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| NTRODUCT! ON

Hstorically, the Umatilla Rver supported runs of spring and fall runs
of chinook sal mon, summer run steelhead trout and possibly coho sal non
(Figure 1). These fish played an extremely inportant role in the culture
and |ivelihood of The Confederated Tribes and Bands of the Umtilla

I ndi an Reservati on.

The advent of irrigation withdrawal s reduced summer flows in the system
and created a reduction in available habitat. Diversion dams also
aggrevate the [ow flow conditions by hindering passage of sal nonids and
creating backwaters which trap sediment and slow velocities. Under, all
these circunmstances, salmonid runs have decreased dramatically. At the
present tine, the Umatilla River does not support runs of chinook and
coho salmon.  Steelhead runs are reduced, and sone tributaries which
once supported steelhead no |onger do so.

The Confederated Tribes and Bands of the Umatilla Indian Reservation
have long been aware of the declining health of anadromous fish runs in
the Umtilla River system In 1978, they requested the Fisheries
Assi stance O fice-Vancouver (FAQ and the Col unbia River Inter-Tribal
Fish Conmssion (CRITFC) to determne the relationship between instream
flowin the Umatilla River systemand anadromous sal nonid habitat. The
CRITFC and FAO submtted a joint study proposal to the Bonneville Power
Admnistration for funding in Fiscal Year 1978. The study was approved
and funding received in Mrch 1978.

To anal yze available habitat under varying instream flow re?i nes, the
incremental nethodol ogy devel oped br the US Fish and Widlife Service's
I nstream Fl ow Goup (IFG, Fort Collins, Colorado was utilized because

of its ability to self calibrate, and to evaluate both optinmm and

mar gi nal habitat.

The |1FG nmethodol ogy allows the use of several hydraulic sinulation
techni ques, of which FAO elected to use the rating curve nethod. This
nmethod is recommended by IFG for streams with conplex channels and
assunes that a linear logrithmc relationship exists between river stage
and di scharge.

The U S. Geological Survey (USGS) was contracted to obtain the necessary
flow neasurenents for input into the |FG nodel.
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SITE SELECTI ON

The first task in the assessnent of the instream flow requirenments of
anadronous sal nonids in the Umatilla River was the division of the study
area into sections providing relatively homogeneous habitat throughout
their length. Factors considered in defining these sections included

t opogr aphy, %eology, radient, stream flow and biological comunities
(Bovee and M1hous, 1978). The Oregon Department of Fish and Wldlife's
D’strict.FisherK Biologist for the Umtilla Basin was consulted and in
cooperation with him the mainstemriver was divided into eight sections

During the process of segmenting the mainstem study areas on tributary
streams which contribute to, or which exhibited the greatest potentia
for contributing to the Basin's anadromous fishery resource were also
established. The tributaries selected, based on present contribution,
were the North and South Fork of the Umatilla River, Meacham Creek,
Squaw Creek and Birch Creek. The tributaries offering the best poten-
tial for restoration were MKay Creek and Butter Creek. One study
section was selected on each tributary. This section usually repre-
sented the longest section of uniform habitat within the tributary.

Following the identification of the river sections, representative study
reaches from each section were established. A typical study reach
contained two riffle-pool, or mneander crossing meander-pool sequences.
The length of the study reaches averaged ten to fourteen times the
average channel width, as recomrended by | FG (Bovee and M | hous, 1978).

In selecting the study reaches, each river section was toured to obtain
a feeling for all habitat types and every area offering suitable access
to field crews was visited. Lastly a concensus opinion of the area
which best represented the river section was obtained. One representa-
tive study reach was selected in each of the eight river sections, wth
the exception of the second section upstream of the river's nmouth. Due
to the length of this section and the frequent change in stage caused by
irrigation withdrawals, two study reaches were selected. Table 1 defines
the representative river sections and |ocates the study reaches; Figure
2 shows the location of study reaches within the Umatilla River system
Study reaches are denoted wth a "U or "T"; the "U' signifies a main-
stemUmatilla River reach and the "T" a tributary reach of the mainstem
Umatilla River.

Four to six transects were established within each study reach. The
nunber of transects used was based upon the conplexity of the study
reach. Wth the assistance of the USGS, transects were positioned to
define a specific habitat type within the reach. The downstreamtran-
sect, as specified by the IFG nethodol ogy, was Placed whenever possi bl e
on a hydraulic control. On the reaches in the [ower river, water depth
gnd turqhdity were such that hydraulic controls, if present, were not

i scernabl e



Table 1.

Representative Section Boundaries,

and Study Reach Locations

Representative Section Boundaries

Study Reach Location

Stream Characteristics

Mouth of the Umatilla River R M
0. to Three Mle Dam R M 3.75;
length 3.75 m|es.

ul
Near USGS Gagi ng
Station RM 2.1

Low stream gradient; a
few [ ong meanders in
broad valley.

Three Mle Dam RM 3.75, to

uz2
Near Hawy 207 bridge.

Low stream gradient;

Feed Canal Diversion Dam R M RM 15.7. | ong neanders in broad
28.8 (approximately 1.8 mles val | ey.
upstream from Echo); length 25 u3
mles. Near Hwy Bridge at
Echo R M 26.6

ug
Feed Canal Diversion Dam R M Near USGS Gaging Low stream gradi ent;
28.8, to Birch Creek RM 46.5; Station and Hwy moderate neanders in a

length 17.7 mles.

Bridge, RM 37.6.

val l ey approximtely
.25 mles wide.

Muth of Birch Creek R M 46.5,
to MKay Creek R M 48.9, length
2.4 mles.

us
Near Hwy Bridge at
Reth RM 46.7.

Low stream gradi ent;
nmoderate neanders in
approxi mately .25 mle
wi de vall ev-

From Mouth of MKay Creek R M
48.9, to bend in river at RM
54.9; length 6 mles.

U6
Near Main St. Bridge
in Pendleton, RM
52. 25.

Low stream gradi ent;
nmoder ate neanders
through .25 to .5 mle
wi de valley.

Bend in river at RM 54.9, to
Squaw Creek R M 74.9; length
20 miles.

u7
Near Hwy Bridge at
Cayuse, R M 65.7.

Mbderate stream grad-
ient; noderate mean-
ders .25 to 1l nle

wi de val | ey.

Squaw Creek R M 74.9, to Meacham
length 2.2 mles. Station 1.2 mles

Ceek RM 77.1;

us
Near USGS Gaging

downstream from
G bbon RM 75.6.

Moderate stream grad-
ient; noderate mean-
ders through .2 mle
wide valley.

Meacham Creek R M 77.1,

to North

uo
.2 mles bel ow

and South Fork Junction RM 87.9; Unmatilla Reservation

|l ength 10.8 miles.

Boundary R M 79. 35.

Mbderate to high
stream gradient in
canyon bottom




Table 1 (continued):

Representative Section Boundaries  Study Reach Location  Stream Characteristics

Tl
North Fork of the Umatilla River North Fork of Umatilla H gh stream gradient
from confluence with South Fork River .5 mles from In steep canyon.
(RM 87.9 on Umatilla River main- the confluence with
stenm), to 6.1 mles upstream the South Fork of the
length 6.1 mles. : Umatilla River.

T2
South Fork of Umatilla River from South Fork of Umatilla H gh stream gradient
confluence with North Fork (RM 2.2 mles from con- in steep canyon.
87.9 on mai nstemof Umatilla fluence with North
River), to Thomas Creek; length Fork of Umatilla River.
3.4 mles.

T3
Meacham Creek from mouth (R M77.1 Meacham Creek .4 nmiles Mderate to high stream
on Umatilla River) to confluence above Bonifer, 2.9 gradient in .2 mle
of North and South Forks of mles fromthe wi de steep canyon.
Meacham Creek; length 15 mles. stream s nouth.

T4
Squaw Creek fromits mouth at R M Squaw Creek 3.5 mles Mderate stream grad-
74.9 on the Umatilla River, to frommuth;, .3 mles lent in .l mle wde
6.2 mles upstream length 6.2 downstream from canyon.
m | es. Bachel or Canyon.

T5

MKay Creek from the south end of MKay Creek near road Low to noderate stream
MKay Reservoir to the confluence bridge approximately gradient in .l to .25
of the North and South Forks of 18.3 mles fromthe mle wde canyon.
MKay Creek, length 12.5 mles. mouth of MKay Creek

on Umtilla River. 8.3

mles from MKay

Reservoi r.
T6
Birch Creek fromits nmouth at RM Birch Ceek, .2 mles Mderate stream grad-
46.5 on the Umtilla River, to the bel ow confluence of ient in a canyon that
confluence of the West and East the East and West is .2 to .5 mles wde.
Forks of Birch Creek near Pilot Forks of Birch Creek,
Rock; length 16.2 mles. approximately 16 mles
fromthe stream s nouth.
T7
Butter Creek from confluence of Butter Creek, near Moderate stream grad-
Butter Creek and Little Butter USGS Gaging Station ient in a canyon .2 to
Creek, 19.5 mles fromthe nouth approximately 1 mle .5 mles wde.

of Butter Creek, to the confluence upstream from Vey
with the East Fork of Butter Creek; Ranch, 28.5 mles from
length 31 mles. the stream s mouth.
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DATA COLLECTI ON

As specified by IFG for a two-point rating curve, two sets of flow data
(separated in discharge by approximtely 150 percent) were collected
from each study reach. The stage of zero flow, which is the water
surface elevation at which stream fl ow ceases, was used as the third set
of data. Gven the time constraints placed on project conpletion, data
at the higher flow were collected first (Mwy 23-June 1).

The elevation of the headstakes marking the transect ends and the

di stance between transects was obtained prior to collection of flow
neasurenents.  For each flow studied, the water surface elevation was
determ ned by obtaining the difference in elevation between the head-
stake and the water surface. A tagline was stretched across the stream
at the transect location to neasure the distance from the right bank
headst ake to data collection points along the transect. As specified by
the IFGs Information Paper Number Five (Bovee and M| hous, 1978), a

m nimum of twenty data points were spaced along the transect. Care was
taken to insure that no nore than five percent of the stream discharge
was represented by any one data point. At each collection point, measure-
ments of depth, substrate, and velocity were obtained. To determne
stream bed elevation, water depth was neasured and the val ue obtained
subtracted from the water surface elevation.

Substrate was exanined and quantified, based on a nodified Ventworth
scale. This scale, based on particle size, assigns a numerical rating
bet ween one and eight to substrate type (Table 2).

Tablle 2. Substrate Classification Based upon Modified Wentworth Scale.

Substrate |ndex Mat eri al Si ze Range (mm)

8 Bedr ock --

7 Boul der >305

6 Cobbl e 75 - 305

5 G avel 5- 175

4 Sand .125 - 5

3 Silt .062 - .125

2 Cay , < 062

1 Pl ant Detritus --

Vel ocity at each point was measured by either a Price or Pigny current
neter. The former was used for depths greater than 1.5 feet and the
latter for lesser depths. For depths of less than 2.5 feet one neasure-
ment of velocity, taken at six tenths of the depth from the surface, was
used to determine the nmean colum velocity. For depths greater than 2.5
feet, two measurenents of velocity were taken, one at two tenths and one
at eight tenths of the depth fromthe surface. The two velocity measure-
nments were then averaged to obtain the nmean colum velocity. This
procedure was repeated at each transect for the flows studied. Table 3
Is an exanple of a set of data collected at one transect.



Low flow data were collected between June 27 and June 29, and between
Septenber 12 and Septenber 15.  The dual collection period was necessary
since flows dropped nore quickly in some river sections than in others.
Flows at the time periods selected were generally |ow enouEh to fal

near the 150 percent guidelines set by IFG Since headstake and bed

el evations were static, these neasurements were not repeated. (One study
reach, Umtilla River at Umatilla, Oregon, required additional flow

data which was collected during the spring of 1979.
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COVWPUTER ANALYSI S

The | FG process for evaluation of instream flow requirements for any
species of fish is conposed of two segments: hydraulic simulation, and
habitat evaluation. Hydraulic simulation estimtes the relationship of

one or nore sets of neasured flow related paraneters, to stream dis-
charge. Habitat evaluation estimates the total available habitat, by
fpecies and life history stage, based on the results of hydraulic sinu-
ation

Fisheries Assistance Ofice staff, with the assistance of IFG personnel
model ed twel ve di scharges for each river reach, using the IFGs rating
curve hydraulic simulation nmodel (IF®). The U S. Bureau of Recla-
mation's Denver Conputer facilities were used for this purpose

Discharges from .77 tines the nmininmumdischarge to 1.7 times the maxi num
di scharge were generally considered to be within the useful range of
extrapolation for the two-point rating curve; however, a wder set of
discharges (.4 times the mninumto 2.5 tines the maxi mum di schar ges)

was examned to determne the behavior of the rating curve outside the
initial range. Based on the recommendations of |FG staff, results
generated within the broader range (.4-2.5) were utilized for further
analysis, as long as velocity adjustment factors stayed within the 10%
acceptable limt.

After conpletion of hydraulic simulation, the resultant prediction of
hydraulic conditions were interfaced with the Habitat (IFG) programto
obtain estimates of available habitat at various stream discharges.
Probability of use curves for depth, velocity, substrate and tenperature
make up the core of the IFGs Habitat nmodel (Figure 3).

The probability of use curves were devel oped by IFG based on the best
available information for each species. Frequency of occurrence was
related to increments of depth, velocity, and substrate. Probability of
use was then equated with frequency of occurrence. The point with the
greatest frequency of occurrence was assigned 1.0 probability of use
Were frequency of occurrence equaled zero, probability of use was
assigned zero. Internediate values were assigned on a linear scale
basi s.

In order to estimate the conposite probability of use, the IFG3 program
cross-multiplies the individual probabilities drawn from the depth,
velocity and substrate curves. The program applies this process to data
col lected from each point across all transects. The next step expands
the habitat rating given to the individual data points to the tota
habitat contained within the study reach. Transects are divided into
segnents centered about a data point. For the transects fornming the
upper and |ower boundries of a reach, the length of the segnents extend
fromthe transect to a line one-half the distance to the next transect.
Segments of the inside transects extend one-half the distance from the
transect in each direction. The entire area of each segnent is given a
habitat value the same as its central data point located on this transect
(Figure 4)
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To conpute available habitat, the area of the segment containing the
data point is multiplied by the conposite probability of use. This
results in an estimate of available habitat expressed as weighted usable
area. One unit of weighted usable area is equivalent to a unit of
optimum habitat. The |FG program standardizes the measure of available
habitat by expressing it in square feet of weighted usable area per 500
lineal feet of stream

Addi tional analysis methods were utilized on the Umatilla River at the
Umatilla, Oregon reach. This extremely short (3.75 niles) reach provides
little or no habitat or potential habitat for anadronous sal nmonids due
to water tenperatures, flow patterns and bedrock substrate encountered
throughout the section. The reach is, however, critical for passage of
adult and juvenile sal nonids.

Probl ems associated with passage of salnonids in the Umatilla River are
directly related to water depth, since sustained sw nming speeds of 13.5
ft. per second in steelhead and 11.0 ft. per second in chinook (Bell,
1973) are well above the velocities encountered in any mainstem sinu-

| ations.

The 1 FG hydraulic sinmulation nmodel was used to obtain passage data based
upon discharge. The nodel provides at each transect, the width of the
single widest channel and the total cunulative stream width which is of
at least a selected passage depth. This technique determnes the amount
of channel that meets passage criteria, but does not evaluate other
factors such as attractant flows and tenperatures which are necessary to
pronmote noverment of fish into or through the system FAO nodeled a w de
series of discharges for each transect. At each discharge the transect
which provided the narrowest total wi dth of channel which met the m ninum
passage standard was identified. The relationship of the narrowest or
"critical" channel to discharge was exanined through the use of graphics.
Since this relationship is not linear, changes in discharge which yielded
large increases in width of passable channel were identified. The

di scharge associated with this reach which, in the opinion of FAO staff,
would allow for the minimum unrestricted sal nonid passage was identified
as mninmum passage flow.

In utilizing this option for estimating passage conditions, we con-
sidered .8 feet to be the mninmm passage depth for adult chinook; .6 to
be the mninum passage depth for adult steel head and coho; and .1 feet
to be the mninum depth for passage of all juveniles (Snmith, 1973),
(Burl ey, 1974) .

-13-



FACTORS EFFECTING PREDI CTION OF HABI TAT

Water tenperature is foremost among the factors influencing anadronous
fish production that is not directly included in the conputer analysis.
The inportance of tenperature to Umatilla River anadromous sal nonid
production can be seen fromthe follow ng exanple. The tenperature
curve developed by IFG (Figure 5) indicates that at tenperatures higher
than 24.4°C (76°F) the probability of use for juvenile rearing of steel-
head trout drops to zero. A check of tenperature information obtained
by this office within some of the stream sections, and records available
fromthe USGS s ga%ing station at Gbbon, show summer tenperatures in
sone sections of the river routinely exceed this critical tenperature
Even when maximum critical tenperature is not exceeded, high sumwer
water tenperatures severely reduce probability of use values for avail-
able rearing habitat. For exanple, summer tenperatures of the Umatilla
River near G bbon, often average 22°C (71.6°F) for several weeks. Wile
this tenmperature is within the tolerance range for juvenile steelhead,
it reduces the probability of use of available habitat over 82 percent.
Flows identified in this report that produce maximum habitat may well be
{omar than flows required to maintain water tenperatures at a desirable
evel.

Anot her inportant factor which is not evaluated by the nodel is passage

of salnmonids past man made obstacles. Passage of adult mgrants is
hindered by Three Mle Dam and several other diversions in the |ower

half of the river and on several tributaries. Downstream mgration of
juvenile salnonids is also conplicated by unscreened irrigation diversions

A third factor not included in this analysis is cover. Both instream
and overhead cover are inportant in defining the actual amount of habitat
available in a particular stream section. A separate analysis of cover,
although it would provide a better estimte of available habitat, is not
critical in the current assessment. It is our opinion that for the
sections of the Umtilla River studied, cover is not a factor which
gffects salmonid rearing habitat to the degree the variables analyzed

0.

Wien reviewing the actual results of the flow analysis presented in this
report, it should be noted that |FG devel oped the probability of use
curves, and based the hydraulic prediction on mean colum velocity.

At high flows, the mean colum velocities can be significantly higher
than velocities actually occurring near the stream bed where juvenile
sal nonids woul d be expected to occur. This undoubtedlﬁ results in the
nmodel underestimating actual available habitat at the higher flows,
expecially if the mean water colum velocities exceed the tol erance
range identified in the probability of use curves

A less serious problem presented by the velocity model is the tapering
of all velocity curves so as to end at the origin. It is anply denon-
strated that anadromous salmonids do utilize (to sonme degree) areas with
zero velocity; consequently, available rearing habitat will be slightly
underestimated. The Umatilla sKstem is directly affected by this situa-
tion. On small tributaries such as Squaw Creek, mnor spring inflow
into pools maintains water tenperatures and quality within tolerance

-14-
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limts. Md-summer surveys conducted by FAO personnel on Sgquaw Creek
have |ocated significant nunbers of juvenile rainbow or steelhead trout
in pools where velocities were at or very close to zero. This situation
appears to be localized to short reaches of only a few tributaries and
the overall effect is probably nminimal. In nost pools as velocities
approach zero, water quality, (including tenperature) deteriorates so as
to reduce available habitat to a mninum

Evi dence, acknow edged by |FG (Bovee, 1978), indicates that depth
probability of use curves do not tail off for fry and juvenile steelhead
at depths greater than 1.5 feet (juvenile curve) or 0.5 feet (fry curve)
utilized in the present nodel. FAO believes this sane lack of tailing
off would also occur in other anadronmous salnonid fry and juveniles

Fish and Wlidlife Service personnel in the Arcata Fisheries Assistance
Ofice evaluated several stream sections with and wthout the tailing
effect of the probability of use curves. The tests showed insignificant
differences in prediction of available habitat throughout the ranges
tested (personal communications, T. Chatto, FAO Arcata 1979). Conse-
quently, although the curves used in this study for juvenile and fry may
not reflect true behavior at these life stages, we do not feel their use
significantly affected the results of the study.

- 16-



QUTPUT

For each study section, the amount of available habitat for the range of
flows nodeled is provided in graphic and tabular form by species an
life history stage

Mean monthly discharges which would provide maxi num habitat for steel-
head are conpared with presently occurring mean monthly discharges.
Al'so provided for steelhead is a conparison of the ampunt of habitat
avai | abl e under presently occurring mean nonthly discharges, and the
anount of habitat that would be available under optinum discharges.
These additional flow conparisons were made for steelhead since this
Sﬁecie is the most numerous of the anadronous sal monids presently using
the Umatilla system  Actual mean nmonthly discharges for the Echo (W2)
reach are not included in the data because of the large nunber of water
wi thdrawal s and absence of a US. Geol ogical gaging station.

WWen two or nore |ife history stages of a species are concurrently using
the river, the life history stage requiring the greater discharge was
utilized to identify the flow.

By conparing the figures and tables in each section, the user of this
report can determne the extent or degree of inpact an altered flow
regi me woul d have on anadronous fish habitat. Since there are undoubt -
edly several water nanagenent alternatives for the Umatilla River that
woul d benefit anadromous fish, the decision maker will be able to deter-
mne the nost cost effective alternative

In several instances, available habitat was increasing at the end of the
range of discharges that could be modeled.  Optinum discharge in these
instances was selected as the last discharge nodel ed.

The following section provides data by each study reach.
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Umnatilla Rver At Umatilla. Oegon

River reach analysis of passage in relation to discharge indicates that
increases in discharge up to 50 cfs yield large increases in total width
of passable channel for juvenile salmonids (.2-foot mninum passable
depth); from 50 cfs to over 75 cfs little increase was noted in passable
channel width; from 75 cfs to 125 cfs good increases are again noted
while little gain was noted between 125 cfs and 225 cfs. From 225 cfs
to 250 cfs an increase in maximum width within the range of nodel ed
flows occurs.

Wth regard to passage criteria for adult steelhead and coho (.6-foot
mnimn, and adult chinook (.8-foot minimun), a simlar pattern of

di scharge v. passable width of channel was found. For steel head and
coho, discharges up to 100 cfs provide rapid increases in passable
channel width. Above 100 cfs increases were small until 225 cfs was
reached. In the interval between 225 and 250 cfs a significant increase
in passable channel width was noted. Above that discharge no signifi-
cant increase occurred

The pattern of increased passage area for adult chinook is gradual

Good increase is available up to 100 cfs, and again from 125 to 150 cfs.
Increases are also available from 175-200 cfs, and 275-300 cfs. The
single change yielding the greatest increase is that from 175-200 cfs.

Data for discharge (cfs) vs. available habitat area (sqg.ft.) are pro-

vided in tabular formonly because of the limted anount of habitat
avai | abl e for coho, chinook and steel head.

-10-
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UMATI LLA RI'VER AT UNVATI LLA OREGON
Discharge in cubic feet per second.

Period of record
1904 - 1977

JAN FEB MAR APR MAY JUNE JULY AUG SEPT ocT NOV DEC

Mean Discharge 717 902 1126 1345 656 154 32.8 29.4 39.2 80.8 233 530
(Standard
Devi at i on) (573) (650) (742) (938) (775) (271) (40.6) (26.8) (33.7) (7.70) (213) (452
H ghest Average
Fl ow 2402 3121 3678 4388 4673 1688 220 117 129 331 1302 1948
(Year) (1918)  (1907)  (1972)  (1904) (1917  (1906) (1913) (1913 (1912 (1960) (1928) (1974
Lowest Average
Fl ow 89.3 80.7 154 4.56 1.55 2.22 0.42 0.00 0.17 9.35  39.6 31.2
(Year) (1930)  (1911)  (1977)  (1968)  (1977) (1977 (1907) (*) (1909) (1937) (1923) (1919)
(*) many years of record Nor mal Annual Mean = 476

(Source: US.GS.)



DI SCHARGE (CFS) vs.

UMATI LLA RI'VER AT UMATI LLA, OREGON

AVAI LABLE HABITAT AREA (sQ FT.) PER 500 Feer oF STREAM

C0HO SALMON
DI SCHARCE FRY SPAWNI NG | NCUBATI ON
1. 246. 0. 0.
10. 368. 0. 0.
30. 123. 0. 0.
50. 695. 0. 13.
70. 642. 0. 49.
90. 581. 0. 90.
110. 594, 0. 147.
130. 609. 0. 206.
150. 635. L. 285.
175. 653. 2. 350.
200. 774, 2. 358.
225. 851. 4, 365.
CHI NOOK SALMON
SPRI NG FALL
DI SCHARCE JUVEN LE SPAWNI NG SPAWNI NG | NCUBATI ON
1. 1549, 0. 0. 0.
10. 2299. 0. 0. 0.
30. 5867. 0. 0. 0.
50. 6717. 0. 0. 18.
70. 6743. L 0. 62.
90. 6175. 3. 0. 115.
110. 6094. . 0. 176.
130. 6178. 8. 0. 242.
150. 6335. 11. 0. 330.
175. 6658. 15 0. 404,
200. 7541. 20. 0. 440.
225. 7836. 28. 0. 465.
STEELHEAD
DI SCHARCE FRY JUVEN LE ADULT SPAWNI NG | NCUBATI ON
1. 29. 10. 0. 0. L.
10. 47. 28. 0. 0. 2.
30. 182. 234. 9. 0. 8.
50. 396. 529. 122. 0. 34.
70, 490. 619. 190. 0. 79.
90. 498. 626. 107. L. 157.
110. 519. 647. 95. 5. 265.
130. 548. 662. 85. 1. 344,
150. 574. 676. 72. 8. 413.
175. 620. 679. 54. . 418.
200. 668. 679. 38. 8. 520.
225. 739. 714 29. 9. 551.



UMATILLA RIVER AT ECHO (U 3)



DISCHARGE <(CFS>

400.00

350.00

300000 +

250.00

200.00

150.00 -

100.00

50000 T

b |
1

1
T

1
T

e G e G Graam G Gue— Gu— Gy

———— QOPTIMUM DISCHARGE

0.00 +

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

OPTIMUM DISCHARGE FOR STEELHEAD

UMATILLA RIVER AT ECHO



WEIGHTED USABLE AREA
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UMATI LLA RI'VER AT ECHO

DI SCHARGE (CFS) VS. AVAILABLE HABI TAT AREA (SQ FT.) PER 500 FEET OF STREAM

C0HO SALMN
DI SCHARGE FRY SPAWNI NG | NCUBATI ON
5 642. 142. 640.
15. 2980. 272. 3043.
25. 3995. 505. 4034.
50. 3710. 1409. 8231
75. 2497. 1820. 12636.
100. 2218. 2193. 15251.
125. 1758. 2663. 16916.
150. 1438. 2981. 16976.
175. 1194, 3412, 16237.
200. 1021. 3628. 15636.
250. 830. 3621. 14488.
350. 655. 2566. 12129.
CHI NOOK SALMON
SPRI NG FALL
DI SCHARGE JUVEN LE SPAWNI NG SPAWNI NG | NCUBATI ON
5 1537. 177. 70. 566
15. 4374. 555. 305. 2953.
25. 6589. 994. 330. 3974
50. 8840. 2055. 685. 8835
75. 8704. 2408. 1051. 14736.
100. 7694, 2423. 1265. 18395.
125. 6334. 2663. 1532. 20974.
150. 5357. 2907. 2044, 22001
175. 4607. 2928. 2531. 21980.
200. 4100. 3031. 2973. 31919.
250. 3402. 3678. 4066. 21549.
350. 2638. 3211. 3794. 19786.
STEELHEAD
DI SCHARGE FRY JUVENI LE ADULT SPAWNI NG | NCUBATI ON
5 1236. 1657. 23. 17. 1208
15. 7713. 5692. 39. 226. 374l
25. 8464. 7815. 64. 418. 5761.
50. 1826. 9816. 2817. 693, 10441.
75. 7044, 9864. 921. 1044, 14849.
100. 6550. 9517. 2098. 1491, 18556.
125. 5892. 9053. 2980. 1841. 21233
150. 5063. 8418. 2807. 2021. 23141.
175. 4328. 7684. 2041. 2300. 24269.
200. 3713. 6932. 1580. 2461. 24939.
250. 2897. 5770. 1114 2689. 25674,
350. 1782. 4436. 659. 3392. 25871
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UMATILLA RIVER AT ECHO
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UMATILLA RIVER AT YOAKUM (U &4 )
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UMATI LLA RIVER AT YOAKUM OREGON
Discharge in cubic feet per second.

Period of record

, 1-1977
JAN FEB MAR APR MAY JUNE JULY AUG SEPT oCT NOV DEC
Mean Di scharge 869 1063 1448 1775 1108 428 241 190 114 87.7 263 638
(standard
Devi ati on) (606)  (684) (917) (987) (625) (261) (145) (148) (85.8)  (29.6)  (204)  (550)
Hi ghest Average
Fl ow 2284 2874 3654 4636 2685 1462 445 404 305 171 827 2054
(Year) (1965  (1907)  (1972)  (1904) (1912)  (1906) (1961) (1961) (1974) (1914)  (1904) (1965)
Lowest Average
Fl ow 118 115 413 404 256 12 25. 6 18.7 30.3 50.6 90.4 96.9
(Year) (1977)  (1977)  (1977)  (1968)  (1968)  (1910)  (1910) (1914) (1908) (1911) (1970) (1977
(*) many years of record Normal Annual Mean = 683

(Source: U.S.GS.)



UMATI LLA RIVER AT YCAKUM
DI SCHARGE (CFS) VS. AVAILABLE HABI TAT AREA (SQ FT.) PER 500 FEET OF STREAM

COHO SALMON
DI SCHARGE FRY SPAWNI NG | NCUBATI ON
100. 1709. 11473. 33129.
125. 1613. 12192. 35828.
150. 1463. 12015. 37088.
200. 1171, 11075. 36482.
300. 647. 9655. 35499.
400. 377. 6370. 30100.
500. 209. 2298. 25511.
600. 119. 960. 21441.
700. 73. 505. 18310.
800. 61. 2717. 15889.
900. 57. 187. 13875.
1000. 58. 137. 12203.
CH NOOK SALMON
SPRI NG FALL
DI SCHARGE JUVEN LE SPAVWNI NG SPAVWNI NG | NCUBATI ON
100. 11794. 14943. 12040. 32559.
125. 10486. 16485. 14229. 36268.
150. 9424, 15755. 14591. 38977.
200. 7888. 12273. 13787. 41993.
300. 5870. 9050. 10433. 46788.
400. 3839. 6230. 8562. 45991,
500. 2549. 2689. 4693. 44227.
600. 1565. 1120. 1903. 42047.
700. 937. 545. 967. 39543.
800. 632. 299. 534. 36858.
900. 425. 175. 291. 34170.
1000. 2717. 116. 178. 31582.
STEELHEAD
DI SCHARGE FRY JUVEN LE ADULT SPAWNI NG | NCUBATI ON
100. 22709. 26871. 1878. 4282. 29530.
125. 20490. 27388. 3847, 7675. 34160.
150. 18180. 27186. 5702. 11163. 37748.
200. 14486. 24789. 7339. 17220. 42791.
300. 8009. 17651. 4729. 18693. 48823.
400. 4385. 11697. 2685. 16654. 51861 |
500. 2195. 7460. 1589. 13593. 53070.
600. 1111, 4554, 913. 9289. 53565.
700. 527. 2865. 573. 5488. 53544.
800. 294, 1865. 357. 2804. 53073.
900. 166. 1240. 224, 1415. 52206.

1000. 105. 916. 153. 909. 50920.
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UMATILLA RIVER AT RIETH, OREGON ( U 5 }
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UVATI LLA AT RIETH
Discharge in cubic feet per second.

JAN FEB MAR APR MAY JUNE JULY AUG SEPT oCT NOV DEC

Mean Discharge 674.0 829.4 1068 1495 960.8 460 374.3 327.8 170.8 75.5 249 579.2

(Standard
Devi ati on) (487) (427)  (504) (600) (472) (216) (72.4)  (76.9) (74.7)  (44.9)  (209)  (465)

H ghest Average
Fl ow

NA NA N A N A N A N A N A N A N A N A N A N A
(Year)

Lowest Average
Fl ow

NA NA N A N A N A N A N A N A N A N A N A N A
(Year)

Mean discharge records are approximated by combining the flows of the Umatilla River at Pendleton
(1904-1905, 1935-1977) and McKay Creek near Pendleton ( 1948 -~ 1977).
High and low flows are unavailable.

(Source: US.GS)

Nor mal Annual Mean 605



UMATI LLA R VER AT RIETH

DI SCHARGE (CFS) VS. AVAI LABLE HABI TAT AREA (SQ FT.) PER 500 FEET OF STREAM

DI SCHARGE
100.
125.
150.
225.
300.
375.
450.
550.
650.
750.
850.
950.
DI SCHARGE

100.

125.

150.

225.

300.

375.

450,

550.

650.

750.

850.

950.

DI SCHARGE FRY
100. 1994,
125. 1945,
150. 1906.
225. 1843.
300. 1580.
375. 1368.
450. 1121.
550. 790.
650. 555.
750. 401,
850. 309.
950. 2317.

CCOHO SALMON
FRY SPAVNI NG
7865. 17.
6303. 29.
5133. 46.
3125. 177.
2032. 218.
1277. 268.
898. 391
624. 646.
496. 742.
426. 461
339. 217.
268. 17.
CH NOOK  SALMON
SPRI NG
JUVEN LE SPAVNI NG
18382. 63.
18117. 67.
17221. 82.
13463. 104.
9947, 240.
7318. 462.
5572. 558.
4255. 589.
3278. 433.
2451, 2717.
1881. 185.
1514, 113.
STEELHEAD
JUVEN LE ADULT
9527. 1127,
9788. 1590.
9766. 2006.
8819. 2743.
7651, 3737.
6479. 5111.
5461. 5192
4404. 4258.
3574. 3293.
2971, 2702.
2528. 2457,
2193. 2004,

| NCUBATI ON

226.

351.

887.

5418.

7664,

8712

8982

9466.

8990.

8134.

7467.

6961.

FALL
SPAVWNI NG | NCUBATI ON
0. 233.
2. 335.
13. 848.
121. 5396.
2176. 8013.
274, 9558.
279. 10074.
292. 11368.
242. 11498.
159. 11322.
103. 11143.
57. 10956.
SPAVWNI NG | NCUBATI ON

35. 2086
51. 2566
52. 3045.
49, 4426
80. 5796.
97. 7182.
104. 8588
120. 10315
157. 11511
152. 12293.
146. 12729
126. 13045.
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UMATILLA RIVER AT PENDLETON, OREGON (U 6)
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UMATI LLA RI'VER AT PENDLETON, OREGON
Discharge in cubic feet per second.
Period of record

1904- 1905, 1935-1977

JAN FEB MAR APR MAY JUNE JULY AUG SEPT oCT NOV D EC

Mean Discharge 662 788 1004 1374 877 321 74.3 36.8 43.8 73.3 249 579
(Standard

Devi ati on) (486)  (412) (490 (577) (460)  (206) (31.7) (12.0) (12.4)  (44.6)  (209)  (465)

H ghest Average

Fl ow 088 1695 2672 3538 2519 892 189 76.2 67.8 246 855 1786
(Year) (1970)  (1958) (1972) (1904 (1948) (1974 (1942) (1976) (1977) (1960)  (1904) (1974)
Lowest Average

Fl ow 69. 6 107 410 299 198 64.4 19.4 16.9 22.9 36. 8 55.8  69.3
(Year) (1937)  (1977)  (1977)  (1941)  (1968)  (1940) (1940) (1939) (1904) (1940)  (1937)  (1937)

(*)many years of record

(Source: US.GS)

Normal Annual Mean = 500



UMATI LLA RI'VER AT PENDLETON, OR
DI SCHARGE (CFS) VS. AVAILABLE HABI TAT AREA (SQ FT.) PER 500 FEET OF STREAM

COHO SALMON
DI SCHARGE FRY SPAWNI NG | NCUBATI ON
140. 3199. 202. 9981.
175. 2633. 180. 10759.
200. 2425. 142. 10820.
250. 1717. 110. 10360.
300. 1375. 125. 9824.
350. 1144, 196. 9199.
400. 1008. 125. 8533.
450. 969. 127. 8016.
500. 1001. 171. 7607.
600. 1023. 458. 6690.
700. 981. 680. 5343.
800. 910. 829. 4308.
CH NOOK SALMON
SPRI NG FALL
Dl SCHARGE JUVEN LE SPAWNI NG SPAVWNI NG | NCUBATI ON
140. 16621. 911. 176. 13046.
175. 15134, 1046. 276. 14384,
200. 14336. 1018. 287. 14864.
250. 11973. 992. 165. 14902.
300. 9832. 1175. 135. 14902.
350. 8331. 1104, 205. 14768.
400. 7453. 798. 320. 14406.
450. 6276. 714, 245, 13997.
500. 5432. 680. 181. 13595.
600. 4339. 767. 106. 12477,
700. 3146. 969. 91. 10786.
800. 2407. 1020. 322. 9235.
STEELHEAD
Dl SCHARGE FRY JUVEN LE ADULT SPAWNI NG | NCUBATI ON
140. 14299 26496. 5999. 642. 16442.
175. 12764. 26268. 9222. 951. 18049.
200, 11868, 25630. 10075. 1109. 18944,
250. 10208. 23916. 9674. 1347. 20425.
300, 8689. 21543, 8517. 1502. 21526.
350. 7418. 18805. 6941. 1617. 22055.
400. 6128. 15976. 5902. 1622. 22288.
450, 5041, 13755. 5055. 1592. 22337.
500. 4098, 11942, 5122. 1538. 22220.
600. 2754, 8929. 5626. 1281. 21413.
700. 1949, 7186. 3590. 922. 20248.

800. 1421. 5835. 2971. 632. 18754.
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UMATILLA RIVER AT CAYUSE, OREGON (U 7 )
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UVATI LLA AT CAYUSE
Discharge in cubic feet per second.

Period of Record
1969 - 1975

JAN FEB MAR APR MAY JUNE JULY AUG SEPT oCT NOV DEC

Mean Discharge 1187.0 799.0 1138.0 1265.0 1123.0 400.0 91.2 48.9 51.2 68. 0 301.0 615.0

(Standard

Devi at i on) (446) (373)  (741)  (606)  (505)  (255) (30.8) (826 (393 (13.2)  (260.0) (509.0)

H ghest Average

FI ow 1778 1362 2730 2177.0 1697 878 138 63.1 57.5 87.8 787.0 1691
(Year) (1970)  (1972) (1972)  (1974)  (1975)  (1974) (1974) (1975)  (1971) (1969) (1974) (1974)
Lowest Average

FI ow 518 266 457 462 270 79.5 45.0 37.7 46.2 53.0 67.1 208
(Year) (1973) '(1973)  (1973)  (1973)  (1973) (1973 (1973) (1973) (1969)  (1975)  (1975)  (1970)
(*)n‘any years of record Normal Annual Mean = 590

(Source: US.GS.)



UVATI LLA AT CAYUSE
DI SCHARGE (CFS) VS. AVAILABLE HABI TAT AREA (SQ FT.) PER 500 FEET OF STREAM

0O SALMN
DI SCHARGE FRY SPAWNING | NCUBATI N
%0 1343 2231. 26646,
10 1377, 1940 36018
100 3. 2310 36107
150 193 3858 35172
200 294 1801 29110
250 204 4355, 23613
300, 172 3407 19209
350, 157 2914 15795
400 127, 2477 12673,
150, 171 1964 10378
550 124 1384 G671
B50. G5 966, 4956,
CH NOK. SALNON
SPRI NG FALL
DISCHARGE  JWENLE  SPAWNNG  SPAVNING | NOUBATION
Q0 5419, 4358, 3994, 28354,
10 1072 5103 1228, 40134
100 G537 5185 3603 42657
150 4455 5497 4576, 43446
200 335 G671 6929 40833
250 2847 6825 3086 37456
300. 2330 6090. 1237 33660
350, 1899 4970 573 20608
100 1308 3043 4044 21551
450 1310 2713 3463 22060
550 3. 188 2622 . 15147,
B50. 753 1308 2302 11056
STEELHEAD
DISCHRE ~ FRY  JWENLE  ADUT  SPAVNING | NCUBATION
1356, 30584,
0 0273 12686, 287, 1396, 30584
0 232 1547 710 33 Jaazt
100, 23106, 16894 1388, ' '
452). 52051
150. 20181 1718 2030, e 2203t
0. 7L 16785 1990 ' '
7511 50298
0. 1084 14008, 04
8262 18750,
300 7043 1102 689
8074 14625
350 5220 3685. 754
5846, 40487
100 3712 6523 372
150, 3180 6776. 1078 2308, S
550 2280 5101 531 - '

650. 1738, 4125, 384, 4666. 22795.
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UMATILLA RIVER ABOVE SGUAW CREEK (U 8)
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UMATI LLA RI VER ABOVE SQUAW CREEK

Di scharge in cubic feet per second.
JAN FEB MAR APR MAY JUNE JULY AUG SEPT oCT NOV DEC

Mean Discharge 456 506 611 882 751 307 89.8 59.8 59.6 79.7 187 413

(Standard

Devi ati on) N A N A N A N A N A N A N A N A N A N A N A N A

H ghest Average

Fl ow N A N A N A N A N A N A N A N A N A N A N A N A

Lowest Average

Fl ow N A N A N A N A N A N A N A N A N A N A N A N A
Nor mal Annual Mean = 367
Source ( Copp, 1977; U.S.GS.)

Mean records approxi mated by conbining discharge of Unatilla River above Meacham

Creek and Meacham Creek bel ow North Fork.



UMATI LLA RI VER ABOVE SQUAW CREEK
DI SCHARGE (CFS) VS. AVAILABLE HABI TAT AREA (SQ FT.) PER 500 FEET OF STREAM

CCHO SALMON
DI SCHARGE FRY SPAVNI NG | NCUBATI ON
40. 697. 243. 10437.
6 0 653. 500. 10700.
90. 643. 713. 11102.
120. 580. 744, 9876.
150. 458. 1073. 9139.
180. 310. 1199. 8289.
210. 268. 1537. 7336.
250. 221. 1393. 6285.
300. 208. 836. 4901.
350. 204. 601. 3557.
400. 208. 438. 2609.
450. 212. 263. 2101.
CH NOOK SALMON
SPRI NG FALL
DI SCHARGE JUVEN LE SPAVNI NG SPAVNI NG | NCUBATI ON
40. 3706. 1227. 94. 13029.
60. 3725. 1215. 206. 13990.
90. 3104. 1547, 972. 14997.
120. 2641. 1955. 1389. 14367.
150. 2204, 2332. 1625. 13965.
180. 1899. 2315, 2214, 13276.
210. 1621. 2175. 2168. 12416.
250. 1332. 1618. 2078. 10851.
300. 1204. 1145. 1365. 8540.
350. 1091. 959. 1140. 6289.
400. 1071. 628. 810. 4798.
450. 1056. 521. 700. 3922.
STEELHEAD
DI SCHARGE FRY JUVEN LE ADULT SPAVNI NG | NCUBATI ON -
40. 8292. 8224, 490. 1527, 15598.
60. 8403. 8577. 1397. 2245, 17496.
90. 7980. 8346. 2213. 2480. 19397.
120. 6660. 7693. 1463. 2593. 19880.
150. 5335. 6633. 948. 2733. 20022.
180. 4059. 5416. 714. 2900. 19948.
210. 3159. 4355. 551. 2806. 19732.
250. 2406. 3214, 419. 2397. 18542.
300. 1655. 2377. 359. 1901. 16115.
350. 1567. 2152. 252. 1380. 13431,
400. 1442. 2038. 210. 1255. 11260.
450. 1319. 1969. 196. 1253. 9575.
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UMATILLA RIVER ABOVE MEACHAM CREEK (U 9)
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UMATI LLA RI'VER ABOVE MEACHAM CREEK NEAR G BBON, CREGON

Discharge in cubic feet per second. Period of record

1933 - 1977

JAN FEB MAR APR MAY JUNE JULY AUG SEPT oCT NOV DEC
Mean Discharge 270 296 366 546 462 206 66. 8 47.8 47.6 59.7 128 245
(Standard
Devi at i on) (167) (147) (155) (185) (214) (122) (19.5) (6.31) (8.5) (26.1) (82.8) (176
H ghest Average
Fl ow 656 647 688 869 1135 591 110 63.4 81.6 169 405 716
(Year) (1965)  (1961)  (1939)  (1958) (1948 (1974) (1948) (1975) (1959)  (1952)  (1948)  (1976)
Lowest Average
Fl ow 45.7 7.8 189 162 152 63.7 39.5 36.9 34.9 39.1 40.2 44.4

21955;

(Year) (1937)  (1917) 1973)  (1941)  (1968) (1934) (1934) (1939) (1935)  (1936) (1936) (1966)

(*) many years of record Normal Annual Mean = 226



UMATI LLA RI'VER ABOVE MEACHAM CREEK
DI SCHARGE (CFS) VvS. AVAILABLE HABITAT AREA (SQFT.) PER 500 FEET OF STREAW

CCHO  SALMON
DI SCHARGE FRY SPAWNI NG | NCUBATI ON

30. 517. 74, 5793.
40. 461, 123. 7019.
50. 395. 176. 7501.
10. 352. 212. 9621.
90. 248. 403. 9136.
110. 205. 138. 8373.
125. 185. 1097. 713,
140. 171, 1139. 6681.
160. 118. 913. 5519.
200. 86. 529. 3900.
225. 81. 453, 3214,
250. 79 411. 2772,

CH NOX  SALMN

SPRING FALL
DI SCHARGE JUVENI LE SPAWNI NG SPAWNI NG | NCUBATI ON

30. 3868. 316. 13. 6408.

40. 3387. 429. 19. 7660.

50. 3076. 569. 3L, 8732.

10. 2677. 760. 69. 11187.

90. 2372, 970. 130. 11760.
110. 2029. 1325. 252. 11381.
125. 1839. 1477. 845. 10924,
140. 1667 1551, 1266. 10174.
160. 1466. 1380. 1370. 9221.
200. 1216. 933. 1034. 7280.
225. 1083. 849. 937. 6230.
250. 970. 885. 882. 5456.

STEELHEAD
DI SCHARGE FRY JUVENI LE ADULT SPAWNI NG | NCUBATI ON

30. 6337. 6911. 574. 40. 1874.

40. 6536. 1477 1307. 128. 9429.

50. 6670. 7758. 1282. 270. 10883.

10. 7031. 7604. 1197. 641. 13346.

90. 6676. 7081. 1042. 1035. 14839.
110. 5158. 6374. 761. 1365. 15194,
125. 42217, 5639. 568. 1603. 15167.
140. 3468. 4892. 481, 1844, 15055.
160. 2696. 4134. 472. 2057. 14582.
200. 1862. 3186. 380. 1795. 12534,
225. 1530. 2910. 423. 1567. 11007.

250. 1347. 2706. 521. 1436. 9749.
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NORTH FORK UMATILLA RIVER (T 1)
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JAN

NORTH FORK UMATI LLA RI VER
Di scharge in cubic feet per second.

Peri od of record
1967 - 1976

FEB MAR APR MAY JUNE JULY AUG SEPT oCT NOV DEC

Mean Di scharge 172.21

(Standard

101.74 110.94 164.24 192.84 134.52 45.25 33. 67 41. 33 31.16 48. 03 77.09

Devi at i on) (13.21) (10.09) (10.53) (12.84) (13.88) (11.63) (6.73) (5.80)  (6.43)  (5.58)  (6.93)  (8.701

H ghest Average

Fl ow 295.94 169.67 209.06 257.04 281.40 376.26 73.30 42.54 39.91 70. 64 42.19 160.76

(Year) (1970)

(1975)  (1972)  (1969)  (1974)  (1974)  (1974) (1975)  (1975)  (1970)  (1970)  (1976)

Lowest Average
Fl ow 59. 29

( Year) (1968)

46. 07 56. 87 70. 20 79.6 39. 86 27.89 23.05 20. 68 31.73 24. 60 24.41

(1973)  (1973)  (1973) (1968)  (1973)  (1973)  (1973)  (1973)  (1972)  (1973)  (1966)

(Source: U S. Forest

Service) Nor mal Annual Mean = 96



NORTH FORK UMATI LLA RI'VER

DI SCHARGE (CFS) VS. AVAI LABLE HABI TAT AREA (SQ FT.) PER 500 FEET OF STREAM

COHO SALMN
DI SCHARCE FRY SPAWNI NG | NCUBATI ON
25. 41. 69. 3854.
35. 30. 121. 3931.
45, 21. 101. 4489.
55. 25. 131. 4453.
65. 26. 160. 4115.
75. 16. 177. 4143.
85. 14. 178. 3852.
100. 11. 180. 3906.
120. 9, 258. 3537.
140. 8. 411. 2977.
160. 9. 529. 2520.
180. 12, 597. 2151.
CH NOOX SALMON
SPRI NG FALL
DI SCHARGE JUVEN LE SPAWNI NG SPAWNI NG | NCUBATI ON
25. 612. 229. 104. 5076.
35. 581. 215. 97. 5419.
45. 518. 232. 133. 6036.
55. 467. 226. 100. 6220.
65. 440. 246. 141. 5884.
75. 397, 269. 113. 5959.
85. 358. 259. 72. 5687.
100. 322. 291. 80. 5604.
120. 210. 374. 177. 5252.
140. 226. 464. 299. 4747.
160. 200. 510. 546. 4210.
180. 189. 506. 568. 3659.
STEELHEAD
DI SCHARGE FRY JUVEN LE ADULT SPAWNI NG | NCUBATI ON
25. 3810. 2637. 51. 250. 7066.
35. 3639. 2544, 21. 269. 7702.
45, 3262. 2425. 36. 260. 8572.
59. 3140. 2465. 21. 259. 8887.
65. 3123. 2388. 9. 256. 8886.
75. 2796. 2404. 6. 269. 9064.
85. 2459. 2329. 1. 218. 8809.
100. 2192. 2122. 13. 343. 8636.
120. 1940. 1747, 14, 405. 8057.
140. 1445, 1486. 15. 485. 7457.
160. 1101. 1252. 18. 500. 6892.

180. 864. 1020. 21. 464. 6229.
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SOUTH FORK UMATILLA RIVER (T 2)
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SQUTH FORK UMATI LLA RI VER
Di scharge on cubic feet per second.

Period of record
1968 - 1976
JAN FEB MAR  APR MAY JUNE JULY AUG ocT NOV DEC
Mean Discharge 125.69  76.47 140.24 197.73 200.88 55.40  15.46 9.65 11.09 46.33 110.23
(Standard
Devi at i on) (11.2)  (8.74)  (11.84) (14.06) (14.17) (7.44) (3.93) (3.11) (3.33) (6.81)  (10.51)
H ghest Average
Fl ow 217.08 125.84 292.02 466.41 408.48 184.56 32.65 19.38 42. 42 136.55 351.01
(Year) (1975  (1971)  (1975)  (1976) (1975 (1974  (1974)  (1975) (1968)  (1968)  (1975)
Lowest Average
FI ow 61.80 31.24 64.31 80.79 48.80 11.71 6.04  3.64 6.06 24.59
(Year) (1972)  (1973) (1973 (1968)  (1973)  (1973)  (1973) (1969 (1969)  (1969) (1969
(Source: U.S. Forest Service) Normal Annual Mean = 83



CCOHO SALMON
DI SCHARGE FRY SPAWNI NG
) 718. 16.
10. 1177, 95.
15. 991. 197.
20. 889. 246.
25. 798. 300.
30. 787. 349.
35. 759. 398.
40. 689. 466.
45. 626. 497.
50. 577. 539.
55. 532. 614.
60. 490. 123.
CH NOOK SALMON
SPRING
DI SCHARGE JUVEN LE SPAWNI NG
) 1891. 44,
10. 3415. 256.
15. 3732. 538.
20. 3588. 812.
25. 3304. 953.
30. 3031. 984.
35. 2794, 995.
40. 2575. 1013.
45. 2396. 1040.
50. 2224, 1091.
55. 2065. 1163.
60. 1920. 1225.
STEELHEAD
DI SCHARGE FRY JUVEN LE ADULT
. 5677. 3738. 17.
10. 8088. 5496. 24
15. 8440. 6858. 59.
20. 8136. 7314, 135.
25. 7711 7382. 284
30. 7182. 7269. 573.
35. 6724. 6988. 749.
40. 6259. 6595. 621.
45. 5788. 6147. 497.
50. 5342. 5736. 438.
59, 4938. 4347. 350.
60. 4581. 5012. 336.

SQUTH FORK UMATILLA RIVER
DI SCHARGE (CFS) VS. AVAI LABLE HABI TAT AREA (SQ FT.) PER 500 FEET OF STREAM

| NCUBATI ON
1684.
3969.
5417
6072
6585
7053.
7326
7313
7285.
7107.
6924.
6712.
FALL
SPAWNI NG | NCUBATI ON
0. 1511,
15. 4502.
104. 6242.
257. 7231.
295. 7947.
274, 8551.
314, 8976.
382. 9225.
439. 9305.
508. 9292.
574. 9216.
613. 9099.
SPAWNI NG | NCUBATI ON
0. 3216

10. 6144.

71. 8107.
156. 9387.
302. 10324.
523. 11015.
763. 11843.
941. 11843.

1062. 12089.
1137. 12220.
1160. 12259.
1142, 12210.
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MEACHAM CREEK APOVE BONIFER, OREGON (T 3)
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VEACHAM CREEK BELOW CONFLUENCE W TH NORTH FORK*
Di scharge in cubic feet per second.

JAN FEB MAR APR MAY JUNE JULY AUG SEPT ocT NOV DEC

Mean Discharge 186 210 245 236 289 101 23 12 12 20 59 168
(Standard
Devi ation) N A N A N A N A N A N A N A N A N A N A N A N A

H ghest Average
Fl ow N A N A N A N A N A N A N A N A N A N A N A N A

Lowest Average
Fl ow N A N A N A N A N A N A N A N A N A N A N A N A

Normal Annual Mean = 133
( flows are representative flows for section and reach (T3) above Bonifer, O egon.
Cal cul ated values (Source: Copp, 1977)



MEACHAM CREEK ABOVE BONI FER, OREGON
DI SCHARCGE (CFS) VS. AVAI LABLE HABI TAT AREA (SQ FT.) PER 500 FEET OF STREAM

CCHO SALMON
DI SCHARGE FRY SPAWNI NG | NCUBATI ON
15. 1149. 242. 4143.
20. 1199. 332. 4269.
25. 1039. 378. 4591.
35. 816. 383. 5203.
50. 660. 733. 6326.
70. 414. 1247. 7241,
90. 310. 1987. 6690.
110. 231. 2802. 6047.
135. 170. 2854. 5076.
165. 129. 2435. 3606.
190. 123. 1193. 2512.
225. 142. 302. 1733.
CH NOOK SALMON
SPRING FALL
DI SCHARGE JUVEN LE SPAWNI NG SPAWNI NG | NCUBATI ON
15. 3603. 710. 48. 5294,
20. 3871. 791. 107. 5759.
25. 3936. 790. 174. 6367.
35. 3894. 786. 271. 7010.
50. 3400. 827. 388. 8570.
70. 2654, 1145. 576. 9610.
90. 2076. 1766. 936. 9363.
110. 1670. 2201. 1771. 8854.
135. 1267. 2464, 2343. 8093.
165. 963. 1748. 1687. 8820.
190. 897. 931. 1091. 5585.
225. 1035. 503. 655. 42817.
STEELHEAD
DI SCHARGE FRY JUVEN LE ADULT SPAWNI NG | NCUBATI ON
15. 4485. 4971. 78. 197. 6796.
20. 4392. 5431. 183. 387. 7748.
25. 4296. 5778. 349. 633. 8819.
35. 4553. 5968. 839. 1015. 10165.
50. 4672. 5864. 1436. 1378. 11961.
70. 4317. 5686. 1582. 1562. 13421.
90. 3669. 5359. 1389. 1669. 13897.
110. 3068. 4933. 853. 1787. 13925.
135. 2233. 4164. 544, 2189. 13693.
TRE 1513. 32171. 592. 2537. 12797.
190. 1040. 2539. 290. 2519. 11899.

225 675. 1824. 156. 1720. 10448.
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SQUAW CREEK BELOW BACHELOR CANYON (T 4 )
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SQUAW CREEK BELOW BACHELCR CANYON

Discharge in cubic feet per second.

JAN FEB MAR APR MAY JUNE JULY AG SEPT OCT NOV  DEC
Mean Discharge 31.2 36. 8 45.0 66. 4 55.3 21.6 3.2 5 5 2.4 10. 3 26.9
Devi ati on) N A N A N A N A N A N A N A N A N A N A NA NA
H ghest Average

N A N A N A N A N A N A N A N A N A N A N A N A
Lowest Average

N A N A N A N A N A N A N A N A N A NA NA N A

FAO Cal cul ations base on constants
derived by Copp, 1977)

Normal Annual Mean = 31.1



SQUAW CREEK BELOW BACHELOR CANYON
DI SCHARGE (ors) vs. AVAILABLE HABI TAT AREA (SQ FT.) PER 500 FeeT of STREAW

COHO SALMON
DI SCHARGE FRY SPAWNI NG | NCUBATI ON
1 21. L 1550.
2. 81. 9. 2708.
4, 235. 116. 3633.
6. 285. 258. 3939.
8. 268. 333. 4103.
10. 233. 359. 4055.
12, 194. 351, 3878.
14, 177. 346. 3528.
16. 152. 327. 3180.
18. 132. 295. 2920.
20. 121. 269. 2764,
22. 114. 247. 2630.
CH NOOK  SALMON
SPRING FALL
DI SCHARGE JUVEN LE SPAWNI NG SPAWNI NG | NCUBATI ON
1 195. 11. 0. 1466.
2. 341. 58. 0. 2690.
4, 521. 224, 21. 3805.
6. 607. 340. 95. 4419.
8. 627. 430. 197. 4775.
10. 617. 491. 294, 4908.
12. 586. 536. 429. 4885.
14, 547. 543. 474, 4687.
16. 504. 503. 518. 4399.
18. 465. 474. 532. 4162.
20. 434. 446. 513. 3958.
22. 410. 431. 501. 37717.
STEELHEAD
DI SCHARGE FRY JUVEN LE ADULT SPAWNI NG | NCUBATI ON
1 1489. 317. 0. 0. 1987.
2. 2195, 588. 0. 0. 3230.
4, 2492, 1012. L 4, 4631.
6. 2494, 1239. L 23. 5400.
8. 2278. 1325. 2. 72. 5882.
10. 1979. 1327. 3. 128. 6164.
12, 1710. 1304. b, 176. 6333.
14, 1471 1270. 8. 219. 6426.
16. 1314, 1239. 13. 2171, 6395.
18. 1191. 1215. 19. 328. 6310.
20. 1101. 1197. 23. 366. 6218.

22. 1047. 1173. 25. 391. 6131.
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McKAY CREEK NEAR PILOT ROCK, OREGON ( T 5)
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MCKAY CREEK NEAR PILOT ROCK, OREGON
Discharge in cubic feet per second.

Period of record
1921, 1927 - 1977

AN FEB MR APR MY JUNE JUY  AUIG SEPT T NOV DEC
Mean Discharge 160 183 253 274 118 338 423  0.62 166 721 4.1 118
(Standard

Devi at | on) (48 (108)  (13))  (134)  (99.3) (43.2)  (7.18)  (0.86)  (4.22)  (17.6) (55.5) (114)
H %hest Average

Fl dw 160 37 757 782 500 173 450 374 280 79.5 257 460
(Year) (1976)  (1972) (1932)  (1958)  (1948)  (1942)  (1942)  (1975)  (1941)  (1928) (1928) (1974)
Lowest Average

ow VO 500 114 674 424 839 L0l 000  0.00 000  0.00 047 378
(Year) (1930)  (1977)  (1968)  (1941) (1934) (1931)  (1940) (*) B () (1930) (1977)

(*) many years of record
(Source: U S.GS.)

Normal Annual Mean = 98.4



MCKAY CREEK NEAR PILOT ROCK, OREGON
DI SCHARGE (CFS) VS. AVAILABLE HABI TAT AREA (sQFT.) PER 500 FeET OF STREAM

COHO SALMIN
DI SCHARCE FRY SPAWNI NG | NCUBATI ON
3. 9. 13. 4639.
4, 14. 36. 5581
6. 28. 138. 1212
8. 43. 265. 7958.
10. 57. 444, 84217.
15. 68. 1206. 8332
20. 12. 1854. 7996.
25. 17. 2054, 7438
30. 80. 1904. 6896.
40. 80. 1484. 5780.
50. 80. 1117, 4705
60. 83. 825. 3891.
CHI NOOK SALMON
SPRING FALL
DI SCHARCE JUVEN LE SPAWNI NG SPAWNI NG | NCUBATI ON

3. 482. 12. L 4378

4, 587. 117. 3. 5345.

6. 746. 252. 12, 7202.

8. 877. 437. 36. 8163.
10. 972. 653. 93. 8800.
15. 1059. 1125. 404. 9321.
20. 1041. 1405. 833. 9461.
25. 987. 1620. 1291, 9356.
30. 914, 1765. 1700. 9185.
40. 799. 1677. 1924. 8560.
50. 737. 1417. 1730. 1772.
60. 704. 1165. 1458. 6961

STEELHEAD
DI SCHARCE FRY JUVEN LE ADULT SPAWNI NG | NCUBATI ON
3. 3709. 1116. 0 L. 5291
4, 4478, 1503. 0 2. 6370.
6. 5887. 2260. 0. 11. 8061
8. 6649. 2826. 0. 32. 9071.
10. 6936. 3291. 0. 67. 9801.
15. 6811. 4134, 0 206. 10859.
20. 6185. 4592. 0. 432. 11370.
25. 5477. 4810. 9. 728. 11642.
30. 4789. 4898. 21. 1035. 11767.
40. 3717. 4623. 18. 1506. 11730.
50. 2861. 3985. 36. 1841. 11481.

60. 2374, 3297. 74. 2017. 11008.
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BIRCH CREEK AT PILOT ROCK, OREGON ( T6)
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BIRCH CREEK AT RIETH, OREGONt*
Discharge in cubic feet per second.

Period of record
1921 - 1976

JAN FEB MAR APR MAY JUNE JULY AUG SEPT oCT NOV DEC

Mean Discharge 65. 3 77.5 108.0 159.0 97.4 26.6 1.87 .35 15 3.57 14.4 43.5

(Standard

Devi ati on) (68.4) (57.7) (59.2) (76.4) (86.0) (33.4 (4.53)  (.82) (1.97) (7.64) (18.5) (41.2)

H ghest Average

Fl ow 320 268 355 323 434 161. 26.7 2.0 4.0 47.5 96.0 172

(Year) (1965) (1965)  (1972)  (1922)  (1948)  (1950) (1942 (1923) (1927) (1942) (1942) (1965

Lowest Average

Fl ow 2.45 2.2 18.0 3.3 14 .d 0.0 0.0 0.0 0.0 0.0 0.0

(Year) (1937)  (1933) (1935)  (1934)  (1930)  (1940) (*) (*) (*) (*) () (1936)
S) many t/Jears of record Nornmal Annual Mean 48.6
our ce:

%** Above flows are representative flows for section and reach (T 6) at Pilot Rock.



BI RCH CREEK AT PILOT ROCK
DI SCHARGE (CFS) VS. AVAI LABLE HABI TAT AREA (SQ FT.) PER 500 FEET OF STREAM

CCHO SALMON
DI SCHARGE FRY SPAWNI NG | NCUBATI ON

6. 71. 13. 2880.

8. 69. 34. 3127.

10. 69. 58. 3499.

12, 70. 89. 3795.

15. 67. 142. 3981.

20. 54, 220. 4162.

30. 63. 306. 3965.

40. 65. 235. 3696.

50. 12. 125. 2945,

65. 90. 40. 1776.

80. 101. 14, 1247.
100. 129. 8. 927

CH NOOK  SALMON
SPRI NG FALL
DI SCHARGE JUVEN LE SPAWNI NG SPAWNI NG | NCUBATI ON

6. 704. 200. 0. 2957,

8. 728. 281. 6. 3303.
10. 744, 334. 20. 3755.
12, 758. 373. 51, 4106.
15. 175. 445. 93. 4447.
20. 785. 526. 140. 4800.
30. 708. 545. 199. 5190.
40. 664. 490. 309. 5271.
50. 622. 304. 235. 4601.
65. 571. 145. 119. 3421.
80. 598. 105. 66. 2766.

100. 652. 62. 23. 2245,
STEELHEAD
DI SCHARGE FRY JUVEN LE ADULT SPAWNI NG | NCUBATI ON
6. 3463. 2571, 0. 3. 2802.
8. 3448. 2881. 2. 29. 3265.
10. 3501. 3102. 12, 85. 3637.
12. 3439. 3219. 3L 151. 3985.
15. 3328. 3328. 39. 253. 4423.
20. 3157. 3393. 97. 397. 5185.
30. 2425, 3350. 152. 624. 6054.
40. 1802. 3006. 177, 830. 6552.
50. 1134. 2515. 198. 967. 6606.
65. 639. 1928. 212. 815. 5707.
80. 461. 1617. 252 571. 4527.

100, 336. 1654, 361, 431. 3758,



BIRCH CREEK AT PILOT ROCK
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BUTTER CREEK NEAR PINE CITY, OREGON (T 7)
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BUTTER CREEK NEAR PINE CI TY, OREGON

Di scharge in cubic feet per second.
Period of record
(1928 - 1977)
JAN FEB MAR APR MAY JUNE JULY AUG SEPT ocT NOV DEC
Mean Di scharge 36. 4 44.7 63.0 72. 4 43.3 12. 4 2.17 0.52 0.58 1.87 7.10 20.9
(Standard
Devi ati on) (48.4)  (37.5) (34.2) (34.5)  (29.4)  (9.89) (2.70)  (2.70) (0.85  (1.71)  (9.23)  (30.6)
H ghest Average
Fl ow 259 144 151 148 128 49.9 12.5 5.14 3.81 5.77 47.6 142
(Year)) (1965) (1958) (1972) (1958) (1948)  (1948)  (1948) (1948)  (1965) (1949) (1974)  (1974)
Lowest Average
Fl ow 0.00 2.96 7.717 4. 47 0.92 0.00 0.00 0.00 0. 00 0. 00 0.00 0.-00
('Year) (1937) (1939) (1935) (1934) (1934) (*) (*)  (*) (*) (*) (*)  (*)
(*)many years of record Annual Mean = 25.1
(Source: U S.GS.)



DI SCHARGE (CFs) vs.

BUTTER CREEK NEAR PINE G TY, OR
AVAI LABLE HABITAT AREA (SQ FT.) PER 500 FEET OF STREAW

CCHO SALMON
DI SCHARGE FRY SPAWNI NG | NCUBATI ON
4. 43. 52. 1914.
6. 75. 63. 2224,
a. 90. 73. 2352.
10. 89. 96. 2361.
14, 78. 164. 2197,
| a. 63. 191. 1790.
22. 56. 181. 1434,
26. 49. 115. 1133.
30. 45. 65. 931.
35. 45. 41, 173.
40. 47. 25. 660.
45. 52. 14. 573.
CH NOOK  SALMON
SPRI NG FALL
DI SCHARGE JUVEN LE SPAWNI NG SPAWNI NG | NCUBATI ON

4, 349. 116. 1. 1854.

6. 441, 204. 13. 2313.

a. 489. 264. 18. 1584.
10. 501. 325. 22. 2730.
14, 475. 356. 53. 2807.
18. 431. 347. 103. 2560.
22. 383. 266. 106. 2220.
26. 349. 217. 97. 1898.
30. 330. 172. 17. 1627.
35, 325. 135. 53. 1380.
40. 333. 113. 31. 1192.
45. 353. 98. 19. 1050.

STEELHEAD
DI SCHARGE FRY JUVEN LE ADULT SPAVWNI NG | NCUBATI ON

4, 1731. 884. L. 28. 2041,

6. 1745. 1094. L. 71. 2539.

8. 1674. 1236. L 119. 2922.
10. 1563. 1327. 1. 180. 3162.
14, 1193. 1285. 6. 304. 3461.
18. 855. 1140. 21. 420. 3497,
22. 662. 1010. 56. 521. 3324,
26. 549. 902. 67. 579. 3071.
30. 477, 831. 73. 570. 2834,
35. 433. 781. 1. 508. 2446.
40. 408. 765. 80. 444, 2192.
45. 387. 757. 8l . 377. 1981.



BUTTER CREEK NEAR PINE CITY, OREGON

COHO SALMON (CLEAR WATER, S=.004)
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THE UMATILLA RIVER AN OVERVI EW

Wthin the scope of this study, anadromous fish habitat was analyzed by
four (4) geographical sections: (1) Three Mle Damto the confluence
with the Colunbia River, (2) Three Mle Damto MKay Creek, (3) MKay
Creek to eastern Reservation boundary and (4) Tributary streans.

Section 1: Three Mle Damto the Confluence with the Colunbia R ver

This section of the river, while by far the shortest of the mainstem
sections, is critical to anadromous fish runs in the Umatilla R ver.

Al fish rri?rating into or out of the system nust utilize this section.
Summer and tall flows are often inadequate for passage. In an average
year, the period of severely reduced flows begins in June and |asts
unti| November. During many years of record, discharge in this section
has reached a Summer |ow of zero c.f.s. Restoration of salmon runs to
me Unattillla River would require careful managenent of passage flows in

i's section.

In anal yzing discharge v. Fassage, no single optinum flow rePine can be
established. Increasi nP flowwl!ll, wthin the range of modeled dis-
charges, always eventually result in better passage conditions. Like-
wise, at discharges down to 10 cfs, some passage of fish can occur;
however, flows this low will result in water quality degredation and
loss of significant attraction flow.

The discharges which FAO considers to be appropriate for mninum passage
flows downstream from Three Mle Dam are 100 cts for adult steelhead and
coho; 150 cfs for adult chinook salmon; and 50 cfs for passage of down-
stream mgrant sal nmoni ds.

Section 2. Three Mle Dam To MKay Creek

In this section of the river, only the free flow ng sections have been
evaluated. As stated earlier, analysis of habitat present within the
pools created by irrigation dams is not within the scope of the nodel.
It is probable, however, that at |east for spawning, these pools reduce
available habitat to near zero within their zones of influence.

This section potentially contains Iarge amounts of habitat for all life
history stages of steelhead trout and chinook salmon. O the river
section studied, this section also contains the Iar?est amount of
potential coho salnon habitat; however, it is nuch Tess than either
steel head and chi nook.

Summer mean nmonthly flows in this section are near or slightly above
those which physically produce maxi num anount of rearing habitat; however,
this habitat is alnost 100% unrealized. During the summer months, water
tenperatures are usually well above the tolerance range of any anadronous
sal noni d species. During late June, July, August and a portion of
September, MKay Creek Reservoir is the primry source of water in this
section of the river. Athough the reservoir provides adequate rearing
flows, the water tenperature is not cool enough to maintain sumrer
rearing habitat for salnmonids. Return irrigation water also contributes
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to the increased tenperatures, and undoubtedly lowers water quality. As
MKay Reservoir fails to provide further water, discharges fall below
optimum from June through Cctober. Later, discharges increase and
tenperatures gradually decline to the point where habitat is once again
aval | abl e for sal monids.

Hgh winter and spring flows dramatically reduce the anount of spawning
habitat that is potenﬁiallﬁ available. This is due to the high velocities
that are associated with the flows.

Although the flows in this section of the river physically provide
consi derabl e anadromous fish habitat, at present it contributes little

to anadronous fish production because of the water tenperature problem
di scussed above.

Section 3: MKay Creek to Eastern Reservation Boundary

The nainstem Umatilla River upstream from the mouth of MKay Creek
exhibits a pattern of extreme high discharge in the spring, and sub-
optimal to optimal summer discharge in August and Septenber. In this
entire section of river, winter and spring discharges ﬁreatly exceed the
optinum and drastically reduce the available spawning habitat. Summer
discharges in the lower half of this section (downstream from Squaw
Creek) are lower than optinmum in addition, daily maximm tenperatures
often exceed the tolerance range for anadromous salnonids. In the
section upstream from Squaw Creek, sunmer discharge approximates the
optinmum and tenperatures are less a problemthan in the |ower half,
usual Iy remaining well within the tolerance range of salmonids; con-
sequently the maxinum sumer rearing habitat may actually be presently
occurring.

Section 4. Tributary Streans

Meacham Creek and the South Fork of the Umatilla River were found to
contain the nost potential habitat for anadronous sal monids; however
both tributaries experience the same basic problens: high winter flowus,
and |ow summer flows. These streams are of special value to anadronous
fish production because of their |ow summer water tenperatures. Wth
warm tenperatures found in most of the mainstem these tributary streans
become especially inportant for rearing juvenile salmonids, and may wel
be critical to anadromous salmonid production within the Reservation
boundary.

The North Fork does not %rovide | arge amounts of anadromous fish habitat.
This is due largely to the slope of the stream channel. H gh gradient
within this area causes the maxi num amount of habitat to occur at relatively
| ow di scharges since extreme velocities are encountered at higher dis-
charges. The present flow regime in this section does provide a fairly
?ood approxi mation of maxinum habitat available. February and March

lows are slightly less than needed for naxinmum habitat, and discharges
during the remainder of the year are somewhat higher than those needed

for maxi mum habitat.
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Birch and Squaw Creeks are presently utilized by steelhead; however,
they supply an extremely limted amount of rearing habitat during the
critical summer months. Both creeks have flows which approach zero
during md sumer. Water tenperatures at this tinme of year often exceed
80°F which prohibits use by salmonids, except in limted sections where
smal | springs maintain adequate water tenperature.

MKay Creek and Butter Creek are blocked for use by anadronous sal nonids.
Upper McKay Creek is blocked by MKay Dam The |ower section of the
creek is usually dry from Cctober through March when the reservoir is
filling. At the request of Oregon Departnent of Fish and Wldlife,
MKay Creek upstream from MKay Reservoir was the section of stream
included within the study. Wth supplenental flows during the July
through Septenber period, significant habitat for anadromous sal monids
woul d be produced. However, present water tenperatures along much of
the creek rise to levels higher than the tolerance range of anadromous
salmnids. Even with increased flow salnonid production may be linited
because of high water tenperatures. Wnter flows in this streamare
wel | above the level needed to produce maxinum habitat. Passage at
MKay Dam would be required for this section of streamto be inportant
for anadronmous fish production.

Butter Creek does not presently provide habitat for anadronous sal nonids
due to a total lack of flow during a large part of the year downstream
fromthe confluence with Little Butter Creek. In addition, flows in the
uEper creek (including the study reach) are less than optinum for nore
than one-half the year. This flow deficit is the nost severe of any
area studied. Only in March and April are optinum flows greatly exceeded.
If the formdable water shortage problens encountered within the reach
could be surnounted, a noderate amount of habitat would be available in
this section of the stream  Conversations with local residents indicate
that steelhead utilized this stream as recently as 1965 but recent
increases in irrigation wthdrawals have elimnated it for anadronous
fish production.
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POTENTI AL FOR | MPROVEMENT

In analyzing the Umtilla River system for anadronous fish production,
passage and high water tenperatures are critical factors. At the present
tine passa?e restrictions downstream from Three Mle Dam prevent signifi-
cant use of the drainage by species other than summer steelhead, which
mgrate at a time when there are adequate passage flows. If passage
conditions could be provided for other species, high water tenperatures
in the sunmer may become the critical factor in the devel opment of coho
and spring chinook runs. Water tenperatures would not present the same
problemfor fall run chinook salnon. If adequate passage, both up and
downstream were supplied for fall chinook, |ow summer flows would not
present a problem since fall run chinook would |eave the sKstenlbefore
sunmer low flows and high tenperatures become a problem  The loot ential
for conpetition between this race and the existing sumer steelhead run
Is the lowest for any of the salnmonid races.

| nprovement potential within the Umtilla River systemfalls into two
areas: inprovements which would benefit the existing sumer steel head
run, and those which woul d develop other species and races of anadronous
sal noni ds.

The existing sumrer steelhead run could be inproved by increasing the
low flow regine in the tributaries. Tributary flows should be increased
to the flows that are needed to provide maximumrearing habitat. Al ong
with the increase in summer flow, a decrease in summer water tenperatures
to within the tolerance |imts would increase the usable habitat avail-
able. These changes in flow regimes would require additional water from
sources such as ground water or storage reservoirs.

The follow ng exanple indicates the benefit to summer steelhead that
could be provided by increasing sumrer discharges within two tributary
streans. |f discharges during June through Cctober (the critical period
for rearing juvenile sunmer steelhead) were increased to provide maximm
habitat within the South Fork of the Umtilla Rver and Meacham Creek
the amount of habitat available within these tributaries and in the main
river upstream from MKay Creek woul d increase by approximately 14.5
percent.  This assumes no |oss of water through the system If as

a result of increased flows, water tenperatures decreased, additiona
benefit woul d be realized.

Sunmer steel head production could also be increased by the placement of
structures to increase depth and |ower velocity. This could be done hy

| ocating structures such as wing deflectors to extend partlr across the
channel.  These structures should be high enough to cause flow to be
directed along the deflectors' length during |ow and noderate flow
conditions. This would effectively lengthen the channel, reduce the
gradient and provide a nore suitable depth-velocity ratio. The structures
shoul d also he |ow enough to pass high flows over them without dislodging
the structures. Streans with extreme gradient would benefit nost from
these structures; therefore the best location for such structures would
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be the north fork of the Umtilla Rver. Portions of the South Fork
Upper Meacham Creek and the East Fork of Birch could also benefit from
such structures. The British Columbia Fish and Wldlife Departnent has
experimented with the placenent of these types of structures. In
streams which were nearly devoid of pools, the alterations resulted in a
two- to three-fold increase in snolt production (Narver, 1979).

The following exanple indicates the potential for inproving spawning
habitat for chinook salmon in certain sections of the river

Spamning habitat currently available for spring and fall chinook was
conpared to spawning habitat available under optinum nodel ed discharges.
This conparison was made for the Umatilla River upstream from the Pendl eton
River section and includes the north and south forks of the river. Based
upon the nmean nonthly discharge during the peak spawning nmonth, the
amount  of spamning habitat currently available for spring chinook was
estimted at 1,037,666 square feet of weighted usable area; spawning
habitat for fall chinook was estimated at 925 858 square feet of welghted
usable area. Optinum nodel ed discharges indicate that sBamn|ng habi t at
for spring chinook can be increased approxinately 68.6% by maintaining
optinmum di scharge through the peak spawning month; fall chinook can be

i ncreased approximately 113.2% (Table 4). No tributary systens are
included in these estimates.

Table 4. Actual and Optinum Spawning Habitat (square feet of weighted
usable area) for the Minstem Umatilla River Upstream From

Pend| et on.
Spring Chi nook Fall Chinook
Act ual Opt i mum Act ual Opt i mum
Reach Location (sg.ft.) (sg.ft.) (sq.ft.) (sq.ft.)
South Fork (T2) 9,191 43,982 539 22,009
North Fork (TI) 14, 945 32, 852 6, 248 36, 588
Umatilla above
Meacham (U9) 64, 893 176, 888 3,535 156, 246
Umatilla above Squaw (b) 28,227 54, 177 22,582 51,436
Umatilla above
Cayuse (U7) 920,410 1,441, 440 892,954 1,707,763
Total s 1,037,666 1,749,339 925,858 1,974,042

Al'though moderate to high levels of spring chinook spawning and juvenile
rearing habitat are potentially present, summer flow would need to be
increased and tenperatures decreased before the rearing habitat could be
utilized. To realize any degree of chinook production in the system
fall passage conditions at Three Mle Dam woul d also have to be sol ved

Coho face the sanme problens regarding rearing as the other species wth

long-term fresh water rearing periods. Potential available habitat for
coho is the lowest for any of the anadromous species exam ned
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It is the opinion of FAO that small reservoirs, or ground water sources,
| ocated on tributary streans could be used to regulate the flow in these
tributaries as well as aid in re-structuring mainstem flows and possibly
water tenperatures. The South Fork of the Umatilla River, Meacham
Creek, and Squaw Creek provide the best situations for altered flow
regimes in the tributaries studied.

Wth regard to re-establishment of species other than steelhead, the
single greatest barrier is inadequate passage flow downstream from Three
Mle Damfor both adult and juvenile mgrants. As has been mentioned
earlier, a late running race of fall chinook salnon mght be devel oped

to utilize habitat not presently used by steelhead. This race woul d not

be present during periods when [ow flow and high tenperatures severely
restrict habitat. In order to maintain such a run in the system flow
downstream from Three Mle Dam nust be available to pass both the upstream
and downstream mgrating fish.
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