduced by 36 percent while the available spawning arves was rednced by 10 percent.

Out of these Oregon Game Commission studies have evolved criteria and methodoleogy, which are perhaps
the best yet devised for freshwater salmonids., Their developers are, however, quick to point out that
they are only a beginning and that much more research snd Tield work is needed. Thompson (1972) does
an excellent job of summarigzing the criteria end methodology which I will, in fturn, paraphrase snd
summarize for the purposes of this reporss

Figh Pasease. To determine a recommended fiow for passege of fish in a partiocular stream, the
shallow bers most critical to pas=zage of adult fish ave located and » linesr itransgect -merked which
follows the shallowest course from bank fo bank, At each of several flows, the total widih and longest
contirmmous portion of the transsct meeting minimum depth and maximum velocity criteria are measured.

For each transect and each flow the total width of the stream, the width weited (under weter), the width
usable for psssage, and the longest continuous portion usable for passage are measured, tabulated and

plotted on & graph of flows versus the longest conbinuocus portion ugable as a percent of the total. For
each transect, the flow is selected which meets the criteria on at least 25 percent of the toial trensect
width and a contimuous portion equalling at least 10 percemt of its total width. The results averaged

from all transects is the minimum flow recommended for passage. (Thompson caubions that the relstionship
between flow conditions on the transect and the relative ability of fish 4o pass has not been evaluated.)

Sgwnigg Flous. Three gravel bars are selected which represent the typical dimensions of those
cocourring in the study stream. On each gravel bar is marked e transect which coincides with the area
vihere spawning is most likely t0 ocour. At each of several flows, the total portion of the transect is
meagured vhere flow conditions meet predetermined depth and velocity criteria (See Appendix B). The
mean relationship that discharge has with gravel ares ussble for spawning is then assessed from all
transect measurements. An optimum spawning flow is that whioh provides suitable flow depth and velocity
conditions over the most gravel, The discharge which created suitable flow conditions over 80 percent
of the gravel aveilable at an opbimum spawning flow is recommended for minimum spawning, This generally
coincides with the flow considered most efficient for spawning over the most gravel (the flow which makes
available the most gravel per unit of flow).

Bgz Incubation. Because of the complex relationship of surface flows and underflow in the inbra-
gravel enviromment, the Oregon workers resort to combining judgement with field observations to arrive
at flow recommendations. A% each of several flows; an estimate is made of the flow required $o cover
gravel areas used for spawning and to creste an intra~gravel envirorment conducive to successful egg
incubation and fry emergence. The flow recommended is based on the various observed estimates and is
generally about two-thirds of the spawning flow,

Rearing. {The period when fish are not migrating, spawning or when eggs or fry are not in the
gravel.s Based on evaluating several different flows, an esmtimate is made of the flow required to
create a sultable siream enviromment for rearing using the following guidelines:

1e Adeguate depth over riffles

2. Riffle~poocl zatio near 50:50

3. Approximately 60 percent of the riffle area covered by water flow
4. Riffle velocities 1.0 %0 1.5 £i/s

5, Pool velocities 0.3 to 0.8 £i/s

6, The most stream cover aveilable as shelter for fish.

Summery Chart. With a flow recommendation for sach of the four biological activities for each
important species in the study stream, a chart is prepared depicting the life history phases and
minimum flows for each study stream or stream ssction {Fig. 12). The flow seleoted for any mornth or
two-week period ig the highest flow required to ascommodate any biclogical activity during that period.

The Report. The report prepared for each siream or 3 series of sirsams usually includes the
following: flow recommendations for figh life by siream and month; fish spscies distribution and
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abundance; a description of the biological requirements of salmonids; limiting tacto?s to fish in the
gstudy area; fish resource values; streamflow and temperature measurements, and a variety of photographs.

The reader is referred to Appendix C which contains a copy of the outline guide.for the steps in
determining streamflows for fish life developed by the Environmental Management Section of the Oregon

State Game Commission.
i { i his methodology:
Thompson (op cit.) states that two inviolable ground rules have evolved in % )
"Regardleis of(ﬁg\v tempting and how realistic it might be, flow recommendations are based on the biolo-

i Second, we
ical requirements of fish and are not adjusted for seasonally natural flow deficiences. ’
g; not rﬁmend flows for relatively unimportant species if the flow would be harmfully excessive to an

important species.”

Figure 11. Relationship between utilizable spawning gravel and stream flow
on nine Willamette River Basin streams. (From Pitney, 1969)
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FIGURE 12

LIFE HISTORY PERIODICITY and MINIMUM FLOW
REGIMEN for EXISTING SALMONID POPULATIONS
in REYNOLDS CREEK, JOHN DAY BASIN

(From Thompson, 1972)
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WASHINGTON -~ McKINLEY's “MINIMUM ACCEPTABLE SPAWNING FLOW®

HeKinley (1957) presented an approach to determining what he referred to as the "minimum acceptable
flow" based on depth and velocity criteria and measurements in relation to spawning of salmon (species
unspecified but probably chinook, Q. tshewyischa). He states that the depth and velocity criteria are
based on the optimum range for the salmon or, in other terms, the range which normally included (used by)
70 to 80 percent of the fish obmerved.

After a general biological study of a stream {ypical cross-sections are chosen as representative.
Heans are developed to measure the water siage at each cross-section., At various dischargese the water
stage is plotted on the cross-section, and a velocity distribution is plotted above it (see Fig. 13).
The accepted criteria for depth and velocity are superimposed upon the two graphs and from this the
available width of the cross—section having the acceptable ranges is recorded. The measurements and
plottings are repeated for other flows {0 give a suitable range of data.

These data will show the flow at which the maximum of favourable spawning conditions ocour
(according to the selected oriteria), bui McKinley considered it more reasonable 0 select a “"minimum
acceptable discharge" by drawing a tangent from the. curve to the origin. He states, "This system would
assume a linear increase in width per unit discharge up to the point of intersection. Above this point
there would be less gain in width per unit discharge or, in other words, a condition of diminishing
return as regards wabter use only."

McKinley's paper cites the application of this "minimum acceptable disoha.rge"' concept 1o the Tolt
River in Washington. Based on drawing a tangent to ghe curve of combined depth and velocity data, a
recommended "minimum acceptable discharge' of 200 ¢ /s was derived (see Fig. 14).

Two possible shortcomings in McKinley's proposal appear in view of later work. First, assuming
that the criteria used is appropriate and that the measurements and resulting data are truly represen—
tative of available spawning area in the cross—section, then a permanent reduction of flow below that
which would provide maximum spawning area will ineviiably have a depressing effect on spawning. If
flows were normally available to provide the better conditions then an arbitrary reduction resulting
from drawing s tangent on the curve must certainly be recognized as very probably resulting in a long-
‘term reduction in the resource.

Secondly, if we eliminate depth as a factor and concentrate on velocity as do most later workers,
and if we use the apex of the curve rather than the point of contact of the tangent, ge can see that
perhaps the more appreopriate minimum flow recommendation for the Tolt River is 300 £t /s instead of
200 cuble.feet per second.

In essence, HoKinley's proposal suggests that a reduction in flow resulting in a small reduction
in spawning area is acceptable, or in his ‘erms '"more reasonable." This concept may be accepiable or
even desirable under some circumstances of compromising conflicting uses of water, but it should be
recogniged that it will not, in all probability, maintain the salmon resource at natural levels over a
long pericd of years.
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THE IDAHO PROGRAMME

The Idaho Water Resource Board contracted with the Idaho Fish and Game Department to study the
aquatic life water needs in a number of Idaho streams already influenced by sitorage, diversion, regula-
tion or interstate water requirements (Idaho Fish and Game, 1969). As & result of the study, recommen—
dations were made for minimum sustained flows which were described as merely preventing detrimental
effects on populations "which are maintained at a lower level of abundance". The report states that
this is in contrast to optimum flows which allow fish population increases to the fullest possible extent.
(I% is a little difficult for me to understand how the objective of maintaining a fish population at a
lower level of abundance is equivalent to preventing detrimental effects on populations.)

In determining the recommendations for sustained minimum flows the biological requirements of the
coldwater game fish populations were considered in the light of the following criteria:

Water quality (primarily dissolved oxygen and temperature)
Food

Escape cover

Reproduction

Fish passage

The Oregon criteria for spawning flows were used in this study. Consideration was also given to
stream-bottom configuration, composition and gradient, stream—side cover and several climatic conditions.

Stations were established on streams at siate lines, below diversions and impoundments, and at
other places where regulation of streamflows occurred. Past survey and study records were reviewed and
fishery biologists consulted concerning past studies and observations. Where necessary, on-site investi-
gations were made and preferably at the low~flow period of the year. On the larger streams, flow-habitat
relationships were estimated using the nearest or a comparable known flow as reference. In the end the
recommended flows were based on the judgement and experience of the regional fishery biologists.

Although the report does not describe the procedures used in any detail, it is assumed that they are
gimilar to the transect studies used in Oregon and California. However, considerable reliance seems {o
be placed upon the judgement of the fishery biologist as a supplement or a substitute for in-stream or
{ransect measurements. Another troublesome feature of these studies is that the recommendations are made
as a single flow for the entire year. This does not consider seasonal variations in the needs of the
fish and other aquatic resources. The report notes that the resulis of the study must be considered
preliminary in nature. An example of the Idaho recommended sustained minimum flow in relation to high,
low and average flows in the Snake River are shown in Fig. 15 taken from the 1969 report.
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Flow in Cubic Feet Per Second

Figure 15— Average monthly flows for selected years, Snake River at Milner.
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HYDROLOGICAL AND GROMOEPHOLOGICAL APPROACHES TO STREAMFLOW DETERMINATION

Several studies and proposals have been made to relate the hydrology and geomorphology of a stream
or stream basin to the spawning or production of salmon. Such approaches have the obvious advantage of
reducing or possibly eliminating costly and time consuming field measurements and surveys. They have
an additional advantage in that they provide mathematical data and approaches which will help in the
ultimate mathematical modelling of streamflow and aquatic resource dynamics. I shall briefly review
some of the suggested approaches vhich have come to my attention, .

The Flow Duration Curve

A method which has been used to estimate fish~flow recommendations in hydrologically and geologi-
cally similar drainages is the flow duration curve method. Applying it o spawning flows requires the
caloulation of mean monthly flows during the spawning months for a representative period of years tied
in with at least one field-measured spawning flow for each drainage, -

Hinton, Fisher and Mellette (1965) describe the following steps in utilizing this method to arrive
at a spawning~-flow recommendation:

"1, Construct a flow duration curve for a representative period of years for each of the spawning
monthe on probability scale x 3 cycle logarithm paper (See Pig. 16). Denote Q in cubic feet per second
along the ordinate, and the percentage of total years ihat mean monthly flow is less than that shown at
any point on the curve, along the abscissa.

2. Introduce a field-measured fish maintenance apawning flow (flow required to maintain present
averags Tun) on to the individusl flow duration ourves from the point on the ordinate representing the
appropriate flow (Fig. 16).

3. Read off the percentage probability figures (probable percentage of total years that the mean
spawning flow would prevail) for individual monmths along the abscissa.

4. Introduce the percentage probability figures derived from step 3 t0 the abscissa of the graphé
of flow duration curves for any other stream in the same or similar drainages where mean monthly flows
_for similar time periods have been determined (Fig,17). :

5. Read off the estimated maintenance spawning flows for each monmth involved.

6. Average the flows thus derived. This figure is the estimated maintenance spawning flow for
the particular stream.

7. TPollow the same procedure to determine an enhancement (optimum) spawning flow."

The Regression—Equation Method

Rantz (1964) carried out-a reconnaissance study to test the hypothesis that the optimum discharges
(the minimum flow glving the maximum spawning area) for chinook salmon spawning are related to some
characteristic discharge of the streams and to an index of their channel geometry. The study was carried
out in a region of similar geology in the northern Cocast Ranges of Califormia.

Optimum discharge was determined through field measurements at one chinook spawning area on each
of nine streams using methods adopted by the California Department of Fish and Game (e.g., Kier, 1964,
Puckett, 1969). These optimum discharges were then correlated with mean discharge and ratio of aitream
width to drainage area.

Rantz. outlined the following procedure for applying the method to the northern Coast Ranges:

"1, Determine the long~term mean discharge at the spawning reach; the spawning reach has been
gauged for 10 years or more., If the gauging station at the spawning reach is a recent installation,
the long-term mean discharge may be obitained by correlating concurrent monmthly mean discharges at the
spawning-site gauge and a% the nearest comparable gauging station for which the long-term mean discharge
is known. If the spawning reach is ungauged, the first step is t0 make five or six discharge measure-
ments over a wide range of discharge at the spawning reach. To obtain the desired mean, the measured
flows are then correlated with concurrent discharges at the nearest comparable gauging station for which
the long-term mean discharge is known.
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2. Determine the drainage area at the spawning reach: if the spawning reach is gauged, the
drainage area may be obtained from strsamflow publicaitions. If ungauged, the drainage basin above the
reach is first outlined on topographic maps. The desired drainage ares is {then measured by planimeter.

3, Determine the average stream width at the spawning reach when the discharge is at or near its
mean value: if the spawning reach is gauged, the stage of the mean discharge will be known., If the
spawning reach is ungauged, the stage corresponding to meen discharge can be deduced from the discharge
measurements that had been made at the reach. Observations of stream width corresponding to the desired
stage should be made in sufficient numbers to establish the average width for the full extent of the
spawning reach or reaches, Commonly in the northern California Coast Ranges, the lowest line of vege~
tation on the siream banks is approximately at the stage of mean discharge.

4. Determine optimum discharge at the spawning reach by use of the regression equation or curves.
The eptimum discharge may be calculated from the data obtained in the three steps desoribed above; by
use of the regression curves on Fig. 18, or by substitution in the regression equation:

Q, = 089 () "% (R:_g) 1.44,

where Q? is optimum discharge in cubic feet per second, is mean discharge in cubic feet per second,
Rw is the ratio of stream width, in feet, to drainage area, in square miles.,"

Although Rantz cautions that this is an exploratory study and urges that further studies be made
to test the validity of the method, the resulis were encouraging. The multiple correlation coefficient,
0.912, is statistically significant. Table 8 gives a comparison of optimum discharge figures based on
field measurements and those derived by the regression-equation computation.

Other Hydrology -~ Geomorphology — Geographical Approaches

Several other workers have called attention to the relationship between salmon spawning and rearing
flow requirements; basin hydrology, geographical or geomorphological factors, and basin area (e.g.,
Washington Department of Fisheries, 1967). Ziemer (1971) developed an index expressing the relationship
between drainage system geometry and freshwater production factors for pink salmon (Oncorhynchus mrbuscha)
in Prince William Sound, Alaska. From his work Ziemer concludes that an index of the salmon production
potential of freshwater streams quantitatively forecasting the number of spawners a stream system can

accommodate is possible and, as a management tool, will help biologists in determining optimum spawning
" escapements for individual siream systems. As with the work of Rantz, Ziemer notes the need for further

gtudy of finite channel and drainage system data agalnst proper fish production data through regression
analysis,
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TABIE 8

Comparison of Measured and Computed Optimum Discharge

=

Spawning site Optimum discharge
Ko, Wame and location Heasured Compu}ed Percent
(£t ¥/s) (££3/s) difference
referred to
measured
discharge
1 Outlet Creek near Armold 480 379 - 21
2 Black Butte River near Covelo 280 189 - 32
3 Hiddle Fork Bel River near Covelo 400 481 + 20
4 Williams Cresk near Covelo 73 103 + 41
5 South Pork Eel River near Branscomb 185 346 + 87
6 South Fork Eel River near Leggott 400 533 + 33
T Van Dugen River near Carlotia 1 000 694 - 31
8 Canon Creek near Korbel 165 116 - 30
9 Had River near Korbel 1 400 1 270 - 9

. {From Rantz, 1964)
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REARTHG FLOWS FOR SALMON

MKuch less work has been done on the flows needed for rearing of juvenile salmon than on the flous
needed during the spawning period. It has been common practice to devote most attention to the spawning
period and assume that juvenile salmon can survive in much reduced flows since in most salmon sireams
the summer flows are naturally lower. This sssumption has unforiunsately resulted in reducing summer
controlled discharge rather drastically in many salmon streams. Recent studies have shown that summer
discharge and water velocity have a significant relationship %o the rearing capacity of coho salmon
streams.

Pearson, Conover and Sams (unpublished draft, 1970?) carried out studies 4o develop field methods
usable in determining adequate rearing flows for coho salmon (Oncorhynchus kisutch). They described
two approaches as follows:

"Pool Velocity Method, This method is based on the fact that pool velocity seems to be an index
of the factors that control the population of juvenile coho in a pool. The numbers of fish per pool
area wers found to be related to the average velooiiy through the pools.

With this method the assumption is made that conditions for rearing would improve with higher
velocities in the pools. These conditions would improve until the current in parts of the peols becomes
%00 fast and reduces the pool arsa available for coho rearing. Haximum velocities of about 0.7 ft/s
at which coho were found in rearing could be used as a oriterion for the optimum velocity in pools.

The method consisis of getting measurements in the pools of the study siream that would emable the
average pool velocity to be caloulated for several streamflow levels, The optimum flow would be that
flow in vhich the average velocity of the study pools matched the velocity criterion of 0.7 foot per
second.

The Riffle Method. Food snpply' has been shown to be an important ingredient in the coho produo-
tion of a stream, Therefore, an optimum flow for coho juvenile rearing would be that flow which
provided the maximum amount of fish food while velocities through the pools are not excessive.

A large portion of the food supply originates on the riffles. The mayximum amount of fish food is
.controlled by at least two factors related to flow. These two factors are water velocity through the
riffle and the amount of riffle area. Resulis from our work indicate that peak insect produciion on
the riffles occurred at velocities of about 2,0 feet per smecond., Therefore an optimum flow based on
fish food production would e that flow which covered the greatest amount of the riffle and still
provided large sections of the riffle with water velocities of about 2,0 feet per second.

This method would entail measﬁring the areas and velocities of an adequate sample of the riffles
of the study stream, From the results of these measurements, it could be determined what was the
best riffle area~velocity combination."
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RELATIHG PAST FLOWS TO YEAR-CLASS SUCCESS

Flows for Downstrsem Nigrant Juvenile Salmonids

Although considerable work has been done 40 quantify the waterflow requirements to the spamming
activities of salmon, thers are several obher periods in the 1life cycle of salmon, any of which may be
equally, if not more, critical in iterms of their waterflow reguirements. Omne of these, of course, is
the period of dowmstresm migration of juvenile salmon.

I% has long been thought that the times of largest flow requirements were the periods of spawning
and possibly upsitream migration and at other times the flows could be greatly reduced without harm.
I% ie becoming increasingly evident that this is not true.

A high correladion {r = 0.84) wee found by Pry (unpublished menuscript, 1965, reported in
California Depariment of Fish and Geme, 1972) bebween the Harch-April flow (the dowmstream migration
period of the juvenile chincok salmon) of the San Joaquin River and the size of the chinook salmon
spawning population in the Tuolumne River (a tributary of the San Joagquin River) two and three years
later,

Menchen (unpublished data reported in Celifornis Deparitment of Fish and Game, 1972) updated Fry's
work to include chinook salmon spawning stocka through 1971. These data had a correlation coefficient
of 0.81; they are plotted in Pig. 19. He also correlated the number of females in the Tuclumne River
rung with riverflows in Harch through June. This wss done because in recent years most females returned
as 3~year fish, and therefore the relationship between the females and flows 2% years earlier is more
direct *)than using total run data. The ocosfficient of correlation for this relationship was 0,79 (Eee
Fige 20), :

These data and calculations by Fry and Msnchen suggest that the size of a spawning population
(as a reflection of juvenile survival) increases slowly at first in relation to riverflow (at time
of downstresm migration of juveniles), then increases rapidly with further increases in streamflow and
then reaches a plateau beyond which the increases cease or are small in relation to increments in flow.

This information, coupled with the fact that there is far lese correlation between flows at time
of aduli upstream migration and the adult spawning population, strongly suggests that streamflow at .
the time of dowmstream migration may be a major influence on chinocok salmon populations. The California
Department of Fish and Game report (1972) notes that high streamflows at the time of downstream migra-
tion oreate & more favourable enviromment for the survival of juvenils salmon by:

(1) oproviding more living space and shelter, thus reducing intra-specific competition, both in
the broodsiream and along the migration route;

(2) reducing vulnerability to predaiion;

(3) reducing losses in irrigation diversions (at higher flows the proportion of water diverted
is smaller and losses would also be less).

The report does not mention another possible fastor; with higher flows the orientation of down-
stream migrating juvenilesa would be greater, thus resuliing in legs siraying.

Striped Bass Survival

Another exsmple of comparing survival or sirength-of-year classes with streamflow has been done
in the delta snd lower sections of the Sacramento and San Joaquin Rivers in California. This is an
important avea for striped bazs (Horons saxatilis) which migrate upstream in the spring of the year
from the bays or ocean to spawn in the rivers. With their semi-buoyancy and the currenis of the river
water keeping them suspsnded, the eggs develop as they move downsiream. Spawning generally takes place
in Hey end Juns. The larval fish spend their first summer in the delta at the confluence of the
Sacremento and San Joagquin Rivers.

Host spawning ocours in fresh water, Because of low flows in the San Joaguin River and a high
percentage of poor quality agrioculiture return water, a reverse salinity gradient ocours in some years.
When these salinitles of agriculiural origin  exceed 350 mg/l TDS, the adult striped bass generally
refuse to spawn and must drop back downstream o areas of lower salinity (Radke and Turmer, 1967).
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A significant correlation (r = 0.89) between delta outflow during June and July and the survival
of juvenile striped bass has been demonstrated by Chadwick (1969) and Turner and Chadwick (1972). 3These
studies indicate that survival of young striped bass is relatable to cutflow up to about 10 000 £t /
Six flow-related factors have been suggested by Turner and Chadwick (1972) as the reason for this
increaged survival at higher flows. Figure 21 depicts the relation between the index of year class
abundance of young striped bass and river outflow during June and July.
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DETERMINING FLOWS FOR TROUT STHEAMS

The science of determining adequate comtrolled discharge for trout streams is developing slowly.
Actually, serious efforts to quantify the etreamflow needs of trout populations have only taken place
in the past 20 0 25 years. Earlier work on the biology of trout has, of course, provided data essential
to these recent efforts. .

Most attempts to quantify the flow requirements of trout have concemtrated on: (1) food produc-
tion, (2) spawning and (3) shelter. Many studies have depended largely upon the judgement of
biclogists (e.z., Idaho Fish and Game Department, 1969), comparison of photographs of a siream at various
flows, caloulations of wetted area at various flows or a combination of these, e.g., Kent (1963} and
Petersen and Leik (1958). Others have measured the depth, velocity or volume of flow and related these
data to trout food production, spawning and shelter. These are, for the most part, rather grosgs or
limited evaluations of two or three parameters and certainly, at best, are probably only approximations
of the total effects of various streamflows on the lotic enviromment of trout. However, they are signi-
ficant steps in the direction of ultimate quantification of the many scological fachors vhich make for
a trout population of ceritain size and composition.

Kelley; et al, {1960 and 1964) reviewed the problems of measuring and evaluating these parameters.
Their first measurements were mads on Frazier Crsek, a small mountain trout stream where flows could be
conmtrolled within ceriain limits. Their study area consisied of an 8i=f% long riffle and a 64-f% long
pool. Tt was divided into small sections and measurements of food-producing, shelisr and spawning areas
were made with tapeg and staffs marked off in feet. The measurements were made ai six discharges ranging
from 0.5 to 30,8 £37/8. Flows wers measured with a Gurley curreni meier.

The criteria used by Kelley, et 21.(1960 and 1963) were:

(1) for food producing areas — those areas with large gravel or rubble where surface velocities
wore estimated {or measured) to be above 0.5 % /s;

(2) for shelter - the bioclogimt's best estimate;

(3) for spawning - the area where velocities were from 0.5 to sbout 3.0 f‘t3/s, with a depth of
0.25 %0 3.0 £% over gravel of pea size 40 2 in in diameter.

The Frazier Crsek studies demonsirated that both food producing and shelter area incrsased as
gtreamflow increases bvut +that the rate of gain became less as the wolume of flow filled the sireanm
channel,

Delisle and Eliason (1961) gathered data from similar measuremenits on the Middle Fork Feather
River. Table 9 sghows the data gathered in this study and those on Frazier Creek.

Studies in 1963 by biologists of the California Department of Fish and Game were guided by the
following criterias

"1, Food gpupplying areas - defined as those areas of the stream bottom which have a velocilty of

between one-half and three feet per second, measured .2 foot from the bobtom with a standard ourrent
meter.

2, Spawning areas — defined as those areas of the stream bottom which have (1) water velocities
.2 foot from the botiom of one-half %o three feet per second, (2) at least a 2-fooct square msction,of

bottom consisting of gravel from pea size to three inches in diemeter and (3) & water depith of between
three inches and three feet.

3. Shelier area -~ iz defined as those more or less permanent local babitat condiitions which tend
to protect the adult trout from harmful factors {man, birds, snakes, fur-bearing mammals, solax radia=-
tion) in its enviromment., In measuring shelter area along a cross-gectional line in a natural stream
enviromment, only groass lack or gross sbundsnce of cover will be defined. Area of ghelter will not be
defined in units of less than one fool in width. If any one-fooi interval has enough cover %o more
than provide shelier for one adult trout (siz inches plue) it will be counted as cover arvea. If =
one-=foot area does not contain at least encusgh cover for ome adult trout, it will not be counted as
cover, All arsas where, due 1o surface jurbulence, the boitom cannot be seen will be initially counted
as shelier—=producing area. These same aress will be re-evaluated vhen the flow is lower to determine
if the bottom subsirats could provide shelier. Bedrock or smooth bottoms will not be considered as

cover except. in gome pools whers surfase turbulence may provide cover even with a relatively smooth
botteme” - :
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TABLE 9

Area (in ftz) of Food Producing, Shelter and Spawning Area
Per Lineal Foot of Test Sections in the California Trout Streams

Flow in Food Producing Shelter | Spawning
£t3/s Area Area Area
PFrazier Creek 0.5 1.3 1.8 T
2.6 T.0 2.4 T
4.8 10.6 8.0 0.3
9.0 12.6 9.0 0.3
12.0 14.9 10.6 0.3
30.8 18.5 14.4 0.3
Middle Fork
PFeather River 41 30.8 38.4 0
58 35.4 39.2 0
70 45.9 45.2 T
94 47.4 48.5 T
109 516 50.1 T
212 58.4 581 0,03

(From Kelley et al., 1964, and Delisle and Eliason, 1961)
T = Trace
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Kaweah River (California) Studies

In 1971 studies were conducted to evaluate the frout food production potential of several stream—
flows. The following is a description of the methods used in that study (Horton, 1972):

Trout Food Production Studies

Methods

In order to determine how flow reductions affect availability of trout habitat, a study to evaluate
the trout food production potential of various streamflows was conducted in the summer of 1971.

Seven transect locations were chosen to represent ftypical riffle sections., Wetted width and depth
and bottom velocity 0.3 ft above the bottom were measured at intervals across the permanent transect
line at each site at various streamflows, Photos itaken at each measurement provided a record of cover
and general river hebitat conditions.

In analysis of the collected data, a graph of flow versus wetted width was drawn. On the same
graph, using the criteria of water depth greater than 0.3 £ and bottom velocities between 0.5 ft/s
and 3.5 ft/s as good trout food producing area, the amount of wetted width rated good was also plotied
against flow.

To further analyse the transect data, various velocities measured were assigned relative values
for trout foed production potential. These values were set following a2 normal curve distribution with
2.0 ft/s velocity as the optimum value. The relative value of trout food production decreased approaching
0 and 4 ft/s, respectively, at either end of the curve. Each velocity measurement across a transect
line was used to determine the relative index of trout food production for that interval. The total
of these indices was plotted against streamflow and labelled the "Relative Index of Trout Food
Production, This method of analysis was used to evaluate the quality as well as the quantity of trout
food producing area.

Resulis
The stream transect method assumes that water depth, and more importantly water velocity, are
qualities that can be used in determining the value of an area as game fish habitat. Optimum veloci~

ties provide a maximum of aeration, cover, and distribution of the proper nektonic and benthic food
organisms needed for game fish production.

Width Rated Good

As streamflow increases from gsome value at or near zero, the width rated good for trout food
production increases rapidly at first and then tends to stabilize or increase more slowly with consi-
derably higher flows. Flow changes on the lower end of the range generally result in greater increases
in usable width than will the same changes on the upper end of the range. A well defined break, or the
midpoint of maximum slope on the graph representing plotted transect data, can be said to be the
toptimum flow',

The data curves for two combined trangect sites on the East Fork Kaweah and five combined transect
sites on thg Hiddle Fork Kaweah show drastic decreases in "width rated good" and wetted widith at flows
below 25 £t / B Hgaeurements of width gated good for trout food production on the East Fork ranged
from 16 £t at 5 £4°/s %o 64 £t 8,94 £t /s. The combined width rated good for the five Middle Fork
sites ranged from 100 £t at 15 £t7/s to 195 £t at 60 £t°/s.

Relative Index of Trout Food Production

It was found that the "relative index of trout food production" increased with streamflow in a
mammer graphically similar to the analysis of "width rated good". On the East Fork, the point where
there was significant decrease in the index with decreases in streamflow again occurred at about
25 % /s. Results at three Middle Fork Kaweah ftransect sites showed a linear pattern of index increase.
Data points for the two remaining3Middle Fork study sites were somewhat erratic, showing optimum stream-
flow values ranging from 25-40 f% /s.
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Averagze Velooity

A study conducted on the Kern River comparing numbers of aquatic insects to various velocities
0.3 £t sbove the stream bottom showed that velocities around 2 £3/s were preferred by most of the
geners present. Assuming that the types of agquatic insects and their value to gamefish wers similar
on the Kawezh, an analysis of average bottom velocities at the various streamflows was mads.

« :

The highegt average bottom velocity on the Esst Fork Kawesh, s value of around 0.9 f*b/s, ocourred
at aboui 30 £17/8. On the Hiddle Fork, an optimum valus of spproximately 0.7 £%/s cccurred at about
40 £%°/s discharge. :

Pictorial Bveluation
Photos used for subjective evalustion of cover, fishability, turbulence and aesthetic qualities
of %the river at various discharges show that the guality of habitet increased greatly with incressing

gtreamflows,

Trangect Studies on Troud Streams

The following is an outline of the methods currently in use by the California Depariment of Fish
and Qame for transect studies on trout streamss

Trangect Studies

The Prensect procedure is patterned after king salmon studies on the Feather (Delisle and Eliason,
1961) end Comumes (Wesigaie, 1958) Rivers, with modifications to £it trout stream conditions such as
smaller riffles, higher stream gradient, greater variation in bottom type, and importance of food
production. .

Because of manpower limitations, riffles ars classified into four size groups, to allow reasonable
time to take measurements on largs riffles =g well a3 an adegquate sample of smaller riffles,

I. Select Transect Stations
L, Recoomaimsance of entire stream section below diversion structure.
B. Selection of representative riffle sections for test stations; and establishment of a
general range for test flow releases, based on observations. It is extremely imporxtant
that the selected rangs of test flows be adequate to cover the siréam size.

II. Heasurements

A. Establish a straighi-line parallel 4o the river flow at each test site along ome bank
- gbove high~wnter merk (highest test flow).

Be BSet stakes along this "reference bank® at the following intervalss
1e If test riffle is 30 £% long or under, set up four transecis at equal intervals.
2o If riffle is 31 %o 50 £t lomg, set up %ré.nsac‘bs gt 10-f% intervals.
3¢ If _riffle is 51 %o 75 £ long, set up transects at 15-f% inbervala.

"4 If riffle is over T5 £4 long, set up transects at 20-£% imtervels, to a maximum of
six trensects.

Cs Set stake on far side of river opposite each stake on refersnce bank, The line bhetween
. eash pair of stzkes should be perpendicular to the miver flow. (An attenmph . .should be
made 10 select riffles which rum in a relatively straight iine.)

De S‘!;r-etoh enginéer‘s tape measure, divided ot Co1 £t intervals, scross the river with nOw
mark at refersnce ghake. :
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I1I.

E. At each test flow take the following measurements, starting at the "O" mark.
1, Location of water's edge, both sides of river.
2. Depth of water at the following intervals, based on highest test flow release (depth
to nearest 0.1 £t on wading rod).
a. Six inches if stream width is less than 18 feet
be One foot if stream width is 18 to 35 feet
ce Two feet if stream width is 36 to 53 feet
d. Three feet if stream width is 54 to 71 feet
e, Four feet if stream widih is over 71 feet
3, Velocity of water, 0.25 £t from the bottom, at the same locations as depth measurements.
4., Bottom-type, at same locations as depths and velocities (should be evaluated only at
lowest measured flow to facilitate observation). Botitom types include:
e Clay
b, Silt
¢, Sand :
d. Gravel (¥8 in to 3 in diameter)
e. Rubble (3 in to 12 in diameter)
f. Boulder (over 12 in diameter)
g« Bedrock
h. Plant material and detritus
5. Locations of edges of emergent rocks, to nearest 0.1 %,
F» Streamflow (ft3/s) at time of transect measurement.
Ge Incremental flows - iributaries, ground water, etc.
Bvaluations
4. Depth —~ less than 0,25 £t considered too shallow for good trout habitat. Since depths
were measured to the nearest tenth of a foot, all areas listed on data sheets as less
than 0.3 £ are too shallow.
B. TVelocity — less than 0.5 £t/s is t0o slow for good riffle habitat; over 3.5 ft/s is
too fast.
C. Calculation of area — each measurement is assumed to be the average {depth, velocity,

bottom type) for half of the distance to the next measurement, both across the stream and
parallel to the direction of flow. The following is a simple formula for the calculation
of each section area:

A=da(i-r1x)

A = area of individual section (square feet)

d = distance between transects (feet)
i = interval between measurements (feet)
r = length of interval which is not submerged (emergent rocks)

In actual practice it is not necessary to calculate the area of each section separately.
Only sections with emergent rocks must be calculated individually (also edges).



FIRS/T143 61

RATE OF FLOW CHANGE (LIMITING FLUCTUATIONS)

Sudden changes in streamflow can have a number of adverse effects. Stranding of fish and fish food
organisms, and the disruption of migration and spawning activities have been demonstrated in a number
of studies made on quick reductions in flow, Sudden increases in flow can also cause disruption of
spawning aciivities and scouring. Rapid changes in flow are a common occurrence in the operation of
hydroselectric power plants. Rapidly fluctuating flows can be a problem at any dam, especially if the
outlet struciures are not designed to provide gradual changes in the flow releases. A very real danger
to downstream fishermen can result from sudden increases in flows. In past years a number of anglers
were drowned in the Klamath River in California due to sudden discharges from a hydro-electric power
plant. This condition was ultimately rectified by construction of a re-regulating reservoir below the
discharge to smooth out the flow.

It is becoming standard practice to require operational limitations designed o ensure that the rate
of change of the discharge to the stream channel from a dam or hydro-electric power plant or other arti-
ficially controlled source is not damaging to the downstream resources. Most such limitations have been
designed more by the biologists' or recreation specialists' judgement than by the results of specific
scientific study. ' '

A fairly recent limitation imposed on the operation of the Llyn Celyn Dam in the River Dee system
in the U.K. called for a maximum allowable rate of reduction of 120 m.g.d. per hour to be achieved in
uniformly spaced steps not greater than 10 m.g.d. each. This limitation applies during the winter months
of December to February. - During the remainder of the year when there is greater risk of stranding fish,
the maximum allowesble rate of reduction is 20 m.g.d. per hour for flows above 120 m.g.d. and 10 m.g.d.
per hour for lesser flows;in uniformly spaced steps not greater than 5 m.,g.d. each, To provide this
rrotection for the salmon resources required thz design of the generating plant and outlet structures
to accommodate a wide range of flows (7 to 250 m.g.d.) under varying heads (Cramm, 1968). It is
suggested that these limitations are approximete simulations of the rate of recesgion of a natural river
after 2 rain (Blezard, Crann and Jackson, 1970).

Another approach to limiting fluctuations is to restrict the change in river height as represented
in the U.S. Federal Power Commission Order Issuing Licence WNo. 2299 on the Tuwolumne River (U.S. Federal
Power Commission, 1964) a chinook salmon {Oncorhynchus tshawytscha) spawning stream in Califormia, A
multi-purpose irrigation water supply, hydro~electric and flood-control dam would have fluctuating
releases o satisfy peaking hydro-electric and flood-control objectives., Unrestricted operation for
these purposes would have been deirimentel to the spawning, rearing and pagsage of salmon,

Under the Federal Power Commission Order the flood-conitrol releases could be made as necessary with
the exception that during the 45~day salmon spawning period the flows would be increased o0 4 500 ft3/s
within 24 hours and reduced as soon as possible after flood-control criteria are met. Apparently this
was 0 keep the pericd of excessive flows o a minimum so that salmon would not start spawning in marginal
areas of the higher flows oxnly to have the redds de-watered when the flood releages were terminsted.
Discharges for salmon during this same period would range between 200 and 385 £t /s by the Federal Power
Commigsion Order,

For purposes other than fleood combrol the discharges were limited during the 45-day spawning period
80 as not o cause a daily increase of river height in excess of 10 in, provided that for a period not fo
exceoed two hours per day, the increase could exceed 10 in buit not more than a total of 18 in. During the
incubation and downsiresm migration of the juveniles the river height could not be reduced by more than
4 in below the average height esteblished in the 45-day period, excluding heights reached as a consequence
of daily fluctumiion in exmcess of 4 in during the 45=day period. MNinimum fish release discharges would
range between 135 and 280 % /s during this psriod.

Hore restrictive fluctuation controls were recommended to the Federal Power Commission by the State
biologists for the Tuclumne River. They recommended limiting fluctuations t0 not more than 0.2 £1 in
river depth during the spawning period and limiting reductions in flow 40 no more than 0.4 £t in river
depth during the incubation periocd.

The British Study CGroup on the Fisheries Implications of Water Transfers Between Catchments made
preliminary recommendations regarding operating procedurse for initiation and cessation of seasonal inter—
basin transfers as follows:

"(4) Tt is recommended that the sudden onset and sudden cessation of transferred flows should
always be aveided, the "build-up" and "die-down! periods being of not less than 24-~hours
duration.
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(B) 1% is recommended that where iransfers produce enhanced flows which attract fish into small
streamg which they would not normally ascend, consideration should be given to the situation
resulting when the transfer siops. Where siranding in inadequate flows and deptha is likely
to result, the transfer should be partially contimied to safe them or at least until
such time as the fish have been enabled to leave the sitream (British Ministry of Agriculture,
Fisheriea and Food and Association of River Authorities, 1 972)."

Abnormally high fluctuations resulting from controlled discharges could result in major changes in
the characterigtics of the stream chammel. Channel configuration is basically the result of the more
repetitive flow conditions rather than the occasional spate. If controlled discharge fluctuations are
t0o be of a magnitude comparable to major flood conditions and repeated frequently, the channel will be
subjected to forces which will probably cause configuration changes.

Similarly, if the rate of change or range of fluctuation is much less than natural conditions, this
can result in chamnel changes. For example, the absence of high flows in many Califormia salmon and
trout streams after water development has resulted in extensive encroachment of terresirial vegetation
(especially willows) on the stream channel, This has reduced spawning and food producing areas. Fluctua-
ting flows or flows of sufficient magnitude to deter vegetation encroachment is a necessary consideration
in developing controlled-flow recommendations.

Fluctuating flows can have an important effect on the downsitream fishability and navigability of a
stream, In determining an allowable or recommended maximum rate of change of controlled flows or fluctua~
tion range, consideration must always be given o the effect on channel configuration, velocity and
depth changes, bank-erosion, sediment transport, spawning and food production, migration and passage of
fish, navigation, fishing riparian vegetation, and vegetation encroachment on the stream channel.
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NOTES ON METHODS IN OTHER AREAS

British Golumbia

Hooper (1973) reports that the Fisheries Service of Britigh Columbia is in the process of developing
methods for determining discharge recommendations for salmonids stressing quantified descriptions of
their habitats., He further indicates that they are experimenting with the Manning hydraulics equation
with which water-surface profiles and velocities can be calculated from information gathered at a known
flow.

United Kingdom

Faced with massive plans for inter-basin transfers of water involving many rivers, the British
Ministry of Agriculture, Fisheries and Food and the Asscciation of River Authorities jointly established
the "Study Group on the Fisheries Implications of Large~Scale Water Transfers Between Catchments," The
Study Group consists of 17 individuals including some of the leading authorities on stream biology and
hydrology in England and Scotland. (See British Ministry of Agriculture, Fisheries and Food, 1972.)

Since May of 1971 the Study Group has been making a careful review of the information available and
considering what further infommation or research is necessary, 1o enable the potential effects on
fisheries to be accurately assessed. Early in its deliberations the group established the guidepost
that the biological changes resulting from water transfers between one catchment and another are likely
10 be reflected at all trophic levels. The whole ecological situation, faunal and floral, is therefore
likely to undergoe change o some extent, even though the change may not be significant at the uppermost
trophic level of fish production. The group therefore concluded that in examining the effects of water
transfers it is necessary to consider not only the fish themselves, their eggs and progeny, but also
their food supply — for without this a fishery camnot survive. Since the food organisms on which the
fish depend are themselves dependent largely upon detritus, algae, and macrophytes for food, the group's
attention is directed to the effects of water transfers on these levels of the biota as well.

Having sat in on one of the Study Group's meetings in late 1972 and having reviewed a number of
the documents it is developing and considering, I am impressed with the in-depth treaiment and expertise
being applied to the problems., I am optimistic that this effort will result in many helpful techniques
and criteria for application in other areas.

Wyoming

Two approaches are reported by Hooper (1973) as being used by the Wyoming Game and Fish Commission.
One method involves the gathering of empirical data on the effect of various controlled discharges where
this is pomsible. Where it is not possible, the Wyoming Commission is reported by Hooper to use the
following "rule of thumb" for planning purposes:

M, e00oinstantaneous bypass flows at each structure to the tailwater and stream bed immediately below,
should never be less than 10 percent of the mean anmmual flow of record at the location of the structure
for a warm water fishery and not less than 33 percent of the mean anmual flow of record for a cold water
fishery."

Here again, I must point out the danger in using a "rule of thumb" geared to a percentage of the
mean anmual flow., If applied as a single flow throughout the year it will, in most cases, result in
more water than may be needed in some months and in other months it will result in reduction of normal
flows to the detriment of long-established fish populations. Application of this approach can usually
be expected to result in a decline in fishery values as well as aesthetic and a number of other values
of a stream. Unfortunately such "rules of thumb" are not uncommon, despite their acknowledged weaknesses.
They tend to expedite decisions in the face of political or economic pressures.
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Appendix A
Definitions

Abstraction. The taking of water from a stream or other body of water into a canal, pipe or ¢ther
conduit or otherwisge removing it from its natural course. Synonomous with "diversion®.

Acre~foot. A unit for measuring the volume of water. It is equal to the quaniity of water required
%o cover one acre to a depth of one foot and is equal to 43 560 cubic feet, or 325 851 gallons (UeSe ),
or 1233.49 cubic meters., It is commonly used in measuring volumes of water impounded, stored or used.

AeDeFo (a.d.f.)e The average daily flow., The mean flow over a period of 24 hours. Synonomous with
"Daily mean discharge”. It is sometimes used in place of "average anmual discharge" (e.g., Baxter, 1961)
or "average discharge".

Annual flood. The highest peak discharge of a stream in .a year {usually in a water year).

Annual mean discharge. The arithmetic mean of the daily mean discharges over the period of a wabter year.
Average anmual dischargs. The mean of a number. of annual mean discharges (not necessarily consecutive).
Average discharge.,  The arithmetic average of all complete water years of record whether or not they are

congecutive. The term "average" is generally reserved for average of record and "mean" is used for
averages of shorter periods, namely, daily mean discharge. (Langbeln and. Isiri, 1960.) '

Bank gtorage. The water absorbed into the banks of a stream channel, when the stages rise above the
water table in the bank formations, then returns to the channel as effluent seepage when the stages fall
below the water table. Langbein and Isiri, 1960 (After Houk, 1951).

Braiding (of river channels). Successive division and rejoining (of riverflow) with accompanying islands
ig the important characteristic denoted by the synonomous terms; braided or anastomising stream. A
braided ‘stream is composed of anabranches, (Langbein and Isiri, 1960.)

cfs ( .f.s.)._ Abbreviation of cubic feet per second. (Commonly used in U,S.A. and Canada).

Cfs — day. The volume of water represented by a flow of 1 cubic foot per second for 24 hours., It
ale 8 400 cubic feet, 1.983471 acre-feet or 646317 gallgns (U.S.).

Cfsm, Abbreviation of cubic feet per second per square mile. The average number of cubic feet of water
per per second flowing from each square mile of area drained by a stream, assuming that the runoff is
dlstmbuted’ uniformly in time and area. (Langbein and Isiri, 1960.)

Cubic feet per' gsecond. A unit of measurement expfessing rates of discharge. One cubic feet per second
is equal t0 the discharge of g siream of rectangular cross section, one foot wide and one foot deep,
flowing water at an average velocity of one foot per second. (After Langbein and Isiri, 1960.)

Cusec. The abbreviation for cubic foot per second commonly used in the British Commonwealth countries
except Canada.

Daily mean discharge. The mean flow of a stream over a period of 24 hours (usually midnight to midnight).
(Dalmer, 1972.) . '

Discharge. In its simplest concept discharge means outflow; therefore, the use of this term is not
restricted as to course or location, and it can be applied to describe the flow of water from a pipe
or from a drainage basin. If the discharge occurs in some course or channel, it is correct to speak
of the discharge of a canal or of a river. It is also correct 1o speak of the discharge of a canal

or stream into a lake, a siream or an ocean. The discharge of drainage bhasins is distinguished as
followss

Yields The total water runout or crop; includes runoff plus underflow.
Runoff. That part of water yield that appears in streanms.
Streamflow. The actual flow in streams, whether or not subject to regulation,; or underflow.

(After Langbein and Tsiri, 1960)
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Diversion. The taking of water from a stream or other body of water into a canal, pipe, or other
condnit. (Langbein and Isiri, 1960.) Synonomous with "abstraction".

Drainage area. The area, at a specified location, measured in a horizontal plane, which is enclosed
Dy a drainage divide. (After Lengbein and Isiri, 1960.)

Drainage basin. A part of the surface of the earth oocupied by a drainage system congisting of a
surface stream or a body of surface water together with all tributary surface streams and bodies of
impounded surface water. (After Langbein and Isiri, 1960.)

Drought. A period of deficient precipitation, ranoff - or streamflow, extending over a period of time
but without a specific standard against which to measure the deficiency or the period of time, (Usually
accompanied by or resulting in desiccation or depressed growth rates in vegetation; a depression in
animal and human activities or well-being, or a shortage of water for animals and crops. )

Flood. An overflow or inundation from a stream or other body of water and causing or threatening damage.
Any high streamflow overtopping the natural or artificial banks in any reach of a siream. (After Langbein
and Isiri, 1960.)

Flood peak. The highest value of the stage or discharge attained by a flood; thus, peak stage or peak
discharge. Flood crest has nearly the same meaning, but since it comnotes the top of the "flood wave",
it is properly used only in referring to stage -~ thus, crest stage, but not crest discharge. {Langbein
and Isiri, 1960.)

Flow-duration curve., - A cumulative frequency curve that shows the percentage of time that specified
discharges are equalled or exceeded. {Langbein and Isiri, 1960, )

Fords. The shallower énd faster-running parts of a stream. Synonomous with riffle areas. (England
and Scotland.)

H. O, Flow or Hands Off Flow. That natural flow below which no abstractions will be made from the
stream without there first being an augmentation of the flow equivalent to the abstraction to be madse.
A term commonly used in England. ‘

drograph. A graph showing stage, flow, velocity, or other property of water with respect to time.
%Langbein and Isiri, 1960.)

Impaired flow (or discharge or runoff). The flow of a stream as altered by regulation, control or
abstraction.

Low-flow frequency curve. A graph showing the magnitude and frequency of minimum flows for a period

of given length. Frequency is usually expressed as the average interval, in years, between recurrences
of a.n)annual minimun flow equal to or less than that shown by the magnitude scale. (Langbein and Isiri,
1960,

Monthly mean discharge. The arithmetic mean of the daily mean discharges over a calendar month.
zDalmer, 1972.)

Optimum flow {or dischar@). A level or volume of streamflow at which there is the most desirable
combination of conditions for maximum production of a species or combination of species of aguatic
organisms. Used also to denote the flow that will give the maximum satisfaction of a condition or
conditions needed for a particular phase of an organism's life cycle, e.g., optimum spawning flow,

Pool. A reach of mtream in which there is deep water usually of reduced velocity and lying between two
riffles or two reaches with shallower depth and higher velocity. Natural streams often consist of a
succegsion of pools and riffles. (After Langbein and Isiri, 1960, in part.)

Rezimen (of a stream). The system or order characteristic of a stream; in other words, its habits with
respect to velocity and volume, form of and changes in channel, capacity to transport sediment, and
amount of material supplied for transportation., The term is also applied to a stream which has reached

an equilibrium between corrosion and deposition or, in other words, to a graded stream. (After Langbein
and Isiri, 1960.)

Regulation., The artificial manipulation or control of the flow of a stream.
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Return flow (or return water). The part of water used on land (e.g., for irrigation) that is
not consumed by evapotranspiration and returns to its source or another stream or body of water.

Riffle. A reach of stream in which the water flow is rapid and usually shallower than the reaches
above and bslow. Natural streams often consist of a succession of pools and riffles.

Riparizn. On or pertaining to the banks of a stream.

Runoff. That part of the precipitation that appears in surface streams, It is the same as "streamfldw"
unaffected by artificial diversions, storage, or other works of man in or on the stream channels.,
(Langbein and Isiri, 1960.)

Second-foot. Same as cfs. This term is an infrequently used shortened version of cubic foot per second.
Shelter. A place where a fish will seek when frighitened or disturbed.

Stream. A general term for a body of flowing water. 1In hydrology the term is generally applied to the
water flowing in a natural channel as distinct from a canal. Streams in natural channels may be classi-
fied as follows:

Peremnial. One which flows continuocusly.

Intermittent or seasonal., One which flows only at certain times of the year when it receives water
from ground or surface sources.

Ephemeral. One that flows only in direct response to precipitation, and whose chamnel is at all
times above the water table.

Continuous. One that does not have interruptions in space., In other words, without dry sections.

Interrupted. One which contains alternating reaches, that are either perennial, intermittent or
ephemeral.

Gaining., A stream or reach of a stream that receives water from the zone of saturation.
Losing. A stream or reach of a stream that contributes water to the zone of saturation.

Insulated. A stream or reach of a stream that neither contributes water to the zone of saturation
nor receives water from it. It is separated from the zones of saturation by an impermeable bed.

Perched. A perched stream is either a losing stream or an insulated stream that is separated from
the underlying ground water by a zone of aeration.

(After Langbein and Isiri, 1960)

Streamflow. The discharge that occurs in a natural channel, Although the term "discharge" can be
applied to the flow of a canal, the word "gtreamflow" uniquely describes the discharge in a surface
stream course. The term "streamflow’ is more general than "runoff", as streamflow may be applied to
discharge whether or not it is affected by diversion or regulation. (Langbein and Tsiri, 1960.)

Underflow. The downstream flow of water through the permeable deposite that underlie a stream and
that are more or less limited by rocks of low permeability. (Langbein and Isiri, 1960.)

Unimpaired flow {or discharge). The natural flow of a stream without regulation, ocontrol, or
abstraction, :

Usable area. It is that area of a stream which a particular species of fish or other aquatic organism
effectively uses for shelter, spawning, rearing and which provides its food production. It is the area
encompassing the major food producing, shelter and spawning areas. It is usually limited by excesses or
deficiencies in depth, velocity, subsirate, oxygen supply, temperature, shade or other physloal or
chemical factors in the siream enviromment.

Usable spewning gravel. The gravel of a size composition and quality suitable for spawning of a
particular species of fish. (Warmer, 1953.)



80 FIRS/T143

Watershed, The divide separating one drainage basin from another and in the past has been generally
used to convey this meaning. However, over the years, use of the term to signify drainage basin or
catchment area has come to predominate, although drainage basin is preferred. Used alone, the term
"watershed" is ambiguous and should not be used unless the intended meaning is made clear. (In part,
Langbein and Isiri, 1960,)

Hetted area. The total area submerged by the flow of a stream, The relationship of wetted area to
flow is usually that it decreases at a much slower rate than volume. In most streams it far exceeds
the '"usable area" for a particular species of fish,

Zone of saturation. The zone in which the functional permeable rocks are saturated with water under
hydrostatic pressure. Water in the zone of saturation will flow into a well, and is called ground water.
(Langbein and Isiri, 1960.)
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Appendix B
STREAM DEPTH AND VELOCITY CRITERIA FOR SALMON,

STEELHEAD AND TROUT SPAWNING
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Appendix B-1

Stream Depth and Velocity Criteria for Salmon Spawning

; 1 Minimun| Meximum | Average (single figure Point of
Author and Location |[Year! Species Depth | Depth or Range of . Measurement
(M) (%) Velocity in M/Sec - for Velooity*
ALMON o '
Warner — California [1953 |[Chinook 0.122 | 1.219 0.152-1.067 s
Chambers - Washington [1956 [Chinook 0.677
McKinley — Washington |1957 ? 0.229 | 0,610 0.305-0.610 0.15
Andrew & Green ~
British Columbia 1960 0,09
Hutchison - Oregon 1962 |Chinook 0,244 0.¢305=0,762 0.12
Sams & Pearson -
Oregon 1963 {Chinook 0.183 0.247-0,625
(Spring) ;
Chinock 0.183 0.336-0.756
(Autumn)
Coho 0.153 0,247-0,708
Kier = California 1964 |Chinook 0.244 0.305~-0.914 0.09
Rantz - California 1964 |Chinook - 0.244 0.305-0.914 0.09
Deschamps et ale - '
Washington 1966 |Chinook )
Coho 0.229 | 0.457 0.305-0,701 0.12
1Chum '
Washington
Department of
Fisheries 1967 |Chinocok 0.457 | 0.533 0.533-0.686 0.12
(spring)
Chinook 0.305 | 0,457 0, 305-0,686 0,12
(Autumn) \
Coho 0.305 | 0,381 | ' 0,366=-0.549 0.12
Sockeye 0,305 | 0.457 0.533~ 7 0.12
Baxter - England 1968 |Atlantic 0.152 | 0.914 0,305-0.381 S
(Preferred) | 0.152 | 0.229 8
Puckett -
California 1969 | Chinook 0.213 0,366-1.067 0.15
Horton & Rogers =
California 1969 |Chinook 0.213 0.366~1.067 0.15
Gibbs & Figk -
California ? |Chinook 0.457~0.762 0.09
Thompson - Oregon 1972 |Chinook 0.244 0.305-0.914
(Autumn)
Chinook 0.244 0.305-0.914
(spring)
Coho 0.183 0.305-0.914
Chum 0.183 0,457=0.975
Smith - Oregon 1973 |Chinook 0.183 0.217=0.644 0.12
(Spring)
Chinook 0,305 0.186~0.805 0,12
(Autumn)
Coho 0.122 0.192~0.692 0.12
Chum 0.183 0.451~1.003 0.12
Kokanee 0,061 0,143-0.729 0.12
* Figures shown for point of measurement for velocity are distances in meters above streambed. "A"
indicates an average of several velocities measured between the surface and the bottom. "S" indicates

a surface measurement
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Appendix B-2
Stream Depth and Velocity Criteria for Steelhead and Trout Spawning

‘ o Minimum | Maximum | Average (single figure)| Point of
Author and Location Year Species Depth Depth or Range of - Heasurement
: : s S (M) (1) Velocity in M/Sec . |for VelocityH
STEELHEAD .
Sams & Pearson - Oregon | 1963 |Steelhead | 0.347 0.427 0.597-0.695 A
, 0.387 ¢(Average) 0,646
Orcutt - Oregon 1968 | Steelhead 0.853-1.067 S
0.701=0,762 0.12
Thompson -~ Oregon 1972 |Steelhead 0.183 0,305=0.914 A
Smith - Oregon 1973 | Winter SH 0.244 0,387-0.869 0.12
Summer SH 0.244 0.433~-0.970 0.12
TROUT '
Kelley et al. - ‘
California 1960 | "Prout"” G.076 0.914 0.152-0.914
California )
Department of Fish ‘
and Game 1963 | "Trout" 0.076 0,914 04152=0.914 0.06
Johnson et al, - ‘
California 1966 |Brown 0.396-0.518 0.08
Thompson & Fortune -
" Oregon 1967 |"Trout” 0.122 €(Average) 0.305=0,762 0.12
Hooper 1973 |Brown 0.305~0,814
Cutthroat 0,305=0,914
. Rainbow 0.427-0.823
Thompson = Oregon 1972 |Species (%) 0.244 0.213-~0,640
Species (?) |.0.122 0.244-0.640
"Other Trout" | 0.122 0.305=0,914
Smith -~ Oregon 1973 - {Rainbow 0.183 0.488-0.909 0.12
Brown 0,244 70, 204~0,683 0.12
Brook 0,092 0.009-0.232 0412

* Figures shown for point

¢ indicates an average of meveral velocities measured beiween the surface and the bottom.

a surface measurement

of measurement for velocity are distances in meters above streambed.
nsn jindicates

I!A"
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Appendix C
OUTLINE GUIDE - DETERMINING STREAM FLOWS FOR FISH LIFE
{From Envirommental Management Section,

Oregon State Game Commisgion -
Thompson, 1972)
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Appendix C
DETERMINING STREAMFLOWS FOR FISH LIFE
Environmental Hanagement Section

Oregon State Game Commission
15=-16 March 1972

Plamning

1o
26
3.

40
5:

6.

.

10.
11.
12¢

Set study goals and objectivea (broad)
Recognige financing and deadlines
Select types of flow recommendations needed
a. Biological requirements of fish life (minimum or optimum)
b. Others (minimum or optimum)
(1) wWildlife water requirements
2) Angling considerations (bank and boat)
3) Recreational boating
4) Aesthetics
(5) Water quality
Determine existing flow protection and recommendations
Gather basic study data
a. Obtain maps showing stream systems and access
be Obtain USGS stream discharge annuals, rating tables and telephone gauges
c. Interview local biologists
(1) Formulate stream priority list by considering
ag Importance for fish production
b) Recreational use and potential
¢) Potential for water developments
d) Access
2) Detemmine road access and routes
3) Inventory, abundance and digtribution of fish and wildlife resources
4) Tdentify limiting factors ,
5) Determine fish life~history periodicities by species and stream or stream system
Determine appropriate study procedures
Determine number of streams or points of recommendation that time and financial limitations
will permit
a. 60-80 points of recommendation per man
1 If crew station close to study area
2) Prolonged work schedule
3) Limited travel between study stations
b, 40-60 points of recommendation
(1) Commuting to survey
(2) Short work season
(3) Considerable travel between study stations
Obtain equipment
Determine miscellaneous study activities
a. Photographs
b. Temperature studies
c. Water quality analysis
d. Others
Appointing assisting personnel
Chart stream run—off patterns to predict activity schedule
Assign appropriate criteria to individual streams and stream reaches

Equipment

1.
24
3e
4c
5e
6.

Current meter (Gurley % 622)

Steel tape

Tape recorder {Herelco)

Camera

Thermometers (Normal and maximum-minimum)
Data tabulation forms

a, Flow-temperature~-remarks

be Cross-section
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8.
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10,
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FIRS/T143
Maps
a. SWRB (Oregon)
be UeS. Forest Service
¢. Bureau of Land Management
d. U.S. Geological Survey
Gauge records (USGS)

Calculator
Direct reading Gurley meter
Recording thermometers

D, Streamflow measurement procedures
Site selection

Te

30

E. Oriteria

1e

2.
3.

= 2%

b.

Flow characteristics

1) Uniform depth (0.5-2.2 f%)

2; Uniform velocity (0.5~3.5 £ps)

3) Pool tail-riffle head area generally best
Stream channel characteristics

1) Shallow enough o wade

2) Smooth bottom

3) Free of meanders or obstructions which create eddies or flow surging

Procedure -~ where precision is required

e

b.

Ce

d.

Measurement units (cubic feet per second)
{g Whhhéf?
2) Depth (£t
3) Velocity (fps)
Width measurement
§1; Tag line
2) Rdge of current to edge of current
(3) Perpendicular to flow or angular compensations
Depth measurements
1) Taken along the imaginary transect of the width measurement
2) At least ten measurements each to represent no more than 10 percent of the total flow
3)  Measured in feet and tenths of feet to simplify computations
Velocity measurements
1 Taken along transect established by width measurement

2) Measurements taken at points along transect to represent mean velocity in each section
created by depth meagurements

(3) Velocities taken at 0.2 and 0.8 of total depth if total depth is over 1.5 feet. Velo-
cities measured at 0,6 of the total depth from the flow surface if total depth is 0,5-

1.5 feet, Velocities measured at 0.5 of total depth if total depth is less than 0.5 feet

0SGC procedure (+ or - 10 percent error)

=%

Do

Independent of flow requirement cross—sections

1) Site selection as described above (D,1)

2) Width measurement perpendicular to flow

3) Transect not segmented for depth and velocity measurements

4) Number of depth and velocity measurements variable, depending orn stream size
Sg Depth measurements evenly spaced

Velocity measurements spaced along transect to represent equal parts of total flow

(7) Velocity measured at 0.6 of the total depth from the flow surface
Discharge measured on crogs—sections used to determine flow requirements of fish

§1) Site normally similar to ideal flow measurement site

2) Only crogs-sections perpendicular to flow are used as flow measurement sites

€3) Nine evenly spaced depth measurements are averaged

4) Variable number of velocities measured, depending on stream size; but measurement

points coincide with cross-—gection points
(5) Discharge = product of widih x mean depth x mean velocity

Purposes

Qe

b.
Ce

Determine stream discharge required to create flow characteristics needed for various
biological activities of fish 1life

Lend continuity to recommended streamflow regimen
Enhance the justification for flows resommended

Adult passage criteria (0SGG)
Spawning criteria (0SGC)
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4e

Incubation criteria
2. 0.8 mg/l intragravel dissolved oxygen before hatching
be 0.5 mg/l intragravel dissolved oxygen from hatching to fry emergence
c. No relationship to streamflow velocity established
de Criteria not used in 03SGC conventional streamflow requirements study here described
e, (Qeneral guidelines for recommending incubation flows )
61) Enough water to cover gravel made available by recommended spawning flow
2) Approximately equivalent to two thirds the spawning flow recommendation

5. Rearing criteria - tentative. Not used to date in 0SGC streamflow requirements studies
Species Preferred zone Preferred stream depth (ft) Preferred velocity (fps)
Chinook Mid pool and pool head 1.0-4.0 0.2-0.8
Coho Mid pool and pool head T4 0=4.0 0.2-0.8
Steelhead All zones 0.6=-2,2 : 0.2=1.6
Rainbow )

Cutthroat Riffle tail and pool head 163=4.0 0.2-1,6
a. Criteria above are only tentative
b. General guidelines for recommending minimum rearing flows
1) Adequate depth over riffles
25 Riffle~pool ratio near 50:50
33 Approximately 60 percent of riffle area covered by flow
4) Riffle velocities 1.0-1.5 fps
5§ Pool velocities 0,3~0.8 fps
6)  Most stream cover available as shelter for fish
F‘. Streamflow requirement measurement procedures

1.

2'

3.

Advantages (the use of criteria and standard procedures).

a. Enhances the justification for flows recommended

be Lends continuity to recommended streamflow regimen

Ce Avoids bias inherent in individual judgement decisions

d.. Procedures may be more easily explained to a non-technician; hence, more likely to gain
the confidence of those affected by the recommended flows

Disadvantages

a. Not applicable to streams without uniform (symmetrical) cross-section sites

b. Not applicable to even—flowing spring-fed streams or rivers with substantial minimum flows

c. HMost time consuming and expensive procedure .

d. Relationship recommended flows have with fish production levels is no more clearly understood
nor demonstrated than flows recommended by other less sophisticated procedures

8. Not applicable to fish species or biological activities where criteria have not been

identified
Adult fish passage
a. Purpose .
(1) Provide adequate water for physical movement through most critical reaches to spawning
areas

ézg Not to provide flows generally believed necessary to induce migration
3) Most important in streams used by anadromous fish
b, Select the point on the stream or stream section where extreme width creates shallow flows
most critical to passage of adult fish
¢, Measurements
éi) Discharge
2) Transect length
a) Heasured from edges of flow following the shallowest course
b) Measured once during a flow that covers all or most of the transect
(3) Depth measurements
a) Evenly spaced along transect which follows shallowest course
b) Bvery two feet on small streams
c; Bvery four feet on medium sized streams
d) Every eight feet on large streams and rivers
(4) Velocity measurements
a) 0.6 of the total depth from the flow surface
b) Only to verify that velocities are not excessive at any given point along the
transect
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4.

(5) Frequency and number of measurements
a) Six sets of depth measurements on each transect (six different flow 1evels)
b) Measured often enough to ensure date on six evenly spaced flow levels
de Data analyses
(1) Analysis of depth and velocity data at each flow
a) Percent of total width meeting depth and velocity oriteria
b) Longest continuous segment of transect meeting depth and velocity criteria
expressed as percent of total transect width
(2) Analysis of the usable width for passage-discharge relationships
a) Prepare line graph of percent of total width meeting depth and velocity criteria
versus discharge. Determine the flow which yields 25 percent of the total
original width measurement passage
(v) Prepare line graph of longest contimuous segment of transect meeting depth and
velocity criteria versus discharge. Determine the flow which yields a continuous
portion of the transect, equalling 10 percent of the total original width measure~
ment, passable
(3) Derivation of the recommended flow
(a) Select the flow required to make passable at least 25 percent of the total width
and a continuous portion of the transect of at least 10 percent of the total width
(b) If more than one transect is measured to determine the recommended minimum flow,
select from the transects the highest flow requirement indicated
{c¢) Make certain that other obstructions to fish passage, such as falls and cascades
do not require more flow to pass fish
Spawning
a. Purpose
21) Provide adequate water for adult salmonids to spawn in their preferred stream areas
2) TFlow requirement determined for all important species of salmonids inhabiting the
study stream or stream section
b. Transect locations
(1) For most species, establish the transect on a symmetrical gravel bar in the prime
spawning area at the head of the riffle
éZ) Select three transects for each flow recommendation %o be developed
3) Select gravel bars which approximate the size of those typically found in the study
stream or stream sgection
24; Straight line transect
5) Yot necessarily perpendicular to the flow
c. Measurements ‘
€1g Discharge (if transect measurements not applicable)
2) Transect length (stream width)
a; Measured from edges of flow
b) Measure each time depths and velocities are measured
(3) Depth measurements
a) Nine evenly snaced measurements along transect, the first and last measurements
being Y10 of the transect length from the stream edze
(b) sSpaced to divide the transect into 10 equal parts
{c) One section on each end of the transect, each equivalent 4o Y20 of the total
transect length, theoretically never meets spawning criteria and is automatically
disregarded
(4) Velocity measurements
a) Measured 0.4 foot from stream bottom
b) Measursd at same points on transect vhere depths are measured (nine measurements)
¢) BExcept where obtaining measurements to compute discharge; the velocities at each
of the nine stations need only to be identified as they relate to parameters of
velocity criteria
(3) Frequency and nurber of measurements : :
(a) Measurements at enough different flow levels to reliably identify the "discharge-
usable width for spawning" relationship (approximately six different flow levels)
() The most intensive study period should coincide with the season of declining flows
d. Data Analysis
(1) Compute and graph stream width usable for spawning
a) At each fTlow
b) on each transect
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{2) Summarize the relationships "stream width usable for spawning have with discharge®
for the transects in each study stream or stream section:
(2) Determine the average stream width usable for spawning on the trarisects at each
of about six different flow levels
(b) Regraph the relationship of "discharge with mean stream widths usable for
spawning" for each study stream or stream section
51—13 Maximum gravel = optimum spawning
2-2) 80 percent of maximum gravel = optimum spawming

-7 5, Spawning (usable-area procedure - sse 0SGC manual)

Streamflow requirement observation procedures
1. Advantages
a. Applicable to all types of sireams
b. Less time comsuming and less expensive than measurement procedures
2. Disadvantages
a. Results subject to bias of individual cbservers
b, Justification of results not as strong as for the measurement procedure; hence, less
likely to gain the confidence of those affected by the recommended flows
C.: Less inherent continuity in the results than the measurement procedure -
3. Adult fish passage
as Purpose
(1) Provide adequate water for physlcal movement through the most critical reaches to
spawning areas
(2) Tot to provide flows generally bslisved necessary to induce migration
(3) Most important in streams used by anadromous fish
b. Select the point on the stream or stream section where exireme width creates shallow flows
most critical 10 passage of adult fish
c. Observations
(1) The estimated flow which would yield approximately 25 percent of the total width and
a continuous section of the bar equalling approximately 10 percent of its total width
passable according to the parameters of passage criteria are estimated at several
different flow levels
(2) 1Incidental observations of fish passing suspected critical spots and the flow at which
they pass
d. Discharge measurement during each observation
e. Derivation of the recommended flow
E1g Select the flow the various observed recommendations seem to indicate
2) HMake certain that other obstructions to fish passage, such as falls, cascades, or
cataracts, do noet require more flow to pass fish
4. Spawning
a, Purpose
E13 Provide adequate water for adulit salmonids to spawn in their preferred stiream areas
2) Ensure recommended flows which will accommodate all important species of salmonids
inhabiting the study stiream or. stream section
b, Observation locations
(1) For most species, observations are made on the portions of gravel bars where spawning
is most likely to ocour. (the head of the riffle)
(2) Select about three symmetrical gravel bars which appronma’ce the size of those typically
found in the study stream or stream section
c. Discharge measurement during each observation
d. Observations ;
(1) At each of several flow levels, an estimate.is made of the approximate flow required

4o provide a spawning flow (see cmtema)

(a) Optimunm spawning flow is that which covers the maximum amount of gravel with
flow depths and velocities specified by spawning flow criteria (excessive
velocities will be the limiting factor)

(v) Hinimum spawning flow is that which covers 80 percent of the gravel available
at an optimum spawning flow

(2) The measurements taken %o determine discharge are useful in estimating spawning flow
requirements
e Deryivation of the recommended flow .
E1; Select the flow the various observed estimates seem to indicate
2) Repeat the mame procedure where different species have different spawning flow
requirements
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5. Incubation
a. Purpose
§1§ Provide adequate water to ensure successful egg incubation and fry emergence
2) Bnsure recommended flows which will accommodate all important species of salmonids
inhabiting the study stream or stream section
be Observation locations
1) Spawming areas {for most salmonids, on gravel bars at the head of the riffle)
2) Same sites where the spawning flow observations are made is most convenient
3) On gravel bars which approximate the size of those typically found in the study stream
or stream section
c. Discharge measurement during each observation
de Observations

(1) At each of two or three flow levels near that required for spawning, an estimate is
made of the approximate flow required for incubation

(2) Measurements taken to determine discharge are useful in estimating incubation flow
requirements

e, Derivation of the recommended flow
§1; Select the flow the various observed estimates seem to indicate :
2) Repeat the same procedure where different species have different spawning flow
requirements
6, Rearing
a. Purpose

(1) Provide adequate streamflow conditions for salmonids when flows for passage, spawning,
or incubation are not required

(2) Ensure recommended flows which will accommodste all species of salmonids, both juvenile
and adult, which inhabit the study stream or stream section

b. Obgervation locatlons ,
21) Most conveniently those areas where other observed recommendations are made
2) On both riffles and pools which approximate the size of those typically found in the
study stream or stream section’
(3) 1In some areas with stream-side shade cover
c. Discharge measurement during each observation
d. Obgervations )

(1) At each of several flow levels near that required for rearing (relatlvely low flows),
an estimate is made of the approximate flow required for rearing (see rearing criteria
and guldellnes)

(2) Measurements taken to determine discharge are useful to éstimate flows required for
rearing

e, Derivation of the recommended flow
21) Select the flow the various observed estimates seem t0 indicate
2) Repeat the mame procedure if different species have different rearing flow requiremenis
He Streamflow requirement prediction technique

1.

36

Advantages
a. Least time consuming and least expensive technique
b, Results not subject to biases of personnel using the technique
c. Applicable to sireams where- the lack of symmetrical cross~sections preclude other techniques
d. Results display high level of continuity
Disadvantages
ae. Least inherent justification for resulis of all techniques; hence, least likely to gain the
confidence of those affected by the recommended flows
be. Not applicable %0 spring-fed sireams
Spawning and rearing
a. Equipment
(1) Haps
a) Isohyetal with streams prominent
b) Sectioned with streams prominent
(2) Spawning and rearing constants
bs  Derivation of flow recommendations
1 Determine drainage area above point where flow is %o be recommended
2) Determine mean annual precipitation in dralnage above point where flow is {0 be
recommended
3) Multiply drainage area (m } by mean annual precipitation
4) Select the appropriate consiant value 5
5) The recommended flow is equivalent to the product of (m“) x (in) x (comnstant value).
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Adult passage and incubation
%1 Constants not available
2) Use 0SGC conversion factors

I. Streamflow requirement conversion factors
Advantages

1o

2.

30

-

Enables the derivation of flow recommendations not obtalnable by any other procedure
1} Angling flow requirements

2) Aesthetic flow requirements

3) Boating flow requirements

b. Enables the derivation of flow recommendations not obtained by measurement of observation
procedures during the field survey
€1g Adult fish passage (minimum and optimum)
2) Spawning (minimum and optimum)
3) - Incubation (minimum and optimum)
4) Rearing (mlnlmum and optzmum)
C. . One of least time consuming and least expensive procedures
d. Resulis not subject to -biases of personnel using the technique
e, Flow recommendations proportional to flow recommendations upon which they are based, thus
lending continuity to recommended flow regimen for any given location
Disadvantages
a. Little direct justification for flow recommendations; hence, it may be difficult to gain
the confidence of those affected by the recommended flows
b. Existing flow recommendations required to which the conversion factors are applied
Conversion factors
a. Adult passage
§1 Optimumn passage = minimum spawning
2) Minimum passage = 0.67 x minimum spawning
b. Spawning
%1) Optimum spawning = 1,67 x minimum spawning
2) Minimum spawning with 0.8 £t flow depth criteria = 1.2 x minimum spawning with 0.6 f%
criteria
(3) Minimum spawning with 0.6 £t criteria = width of typical gravel bar (ft) x
1.0 (under 20 %)
1.5 {under 100 £t)
2,0 {over 100 £)
(4) Minimum spawning with 0.8 £t criteria = width of iypical gravel bar (ft) x
1.5 {under 50 £%)
2.0 {over 50 %)
2.5 (over 100 £1)
¢. Incubation
1% Optimum incubation = minimum spawning
2) Hinimum incvbation = 0,67 x minimum spawning
d. Rearing .
€1§ Optimum rearing = 0.67 x minimum spawning
2) Hinimum rearing = 0.2 x minimun spawning
e. Bank angling = 0.5 x optimum spawning
f. Boat angling

1% 2,0 z optimam spawning in eastern Oregon
2} 4.0 z optimum spawning in western Oregon

Jo Preparing recommended flow regimen
Information required

1.

&e

[
Ce

Recommended flows for

13 Adult passage

2) Spewning

3} ZIncubation

4) Rearing
Figh species distribution by stream
Life history periodicity

E1g Biological achivity

2) Fish species
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X,

2. Procedure
a. Assign recommended flows
(1) By month or 2~week periods
2) By stream or stream section
33 By species
4) By biological actlvxty

{a) Passage g

b) Spawning -
203 Incubation

d) Rearing

b. Select highest. flow required for.any given period for eaoh stream or stream section
d. Precautions
(1) Recommended flows are not adjusted to accommodate seasonally natural flow deficiencies
or water right appropriations
(2) Flows should not be recommended for a relatively inmignificant species if the flow
would be harmfully excessive for an important species
(3) A flow recommendation derived by measurement procedures which ‘is not similar to the
flow recommended for the same location by the observation technique should be carefully
evaluated for errors

0SGC streamflow requirement survey reports - contents
1. Streamflow recommendatlons

a. Minimums

b. Optimums

c. -Other
2. Fish species,; abundance; and distribution
3. Biological requirements of salmonids
4. Limiting factors of fish life
5. Fish resource values
6. Streamflow and temperature measurements
7. Photographs

a. Streamflow comparisons

b, Limiting factors

Cc, * Sport and commercial fisheries

d. Study procedurses
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Appendix D

A LIST OF HUMAN USE AND EFFECT FACTORS
(Related to or Influenced by Streamflow)



FIRS/T143 97
Appendix D
A LIST OF HUMAN USE AND EFFECT FACTORS
(Related to or Influenced by Streamflow)
I. DRAINAGE BASIW - CATCHMENT FACTORS

II.

A.

Co
D.

B,

4,

B.

C.

Vegetation Cover

1. Forestation
2. Deforestation

Cultivation

Land Drainage

Urbanization ]
Mineral Extraction - Exposure
Soil Disturbance

OR ON-STREAM ELEMENTS

Health and Safety PFactors

1o Pollution

2, Disease vectors and pestis

3. Toxicants

4. Drowning -~ water safety ’
Waste Transport and Disposal Factors
1. Domestic sewage

2, Agricultural wastes and return water
3. Industrial wastes

4., Radionucliides

5. Pesticides and herbicides
Recreation ~ Cultural Factors

1. Fishing (commercial, subsistence and sport)

a. Fishability
b. Fishing knowledge and effectiveness

c. Boats
d. Gear
es BSafety

f. Catch (qualitative and quantitative)
g» Economics
h. Effort

2. Boating

2. Transporation
be Sport (eeges river trips, etc.)

3s Swimming -~ water skiing
4. Aesthetics
5. HNature conservation

a. Wildlife waiching
b. Educational
Cs Rars species

6., Hunting
a. Subsistence

b. Commercial
c. Sport
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D. Industrial - Commercial - Utilities
1. Navigation - boating

2. Transporation
b. Commercial - cargo

2. Water development

a. Storage o
b. Abstraction - diversion
c. Power generation

é1) Mills
2) Hydro-electric

 IIT. OFF-STREAM (STREAM RELATED)
A. Recreation -~ Cultural Factors » ,

1« Aesthetics ~ scenics

2. Housing -~ village sites — resorts

3. Camping -~ picnicking

4o Open space - wilderness

5 Parks and reserves

6. Historical and archaeological sites

T« Rare or unique geological, botanical or faunistic features
8. Culiural patterns - life siyles

9. Population density

10, Economics -~ employment

11. Wildlife ~ riparian and flood plain habitat

B. Industrial - Commercial — Utilities

1o Transportation features — facilities and methods
2. Communications
3. Utilities

a. Electricity
b. Waste disposal

4. . Structures (piers, etc.) : ' o
5. Economics

6. Agriculture - crop patterns

7. Forestry (riparisn and floodplain)

Ce HVater Abstraction Use

1o Domestic

2. Industirial
3. HMunicipal

4. Agriculture
5 Recreational
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Appendix E
STREAMFLOW CHECK CHART
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Appendix B
STREAMFIOW CHECK CHART

This chart has been prepared and is included in this report for the purpose of providing a basic
or initial system of checking on the effecis of an altered streamflow situation. It is primarily inten-
ded as a check list of factors which may be influenced by controlled discharges but its use could be
subjected to a number of sophisticated matrix-type analyses such as that proposed by Leopold et al.
(1971) for evaluating the environmental impact of a proposed construction or development project.

Entry of streamflow data in the columns provided across the top of the chart forces the streamflow
evaluator to consider the present flow regimen of the siream in relation to proposed changes. Most
evaluations will require more detailed flow data than this chart prov:.des but it mll give an initial
or screening analysis which is helpful.

For each flow the evaluator should decide whether or not the conditions and factors would be bene~
ficially affected, adversely affected or unaffected. If the evaluator cannot make a decision, which
will often be the case, he should enter a symbol or colour in the appropriate square to indicate this.
For all such entries further review and possibly field studies would be advisable, if not necessary.

Although the evaluator should make every effort to complete the chart objectively, and based on the
information and data already available to0 him, it will be an unusual stream where enough data are avai-
lable to make more than a preliminary indication. Having made this preliminary analysis he will be in
a better position to outline the additional data and fieldwork needed to thoroughly evaluate the many
effeots of a changed streamflow pattern.

This chart is not intended to be an alternative o the process of quantifying the needs of aquatic
organisms or the human uses of fluvial resources. In the final analysis there is no substitute for the
process of quantifying those needs.

The check chart will help to highlight those conditions and factors which are the more important
and critical for the particular stream under consideration. Subsequent efforts can be concentrated on
_ those items, The chart can also be revised and updated at intervals as the investigation progresses.

If possible, check charts should be completed by more than one evaluator and objectively checked
or challenged by still other individuals.

Although the users of the chart are encouraged to develop their own set of symbols or numbers for
its completion, the following can be used in the absence of a more sophisticated approach:

The flow will have: Symbol
No effect . (8]
Major adverse effect XX
Moderate adverse effect X
Minor adverse effect 1

Major beneficial effect

Moderate beneficial effect

Minor beneficial effect -

Effect unknown ?

Colour coding may also be used to highlight the need for additional studies or the relative
importance of the entries.
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Editor's note: At the time of going to press the author called attention to several necessary correct-
ions in the draft "Stream Flow Check Chart". These corrections could not be made but for the readers!
reference they ares

C. Wildlife Habitat Functions
Te In-Stream Bffect Factors

a+  Food Production

b. Shelter

Ce Migration - travel

d.  Reproduction - rearing

2. Off-3tream Effect Factors

a. Riparian habitat

b. Plood plain habitat
c, ood production

d« Reproduction

e, Migration -~ travel
f. Shelter

\RILIS
Alaska Resources

Library & Information Services
Anchorage Alaska
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