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INTRODUCTION

This report is the second in a three-volume gserieg that
summarizes the findings of a study to determine the potential
cumulative effects of proposed small hydro development on the
fisheries of the Swan River drainage. The first volume (Leathe and
Enk 1985) is a summary report that presents the major findings and
describes the methods used to collect the information gathered
during the two and one-half year study. The third volume {Leathe
ot al. 1985) contains maps and biophysical inventory data gathered
on tributary streams in the drainage. Survey sites mentioned in
this report can be accurately located using stream maps found in
Volume 111,

For the most part, this report contains technical information
and is a support document for the main report {Leathe and
Enk 1985)., Consequently, discussion of results was minimized.
The sections on fish population monitoring, streambed monitoring,
habitat survey comparisons, and water temperature in this document
are the only portions that were not discussed in the main report.



TRIBUTARY MOWITORING — 1984

A series of fish population monitoring sections were estab~
iished and electrofished during the summer of 1984 in each of the
four streams considered "most likely"™ to have small hydro develop-
mant occur, Shocking sections were established above, within, and
below proposed hydro proiect areas on each stream (Piper, Cold,
Cedar, and Squeezer creeks). Gas-powered backpack electrofishing
gear was used to obtain mark-recapture estimates for each section.
flectrofishing sections were 304 m (1,000 feet) long and were
blocked on the lower end with guarter—inch mesh nylon netting.
Electrofishing and population estimation techniques were more fully
described by Leathe and Enk (1985}.

Specific lccatione of electrofishing sections in relation to
proposed small hydro facilities are presented in Table 1 and may be
referenced £o stream inventory maps in Leathe et al. (13883},
Resulting population estimates with 95% confidence intervals are
listed in Table Z. Length frequency diagrams for fish captured
during these surveys may be found elsewhere in this report
{(Figures 2 through 11}.

Gravel samples were collected from the lower ends of bull
trout spawning areas during October and November of 1984 in three
creeks {(Goat, Sgueezer, and Lion) with proposed small hydro
projects. Three transects were sgtablished in each stream and four
gravel samples were collected from each transect. Samples were
collected using a hollow core sampler and collection and analysis
technigues described by Shepard et al. {in press)}. Sampling
locations {stream kilometers from mouth) may be located on stream
inventory maps in Leathe et al. (1985), and detailed site de-
scription information may be found in MDFWP files. Results of
streambed sampling appear in Table 3 and Figure 1.




Table 1.

rocations (stream kilometers — from mouth) of proposed
small hydro facilities and fish population wmonitoring
sections established in four tributaries to the Swan
River during 1984.

merers - L1 ¢ 151 ¢ 7 S
wer Middle Upper
Proposed Proposed shocking shocking shocking

Creek powerhouse diversion section section section
Piper 1.8 8.2 1.5 5.4 8.8
Cold 8.5 13.4 8.4 10.8 14.0
Cedar 9.6 13.1 2.0 1G.5 13.4
Squeezer 8.1 8.2 2.5 & 5.5 7.0 8.3




Table 2. Mark-recapture population estimates (number of fish 75 mm and
longer per 300 m) four tribubaries to the Swan River during the
summer of 1984, Hinety~five percent confidence intervals are in

parenthesis,
Mo, of £ish 275 mm per
300 m_(T953CT)
Location Dates of Cutthroat Bull Brook
Creek {stream km) survey trouk trout trout
Piper (lower) 1.5 Aug. 1-7 811{+35%)  66(451%)  56{t3%%)
Piper (middle} 5.4 July 27~

Aug. 13 GO{450%) 210(485%; 43 (£35%)
Piper {upper} B.8 Ang, 14-21  389({316%) 0 g -
Cold {(lower) 8.4 Bug. 2%

Sept. @ 10{+308)  92{433%) 250(19%)
cold (middle) 16.8 Aing. 23-28 40 — 188(+25%) G =
Cold {upper} 4.0 Bug, 22=27 g e 49{+21%} G =
Cedar (lower) 5.0 Sept. 11-19 128(x15%) 0 435 (8%}
Cedar {middle) 10.5 Sept, 10-17 233{x19%) G - 0 -
Cedar {upper) 13.4 Sept. 12-18 298(+14%) g — g -
Squeezer (lower) 2.5 Sept., 27-

Ock, 10 <10 e 140{3p0%) 100 {+20%)
Squeegzer {lower} 5.5 Sept. 24~

Oct, & A8 - 3127(430%) <18 -
Squeezer {middle) 7.0 Sept. 20~

Oet. 1 0 - 44{+18%) o
Squeezer {upper) 8.3 Sept. 27 omemrere Pty FLERY e
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Figure 1. Streambed composition in bull frout spawning
areas in three tributaries to the Swan River
doring £all, 1984,



HABITAT SURVEY COMPARISONS

The precision of our habitat survey techniques was evaluated
during September of 1982 and July of 1983, During the 1982
comparisons, two crews walked 2 km sections of Cold and Lion Creeks
and made measurements or estimates at 40 random stops and along
transects established at 15 of these stops. The results of the
1982 comparisons were discussed by Leathe and Graham (1383) and are
summarized in Table 4, Cold and Lion creeks were relatively large
{35 and 56 sqg. km} medium gradient streams {5.0 and 5.7% gradient]
having flows of 38 and 14 cfs at the time of survey.

Habitat survey comparisons during 1383 involved comparative
measurements by three crews on three different tributary reaches,
Habitat measurements during the 1983 comparisons were made by all
crews at fixed points within each reach to eliminate variation due
to sample site locations., BSampling sites were randomly selected by
each crew in each reach during 1982, hence, it was unlikely that
those measurements (especially line transects) were made at the
same locationg by each Crew.

The 1983 comparisons were made on three reaches of two
gstreams, Reach 1 of Soup Creek was low gradient (2.1%), had a
drainage area of 38 sguare kilometers and a flow of 24 cfs. Reach
2 of Soup Creek was high gradient {(11.6%), with a much smaller
drainage area (14 sgquare kilometers) and a flow of about 20 cfs.
Reach 2 of Piper Creek had a moderate gradient and drainage area
{6.2% and 23 square kilometers) and a flow of 59 cfs. Habitat
measurements by each crew were tabulated and average measurement
errors for each habitat parameter in each reach wers calculated
using the method of Beamish and Fournier {1981). Results are
presented in Table 5.
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Table 5. Average percent measurement errors for
physical habitat parameters measured Dby three
survey crews in each of three stream reaches
in the Swan River drainage during July 1983.

Soup Creek  Soup Creek  Piper Creek
Parameiers Reach 1 Beach 2 feach 2

A A
e et

w 3 1

% ted wzé

{ 1
Thannel width {m} i3 12 10
Mean depth {om) 3 & &
Maxisum depth {om) 5 g 3
Channel splitting %) 31 2L 5
Channel stability score i2 i 8
thanpel Substrab
Fines {3} 17 93 25
Gravel {%} & 21 4
Cobble {%) 33 28 18
Boulder—bedrook (%) o 17 17
-90 {gm) 7 20 13
Mean substrabe score & 3 3
Hean enbeddedness score 8 3 5
Mean compactlion svore 3 4 1
Feature:
Pool (%) 100 22 a
Riffle & Run {%) 7 41 5
Pocketwater & cascade {%) & 14 iG
Covsr s
Total instream {3 18 8 ic
{logs & debris ~ %) 18 5 2
{boulder ~ %) g 30 7
{turbulence « %} 2 43 120
ral overhead {3} b g &
twithin 1 meter - %} is 21 36
{undercut bank ~ %) 17 7 10
Debris (%) 4 x:: &
Stable debris {3} 12 8 1
Bo. of Class I, 1Y & 1IIT
pools per kn 28 40 18
Pook classification:
Class I {%} 36 34 38
Class II {%} 55 20 k1]
Clase f1f {3} 34 Zh 107
Pool substrabes
Pines {3} 15 111 28
Gravel [%} 5 i2 13
Cobbie (3} &7 30 g
Boulder-bedrock (%} g 43 50
Hean substrate score 5 12 10
Mearn embeddedness soore 11 22 13
Hean pool depth {om) 17 5 S
Max. pool depth [om) 8 14 9




CREEL CENSUS

Tables 6 through 24 contain detailed Swan drainage creel
census information to supplement that presented by Leathe and Enk
(1985). Summaries of creel interview information gathered on other
waters in conjunction with the economic evaluation are in Tables 25
through 28, These waters were Ashley Lake, Lake Koocanusa, Hungry
Horse Reservoir, Flathead Lake, Thompson River, Kootenai River,
Flathead River, and the Bighorn River. Length information on
creeled fish in each of these waters may be found in Table 29 while
length freguency data for creeled £ish from varicus parts of the
Swan drainage as well as most of the other waters surveyed are
presented in Figures 19 through 25,
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Table 7. Estimated monthly harvest of the principal gamefish
species in Swan Lake during 1983 and 1984, Ninety-five
percent confidence intervals in parenthesis.

¥okanese Northern Bull Rainbow Cuabthroat
Month salmon pike trout  trout trout
1983
June 1165 99 66 66 58
July 4428 109 164 41 68
Angust 6925 471 49 15 is
September 1455 170 is 40 32
October 20 73 28 157 6
November ¢ 0 160 0 0
December 7 g 13 o ]
1984
January 36 0 62 ¢ 0
February 36 ¢ 51 it 0
March g ¢ il 0 g
April f] 48 48 4 g
May (1583 & 1584) 288 267 110 1a 57
TOTAL 14430 1237 738 284 237

{£3392)  (4461) (£263) (x182) (£147)
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Table 15. Harvest estimates for rainbow trout in three sections of
the Swan River between Swan and Lindbergh (Cygnet) lakes
during 1983, Ninety—-£five percent confidence intervals

are in parenthesis.

Swan Iake Goat Cr. - Leld Cr.

to to to Sections

Time period Goat Cr. Cold Cr. Cygnet L. combined
May 21- June 3§ 0 o 48 48
July 389 125 16 538
August 479 334 Y 845
September 202 90 it 292
Oct. & Nov. g 42 0 42
TOTAL 1080 595 S0 1765
(+473} {+474) (76} (+674)

) ’



mable 16. Harvest estimates for brook trout in three sections of
the Swan River between Swan and Lindbergh (Cygnet) lakes
during 1983. Ninety-five percent confidence intervals
are in parenthesis.

Swan Lake Goat Cr. Cold Cr.

to to toe Sections

Time pericd Goat Cr. Cold Cr. Cyanet L. combined
May 21- June 30 54 0 202 256
July 581 184 135 900
Angust 394 11l 512 1017
September 177 48 0 225
Oct. & Nov. 0 0 G g
TOTAL 1206 343 849 2398
{1656} (+276} {(£70%) (+1005)

2%



Table 17. Harvest estimates for bull trout in three sections of
the Swan River between Swan and Lindbergh (Cygnet) lakes
during 1983. Ninety~five percent confidence intervals
are in parenthesis.

Swan Lake Goat Cr. Cold Cr.

to o to Sections

Time periocd Goat Cr. Cold Cr. Cyanet L. combined
May 21- June 30 43 0 48 g1
July i82 74 0 256
August 139 37 ¢ 176
September ¢ 42 0 42
Oct. & Nov. 0 0 0 0
TOTAL 364 153 48 565
{(#219) {(+133) {+63) {+264)
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mable 18, Harvest estimates for cutthroat trout in three sections
of the Swan River between Swan and Lindbergh (Cygnet)
lakes during 1983. Ninety-five percent confidence
intervals are in parenthesgis.

Swan Lake Goat Cr. Cold Cr.

to to to Sections

Time period Goat Cr. Cold Cr. Cygnet L. combined
May 21~ June 30 0 g 83 83
July | 11 55 31 97
Bugust 21 19 0 40
September 13 6 ¢ 18
Oct. & Nov. 0 0 g 0
TOTAL 45 80 114 238
(+47} {+89) (£115) {£153}
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Table 19. Average harvest rates {f£ish kept per hour} and catch
rates (fish landed per hour; in parenthesis) for four
species of fish in three sections of the Swan River
between Swan and Lindbergh (Cygnet) lakes during 1983.

Maurber of Rainbow Brook Bull Cutthroat

Section interviews trout trout trout trout
Swan L. to

Goat Cr. 13¢ JA4(.28)  .15{(.34) .042(.064) .006(.038)
Goat Cr. to

Cold Cr. 54 0,43y 0B{.23)  .044(.078) .017(.046)
Cold Cr. to

Cygnet L. 53 L03(.08)  [21(.42) .025(.038) .049(.069)
211 sections

combined 248 L12(.27y  1B{.33Y  .038(.081} .019(.048
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Table 24. Characteristics of parties that fished tributaries
in the Swan river drainage between 21 May and
30 November, 1983.

Characteristic No. of parties
Bait type:
Bait 32 (64%)
Flies 7 (14%)
Lures 2 (4%}
Snagging ¢
Combination _5 {18%)
TOTAL 50
Engler origins
Kalispell 20 {40%)
Other Flathead County 9 (18%)
Lake County 8 (163}
Misscula County 5 {10%)
Other Western Montana 1 2%
Eastern Montana 1 (2%}
Non-~resident (USA} 5 {10%)
Foreign 1 (2%
TOTAL S0
Target species:
Cutthroat 2 (4%
Brock trout 21 (42%)
Trout-general 15 (30%}
Any fish 7 {14%}
Mo information 5 {10%}
TOTAL 50
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AGE AND GROWTH — TRIBUTARIES

The following sections describe the growth rates of cutthroat
and juvenile bull trout in several tributary streams. A summary of
these data may be found in Leathe and Enk (1985). That document
also contains growth rate information for rainbow and brook trout
from the Swan River and for adult and juvenile bull trout from all
parts of the drainage.

Cu I ol

Age and growth information for cutthroat trout from four
tributary streams is presented in Tables 30 through 33, ILength at
annulus was backcalculated using a body length to scale radius
relationship derived from a pooled sample of all tributary
cutthroat. The eguation for that line {n=339%, r=0.89) was:

log(TL) = 0,81 lowg{SR} + 1.00
total body length in millimeters, and

scale radius in millimeters, measured
at 7i¥ magnification,

where: 1L
5k

I o#

11 Prongd

Age and growth data for juvenile bull trout collected from
five tributaries are in Tables 34 through 38. Length at annulus
was backcalculated using a body-scale relationship derived from a
pooled sample of adult (from Swan Lake and tributary spawner traps)
and juvenile fish. The eguation describing the body-scale
relationship (n=581, r=0.98} was:

log(TL} = 1.11 log(SR) + 0.60

where: TL
8r

total body length in millimeters, and
scale radius in millimeters, measured
at 71¥ magnification.
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makle 30. Backcalculated total lengths and length increments for
cutthroat trout collected from Cedar Creek during

September 198Z.

Length {mmd ab annglus

Ige n) 1 1T 111 IV v
1 {11} 50 o g g 0
2 {23} 50 92 G 0 ¢
3 {31} 50 83 125 0 0
4 {15} 49 84 113 140 4
5 {3} 50 92 iz6 154 176

Grand mean '
calculated length 50 91 123 142 176
{n} {83} {72} {4%) (18) {3}
Iength increment 50 41 30 21 34

Tahle 31. BRackcalculated total lengths and length increments for
cutthroat trout collected from Groom Cresk during
August and September 1982,

Age ) ,. S|

1 (173 46 G g g

2 {47} 43 78 0 it

3 {20} 50 85 120 it

4 {5} 49 85 127 1860

Grand mean

calculated length 45 BG 123 160
{nj (89} {72} {253) {5
Lencth incremsnt 45 35 41 39




Table 32. Backcalculated total lengths and length increments for
cutthroat trout collected from Socup Creek during

August 1982,

Age () . .. =Nt ._

1 {1) 42 O it G

2 (48) 45 79 0 0

3 {56) 4% 82 il8 0

4 {17} 51 82 118 147

Grand mean

calculated length 47 g1 ils 147
(n} {122y {(121) {73} {173
Length increment 47 34 37 28

Table 33. Backcalculated total lengths and length increments for
cutthroat trout collected from the South Fork of

Lost Creek during August and September 1982Z.

Age ) B

1 {8} 43 0 it 0

2 (%) 43 76 0 Lt

3 {13) 45 80 139 0

4 (5) 47 91 148 191

Grand mean

calculated length 44 80 140 181
(n) (41y (33 {24} {5}

Length increment 44 36 &0 51
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Table 34, Backcalculated total lengths and length increments for
juvenile bull trout collected from Cold Creek dur ing

September 1982,

Age {n}
i {9} 54 G 0
2 {28} 46 93 o
3 {12} 47 ge 126

Grand mean

calculated length 48 92 128
{n) {49} (40} {12}
Length increment 48 44 34

mable 35. Backcalculated total lengths and length increments for
juvenile bull trout collected from Elk Creek during
October 1982,

G {16} g 0
i {79; 57 g
2 {16} 49 109

Grand mean
calculated length 58 e
n} (35} {16}
Length increment 56 53
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Table 36, Rackcalculated total lencths and length increments for
juvenile bull trout collected from Lion Creek during
September 198Z.

Age (n}
0 (10} 0 0 0
1 (29) 78 0 0
2 (24 73 120 0
3 {4} 76 122 175

Grand mean

calculated length 76 120 175
{n) {57} {28} (4}
Length increment 76 44 55

Table 37, Backcalculated total lengths and length increments for
juvenile bull trout collected from the North Fork of
Lost Creek during August 198Z.

Age (nj
0 (4) 0 0 0
1 (20} 72 0 g
2 (3 &7 110 0
3 (3) 63 108 150

Grand mean

calculated length 71 109 156
{n) (26} (6} {3)
Lengzh increment 76 38 41
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mable 38, Backcalculated total lengths and length increments for
juvenile bull trout collected from Squeezer Creek
during August and September 1982.

~eoidly {mnl ab apnglus

Age {n} I E A 111
1 {1%; 58 it 0
2 (34} 50 98 o
3 {2} 75 125 179

Grand mean
calculated length 54 99 178
{n} {51} {32} {2}

Length increment 54 45 80




LENGTH FREQUENCY INFORMATION

This section contains example length freguency diagrams for
various species in different parts of the Swan drainage. Length
distributions of fish captured in tributary population monitoring
sections during the summer and fall of 1984 are presented in
Figures 2 through 11. ©Data for fish captured in Swan River
electrofishing during the fall of 1982 are in Figures 12 through
16. Swan Lake gill netting data are in Pigures 17 and 18, while
information on creeled fish from various parts of the Swan drainage
and from various other waters are in Figures 19 through 25.
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Figure 2. Length frequency diagrams for cutthroat trout captured
by electrofishing in Piper Creek during July and
August, 1984,
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Figure 3. ILength frequency diagrams for cutthroat trout
captured by electrofishing in Piper Creek and
Cedar Creek during Zugust and September, 1984,
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Figure 4. TLength frequency diagrems for cutthroat trout

captured by electrofishing in Cedar Creek during
Septamber, 1584,
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Figure 5. Length frequency diagrams for Juvenile bull trout captured

by electrofishing in Squeezer Creek during September and
Cctober, 1984,
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Figure 7. Length frequency diagrams for juvenile bull trout captured

by electrofishing in Cold Creek during August, 1984.
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Figure B. ILength frequency diagrams for juvenile bull t,rout
captured by electrofishing in Piper Creek during

July and August, 1984,
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Figure 9. Ilength frequency diagram for brook trout captured

by electrofishing in Cedar Creek during September,
1984.
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Figure 10. Length frequency diagrams for brook trout captured
by electrofishing in Cold Creek and Piper Creek during
July, August, and September, 1984.
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Figure 11i. ILength frequency diagrams for brook trout captured
by electrofishing in Piper Creek and Squeezer {reek
during August, September, and October, 1984.
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Figure 14. Ilength frequency diagrams for brock trout captured during

1982 by electrofishing in a section of the upper Swan River
below Cygnet Lake and in the middle Swan River between the
Salmon Prairie and Piper Creek bridges.
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Figure 18. Iength frequency diagrams for rainbow trout and mountain

whitefish captured in floating and sinking gill nets in
Swan Lake during &pril, 1983,
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Figure 20. Length frequency diagram for kokanee salmon harvested
by anglers from Swan Lake during the summer of 1983.
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Pigure 21 . Length frequency diagrams for raimbow trout and brook
trout harvested by anglers from the Swan River (upstream
from Swan Lake) during the summer of 1983.
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Figure 22 . Length freguency diagrams for kokanee salmon harvested

from Flathead and Ashlev lakes by anglers during the
summer of 1983,
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trout caught by anglers in Lake Koocanusa during the
summer of 1583,
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Figure 24 . Length frequency diagrams for rainbow and brook trout
harvested by anglers in the Thompson River, Momtana
during the summer of 1983.
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MENDATIONS — TRIBUTARIES

Composite wetted perimeter - discharge curves for 16 streams
surveyed during 1982 through 1984 are presented in Figures 26
through 38, These were generated using the WETP technique and
methods described by leathe and Enk (1985). Recommended minimum
flows are indicated on most of the WETP curves. Many of these were
agreed upon at an interagency meeting between MDFWP, USFS, and
USFWS in early 1983. However, some of the data presented herein
were not available at the time. In those cases, recommended flows
must be considered preliminary.
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Figure 34. Average wetted perimeter versus discharge with
recommended minimum flows (2.0 and 2.5 cfs} for
four cross sections on Sixmile Creek and Groom
Creek in the Swan River drainage during 1983.
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HYDROLOGY ~ TRIBUTARIES

Tabular summaries of average daily discharges for six Swan
River tributaries for the period October 1983 through September
1984 are presented in Tables 39 through 44. Because of problems
with maintaining and cperating the water level recorder, only
monthly flow measurements are available for the South Fork of Lost
Creek (Table 43). Graphs of average weekly discharge compared to
minimum instream flow recommendations are displayed in Figures 39
through 43, Flow duration curves with recommended minimum flows
are in Figures 44 through 48,
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Table 33. Average daily discharge [cubic feet per second] in Cold
Creek during the period October 1983 through September

1984,

mocation: SWYNELS2RTZINRITW, {(Stream kilometer 8.0)
Drainage Area: 35.2 sg. km {at gaging station)
Period of Record: October 1983 through September 1984
Gage: Water stage recorder

Remarks: Records generally were good with exception of
winter months (November through March) where
daily flows determined by interpolation from
graphs of monthly flow measurements.

BAverage Discharge: 46.6 cfs

Extremes for vear: Maximum: 188.9 cfs

June 21,22,25-28, 1984
Minimum: 13.0 cfg November 28, 1983

COLD CREEER

Bverage Daily Discharge

m
I
S

LS

ot Moy Lac Jan Feh Mar Apr Hay Jun Jul Aug Sep

1 19,4 17.4 13,4 13,1 18,2 1%.0 158 7.7 90.5  135.9 107.3  43.8

2 18,7 18,0 33.8 13,4 18,0 1%.2 15,6 30,8 @,% 135.% 103.7 42.3

3 18,7 18.0 13,7 1.6 17.8 18,4 17.4 28.7 0.5 135.9 103.7 40,8

4 25,1 21.6 13,8 18,8 17,7 18.6 18.8 27.7 3.5 135.9 103.7  38.1

5 15,7 21.6 14,0 26,0 17,5 187 187 26.7 $4.5  135.9% 163.7  38.1

& 1i8.7 7.7 14,1 0.3 17.4 20,0 19.4 25,8 13i.4 135.% 1037  35.5

7 8.0 24.% 14,3 20,5 17.2  20.1 18,7 28.7 %6,% 114,8 103.7 34.2

g 18,0 24.0  14.4  20.7  17.0 2.3 2i.6 277 96,9 114.8 103.7 33.0

g 20,8 24,9 14,5 21.0 16,8 20.4 201 45.3 81.7 86,9 103.7  31.9

10 26,8 26.7 14,7  21.2 16,7 z0.8 28.1 45.3 8.8 1z7.1 100.2 30.8

i3 18.8 38,1 14.8 21,5 6.5 2.8 20,8 48.6 8.8 127.1  86.% 28.7

12 18,0 34,2 14.% 21,3 16.4 26.% 20,1 48,6 8.8 114.B  93.&6 27.7

i3 18,0 33,6 15.1 21,3 15.2  21.0  1%.4 68.8 6.3 114.8 0.5 26.7

14 i7.4  3.% 15,2 21,0 15,3 21,2 20.8 £8,8 81,7 1l4.8 84,5 25.8

15 17.4 3.8 15.4  28.8  ls. .l 21.4 26.7 4.5 114.8 180.2 BL.3 4.9

ié 17.4  31.9 15.6  20.7 1.3 21,5 32.4 68.8 135.3% 26.9 7B.%  24.0

7 8,7 3.9 15.8  20.5 16,3 21,7 54.0 8.8 135.8 86.9 76,3 23.2

18 18,7 30,8 5.0 25,3 16.6 2%.8  39.9 8.8  135.9 86.9 73,7 22.3

is 17.4 28.7 16.3 20,2 16,8 22.0 62,0 B1,7 135.9 96.% 71.2  22.3

20 i7.4 28,7 18,3 20,0 17.0 22,1 53,8 9.5  i55.5 96,9 68.8  29.7

21 37.4 144 15.8  183.8 17,2 22,3 §7.9 81.7 182.9% 86,9 66.4  27.7

22 0.1 4.2 17,0 18.7 17.4 2.4 £7.9 81.7 183.5 86,9 64,2 26.7

23 26,8 14,56 1.2 18,5  17.6  22.6 5I.% 81.7 180.7 86,9 62.0 25.8

24 18.7  13.8  17.4 19,3 17,7 22,7 4B.¢ 8L. 133.9 86.5  55.%  24.%

25 18,0 138 7.7 1%.2 17,8 22,9 40.8 81.7 189.% 96.9 57.3  24.%

26 18,0 13.4  17.% 1.0 18,1 23.0 355 81.7  189.% 95,9  55.9 24,8

27 18,0 13,2z 18,1 18,8 18,3 23,2 33.0 Bl.7 183.% 107.3 54.0  24.0

28 318,86 13.0 18.4 18,7  18.5  23.3 30.8 1.7 18%.,%  107.3 2.1 24.0

25 18,0 13,2 i18.6 1B, 18.6 23.4 287 81.7 188.% 107.3 4B.6 4.0

30 18,0 13,3 1s.8  18.2 23.8  27.7 90,5  180.7  107.3 47.0 24.0
31 17.4 5.0 8.2 23.7 80.3 187.3 45.3

Mean 18.%  22.7 15.% 1%.% M7.z 21,5 31.9 2.2 127.% 1i1,1  7%.8 28.2

Max 20,8  38.1  i5.0 23,8 18.6 3.7 2.0 80,5 189,99  135.% 107.3  43.8

Min 7.4 13.0 3.4 182 15,8 180 15,6 5.8 &8.8 96,9 45.3  22.3

Ae-fr 1135.4 138,72 977.4 1225.8 981,4 1320.4 15957.2 3820.5 73B3.5 6827.8 4830.8 1736.5




Table 40 .

Average daily discharge {cubic feet per second) in Lion
Cresk during the period October 1983 through September

1984,

Iocabion: MWENFELSIZTZONRITH,
Drainage Area: 55.0 sg. km
Period of Record:

Gage:
Remarks:

Average Discharge:
Bxtremes for vear:

{Stream kilometer 10.5)
{at gaging station}
Octobar 1583 through Septenmber 1584
Hater stage recorder
Records generally good with exception of winter
months {Nov, 20, 1983 - April 1, 1%84) when
daily flows determined by interpolation from
graphs of monthly flow measurements, Daily
flows during the periods Oct. 13-17, 1983, May
26-June 5, 1884, June 20-23, 1984 were
estimated by interpolation and comparisons with
adjacent drainages.

58.9 cfs

Mawimpm: 448.6 ofs June 27, 1984

Minimuams 8.0 ¢ofs March 9, 1984
LION CREEXK

Avarage Dally Discharge {ofs)

Dot

1 is.g

Z 15.8

3 18.5

4 15.3

3 is.3

& 16.0

7 16.0

B i5.8

g 15.8

18 15.8
i3 i5.8
iz 15.0
13 i5.1
14 16.3
15 16.5
is 7.0
17 17.0
ig 16,8
is 17.6
20 7.3
21 11.5
22 17.5
23 17.5
24 1.3
5 7.0
26 7.0
27 17.0
28 i7.¢
25 7.0
30 7.9
il is.8
Mean 16,7
Max .5
Hin 15.8
ho-fr 1023.5

15

Hov Do
58,8 17,8
17,0 18.0
17.0 18.3
25,2 1B.8
26.0 18.8
30.0 0 1%.1
32.% 0 183
336 13.6
32,3 1%.8
1.3zl
33.3  20.4
33,6 20,8
33,3 2.%
31,9 21.2
0.7 21.4
2%.7 217
28,1 1.8
8.0 22.2
6.8 22.%
27.4 22.7
26,0 3.0
5.8 23.2
24.8 23.3
23.3  Z3.8
22.2  24.0
1.0 24,2
5.4 24.%
17.1 24.8
7.3 25.¢
17.6 28.3

25.4
28,5 Z1.7
33.6  25.4
6.8 17.8
I7.8 13355

gt

Jan Fal Har Apy May Jun Jul hug Sep
/.5 is.d 2,1 133 5.8 288,68 243,22 84,8 30.D
5.8 1B.6 5.0 13.1 36,8 281.2 243,215,227
26,1 15.0 g.8 13,9 36.8 226.4 285.%  T75.2  25.8
26,3 14,5 8.7 13.0 35,0 177,30 2311 84,8 24,5
28,6 14.0 5.8 130 33,3 186.7  243.2 58,3 24.5
26,8 13.4 g.4 13,1 33,3 188,77 255.% 55,4 25.0

T.i 12.9 %.3 13,1 1.6 183.7  Zi%.6  B2.6  25.3
274 12,3 8.2  13i.8 36,00 138.8 17%.1  45.2 31.3
7.6 12.2 8.0 137 28,4 125.3  183.7 42,9 44,8
Zi.%  12.0 8.1 14,0 33.3 0 18,1 14s5.0 42.% 48,1
27.3 11.% 8.2 14.3 35,80 125.3  l46.¢ 40,8  50.5
26,7 11.8 8.2 14.8 35,8 148,80 161.7 40.8 53,7
26,0  11.8 8.3 14,8 38.8  17%.1 1617 40.8 38,0
25,6 1.5 B.24 15.0 55.4  243.2  131.% 3.8 58.3
25.2 11,4 2.4  15.2 92,3 313.%  125.3  3/.0 807
4.5 1i.2 8.5 18,6 11%.1 31i.%  135.3  33.3  62.6
24.86 11.3 8.6 1.0 I07.5 330,30 125.,3 33.3  83.%
23.4  1G.9 3,7 64.%6 102.2  330.3  125.3 31.6  6%5.3
2z.8 10.3 4.8 83,3 I07.%  2%B8.3 119,31  31.6 65.3
Fe.3 0 167 8.8 20,4 .2 288,30 107,30 30.0 52.1
21,7 18.5 #,% B3,3 1B8.4  384.%  107.5 30.0  38.2
21.1 0 10.4 8.0 77.6 138,8 3B4.% 104.3 28,5 34.3
20,6 0.2 2.1 71,5 125,3  Z288.3 95,1 27.1  31.3
28,0 10,1 $.2  &i.8% 0 119,31 289.2 5.2 ZI.10 28.4
1%.5  i4.0 .3 81.3 0 113.1 347.8 83.3 25.8  28.3
i8.% 5.8 8.3 55.4 3.7 405.1 22.3  25.8 27,7
iB.4 8.7 g.4  30.0 74.5 448.¢8 $7.1 5.3 256.8
i7.8 9.8 2.5 45,2 75,0 384.9 23,3 25.3 26.3
17.2 2.4 3.6 42.5 99.1 355.8 83.3 24,5 25.5
6.7 2,6 456.8 154,82 313.8 73,2 24.5  25.%
15.2 3.7 188.4 £7.9  24.5
23.3 11.B 8.8 33.% 1.5  288.1 137.1 3%.4  33.4
27.9  16.1 5,7 85,4 188.4  44R.8  235.%  T75.2  65.3
18.2 2.4 8.0 13.0 2%.4 115.1 67.2 24.5 4.3
33,8 875,77 541.0 2138.% 500%.4 15H31.5  3426.7 2422.0 2348.3

[o ]
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Table 41. Average daily discharge (cubic feet per second) in Plper
Creek during the period October 1383 through September

1984,

Iocation: SWENELSZST22NR18W, (Stream kilometer 5.4)
Drainage Area: 20.4 sq. kn {at gaging station)
Period of Record: October 1983 through September 1984
Gages Water stage recorder

Remarks: Records good with exception of November 20,
19683 to April 1, 1984 when daily flows were
estimated by interpolation from graphs of
monthly £low measurements.

Bverage Discharge: 23.5 cfs

Extremes for year: HMaximum

Min imum

235.0 ofs June 21, 1984
6.0 ofs Bpril 1-14, 1984

®
=
&
'Y

PIPER (REEX
hverage Daily Discharge {cfs}

Ot Nov Dec Jan Feb Mar Apr #Hay Jun Jul g Sep

1 7.0 7.0 9.8 18,0 8.4 6.2 £.0 3.0 108.0 82.0 16.5 3.0

2 7.0 7.8 9.6 10.2 8.2 §.2 5.0 13.0 73.0 97.0  16.8 8.0

3 7.0 8.0 .5 10.4 B.G 5.2 8.0 13,0 73.0 2.0 15.0 8.0

4 7.5 13.5 %.3 10.6 7.8 6.2 8.9 12.5 73.0 7.0 14.5 8.0

5 7.0 13.0 2.2 e 7.6 8.1 6.0 2.5 82.0 F1.O 135 8.0

& 7.0 3190 2.0 10.% 7.4 5.1 5.0 1z.8 73.0 1.0 13.0 8.5

7 7.0 11.0 8.8 1l.1 7.3 6.1 5.0 2.0 74.0 84,0 13.0 8.0

8 7.0 12,5 8.7 11,2 7.1 5.0 6.0 2.0 50,0 52.4 120 3.5

] §.0  1i.0 8.5  11i.4 6.9 £.0 £.0 2.0 48.9 46.0 12.0  1C.C

ig 5.5 14.C §.4 1.6 5.2 6,0 5.0 18.5 44 .0 44,00 11.8 8.5
13 8.0 18.0 8.2 11.7 6.5 8.0 6.0 10,5 44.0 43.%  11.0 8.0
12 8.0 13,5 8.1 11.% 6.8 6.0 5.0 2.0 80,0 37.60 1.0 8.0
i3 7.0 12.0 7.8 117 6.8 6.0 6.0 13.% 3.0 37.0  1i.0 8.0
14 7.8 11.% 7.9 11.5 6.8 6.1 £.0 24.8  122.0 34.0  10.% 7.5
15 T.0 0 11,5 7.6 11,3 6.7 6.1 6.5 34,0 153.0 36.5 10,0 7.0
16 7.0 10.0 7.4 11.2 £,7 .1 8.8 34,0 186.0 7.8 10.0 7.0
7 7.0 160 7.5 11.0 6.7 6.1 11.5 1.0 144,90 27.0 9.5 7.0
iB 7.0 3.5 700 108 5.6 6,1 18.0 27,0 1150 27.0 8.5 7.0
19 7.0 3.5 7.8 10.6 6.6 8,1 22.5 64,0 108.0 27.0 9.5 7.0
25 7.0 8.4 8.1 10.4 8.6 8.1 33.0 2.8 153.0 24.0 9.8 3.0
21 7.0 8.5 8.3 0.2 8.5 6.1 28.5 3.6 235,0 26.0 .0 13.0
22 8.0 5.6 8.4 10.0 6.5 §.,2 263 48,0 183.0 2.8 8.5 1l.0
23 9.0 2.7 8.5 3.9 4.5 6.2 26.0 74,0 115.0 21.6 8.5 9.5
24 8.0 3.8 8.8 8.7 £.5 .3 21.5 64.0  125.0 20.0 8.5 8.5
25 8.0 %.9 8.9 8.5 6.4 6.2 18,5 48.0  173.¢ 18,5 8.5 g2.0
25 7.5 10,0 3.1 9.3 6.4 6.2 15.0 40,5  173.0 15.6 8.5 8.0
27 7.6 L1 $.3 2.1 6.4 §,2 13.% 44,0 1B8.0 21.8 8.8 7.5
28 7.0 10.2 4.5 8.8 6.3 6.2 13.5 48,0 183.0 21.% 8.0 7.5
29 7.0 16.1 9.7 8.8 5.3 8.2 13.5 82.0  144.0 i85 8.0 7.0
39 7.8 2.9 8.9 8.5 £,3 13,0 188.0  102.92 15.0 8.0 7.0
31 7.0 9.9 8.5 £.3 2i0.0 g6 1.0 7.5
Hean 7.3 147 a.7 10.4 6.9 6.1 1Z.4 44.8  115.8 46.2 10,7 8.2
Hax .0 16.0 3.3 11,9 8.4 £.3 28,5 210,00  235.0 97.0 16,3 13.0
Min 1.0 7.4 7.4 8.5 £.3 5.0 6.0 2.0 44,5 8.8 8.9 7.4
Bo-fL 451,22 873.4 B34.2 638.% 3897.% V6.8 735,95 2756.4 6BYT.0 2471.8 638.4 506.5
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Table43. Discharde measurements ({cubic feet per second} and gage
height {feet) at the water level recorder site on

the South Fork of Lost Creek (NEL/4 SW1/4 S3 T24N R17W).

bate Flow {cfs)} Gage ht. (feet)
11-24-82 5.6 7.30
1-13-83 6.2 7.27
2-15-83 3.6 7.22
3-10-83 10.9 7.37
5-11-83 48.7 7.76
6-8-83 143.5 8.57
T-5-83 80.2 8.07
8-31-83 8.9 7.32
G-27-83 8.2 7.28
10-27-83 8.1 7.36
11-29-83 12.2 7,43
1-10-84 19.2 7.62 N
2-9-84 8.9 Broken
3-8-84 6.3 6.99
4-11-84 15.1 7.12
4-25-84 56.5 7.50
5-10-84 32.4 7.40
5-23-84 148.7 8,20
6-7-84 138.5 8.35
6-25-84 157.7 8,35
7-11-84 35.7 7.61
72484 15,7 7.44
9-24-84 7.8 7.42
10-4-84 7.7 7.24

* New staff gage installed on 10 February 1984 due to tree falling

on the old gage,
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Tabled3. Discharue measurements (cubic feet per second) and gage
height (feet) at the water level recorder site on

the South Fork of Lost Creek (NE1/4 SW1/4 83 T24N R17W),

Date Flow {cfs) Gage ht. {feet)
11-24~-82 5.6 7.30
1~13-83 6.2 7.27
2~15-83 3.6 7.22
3~10-83 10.9 7.37
5-11-83 48.7 7.76
6-8-83 143.5 8,57
7-5-83 80.2 8.07
8-31-83 8.9 7.32
9-27-83 8.2 7.28
10-27-83 8.1 7.36
11-29-83 12.2 7.43
1-10-84 19.2 7.62
2~9-84 8.9 Broken
3-8-84 6.3 6.99
4-11~84 15.1 7.12
4-25-84 56,5 7.50
5-10-84 32.4 7.40
5~23~84 148.7 8.20
6~7-84 138.5 8.35
6~25~84 157.7 8.35
7-11-84 35.7 7.61
7-24-84 15.7 7.44
9-24-84 7.8 7.42
10-4~-84 7.7 7.24

New staff gage installed on 10 February 1984 due to tree falling
on the old gage.
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Table 44, Average daily discharge {(cubic feet per second) in
Squeezer Creek during the periocd October 1983 through
September 1984,

Location: SELRSERSITTZINRITYW, {Stream kilometer 6.4)
Drainage Area: 21.5 sg. km (at gaging station)
Period of RBecord: Cctober 1983 through September 1984
Gage: Water stage recorder
Remarks: Records good with exception of winter months
{November through March) which were estimated
by interpolation from graphs of monthly
measurements. Daily flows during the periods
October 1~19%, 1983, HMay 18-22, 1984, and August
20-21, 1984 were estimated by interpolation and
comparisons with adjacent drainages.
Average Discharge:s 20.4 cfs
Extremes for year: Maximum: 192.3 cfs May 31, 1984
Minlmum: 3.3 ofs March 8-9, 10-~11, 1984

SRUEEZER CREEK
Average Daily Discharge {cfs}

Dot Bov = Jan Feb Mar Apr Hay Jun Jul Aag Sep

1 8.0 7.1 8.0 8.2 5.3 3.7 4.2 4.6 1227 8.6 20.0 8.0

2 7.7 7.1 7.9 £.2 5.3 3.6 4,2 ia2 87.2 T2.4 18,3 8.g

3 7.7 7.1 7.7 5.3 5.2 3.5 4.2 3.3 7.8 72.4  1B.7 7.4

4 Fa7 8.0 7.8 6.3 5.1 3.5 4.3 iz.2 £4.4 £3.1 18,2 7.7

3 7.7 8.0 T4 £.4 5.1 3.4 4,3 ig.B 64.4 5.7 16,1 7.7

] 7.7 2.0 7.3 G.4 5.0 3.4 4.4 iG.8 64.4 3.1 15.8 8.6

7 7.4 0.0 7.1 8.4 3.0 3.3 4.4 is.g 51.9 53.% 15.1 8.6

8 7.4 8.3 5.9 £.5 4,2 3.3 4.5 is.8 54.7 45,06 14,8 9.3

El 7.4 8.3 £.8 6.5 4.5 3.2 4.5 i1.6 51.3 38.3 4.8 5.3

ig 7.1 8.3 6.7 6.5 4.8 1.3 4.6 1z2.0 48.0 383 14.2 2.0
i1 T.1 1G4 6.5 5.4 4.7 3.3 4.6 2.2 45.0 38,3 14.2 9.0
1z 7.1 8.7 5.4 B.4 4.7 3.4 5.7 1z.0 52.4 8.3 14.2 3.0
13 7.1 160 6.2 6.3 £.6 3.4 5.7 13.3 64.4 38.3 14,2 3.0
14 7.1 8.7 6.0 6.2 4.5 3.5 5.7 18.2 81.6 31,8 13.3 8.6
15 7.1 &.7 5.8 £.2 4.5 3.5 5.7 2.0 1327 33,8 12.8 8.6
15 7.1 3.0 5.7 &1 4.5 3.5 6.2 36.5  164.3 33,9 12.4 8.6
17 7.1 9.0 5.7 &.1 4.4 3.6 0.4 41.1  165.8 30.0 12,4 8.3
ig 7.3 8.8 5.8 5.4 4.4 3.6 18,3 42,0 132.8 30.0  12.4 8.3
19 6.8 §.3 5.8 &.0 4.3 3.7 25,5 43,0 116.8 30,0 12.4 8.3
24 5.4 8.8 5.8 5.8 4,3 3.7 315 43,0 1227 30,0 11,6 2.0
23 £.8 8.0 5.9 5,8 4.2 3.8 3.7 44,00 186.8 28.4  10.8 9.0
22 £.8 8.1 5.% 5.5 4.1 3.8 28.4 4.0  143.6 27,7 10.0 5.0
23 6.8 8.1 5.8 5.8 4.1 3.3 25.8 46,0 103.3 24.8 104 9.0
24 &.8 8.1 5.0 5.8 4.0 3.5 24.2 44,0  143.9 23,6  10.4 8.0
25 §.8 8.2 &.0 5.7 4.0 3.9 217 42.0 1227 2.3 16.¢ 8.0
26 6.8 8.2 5.0 5.6 3.8 4.0 18.3 41.1 143,86 22.3 5.3 9.0
27 7.l 8.2 £.1 5.8 3.9 4.6 17,7 35.2 1438 22.3 8.3 &.6
28 7.1 8.3 5.1 5.5 3.8 4.0 18,8 36.5 132.8 22.3 8.3 8.6
25 7.1 8.3 &.1 3.5 3.8 4,1 15.1 42.0  132.8 22.3 8.0 8.3
3G 7.1 8.3 §.2 S.4 4.1 14.6 7Z.4  i03.9 22.5 8,3 8.3
31 7.1 6.2 5.4 4.1 122.3 2i.1 1.7
Mean 7.2 8.5 G4 8.1 4.5 3.7 1z 34,0 102.3 38,3 13,0 8.6
Max 8.0 18,4 8.0 6.5 5.3 4.1 31.5 132.3  166.8 5.6 20,0 2.3
Min £.8 Tl .7 5.4 1.8 3.3 4.2 i0.8 46.0 21.1 8.0 7.4
Ac-fr 441.4 3D6.3 395.% 371,98 260.5 224.4 74%.5 20%0.7 60B4.0 2356.3 T775.7 526.8
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Figure 44. Flow duration at a gaging polnt at km 8 on
Cold Creek in the Swan River drainage during
the period October 1983 through September 1984.
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Filow duration at a gaging point at km 10.5 on
Lion Creek in the Swan River drainage during
the pericd October 1983 through September 1984.

94



4007

IGO0~

200

Discharge (afs)

PIPER CREEK

WETPE recommaeandation

gcfs EZ'
S

!

|

i

[

!

56%

|
i
!
f
i
i
i

Figure 46.

5 40 20 3040 50 80 70 80 S0 65 ©8

Exceedance Percentags

Flow duration at a gaging point at km 6.4 on
Piper Creek in the Swan River drainage during
the period COctober 1983 through September 1584.
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Flow duration at a gaging point at km 11 on
Soup Creek in the Swan River drainage during
the period Cctober 1983 through September 1984,
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Figure 48. Flow duration at a gaging point at km 6.5 on
Squeezer Creek in the Swan River drainage during
the period October 1983 through September 1984.



WATER TEMPERATURE

Continuous recording Taylor thermographs were installed in the
Swan River {at the Piper Creek road bridge) and in six tributary
streams during the study. BAverage weekly maximum and minimum water
temperatures during 1983 and 1984 are in Figures 42 through 535,
Tributary thermographs were placed at the same location as water
level recorders, Specific locations were described by Leathe et
al. {1885]).
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Figure 49. Average weekly maximum and minimum temperatures at

the Piper Creek road bridge on the Swan River during
1983 {upper graph) and 1984 (lower graph).
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Figure 50. Average weekly nmaximam and minimum temperatures at km

g in Cold Creek in the Swan River drainage during
1983 {(upper graph) and 1984 (lower graph).
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Figure 51. Average weekly maximum and minimm temperatures at

1982 {upper graph} and 1984 (lower graph).
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km 10.5 in Lion Creek in the Swan River drainage during
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Average weekly maximum and minimim temperatures at
¥m 6.4 in Piper Creek in the Swan River drainage during

1983 {upper graph) and 1984 (lower graph).
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Figure 53. Average weekly meximum and minimum temperatures at

km3.5 in Soup Creek in the Swan River drainage during
1983 {upper graph} and 1984 (lower graph).

103



Gd
524 SR
50~ . 10.0
48+ L 8.9
46 - 7.8
44 b §.7
°F 424 L 56°C
40 - 4.4
38+ 3.3
36~ - 2.2
3d ~ =t
32 - O
1AM | FEB @' MAR' APR ' MAY @ JUN 'JUL ' AUG " SEP T OCT’ NOV' DEC
1883
52 - r111
50+ -10.0
48~ - 8.9
46 - 7.8
44 - 8.7
g G2 - - 5.8 cc
40 - 4.4
P ) - X
7 (i _ - 2.2
34 ff}{ ‘\q,.,,a’ - 5.9
K¥L L. 0O
JAN ' FEB @ MAR® APR' MAY JUN JUL " AUG "SEPOCT " NOV ' DEC
1984
Figure 54, &verage weekly maximum and minimum temperatures at

km 5.5 in 8. Fork lost Creek in the Swan River
drainage during 1983 (upper graph} and 1984
{lower graph).
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Figure 55. Average weekly maximum and minimum temperatures at

km 6.5 in Sgueezer Creek in the Swan River drainage

during 1983 {upper graph) and 1984 (lower graph) .
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