aagﬂgm - MP REGION
.S, BUREAU OF RECLAMATION
2800 COTTAGE WAY

DETERMINING STREAM FLOWS FOR YERAMENTD, CA 95875-139;

Ken Thompson
Environmental Management Section
QOregon State Game Commission

Presentad at
PACIFIC NORTHWEST RIVER BASINS COMMISSION
Instream Flow Requirement Warkshop

March 15~16, 1972

Prior to 1955 the administration of Oregon's water resources was seriously
impaired by the authority vested in a large number of public agencies and
single~purpoge policies to regulate and contral water use, Thig resulted in
friction and duplication of activilies and a resulting state of confusion as to
what was primary and what was secondary benefictal use of the water. Most
afforts made to control water for its maximum beneficial usea were foredoomed
to failure.

The 1955 Oregon Legislature enacted a water code which significantly
modified the administration of this resource. Foremost, the State Water Re-
sources Board was established and directed to develop beneficial water use
programs for the several drainage basins of the state, Pertinent sections of
law ralating to this coda read as follows:

The Board shall proceed as rapidly as possible to study...
existing and contemplated needs and uses of water for domestic,
municipal, irrigation, power development, indusirial, mining,
recreation, wildlife, and fishlife uses and for pollution abatement,
all of which are declared to ba benoficial uses. ..

and

The maintenance of minimum perenntal stream flows sufficient
to support aquatic life and to minimize pollution shall be fostsred
and encouraged If existing rights and priorities under existing laws
will permit.

It is this last saction which made the stream flow requirement determinations
necessary. '

Our first approach to determining minimum stream flows for fish was by
what we now label as the "Crystal Ball” technique. Without extra time, men,
or money our area biologists accepted the chore—racommend the flow whare
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minimum desirabla fish populations and aquatic environment could ba main-
tained during the low flow season.

It soon became obvious that this approach not only lacked continuity,
but setting a single minimum flow for the entire year was folly, Even if
the flow recommended weare adegquate in late summer, it would result in
disaster during the late fall and spring spawning periods whean watar require-
mants of fish are substantially greater.

In 1961 tha Oregon 3tate Game Commission set out to determine by fisld
study the specific stream flow requirements of fish life by season of the ysar,
With an objective in mind and reasonable assurance that no one had developad
methodology or even generalized “yardsticks” which could be used for our
purpose, we launched a program that has taken us through the 18 drainage
basins of Oregon, a half million dollars, and provided the state with recom-
mended minimum and optimum flowa by month in several hundred of its most
important streams for game fish.

With this experiance bshind us, we can reflact on a varlety of criteria
and mathodology and those which have been most useful.

Techniques for detarmining stream flow recommendations which wa have
tested might be classified into four basic categories: those which apply field
measuremants; techniques which amploy a varlety of conversion factors;
techniques which involve fiald cbservation and the application of judgment:
and those mathods based on various formulaa. For those who appreciate the
jargon, they are more simply the "Gurley,” the “Slide Rula," the "Eyc-Ball,”
and the *Crystal Ball" techniques, I once overheard a biclogist comment,
"There are two fundameantal differences in these tachniques—those employed
behind a desk are easy; those in the fiaeld are reliable." Undeniably, those
requiring field examinations give the biologist first-hand knowledge of the
relation betwaeen the discharge in a stream and the depth and velocity char-
acteristics of that flow. In short, they give him results which he can more
forcefully defend. On the other hand, a comprehensive minimum flow progra®
based on conversion factors or various equations can be deslgned almost ovel”
night and with very little expense.

These techniques, as wa hava used them, have two common denominators:
Each is based on criteria which refiect flow depth and velocity requirements
of fish and each technique expressas flow requiramants in terms of one or
more of four biological activities; passage, spawning, incubation, and
rearing.

Evan though we have had tha opportunity to explora, tast, and even
inspire gseveral methods for determining stream flow recommendations for fisP
life, certain technigues have demonstrated the best balance between cost 8

rallability.
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With a favorable priority, adequate state and faderal funding, and 10
years to accomplish our objective, we seleoted ficld measurcment and obser~
vation techniques as those to rely upon most. I will attempt to summarize
the criteria and methodology Oregon Game Commission have emphasized in
their flow requirement surveys. '

The following criteria and guidelines provide tha basic tools for trans-
lating flow conditions required for the four basic activities of salmonids into
the disoharge needed to create thase conditions (Figs. 1-3).

To determine the flow to recommend for passage in a given stream, the
shallow bars most critical to passage of adult fish are located and a linear
tranaect marked which follows the shallowest course from bank to bank. At
each of several flows, the total width and longest continuous portion of the
transect meeting minimum depth and maximum velocity criteria are measured
(Fig. 4). For each transect, the flow is selectad which meets thae criteria on
at least 25 percent of the total transect width and a continuous portion equaling
at least 10 percent of its total width (Fig. 5). The results averaged from all
transects i8 the minimum flow we have racommandad for passage. [ might
caution that the relationship batwesen flow conditions on the transect and the
ralative ability of fish to pass has not been evaluated.

Spawning flow recommendations can be formulated by a similar analysis,
Three gravel bars are selected which represent the typical dimensions of those
occurring in the study stream. On each gravel bar is marked a transect which
coincides with the area where spawning is most likely to occur. At each of
several flows, the total portion of the transect is measured where flow conditions
meet dapth and velocity criteria (Figs. 6-7). The mean reletionship discharge
has with gravel area usable for spawning is then assessed from all transect
measurements (Fig. 8). An optimum spawning flow is that which provides
suitable flow depth and velocity conditions over the most gravel. The dis-
charga which created suitable flow conditions over 80 percent of the gravel
available at an optimum spawning flow we have recommended for minimum
spawning. This generally coincides with the flow most efficient for creating
flow conditions suitable for spawning over the most gravel. In other words,
the flow which makes available the most gravel per unit of flow, Not only
does this explanation omit several essantial ingredients of the procedure, but
fails to mention observation techniques which normally are employed to reinforce
the conclusions of the measuremant technique. We are prepared to elaborate
on these omissions during tomorrow's discussions. Once again, to our knowl-
edge no one has attempted to evaluate the relation flow conditions have with
spawning success for any species.

Because the relationship which surface flows have with the intra-gravel
environment varies with each stream and realizing the time-consuming nature
of determining these relationships, we have resorted to combining judgment
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Fig. 1

SALMONID PASSAGE

Minimum
Species Depth
Chinook 0.8
Coho , chum, steelheqad, )
and large trout 0.6

Trout 0.4

CRITERIA

Maximum
Velocity

8.0 fps
8.0 fps

4.0 fps



Fig. 2

SALMONID SPAWNING CRITERIA
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Fig. 3 - '

GUIDELINES FOR RECOMMENDIN
REARING FLOWS

. Adequate depth over riffles

2. Rifflte-pool ratio near 50:50

3. Approximately 601 of riffle area covered
by flow

4.Riffle velocities 1O to L5 fps

5Pool velocities 0.3 to 0.8 fos

& Most stream cover available as shelter ﬂSr fish

PASSAGE CROSS-SECTION DATA



6 Most stream cov‘avadable as shHhelter for /fs.
- -
PASSAGE CROSS-SECTION DATA
Total Mldtﬁ Wigth usabld Long. cont,
Flow |Date width Mwetted | feet | %, | part. usahle %
190 B24711000| 460 | 22| 2 | 11 /
1035 19-28711000°| 820" | 754 | 75 | 7227 72
11570 l9-2971] 1000'| 1000 950 | 95 620" 62
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479 Wo-#4-7111000'|1 810" | 490 | 49 | 304 30
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t i i | | { |
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SPAWNING BAR CROSS SECTION
Station | Depth (ft) Velocity {frs) Spawning Flow Criteria
1 0.4 1.4 Minimm depth - 0.6’
2 0.6 1.6 Velocity - less then 3.0 but greater
than 1,0 f,p.s.
3 0.7 1.9
Flow=Width x m Depth x m Velocity
4 0.9 2.3
Flow=25"'=0,75%1,93 £ps
5 1.1 3.1
=36 CFS
6 1.0 2.6
Stream Width Usable for Spawning
7 0.8 2.0 T
Usable width Strean width x # usable
8 0.7 1.4 : 10 stations
9 0.6 0.9 -3 x 6
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with fleld observations to dertve incubation flow recommendations. At sach
of several flows, an estimate is made of the flow required to cover grave!
areas used for spawning and to create an intra-gravel environment conducive
to succeasful egg incubation and fry emergence. The flow recommended is
that which the various observad estimates seam to indicate. This generally
is equivalent to about two-thirds the flow required for spawning.

The period of the year when fish are not migrating, spawning, or when
egys or {ry are not in the gravel, we have loocsely defined as the rearing
pericd. Becausa this pariod epcompasses many activities whose relationships
with stream flow are highly complex, we have, by necesaity, rested on our
laurels of good judgment to almost a dangerous degree. It is for this period
that literature knows so much, yet so little about its relation with flow. It
is for rearing that we know least about flow requirements and unfortunately
the period in the life of a salmonid that probably {s most critical to its survival.
A combination of measurements, observations, and judgments have been
employed to determine recommended rearing flows. At each of several different
flows, an estimate is made of the flow required to create a suitabla stream
environment for rearing, These conditions are enumeratad in Fig. 3 as a list
of guidelines. The flow we would recommend for rearing, which generally is
less than for any other bilological activity, would be the flow which the various
estimates saamed to indicate.

Perhaps because the issue of rearing is so hazy or maybe the intrigue of
its vast interrelated ecological systams--whatever, rearing seams to be the
focus of considerable research. We have spent a great deal of time during
the past 3 years characterizing the environmental niches of stream rearing
Juvenile salmon and trout with the hope of a more reliable tool for recommending
rearing flows. The Game Commission's research staff initiated an extensive
literature search last fall as a prelude to a quarter million dollar study of
stream flow—juvenile fish production relationships. By this summer, we
expact to know whather such a study is actually feasible.

With a flow recommendation for each of the four biclogical activities for
each lmportant specles in the study stream, the chore of determining the stream
flow regimen required becomes relatively simpla. A chart depicting the life
history periodicities is prapared for each study stream or stream section {Fig. g}
The flows required for passage, spawning, incubation, and rearing for each
species are assigned to thelr respective pericds {llustrated on the chart. The
flow selected for any month or 2-week period is the highest flow required to
accommodate any biological activity during that period. The highest flows
required by month for 12 consecutive months is the regimen we have custom-
arily selected. Therse are at least two inviolable ground rules which have
evolved in our methodology. Regardless of how tempting and how realistic it
might be, flow racommendations are based on the biological requirements of
fish and are not adjusted for seasonally natural flow deficiencies. Second,
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LIFE HISTORY PERIODICITY and MINIMUM FLOW
REGIMEN for EXISTING SALMONID POPULATIONS
in REYNOLDS CREEK, JOHN DAY BASIN
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we do not recommend flows for relatively unimportant specias if the flow would
be harmfully excessive to an important specles.

Much of our time has been devoted to writing reporte which convey our
recommendations and which lend perspective to fishery resource values, Even
though the format has changed, they generally include the following: stream
flow recommendations for fish life by stream and month; fish specles distri-
bution and abundance; a description of the biological requirements of salmonids;
limiting factors to fish in the study area; fish resource values; stream flow and
temperature measuraments; and a variety of photographs.

With an efficient crew, at least 8 months, and about $100 per study strean,
these field examination techniques could be employed almost anywhere to deter~
mine stream flows raguirad for fish life.

With the $100, however, you have not purchased stream flow protection,
Shelves are filled with reports of studies and recommendations to investigations
to be studied. But, until the recommendations are made law, our objective
has not been met nor straeam flow protection for fish resources engendered. I
belleve we should andeavor to provide data whose quality is commensurate with
the value of the resowrce at stake and, in a professional manner, promote its
cause long after the report has collected dust on the shelf,
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Question:

Answer:

Question:

Answer:

Quastion:

Answer:

Question;

OPEN DISCUSSTON
Paper No. S5

How do you make flow recommendations when more than one
species of fish are present?

Well, for instance, in some of the streams in the John Day system
you may have a very important population of steslhead, rainbow, -
maybe some brook trout and a smattering of Dolly Varden. Per-
haps the spawning period for the Dolly Varden, in this particular
case a very minor population, where the flow required to provide
the spawning might be excassive, we would not recommend the
highar flow for the Dolly Varden. Based on numbsars of fish in

the stream and how important the spacies is to the sport or, in
some casges, commercial fishery, however the fish resource is
being utilized,

Do you incorporate flows to enhance fishibility, or in other words,
to allow for harvest?

Yes, we do. We've gotten in to this area and we've been pretty
much pushed into it. It's an area I think we should address our-
selves to, but we don't have much of a handle on it. The best
we've done is to confer with our area biologists, ask them what
level the rivers are when thay get the best fishing and then we go
to USGS3 records and interpolate the flow at that particular level
a8 we have in the north coast and in other areas along the coast,
recommendling fiows for angling. But insofar as implementation
is concerned, I don't think our laws have any authority to con-
sider flows for angling, so our main push is for minimum flows
for fish life.

Do you actually recommend a spawning flow and then recommend
dropping the flow a third for the incubation end which takes less

water?

Do we recammend dropping the flow after the spawning period?
Yas, we do, from the standpoint that we can’t justify asking for
any more. According to the guidelinas we have, we base the
flows erntirely on these parameters and wa try to gtay away from
individual judgment the best we can, but we haven't anything
in writing with which to justify recommending more than
approximately the two-thirds lavel, but it isn't always the
situation; it depsnds on the stream.

You feel certain enough that you don't mind dropping it a third?
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Answer;

Quastion:

war:

Queasation :

Answer:

Question:

Answer:

Question;

Anewar:

Question;

Answer:

Question:

Wwe've recommended it.

In discussing maximum flows, is what you mean actually the
maximum-minimum flow?

Right, In thie casa, where we're operating--where we're recom-

mending minimum flows for fish life, that would be the maximum-

minimum flow ogcurring during that period. We have racommended
optimum flows which would be the maximum optimum flow,

Does water temperature enter into the report?

We have found that temperature relationshipa with flow require-
ments are very complex and time-consuming to assess, Where
we're operating with a three-man crew and covering the whole
state, some times we plug in to very limited extent some sub-
jective judgments, but we havan’t had the time to go into a heat
budget study, sete., and plug this thing.

Is this methodology appropriate for large rivers?

I think the largest rivers we've dealt with would be the Willa-
mette River's major tributaries or major coastal rivers-~that's
probably the largest. No, it is not really practical for rivers
larger than that because their minimum flows do not gat down to
the point where the flow characteristics are within the limitations
of our criteria. In other words, velocities ovar gravel at the
minimum flow at many times in the larger rivars are many tlnes
over the 3 feet per second. Then you would have to extrapolate
what flow is required and it would Involve guesswork. In order
to implement thess measurcment techniques, you have to have a
stream where the flow can either be regulated or naturally falls
within these parameters.

Also, don't most of the salmonids try to move out of these bigger
streams into the tributaries or do a lot of them try to spawn in
the large streams?

We have some mainatem rivers where we get spawning, yes, but..
Don't they tend to move into the tributarles?

I'n; not raeal qualified to answer that, but from our limited
experience this does ogrour in some situations.

8ince the Oregon law relates to determining flows for aquatic lifes
do you direct your work to any aquatic life other than fish life?
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Answer:

Question:

anawer H

Question:

Answer:

Quasgtion;

Answer;

Question:

No, we don't., Wea've been real busy just trying to determine
those for fish life. I think it's a good gquestion. It might wel]
be considered,

r

Well, haven't you pretty well limited your studias to salmonids ?

Yes. We've limited our studies to salmonids, We have no
criteria for warm water spacies.

You mentioned that yowr method is not to be applied to large
rivers, but you have bean involvad in a literature review and

can you, at this point in time, make any comment about what other
mathods or modifications of your methods might be suitable for
use in large rivers?

No. The closest thing we have is a prediction method where we
look at drainage area and mean annua! precipitation and expand
from the relationship we found between this and our previous
recommended flows, we could make some wild guess as to what
would be required with this formula we use, But it wouldn't
really be a reliable Indication of the bioclogical requirements:

in other words, creating the flow conditions for fish in the river.
Keith spant about a day and a half with us hers about 2 months
ago, going over our method, and I think at that time we did
caution you that working on these streams in Idaho with rather
substantial minimum flows, that you're going to run into trouble
and you're going to have to do quite a bit of extrapolating.
Nevarthaless, by getting out there in the stream and taking the
measuremants I think you'll have a batter handle on what flow
it's going to take to create the stream condition.

Do you recommend flows at more than one place on a stream?

On small streams we make one recommendation at the mouth.
On larger rivers we'll divide it into study sections, maybe have
two, three or four different recommendation points up the river,
to take Into account this very thing,

Do you include slope as part of your prime factors in determining
the velocity?

We get cut in the stream and measure what the actual velocities
are at different flows, so wa don't have to make adjustments
for slope,

How many cross sections do you make per recommendation? IHow
many spawning transects would you make per study section?
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Angwer: For spawning, we just arbitrarily pick three cross sections
per study saction. We just don‘t have time to do more.
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