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Prior to 19535 the administration.of Oregon's water resources was seriousl

impaired by the authority vestaed in & large number of public agencies and

single~purpose policies to regulatz and control water use. This resuited in
! friction and duplication of activities and & resuliing state of confusion as to -
"m " what was primary and what was secondary beneficial use of the water. Most

e efiorts made to control water for its maximum beneficial uses were foredoomed

to failure.

The 1955 Cregon Legislature enacted a water code whnich significantly
modified the administration of this resourd¢e. Foremost, the State Water Re-
sources 3card was established and directed to develop beneficial water use
programs for the several drainage basins of the state. Pertinent sections of
law relating to this_code read as follows:

- The Board shall proceed as rapidly as possible to study. ..
existing and contemgplated needs and uses of water for domestic,
municipal, irrigation, power develcpment, industrial, mining,
recreation, wildlife, and fishlife uses and for pollution abhatement,
all of which are declared to be beneficial uses...

and
, The maintenance of minimum perennial stream flows sufficient
: ' to support aquatic life and to minimize pollution shall be fosterad
4 - - . and encouraged if existing rights and gricrities under existing laws
= will permit. L
i a : X

‘ AY
Tt is this last section which made the stream flow recuirement determinatio
necessary. : '

Our first approach to cetermining minimum stream flows for fish was b

what we now label as the "Crystal B2ll” technique. ithout extra time, =«
or money our area biologists accepted the chore—recommend the ilow whe:
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minimum desirable fish populations and aquatic environment could be main-

tained during the low flow season.

it soon cecame obvious that this approach not cnly lacked continuity,
but setting a single minimum flow for the entire year was folly. Even if
the ilow recommended were adeguate in late summer, it would result in

disaster during the late fall and spring spawning periods when water require-
ments of fish are substantially greater.

In 1961 the Cregon State Game Commission set out to determine by field
study the specific stream f{low requirements of fish life by season of the year.
With an objective in mind and reasonable assurance that no one had developed
methodology or even generalized "yardsticks" which could ke used for our’
purpose, we launched a program that has taken us through the 18 drainage
basins of Cregon, a hali million collars, and provided the state with recom-
mended minimum and optimum flows by month in several nundred of its most
important streams ior game fish.

With this experience behind us, we can reflect on a variety of criteria
and methodology and those which have been most useful. -

Techniques for determining stream flow recommendations which we have
tested might be classified into four basic categories: those which apply field
measurements; techiniques which employ a variety of conversion factors;
techniques which involve field observation and the application of judgment;
and those methods based on various formulas. For those who appreciate the
jargon, they are more simply the "Gurley," the "Slide Rule,”" the "Eye-Ball,
and the "Crystal Ball" technigues. I once overheard a biologist comment,
"There are two fundamental differences in these techniques—those employed
behind a desk are easy; those in the field are reliable."” Undeniably, those
requiring field examinations give the bioclogist first-hand knowledge of the
relation between 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. Cn the other hand, a comprehensive minimum flow program
based on conversicn factors or various eguations can be designed almost over-
night and with very little expense.

These techniques, as we have used them, have two common denominators
Each is based on criteria WthI’l reflect flow depth ead velocity requirements
of fish and each technique expresses flow requirements in terms of one or
more of four biological activities: passage, spawning, incubation, and
rearing.

Twr2n though we have had the opportunity to explore, test, and even
inspure zoveral methods for determining stream flow recommendations for fish
life, certain technigues have demonstrated the best balance tetween cost and
reliability.




With a favorable priority, adeguate state and federal funding, and 10
years to accomplish our objective, we selected {ield measurement and obser-
vation techniques as those to rely upon most. I will attempt to summarize
the criteria and methodology Cregon Game Commission have emphasized in
their flow requirement surveys.

The following criteria and guidelines provide the basic tools for trans-
lating flow conditions required for the four basic activities of salmonids into
the discharge needed to create those 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 {ish are located and a linear
transect marked which follows the shallowest course irom bank to bank. At
each of several {lows, 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 selectec which meets the criteria on
at least 25 cercent of the total itransect wicdth and a ccntinuous portion egualing
at least 10 percent of its total width {(Fig. 5§). The results averaged from all
transacts is the minimum flow we have recommended for passage. I might
caution that the relationship between flow conditions cn the transect and the
relative ability of f{ish to pass has not been evaiuated.

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 grave! 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 conditic
meet depth and velocity criteria (Figs. 6~7). The mean relationship 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-
charge 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 ¢ravel. In other words,
the flow which makes available the most grave!l per unit of flow. Not only
does this explanation omit several essential ingredients of the procedure, but
fails to mention observation technigques which normally are employed to reinioc
the conclusions of the measurement technique. We are prepared to elaborate
on these omissions during tomorro_w's discussions. Cnce again, to our knowl
edge no one has attempted to evaluate the relation ilew conditions have with
spawning success for any species.

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

SALMONID PASSAGE CRITERIA

| Mnimum Maximum
Species - Depth Velocity

ve -

/

Chinook 0.8 8.0 fps

Coho, cﬁum) steelhead,
and l(arge trout 0.6 - 8.0 fps

Trout - 0.4 4.0 fps
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Fig. 2

SALMONID SPAWNING CRITERIA

CAF CAS Co CS St Br K
A Vater o 10 1O 15 10 07 08

to - to to to to to to
Velocity (fps) 3.0 30 30 32 30 2.1 2./

Water o
-~ Depth (ft) 08 0.8 06 0.6 0.6 0.8

Sample 440- 158 25/ 177 363 [I5 106
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Fig. 3

GUIDELINES FOR RECOMMENDING
REARING FLOWS

[. Adequate depfﬁ over riffles

2, /Ixj('ff/e-poé( ratio near 50:5_0

9¢

3.Approximately 60 yA of rzfﬂe ared covered
bq f[ow ~

4. Riffle VG(OC('z‘(‘eS 1.O to L5 fps

5 Pool  velocities 0.3 to 0.8 fps
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- PASSAGE CROSS-SECTION DATA
Total |[Width | Width usablg Long. cont.
Flow |Date  width iwetted | feet | &, | port. usahle &
190. 924711000 | 460 | 22| 2 | Il o
1035 [9-28711 1000'| 820" | 754 | 75 | 722" 72
1570 82971/ 1000|1000 | 950 | 95 |620" 62
739 04371 1000"| 940" | 627 | 62 |627 63
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SPAWNING BAR CROSS SECTION

Station | Depth (ft) Velocity (frs) Spawning Flow Criteria
1 0.4 1.4 Minimum depth - 0.06'
2 | 0.6 | 1.6 Velocity - less than 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 fps
S 1.1 3.1 :
=36 CIFS
6 1.0 2.6
Stream Width Usable for Spawning
7 0.8 2.0 . :
Usable width _stream width x I usable
8 0.7 1.4 » 10 statious
. 251
9 0.6 0.9 ’ g5~ x O
i = 15.0"
H |
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OREGON STATE GAME COMMLSSION

Stream Temperatures and Flows
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with field observations to derive incubation flow recommendations. At each.
of several flows, an estimate is made of the flow reguired to cover gravel
areas used for spawning and to create an intra-gravel environment concucive
to successful egg incubation and fry emergence., The flow recommoended is
that which the various observed estimates seem to indicate. This Loonerally
is equivalent to about two-thirds the flow required for spawning.

The period of the year when {ish are not migrating, spawning, or when
eggs or fry are not in the gravel, we have loosely defined as the rearing
period. Because this period encompasses meany activities whose relationships
with stream flow are highly complex, we have, by necessity, 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 ieast about flow requirements and unforiunately
the period in the life of a salmonid that probably is most critical to its surviva.
A combination of measurements, observations, and judgments nave been
employed to determine recommended rearing flows. At each of several differen
flows, an estimate is made of the ilow required to create a suitable stream
environment for rearing. These conditions are enumerated in Fig. 3 as a list
of guidelines. The fiow we would recommend for rearing, which c'enerally is
less than for any other biological activity, would be the flow which the various
estimates seemed to indicate.

ernaps because the issue of rearing is so hazy or “naybe the intrigue of
its vast interrelated ecological systems—wheatever, rearing seems to he the
focus of considerable research. We have spent a grect deal cf time during
the past 3 years characterizing the environmental niches of stream rearing
juvenile salmon and trout with the hope of a more reliable tcol for recommendir
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
expect to know whether such a study is actually feasible.

. With a flow recommendation for each of the {our biological activities for
each important species in the study stream, the chore of determining the strec
flow regimen required becomes relauvely simple. A chart depicting the life
history periodicities is prepared for each study stream or stream section (Fig.
The flows required for passage, spawning, incubation, and rearing for each
species are assigned to their respef‘t ive periods u‘ust:ated on the chart. The
flow selected for any month or 2—week period is the nighest 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. There are at least two inviolazle ground rules whnich have
evolved in our methodology. Regardless of how tempting and how realistic it
might be, flow recommendations are hased on the biological requirements of
fish and are not adjusted for seasonally natural flow cdeficiencies. Second,

-




LIFE HISTORY PERIODICITY and MINIMUM FLOW
REGIMEN for EXISTING SALMONID POPULATIONS
in REYNQLDS CREEK, JOUN DAY BASIN '

SPCC?gidLi‘éﬁigj;t‘,’;}gwpha‘“e JAN LFEB | MAR |APR | MAY | JUNE [JULY [AUG | SEPT |OCT [NOV | DEC
STELELIEAD ' : {
Spawning 18 cfs e e ' !
Incubation 12 cfs === |
Smolt Migration 12 cfs
Adult Migration 15 ¢fs [F==F~—~— ]~ ==
Rearing 5 ¢fs e
RAINBOW
Spawning 12 cfs : : . v
Incubation 5 cfs P B
Adult Migration 5 cfs g -
Rearing 5 cfs - v
CUTTHROAT
Spawning - 12 ¢fs
Incubation 5 cfs
Adult Migration =5 cfs
Rearing 5 cfs - -
.DOLLY VARDEN
Spawning 12 cfs S R
Incubation 5 cfs
Adult Migration 5 cfs
"Rearing 5 cfs
Recommended Minimum JAN | FEB | MAR | APR | MAY | JUNE|JULY{AUG | SCPT [QCT INOV | DEC
Flow Regimen - 15 15 18 181 18 15 {12/515/12{12/5} 5 5 15
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we do not recommend flows for relatively unimportant species if the fiow would
be harmfully excessive to an important species.

fuch of our time has been devoted to writing reports 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 species 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 measurements; and a variety of photographs.

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

With the $100, nhowever, you have not zurchased stream Ilocw protection.
Shelves are filled with reports of studies and recommendations to investigations
to be studied. But, until the recommendations are mace law, our objective
has not been met nor stream flow protection for fish resources engendered. I
believe ‘we should endeavor to provide data whose quality is commensurate with
the value of the resource 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:

Cuestion:

Answer:

Question:

OPEN DISCUSSICN

Paper No. 5

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 steelhnead, 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 poopulation, where the flow requirad to provide®
the spawning might be excessive, we would not recommend the
higher flow for the Dolly Varcden. BSasecd on numbers of fish in

the stream and how important the spvecies is to the scort or, in
some cases, commercial iishery, however the fish resource is
being utilized,.

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

Yes, we de. 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 2'handle on it. The best
we've done is to confer with our area biologists, ask them what
level the rivers are when they get the best fishing and then we go
to USGS records and interpolate the flow at that particular level
as we have in the north coast and in other areas along the coast,
recommending flows 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 fisn life.

Do you &ctually recommend a spawning ilow and then recommend
drooping the flow a third for the incubation end which takes less

water? :

Do we recommend dropping the flow aifier the spawning period?
Yes, we do, from the standpoint that we can't justify asking for
any more, According to the guicelines we have, we base the
flows entirely on these parameters and we try to stay away from
individual judgment the best we can, but we haven't anything
in writing with which to justify recommending more than
aporoximately the two-thirds level, but it isn't always the
situation; it depends on the siream.

You feel certain encugh that you don't mind dropping it a third?
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Answer:

Cuestion:

Answer:

Question:

- Answer:

Cuestion:

Answer:

Question:

Answer:

Cuestion:

"Answer:

Question:

We've recommended it, ' i

In discussing maximum f{lows, is what you mean actually the .
maeximum-minimum flow? '

Right. In this case, where we're operating--where we're recom-
mending minimum flows for fish life, that would be the maximum-
minimum ilow occurring during that period. We have recommended
optimum flows which would be the maximum optimum flow.

Does water temperature enter into the report?

We have ifound that temperature relationships with flow recuire-
ments are very complex and time-consuming to @assess., Where
we're operating with & three-man crew and covering the whole
state, some times we plug in to very limited extent some sub-
jective judgments, but we haven't had the time to go into a heat
budget study, etc., and plug this thing.

" Is this methodology appropriate for large rivers?

I think the largest rivers we've dealt with would e the Willa-
mette River's major tributaries or major coastal rivers--that's
orobably the largest. No, it is not really practical for rivers
larger than that because their minimum flows do not get down to
the point where the flow characteristics are within the limitations
of our criteria. In other words, velocities over gravel at the
minimum flow at many times in the larger rivers are many times
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 these measurement technigues, 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 som'e maingtem rivers where we get spawning, yes, but...

Don't they tend to move into the tributaries?

I'm not real gualified to answer that, but from our limite.d
experience this does occur in some situations.

lows for azguatic life,

Since the Oregon law relates to determining I
do you direct your work to any aquatic life other than fish life?




gg; Answer: No, we don't. We've been real busy just trying to determine
{ those for fisn life. 1 think it's a good question. It might well
ne consicdered.

Question: Well, haven't you pretty well limited your studies to salmonids ?
% Answer: . Yes. We've limited our studies to salmonids. We have no
i criteria for warm water species.
@ Question: You mentioned that your method is not to be applied to large
rivers, but you have been involved in a literature review and
can you, at this point in time, make any comment about what other
@ methods or modifications of your methods might be suitable for

use in large rivers?

Answer: No. The closest thing we have is a predicticn method whers we
look at drainage area and mean annual precipitation and expand
from the relationship we found between this and our previous
recommended flows, we could make some wild guess as to wnat
would be required with this formula we use. _But it wouldn't
really be a reliable indication of the biclegical requirements;
in other words, creating the flow conditions for fish in the river.
Keith spent about a day and a half with us here about 2 months
ago, going over our method, and [ 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.
Nevertheless, by getting out there in the stream and taking the
measurements [ think you'll have a better handle on what flow
it's going to take to create the stream condition.

:
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Question: Do you recommend flows at more than one place on a stream?
Answer: 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.

. Question: Do you include slope as part of your prime factors in determining
the velocity? A
Answer: We get out in the stream and measure what the actual velocities

are at difierent flows, so we don't have to make adjustments
_ for slope.

Question: How many cross sections do you make per recoemmendation? Hox
many spawning transects would you make per study section?

49
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Answer: For spawning, we just arbitrarily pick three cross sections
per study saction. We just don't have time to do more.




Appendix No. 1

DETERMINING STREAM FLOWS FOR FISH LIFE
" Environmental Management Sec*ion
Oregon State Game Commission
March 15-16, 1972

B. Planmng
1. Set study g0als and objectives (broad)
2. Recognize financing and ceaclines
3. Select types of fiow recommendations needed
a. Biological reguirements of fish life (minimum or cptimum)
b. Cthers (minimum or optimum)
(1) Wildlife water requirements
(2) Angling considerations (bank and boeat)
(3) Recreational boating
(4) Esthetics
(5) Water quality
4., Determine existing flow protection and recommendations /
5. Gather basic study data
a. Cbtain maps showing stream systems and access
b. Obtain USGS stream discharge annuals, rating tables and
telephone gages -
c. Interview local biologists
(1) Formulate stream priority list by considering
(2) Importance for fish production
(b) Recreational use and potential
(c) Potential for water developments
(d) A&ccess
(2) Determine road access and routes
Inventory, abuncance and distribution of fish and wildlife
rescurces
Identify limiting factors
Determine fish life-history per*od1c1t1es by Spec1es ‘and
stream or stream system-
6. Determine appropriate stucdy procedures
7. Determine number of streams or points of recommendation that time
and financial limitations will permit
a. 60-80 points of recormmendation per man
(1) If crew station close to study area
(2) Prolongecd work schedule
(3) Limited travel between study stations
b. 40-60 points of recommendation
(1) Cocmmuting to survey
(2) Short work seascn
(3) Consideradble travel between study stations
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8. Cbtain equipment
9. Determine miscellaneous study activities
a. Photograpns
b. Temperature studies
c. Water quality analysis
d. Cthers E
10. Appointing assisting personnel
11. Chart stream run-off patterns to predict activity schedule _
12. Assign appropriate criteria to individual streams and stream reaches

C.  Eguipment

1. Curreat meter (Gurley $622)

2. Steel tape

3. Tape recorder (Norelco)

4. Camera '

S. Thermometers (Normel and max.-min.)

6. Data tabulation forms ‘
a. Flow-temperature-remarks
b. Cross-section

7. Maps
a. SWRB (Oregon)
b. U. S. Forest Service
c. Bureau of Land Management
d. U. S. Geolcgical Survey

8. Gage records (USGS)

9. Calculator

10. Direct reading Gurley meter

11. Recording thermometers

D. Stream flow measurement procedures
1. Site selection
a. Flow characteristics
(1) Uniform depth (0.5-2.2")
(2) Uniform velocity (0.5-3.5 fps)
- 7 {3) Pool tail-rifile head area generally best
b. Stream channel characteristics
(1) Shallow encugh to wade
(2) Smooth bottom -
(3) Free of meanders or obs:iructions which create eddies or
flow surging :
2. Procedure--where precision is required
a. Measurement units (cubic feet per second)
(1) width (ft.)
(2) Depth (ft.)
(3) Velocity (it./sec.)
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b. Width measurement
(1) Tag line _
(2) Edge of current to edge of current
(3) Perpendicular to flow or angular compensations
c. Depth measurements
(1) Teken 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 simolify computations
d. Velocity measurements
(1) Taken along transect established by width measurement
(2) Measurements taken at points along transect o represent
mean velocity in each section created by depth measurements
(3) Velocities taken at 0.2 and 0.8 of total depth if Lofal depth
£

is over 1.3 feet, Velocities measured at 0.5 of the total -
depth from the flow surface if total deoth IS 0.5-1.3 feet
Velocities measured at 0.3 of total depth if total depth is

less than 0.5 feet,

CSGC ‘procedure (+ or - 10 percent error)

a. Independent of flow reguirement 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 on stream size
(S) Depth measurements evenly spaced
(6) 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
b. Discharge measured on cross-sections used to determine flow
requirements of fish
(1) Site normally similar to ideal f’low measurement site
(2) Only cross-sections pert.encxuular to flow are used as flow ..
measurement sites
(3) Nine evenly spaced deoth measurements are averaged
~ (4) Variable number of velocities measured, depending on stream
' size; but measurement points coincide with cross-section
points VA :
(S) Discharge = product of width X mean depth X mean velocity

Criteria
Purposes .

a. Determine stream discharge required to craate flow characteristics
needed for various biological activities of fish life
b. Lend continuity to recommended stream flow regimen

-
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c. Enhance the justification for flcws recomme
. 2. Adult passage criteria (OSGC)
! i : 3. Spawning criteria (OSGC)
" 4

. Incubation criteria
‘L a. 0.8 mg/l intragravel dissolved oxygen before hatching

. l b. 0.5 mg/l intragravel dissolved oxygen from hatching to fry
- _ - emergence
B : c. No relationship to stream flow velocity established

Vool d. Criteria not used in CSGC conventional stream flow requirements
C § ', study nere described

- f e. General guidelines for recommending incubation ilows

F ; (1) Enough water to cover gravel made available by recommendec
' y : spawning flow :

P (2) Approximately egquivalent to 2/3 the spawning flow recom-
A : mendation _

bl S. Rearing criteria--tentative. Not used to date in CSGC stream flow
i , requirements studies

<13

- 1 '3 Species Preferred zone Prefer. stream deoth ft Prefer. veloct-
oo Chinook Mid gool and pooi head 1.0-4.0 0.2-0.8
A Coho Mid pool and pool head 1.0-4.0 0.2-0.8

i]'*!" Steelhead All zones 0.6-2.2 0.2-1.6
. | Rainbow
3 i Cutthroat Riifle tail and pool head 1.3-4.0 -.2-1.6

AL

a. Criteria above are only tentative

b. General guidelines for recommending minimum rearing flows
(1) Adequate depth over riffles

. ' (2) Riffle-pool ratio near 50:50

(3) Approximately 60 percent of riffle area covered by flow
(4) Riffle velocities 1.0-1.5 fps
() Pool velocities 0.3-0.8 fps
(6) Most stream cover available as shelter for fish

F. Stream flow requirement measurement procedures
1. Advantages (The use of criteria and standard procedures.)
Enhances the justificaticn for flows recommended

Not applicable to streams withcut unifcrm (symmetrical) cross-

a.
0 b. Lends continuity to recommended stream flow regimen
R c. Avoids bias inhérent in individual judgment decisions
_,,) i d. Procedures may be more easily explained to a nontechnician;
i . . ' hence, more likely to gain the confidence of those aifected by
T the recommended flows
—_ 2. Disadvantages
i

S a.
( section sites




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

c. Most time consuming and expensive procedure

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

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

3. Adult fish passage
a. Purpose

-

(1) Provide adeguate water for physical movement through most
critical reaches to spawning areas

Not to provide flows generally believed necessary to induce
migration

—
[§%)
~—

b. Select the point on the stream cr stream section where exireme

width creates shallow flows most critical to passage of adult fish
c. Measurements

(1) Discharge -
(2) Transect length
(a) Measured 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) Every 2 feet on small streams
(c) Every 4 feet on medium sized streams
(d) Every 8 feet on large streams and rivers
(4) Velocity measurements
(a) 0.6 of the total deoth from the flow suriace
(h) . Only to verify that velocities are not excessive at any
given point along the transect
(5) Frequency and number of measurements
(@) Six sets of depth measurements on each transect
(six different flow levels)
(b) Measured often enough to insure data on six evenly
spaced flow levels
d. Data analyses
(1) Analysis of depth and velccity data at 2ach flow _
(a) Percent of total width meeting depth and velocity criteria
(b) Longest continuous segment of transect meeting deptn
and velocity criteria expressed as percent of total
transect width

(3) Most important in streams used by anadromous fish
o



(2) Analysis of the usable width for passage-dincharte
relationships
{a) Prepare line graph of percent of total wiith mweiing
depth and velocity criteria vs. discharue. [ntermine ..
the flow which yields 25 percent of the total criginal
width measurement passage
(b) Prepare line graph of longest continuous seqgment of
transect meeting depth and velocity criteria vs. dis= .
* charge. Detarmine the flow which yields a conlinuous .
portion of the transect, equaling 10 percent of the total .
original width measurement, passable.
(3) Derivation of the recommended flow
(a) Select the flow required to make passable at lcast 25 per-
cent cf the total width and a continuous port on of the
transect of at least 10 percent of the total widih
{b) if more than one transect is measured (5 dotrimine the
recommenced minimum flow, select {rom the 'riinsects
the highest flow requirement indicated.
(c) Make certain that other obstructions to {isih passage,
such as falls and cascades do not require more {low to
pass fish '

4., Spawning
a. Purpose _
(1) Provide acequate water fcr adult salmonids to spawn in their
creferred stream areas
(2) Flow requirement determined for all important specics of
salmonids inhabiting the study stream or stream section
b. Transect locations
(1) For most species, establish the transect on a sym:metrical _
gravel bar in the prime spawning area at the head cf the
riffle
(2) Select three transects for each flow recommendation to be
developed _
(3) Select gravel bars which approximate the size of those
typically Louwa in the stL.dy stream or stream scction

AT AT BTt

< (4) Straight line transect
(5) Not necossanly perpendlcuc.r to the flow
et c. Measurements : -
: '_"':"--} (1) Discharge (if transect measurements not applicable)
"3 (2) Transect larq th {stream width)
L (a) Measured fmm edges of flow _ -
o ‘1 (b) Measure each time depths and veleocities are measured -
e cmman (3) Depth measurements ) :
-_—,_-1‘ (@) Nine evenly spaced measurenments along transact, the
T first and las: measurcments be:ng /10 of the transect
“‘“”“; length from the stream cdge
( -
T - t
e

T =

ear, c% L
e .
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(b) Spaced to divide the transect into 10 equal parts

(€} One section on each end cf the transect, each
equivalent.to 1/20 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) Measured at same points on transect where depths

are measuréd (nine measurements)

(c) Except where obtaining measurements to compute cdis-
charge, the velocities at each of the nine stations
need only to be identified as they relate to parameters
of velocity criteria

(5) Frequency and number of measurements

(a) Mezsurements at enough different flow levels to r;*‘1 oly
identify the "discharge-usable width for spawning"
relationship (approximately six different {low levels)

(b) 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 flow
(b) On each transect’

(2) Summarize the relaticnships "stream width usable for
spawning have with discharge" for the transects in each
study stream or stream section: ' '

(@) Determine the average stream width usable for spawning
on the transects 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

(1-1) Maximum gravel = optimum spawning
(2-2) 80 percent of maximum gravel = optimum
_ spawning D
5. Spawning (usable-area procedure —see OSGC manuat)

Stream flow requirement observation procedures
1. Advantages ‘
a. Applicable to all types of streams
bH. Less time consuming and less expensive than measurement
procedures.
2. Disadvantages
a. Results subject to bias of individual observers
b. Justification cof results not as strong as Ior the measurement
procedure; hence, less likely to gain the confidence of those
affected by the recommended flcws

(Y
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c. Less inherent continuity in the results than the measurement
procedurs

Adult fish passage
a. Purpose
(1) Provide adequate water for physical movement through the
most critical reaches to spawning areas
(2) 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 whnere extreme
width creates shallow flows most critical to passage of adult
fish
c. Chbservations
(1) The estimated flow which would yield approximately 25 per-
cent cf the totel width and & continuous section of the bar
equaling approximately 19 sercent of its total width passable
according to the parameters cf passage criteria are estimated
at several difierent flow lsvels _
(2) Incidental observations of fish passing suspected critical
spots and the flow at whnich they pass ’
d. Discharge measurement during each cbservation
e. Derivation of the recommended ilow
(1) Select the flow the various cbserved recommendations seem
to indicate ‘ )
(2) Make certain that other obstructions to fish passage, such as
falls, cascades, or cataracts, do not require more flow to
pass fish
Spawning

a. Purpose

(1) Provide adequate water for adult salmonids to spawn in their
preferred stream areas

(2) Insure recommended flows which will accommecdate all
important species of salmonids inhabiting the study stream
or stream section

b. Cbservation locations

(1) For most species, observations are made on the portions of
gravel bars where spawning is most likely to occur (the head
of the riffle)

(2) Select about three symmetrical gravel bars which approximate
the size of those'typically found in the stucy stream or stream
section

c. Discharge measurement during eacn observation
d. Cbservations

(1) At each of several flow levels, an estimate is made of the
approximate flow required 1o provicde a scawning flow (see
criteria)
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a.

o
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Ouvtunum soawning {ioww 1S thal which covoers the maxinum

,«
03]

amount ol grave!l with flow douins and v locitios socced
Dy spawnlng Ilow criterid (excessive veiws:ities will be
the limiting factor)
(b) Minimum spawning {low is that which covers 80 percent
of the grave!l availabie at an optimum snawning fiow
(2) The measurements taken (o determing discharge are uscful
in estimating spawning flow raguircments
Derivation of the recommendced flow
(1) Select the ilow the various obsarved astimaies seem o
' indicate
(2) .\eoeat the same oroc”c re where different zpecies have
ire

vbhation
Puroose

/|) P"-’"‘ v~ _,(.::-\-.,.’_g,-\ Carm e A R N T , . Dy ey
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.
and iry emerzence
: - IeN PR~ S V- . 1
{2) Irnsure roconumendasd flows wiich wltl Socor medate ol

important specics of seimonics inhabiting the study stream
Cr stream sec:ion

Cbservation locations

(1) Spawning arzas {{
head of the riiile)

(2) Same sites where the spawning Ilow obscrvations are made
is most convenient

(3) Cn grave! bars which acoroximate the sizo of those tveicatly

found in the stucy strecam or sironm section
Discharge measuremen: during cacn observaticon
Observations

(1) At each of two or three flovs leve!ls ::ear thart reguired for
spawning, an estimate is mace of the approximate flow
required f{or incubation

(2) Measurzments taken to derermine discharge are useful in
estimating incuzation {low reguirements

Derivation of the recommended Ilow

(1) Select the flow the various observed ostimeigs seem (o

indicate

(2) Repeat the same vrocedure where difinrant svocios have
different svawning {low rocuiremeonts

€. Rearing LA
a. Purpose _

(1) Provice adeguate stream Ilow conditsions for saimonics when
flows for passage, spawning, cr incubation #7C not recuire

(2) insure recommenced flows wihich w:ill cccuimmadare all svecies
cf salmonids, doth juveniio and aduit, wiisn innabdit ine
stucy sirea:m or siream seciicn

.
_k{’\r‘.\’ R I B T R e



PSS DU S

AN N

“sy €

R

- b‘
N

S

[

RS

ey

JTRPCIVE RS N

1

BRI Y I

b. Chbhservation locations
(1) Most conveoniorniy those ardas wWhaie GLher obsarved recom-
mendations are :.a.;:cic
(2) On both riffles cud v
those typically ound 10 the study stream or siream seciion
(3) In some areas with strcam-side shade cove
c. Discharge measurament during cach observation
d. Cbservations

0OlS WRiCl GpLroKimall tne size of

(1) At each of several flow levels near that recuired for rearing
(relatively low flows), an 2siimat2 is macde of the aporoximat
flow reguired for rearing (see rearing-criteria and guidelines)

e
(2) Measurements taken o determineg discharge are usaiul ¢
estimate flows required Ior rearing
e. Derivation ¢f the recommended
] 7
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H, Stream Ilow recuirement Dre" lciion techniguc p
1. Acvantages
a. Least iime consuming and leas: cxpongive teCehnigue

b. Results not subjcct to biases of sersonacl using the technique

J
141 , L o onf ivyrrvvrm At~y ! Cs
c. Applicable 10 sireams where the lack of symusotincol crucs
I~ - 1 . - - Ve s e
section 1s preclude oiier ookl

[

d. Results display nigh tcvel of cantinuity
2. Disadvan:iages
a. Least inheren: justification for resulis of atl technigues; hence,
tcast likely o gain tho confidence of thouse alicctied by the
recommended {lows
5. Not applicable (o sprug-fed streams
3. Spawning anc rearing ’
&. Zguipment
(1) Maos ‘
(2) isohyetal with streams prominent
(b) Sectioned with streams prominent
(2) Szawning and rear:ing constants
o. Derivation of flow recommendations

(1) Determine drainage area above point whera fiow {s 1o de

(3) ’v’up iply drainage area {mi.=*) by mcan annual precipitation (in.)

(4) Select the appronninid constant valuo
(5) The recommende 'S
- 2) e
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I. Stream flow reguirement conversicn facicrs
1. Advantages '
a.  Enables the derivetion cf flow reccmmendations not obhtuinable by
any other procedure
(1) Angling flow requirements
(2) Esthetic {low reguirement
(3) Boating flow roguiremen:s

b. Enables the derivation of {low roccommenuations not obtained by
measurement or chservation crecedures during the ficld survey
) Adult fish passage (mininu.an and optimum)

(D »-=

(

(2) Swnawning " " "

{3) Incubaion . : :

() Qéarmg : g 3
c. One of least time consuming &od l@ast 0xnons v protcdures
csults not subject o biases of porsconndi WSy the e
low recommendations preperiional 10 fiow recominandation
which they are hascd, thus lending continuity to regcommonded

flow regimen for any given locauidn

0.
:U
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f
)
Q
3

1
A
ing flow rocommendations roguirdd 1o Witlch e conversion

3. Conversion factors

a. Aduit passage
) Optimum passage = mininium spawning
) Minimum passage = 0.67 X min:r

(1) Cotimum spawning = 1.67 X ¢
(2) Minimum spawning with 2.3" i :
minimum spawning with J.9" criteria

U

(3) Minimum svawning with 0,6 criteria = width of typical
gravel bar {feet) X 1.0 (under 20 icer)
1.5 (under 100 fesy)
2.0 {pver 100 fect)

(4) Minimuin spawning with 9.8' criteria - widih of typical

-
~

gravel vbar (f[ect)
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) Minimum re

Bank angling = 0.3 X optimum spawning’

Boat angling

(1) 2.0 X optimum sgawning in eastern Cregon

(2) 4.0 X optimum spawning in western Oregon

Preparing recommenced ilow regimen

l.

information recguired
a. '

) i’assagc -
b) Snawning
c) o on

.

Select hichest flow reguired for any
or streanm section
Precautions

. (1) Recommended ilows are nct adjustod tc aconmmadial:
N ) seasonally natural ilow deliciencicos or watlir riaht
N S
oo apgropriations
\','u! . .
i (2) Flows should not be recomme
- R insignificant svecics if the !
L excessive {or an important species
: (3) A flow rer‘o...rc\ cdaticn cerived by measuromnnt procedures
? o wh‘cq is not similar to the {low rccomnmended {or e same:
: location by the cbservaiilon tecanicue snould be carsiu
et dy R . -
1 evaluated ior errcrs
"-)..'-Z;‘i
1 . _~—
S K. OSCC siream flow racuiremant surveyv ra2geris--conions
— R \
{ 1. Strzam Ilow recommendailions
ey
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a. Niaimums
5. Cotimums
c. Cther

Fish species, abunrdance, and distributicn
S

8iclogical requirements of
Limiting facters of fish life
Fisa resource values
Stream flow and temperature mea
Photographs

almonids

[¢0)
w
[
-
O

a. tream {low comparisons
b. Limiting factors
c. Sport and commercial [isheries

4. Study procecdures
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