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Abstract:

The water chemistry, morphology, and trout populations in sections of Fleshman Creek and the water
quality and quantity in the Sacajawea Park lagoon were studied from July 1980 to July 1982 to
determine the effects of renovation on the lagoon system. Prior to renovation (June 1, 1981), water
from Fleshman Creek flowed through all three study sections and the sediment filled Sacajawea Park
Lagoon basin. After renovation, the two downstream study sections and the lagoon contained water
from the Yellowstone River. Average dissolved oxygen concentrations , temperatures and pH levels
increased and turbidities, conductivities, alkalinities and hardnesses in the affected areas decreased
following renovation. Physical alteration of one stream section resulted in (1) a decrease in channel
width, average depth and total cover, (2) increases in average velocity and sinuosity and (3) elimination
of the estimated 67 (+ 13) trout present. Following renovation, the beginning of recolonization by trout
was documented. Before renovation, the lagoon area contained only a stream of water averaging 21 cm
in depth with a peak discharge of 0.28 m”3/s and was unsuitable for recreation. After the removal of
nearly 23,000 m”3 of sediments, the lagoon averaged 1.5 m in depth, contained over 23,000 m"3 of
water and was attractive to boaters, fishermen, and other recreationists.
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ABSTRACT

'The water chemistry, morphology, and trout populations in sections
of Fleshman Creek and the water quality and quantity in the Sacajawea
Park Lagoon were studied from July 1980 to July 1982 to determine the
effects of renovation on the lagoon system. Prior to renovation
(June 1, 1981), water from Fleshman Creek flowed through all three study
sections and the sediment filled Sacajawea Park Lagoon basin. After
renovation, the two downstream study sections and the lagoon contained .
water from the Yellowstone River. Average dissolved oxygen concentra-
tions, temperatures and pH levels increased and turbidities, conductivi-
ties, alkalinities and hardnesses in the affected areas decreased follow-
ing renovation. Physical alteration of one stream section resulted in
(1) a decrease in channel width, average depth and total cover,

(2) increases in average velocity and sinuosity and (3) elimination of
the estimated 67 (+ 13) trout present. Following renovation, the begin-
ning of recolonization by trout was documented. Before renovation, the
lagoon area contained only a stream of water averaging 21 cm in depth
with a peak discharge of 0.28 m3/s and was unsuitable for recreation.
After the removal of nearly 23,000 m?® of sediments, the lagoon averaged-
1.5 m in depth, contained over 23,000 m® of water and was attractive to
boaters, fishermen, and other recreationists.




INTRODUCTION

The Sacajawea Park Lagoon System at Livingston§ Mgn#éna has been
severely impacted by sedimeﬁts from Fleshman Cfeek‘since its formation.
It was'created in 1939 and by 1959 it»had become too shallow to hold
fish or provide a site for generai recreation and required dredging to
make it fully usable again. ~Concern for the adverse impac;s of con-
tinuing deposition on the general uée of the'lagoon'and on its suit-
ability for the annual Children's Trout Derby ;auSed interested state
and local officials and private citizens to form the Save Our Lagoon
Committee in April 1976 to détermine ways to rehabiiitaté the lagoon.

The efforts of this committee reéulted in the State of Montana
entering in£o an agreement with tﬁe u. S. Enviroﬁmentai Protection
Agency (E.P?A.) in July 1980 to renovate‘the Sacajawea Park Lagdon
System ﬁnder the Clean.Lakes Act of 1977. This Act; in part, provided a
meang whereby states could enter into an aérsement with the E.P.A. to'

receive funds for the development and implementatiqn'of restoration .

1

programs for lakes which would-provide significant public benefits over

<!
a long period of time.

The plan for renovation of the Sacajawea Park Lagoon System included

recommendations that the lagoon be excavated to bedrock and a source of
‘water other than Fleshman Creek be used to reduce the rate‘of'future

sedimentation in the systém.: The objectives of this study were to

Ol
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measure changes in selected water quality parameters, channel morphology,
and trout populations which resulted from the renovation of the lagoon

system. Field work was conducted from July 1980 through July 1982.




DESCRIPTION OF STUDY AREA

The Sacajawea Park Laéoon System is 1océted in squthcéntrai Montana
in Park Counté at the City of Livingston (Figure 1). It is formed.by
two side channels of 'the Yellowstone River which the city severed frqﬁ
the rivér with rock dikes. The 2;3 hectare (ha) lagoon was formed where
the twd‘side channels convérged. With the elimination~pf flows from the
Yellowstone River in’1939; tﬁe sole sburce of water'for the system
became Fleshman Creek. )

Fleshmaﬁ Creek has its headwaters'én Bangtail Ridge in the Bridger
Mountains west of Livingston. It flows in an easterly diréction for
approximately 23‘ki19meters (km). The dgéingge area is 63 k@z con-
sisting lafgely of moderately alkaline loam and clay-loam soils (Don_

Freeman, personal communication) used for rangeland, ifriga;ed"cropland,

and some housing. The creek has an average gradient of 34 meters per

kilometer (m/km) and tybically contains less than 0.28 cubic meters per

second km3/s) of water from July to April. Howéver, during ihe-spriﬁg,
" flows may increase to'1.42 m3/s, at which time significant amounts of
soil and organic materials are transported.

The Yellowstone River, which is. within a few hundred feet of the
Sacajawea Park L;goon, flows nogth at Livingéton. Its draihage area

above Livingston is 9197 km? (U.S.G.S.) in primarily jgneéus and sedif

mentary deposits (Perry, 1562). Maximum discharge during the 1981 water

N
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Figure 1. Map of the study area showing the location of study
sections (1-3) on Fleshman Creek and the Sacajawea
Park Lagoon.




5
year (Oct. 1980 - Sept. 198l) was 674 m3®/s on June 9, and minimum dis-
charge was 21 m3/s on February 11. The average discharge for the past

56 years has been 106.4 m3/s (U.S.G.S., 1981).
Study Sections and Sites

Three study séctions were established,on Fleshman Creek near the
Sacajawea Park Lagoon (Figure 1). Seciidn‘l was established.upstream
from the lagoon and extgnded from Sun AQéque to a'point:367 m upstream.
. This section served as a control and had no rehabilitative work per-
formed on it. Section 2 was located immediately below Sacajawea Park
pagoon from South Second Street~to Souﬁh C Street. The channel in this
section was originélly 368 m in length. During'fenovation it waslgar-
rowed and given meanders by the strategic placemeni.of sediments dredged
from the iagoon, thereby 1engthening-it.' Willow shoots and grasses were
planted in the newly created banks to b;gvent erosion and to provide
fuiure covér over the stream. This section received water from Fleshman
Creek prior to renovation an&‘watef~from.£he Ygllowstone'kiver after
Fle;hman Creék was divgftéd from fhe lagoon. Section 3 was situated
below the lagbon from South F Street to a point 400 m downstream. No
physical alterhtions wére performed on this sgction; however, as in
Section 2, its source of water was.frém Fleshman Creek before renovation
and from the Yellowstone River afterwards.

A site for sampling water in the Yellowstone River‘was also

established.. This site was lopated at the watgr intake structure for

the lagoon and the city of Livingston.




)

From the start of this study on'July 10, 1980, until Yellowstone .
River water was in£rodﬁéed on June 1, 1981, the lagoon contaiﬁed only a
sﬁaiiow stream. from Fleshman Creek which averaged about 21.cm in depth,
3.7 m in width and contained less han 0.28 m3/s of water. The lagoon
was not a lagoén as such because its basin was filled with sediments.-
The water in the creek at Station 1 (Figure 2) was sampled.as the best
_indicator of what water in .the lagooﬁ might havé been like.

Renovation was begun'on July 31, 1980, when an earthfill dam was

~ constructed at the head of the lagoomn to AiVert_Fleshman Creek away from
the lagoon and intq the Yéllowstone Rivérj Following this, the lagoon .
was excavated to bedrock. Over 22,935 m3 of se&iments were femovéd and
stockpiled. ‘A box type weir was constructed at ﬁhe point of outflow
from the lagoon to control theAw;ter level in,thé'lagoon'an& the flow in
Fleshman Creek below the newly formed 1agooh. A pipeline then was con-
.stru;tea'from the city's water intake on the'¥ellowstoné‘kiver to the
head of ‘the légoonAto prqvide water believed to contaig a lower, sus-
pe#ded sediment load. After allnconstruétion and renovation was com-
pleted, water from the Yellowstone Rivér filied the Sacajawea Park
Lagoon:within 24 hours (hrs) of introdUctiép. Following'filiing, ﬁa;er

was initially sampled at'Stations'Z-A (Figure 2).
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Figure 2. Map showing the location of sampling stations (1-4)
in the Sacajawea Park Lagoon.




" METHODS
" Water Quality Analyses

Watef gamples taken from Fleshman Creek, the Sacajawéa Park Lagoon
ared, and the Yellowstone River were an;iyzed for dissolved oxygen
(D.0.),; turbidity, conduc;ivity, alkaiinity, hardness, temperatufe'and.:
hydrogen ion concentration (pH). Concen}rations of D.0., alkalinity, and
hardness.were obtained following Standard Methods (APHA, 1975). Turbidi-
ties were measured with‘afHach Model 2100 Turbidimeter. g,ﬁeckman Médei
RB3 Solu Bridgé.was used to measure coﬁdﬁctivities.: TempepaturésAWere
-determined with either a'Tayior Field Thermoméfer 6r an'Appliéd‘Researdh
Austin Médel FT3 Hydrographic Thermometer. An Orion Médél 407 Specific
Ion Mefer was used to measure pH: All temperafure and pH”reédings.we¥é
made in situ. Analyéés for D.0., turbidity, conductivity, alkalinity,_
and hardne;s were performéd at Montana Staté University.

| The precision of methods used to determine conductivi£y, alkalinity,
hardness, and pH values in.this sfudy were assesséd by analyéing dupli-
cate samples of water from selected sampling sites and periods. The
accuracy of methods used in analyses was measﬁred by comparing my results
with those ébtaiﬁed by the Chemistry Station Analjtical Laboratory on

the Montana State University campus'from duplicate samples.’
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Sampling in Stream Study Section

Water samples were collected weekly from July 10, 1980 until
September 1, 1981 -and at 2 week intervals thereafter through December 21,

1981. TFollowing this date, water samples were taken monthly until the

- end of the study.

Transects were established 20 m apart on each stream study section;
Width, average depth, ané thalweg velocity were determined at each
transect. Overhanging and instream cover were measured within 1 m on
each side of the transectlline. Overhanging covérhwas defined as
material no more than 60 centimeters (cm) above the water surface over
water at least 10 cm in depth.

Sinuoéity was estimated by dividing the thalweg distance by the

downvalley distance in each section. Gradients were determined using a

. stadia rod and transit. Discharge was measured periodically with a

Teledyne-Gurley No. 622 or No. 625 current meter.

-Tfout in the study sgctions'were captured by electro-fishing. anh
fish was measured to.the nearest millimeter (mm), weighed to the nearést
5.0 grams (g).or nearest 0.1 pound (1b), marked with a fin clip and
released.‘f

Recapture runs were made 6_6r more days after marking runs. 'Popﬁ-
lation estimateé were made using the Chapman modification of'thé Petersen
method (Ricker, 1975). Biomass estimates were made by methods outlined

by Chapman (1978). Eighty percent confidence intervals were calculated

for the estimated population numbers and biomass.
L




- . 10

Sampling in the Sacajawea Park Lagoon Basin

From July 10, 1980 - December 8, 1980 (pfe-renpvation);.water of
Fleshman Creek in the Sacajawea Park Lagoon Basin was sampled weekly at
Station 1 (Figure 2) as a substiiute-for lagoon water. From June 30,
1981 - December 21, 1581‘(pos£-renovation), water samples were taken
weekly or biweekly at Stations 2, 3, and 4 in the lagooﬁ (Figure 2).
Because water quality analyses from the above stations were virtually
identical, mon;hly samples were taken only from Station 4 from .
Deéember 21, 1981, to the end of the sthdy. Samples frém the stream in
the basin were collected in glass or polyvinyl béttles.' Those from the
lagoon were collected from near the sufface in‘a‘polyvinyl bottle and
from near the bottom with a Van Dorn water sampler.

Morphological measurements of the stream in the lagoon basin prior
to renovatién were made in the same manner as in.the three ‘stream sec-
tions associated with the lagoon. Depthimeasuremeﬁts of fhe renovated
lagoon were made with a wéighted tape mg#sure and“Visibility was esti-
mated using a Secchi disc. ’

Estimates of fhe weight of suspeﬁded material entering Sacajawea'”
Pa;k Lagoon were made weekly or biweekly by filtering 250-m1 of_wéter
through a filter with 0.45 micron pores.. Watef ;amples were collected
périodically and sent to fhe Montana Water Quélity Bureau for nutrient
analyses. Vertical plankton tows were made with a Wisconsin plankton
net .to assess the major k;nds of zooplankton present.

Aerial photographs of Sacajawea Park Lagoon weré takén in October

1981 to detemine the extent of the growth of macrophytes in the
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renovated lagoon. Analysis was perfofmed on a Spatial Data Imagé En~
hancement Computer by Dr. Stephan Custer, Earth Sciences Department,

v . . .

Montana State University.
Sampling in the Yellowstome River

Water samples from the Yellowstone River were collected at the
lagoon intake structure beginning on April 23, 1981. From that time
until the end of the’study, fre@uency of collections.Was the same as for

"the stream study sections.

i

Statistical Teéting,

Statistical tests were made.acéording to methods in Snedecotr and
Cochran (1980) and Huntsberger and‘Billigggley‘(l§81). "Student's t-test
was uséd'to compare mean values obtained'pridr to renovation with'those
obtained afierwards. Tests of significance were,perfo;med'at the 95%

level of confidence.
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RESULTS
Stream Sections

Water Quality Parameters

The measurements pf,the water quality parameters ﬁonitoreﬂ in each
study section are listed in Tables 1 - 7.. The montély averages.of D.Q:-
ranggd from 6.7~11.5 mg/l and the ﬁalups of samples taken énce per month
were 9.0-13.0 mg/1l (Table 1). All but ome of the 51 monthiy'average
values and all of the 18 single m&nthly values of D.O. were at or above -
the 7.0,ﬁg/1 level Cooper (1967) cited as a-ﬁinimum acéeptablé level for
trout. Twelve of the 13 monfhly D.0. averages determined during the |
post-rehabilitation period (July-November, 1981) were greater than in
the corresponding months in 1980 before rehabilitation. The average
levels of D.0. concentrations in Sectioﬁs 1, 2, and 3\were 1.9, 2.7 and
2.9 mg/l greater; respectively, folloQing rehabilitation and all
increases were significant. The greater increases of‘D.O. in Seqtions 2
and 3 indicate they were in part caused by the introduction of water
from the Yellowstone River. The greater D.0. concentrations in 1981
were not due to lower tempe?atures, as the average water temperatures in
all sections were greater in 1581 (Table 6). ‘ o

The average monthly turbidities in ihe stream sections varied from

less than 1.0 to about 41.0 Jackson Turbidity Units (JTU) and single

\




Table 1.

Values of dissolved oxygen concentrations (mg/l) measured in the stream study sections.
Values with standard deviations (in parentheses) are averages of two to five samples.
Other values represent one sample per month. All sections contained water from
Fleshman Creek prior to renovation (June 1, 1981). Afterwards Sections 2 and 3 con-
tained water from the Yellowstone River.

Section 1 Section 2 Section 3

Pre- Post- Pre- Post- Pre- Post~-
Month renovation renovation renovation renovation renovation renovation'

1980 1981 1982 1980 1981 1982 . 1980 1981 1982
June 9.0(0.0) 7.3(0.6) 9.0 7.0(0.0) 10.0 7.0(0.0) 10.0
July 9.0(0.0) 8.0(1.0) 9.0 7.0(0.0) 7.6(0.6) 9.0 8.0(1.0) 9.0
August 8.0(0.0) 9.0(0.0) 7.0(0.8) 9.0(0.0)
September 7.8(0.5) 9.3(0.6) 7.0(0.7) 8.7(0.6) 8.5(0.7) - 9.7(0.6)
October 7.3(0.6) 10.0(1.2) 6.7(0.6) 10.3(0.5) 8.0(1.0) 10.5(0.6)
November 8.0(0.0) 11.3(1:2) 7.0(1.4) 10.5(0.7) ¥ 7.0(1.0) 10.5(0.7)
December 8.0(1.0) 12.0 7.5(1.3) 12.0 7:5(x.3) 12.0

1981 1982 1981 1982 ] 1981 1982
January 9.0(0.8) 12.0(0.0) 8.8(1.7) 11.5(0.7) 9.0(2.0) 11.5(0.7)
February 11.0(0.0) 9.0(1.4) 10.5(2.1)
March 9.0(1.0) 12.0 8.0(0.0) 12.0 8.0(0.0) 12.0
April 8.2(0.8) 13.0 8.8(1.5) 11.0 7.2(0.8) 11.0
May 8.0(0.8) 10.0 7.8(0.5) 10.0 7.8(0.5) 10.0

5] ¢




Table 2. Values of turbidity (JTU) measured in the stream study sections. Values with
standard deviations (in parentheses) are averages of two to five samples.
Other values represent one sample per month. All sections contained water from
Fleshman Creek prior to renovation (June 1, 1981). Afterwards Sections 2 and 3

contained water from the Yellowstone River.

Section 1 Section 2 = Section 3
Pre- Post- Pre- Post- Pre- Post-
Month renovation renovation renovation renovation renovation renovation
June 22.25 19.0 a 14.0 4.70 15.0 4.5
(7.85) (3.37) (4.76)
July 4.67 B.85 14.0 5.17 6.45 8.50 5.15 8.0
: (1.85) (3.66) (2.01) (1.92) (1.29)
August 2.66 5.73 1.52 2.43 2.13
(1.71) (2.15) (1.05) (0.71) (0.15)
September 2.83 4.59 5.96 2.03 1.05 1.48
(1.10) (0.17) (10.6) (0.46) (0.49) (0.33)
October 1.65 4.93 0.89 1.08 1.5 1.23
(0.44) (6.21) (0.22) (0.25) (0.41) (0.26)
Rovember 1.30 2.81 1.33 1.3 . 2.5 1.88
(0.0) (0.85) (0.46) (0.57) (1.32) (0.88)
December 2.50 3.25 8.18 §.80 13.68 3.0
(0.26) (10.04) (12.44)
January 2.23 4.50 3.58 3.10 4.38 3.05
(1.00) (0.0) (1.70) (1.98) (1.39) (6.0)
February 7.63 24.33 41.0
(7.60) (26.79) - (18.30)
March 2.97 7.50 12.23 2.50 12.73 3.5
(6.70) (7.89) (7.29)
April 18.30 5.70 26.80 2.50 30.6 2.50
(13.42) (22.06) (13.16)
May 33.75 19.0 23.25 5.50 40.25 5.60

(8.18) (13.05) (22.04)

71




Table 3. Values of conductivity (Wmhos/cm at 25 C) measured in the stream study sections.
Values with standard deviations (in parentheses) are averages of two to five samples.
Other values represent one sample per month. All sections contained water from
Fleshman Creek prior to renovation (June 1, 1981). Afterwards Sections 2 and 3
contained water from the Yellowstone River.
Section 1 Section 2 Section 3
Pre- Post~ Pre- Post- Pre- Post-
Month renovation renovation renovation renovation renovation renovation
1980 1981 1982 1980 1981 1982 1980 1981 1982
June 445.0 360.0 347.5 220.0 350.0 190.0
(10.0) (116.6) (111.1)
July 455.0 484.0 395.0 260.0 260.0.
(7.1) (32.1) (7.1) (31.6) (31.6)
August 524.0 526.7 504.0 323.3 323.3
(11.4) (46.2) (26.1) (5.8) (5.8)
September 476.0 562.5 516.0 317.5 530.0 317.5
(15.2) (26.3) (32.1) (12.6) (14.1) (12.6)
October 490.0 495.0 542.5 340.0 550.0 340.0
(25.8) (30.0) (26.3) (0.0) (25.8) (0.0)
November 505.0 486.7 527.5 340.0 505.0 340.0
(35.4) (11.6) (35.9) (0.0) - (66.1) (0.0)
December §56.7 .460.0 518.0 350.0 486.0 350.0
(15.3) (30.3) (49.8)
1981 1982 1981 1982 1981 1982
January 442.5 460.0 §30.0 350.0 &47.5 350.0
(17.1) (0.0) (20.0) (0.0) (27.5) (42.4)
February 430.0 390.00 385.0
(42.4) (17.3) (7.1)
March 396.7 460.0 386.7 360.0 390.0 360.0
(40.4) (11.6) (36.1)
April 400.0 450.0 384.0 340.0 3s52.0 340.0
(14.1) (5.8) (40.9)
Hay 372.5 420.0 400.0 : 240.0 367.5 240.0
(9.6) (16.3) (34.0)

St




Values

Table 4. vValues of alkalinity (mg/l as CaCO ) measured in the stream study §ections.
with standard deviations (in paren%heses) are averages of two to five samples.
Other values represent one sample per month. All sections contained water from
Fleshman Creek prior to renovation (June 1, 1981). Afterwards Sections 2 and 3
contained water from the Yellowstone River.
Section 1 Section 2 Section 3
Pre- Post~ Pre- Post- Pre~- Post-
Month renovation renovation renovation renovation renovation renovation
1980 1981 1982 1980 1981 1982 1980 1981 1982
June 210.0 190.0 147.5 70.0 : 150.0 70.0
(8.2) (55.6) (58.3)
July 260.0 218.0 220.0 196.7 86.0 200.0 88.0 200.0
(10.0) (19.2) (46.2) (5.5) (8.4)
August 248.0 260.0 214.0 120.0 120.0
(28.5) (36.1) (13.4) (0.0) (0.0).
September 238.0 282.0 224.0 112.5 225.0 112.5
(4.5) (20.6) (15.2) (5.0) (7.1) (5.0)
October 235.0 265.0 232.5 128.0 230.0 130.0
(10.0) (17.3) (5.0) (5.0) (8.2) (0.0)
November 235.0 250.0 230.0 126.7 235.0 130.0
§72:.3) (0.0) (8.2) (7.1) (5.8) (0.0)
December 220.0 220.0 216.0 110.0 214.0 110.0
(10.0) (18.2) (19.5)
1981 1982 1981 1982 1981 1982
January 220.0 220.0 205.0 115.0 210.0 115.0
(8.2) (0.0) (23.8) (7.1) (21.6) (7.1)
February 190.0 156.7 150.0
(14.1) (15.3) (14.1)
March 200.0 240.0 156.7 110.0 166.7 110.0
(0.0) (30.6) (35.1)
April 194.0 260.0 164.0 100.0 146.0 100.0
(8.9) (5.5 (28.7)
May 190.0 190.0 170.0 80.0 165.0 80.0
(8.2) (8.2) (17.3)
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Table 5. Values of hardness (mg/l as CaCO,) measured in the stream study sections. Values
with standard deviations (in paréntheses) are averages of two to five samples.
Other values represent one sample per month. All sections contained water from
Fleshman Creek prior to renovation (June 1, 1981). Afterwards Sections 2 and 3
contained water from the Yellowstone River.

Section 1 Section 2 . _Sectiom 3
Pre- Post- Pre- Post- Pre- Post-
Month renovation renovation renovation renovation renovation renovation
1980 1981 1982 1980 1981 1982 1980 1981 1982
June 193.5 180.0 130.0 70.0 130.0 .70.0
(9.8) (58.3) (58.3)
July 193.3 208.0 210.0 173.3 80.0 180.0 80.0 150.0
(50.3) (8.4) (49.3) (10.0) (10.0)
August 228.0 223.3 230.0 116.7 116.7
(17.9) (15.3) (14.1) (5.8) (5.8)
September 218.0 235.0 230.0 117.5 230.0 117.5
(8.4) (12.9) (17.3) (15.0) (0.0) (15.0)
October 227.5 237.5 237.5 130.0 235.0 130.0 a
(5.0) (15.0) (5.0) (0.0) : (5.77) (0.0) ~
November 220.0 217.5 232.5 120.0 222.5 120.0
(14.1) (9.6) (5.0) (0.0) (5.0) (0.0)
December 206.7 200.0 216.0 110.0 214.0 110.0
(11.6) (11.4) (20.7)
1981 1982 : 1981 1982 1981 1982
January 210.0 200.0 202.5 120.0 207.5 120.0
(0.0) (0.0) (9.6) (0.0) (158.3) €0.0)
February 195.0 170.0 180.0
(7.1) (26.5) (42.4)
March 200.0 210.0 156.7 120.0 160.0 120.0
(10.0) (25.2) (30.0)
April 182.0 220.0 166.0 110.0 138.0 110.0
(14.8) (8.9) (32.7)
May 182.0 180.0 185.0 80.0 142.5 70.0

(15.0) (43.6) (28.7)




Table 6. Values of temperatures (C) measured in the stream study sections. Values with ‘
standard deviations (in parentheses) are averages of two to five samples. Other ‘
values represent one sample per month. All sections contained water from Fleshman :
Creek prior to renovation (June 1, 1981). Afterwards Sections 2 and 3 contained
water from the Yellowstone River.

Section 1 Section 2 . Section 3
~ Pre- Post~ Pre- Post- Pre- Post~-
Month renovation renovation renovation renovation renovation renovation
1980 1981 1982 1980 1981 1982 1980 1981 1982
June 10.8 ' 1335 14.0
(1.9) (1.0) (1.4)
July 12.0 11.8 12.0 17.0 17.3 15.0 18.0 15.0
(2.8) (1.0) (2.8) (1.0) i (0.8)
August 9.5 127 12.5 X2:7 18.3
: (0.7) 1:2) (2.1) (1.2) 1.7)
September 9.2 10.3 11.0 13.8 11.0 14.0
a3 (2.8) (0.7) (2.6) (2.8) (2.7)
October 6.3 8.0 10.0 9.0 10.0 9.0 b
1.7) (0.0) (1.6) (0.0) : 2.5) (0.0) -
November 3.0 3.5 6.5 5.0 4.3 5.0
(1.4) (0.7) (2.1) (1.4) (1.7) (1.4)
December b P 1.0 3.5 3.0 0.8 3.0
1:%) (0.0) (0.6) (0.5) (0.0)
1981 1982 1981 1982 1981 1982
January 0.5 0.0 0.5 0.5 0.5 0.5
(0.6) (0.0) (0.6) (0.7) (0.6) 0.7)
February 4.0 4.3 X 5.5
(0.0) (4.5) (2.1)
March 3.0 2.0 5.0 3.0 4.67 3.0
(1.7) €1.0) : (2.1)
April 9.3 14.5 15.0
(5.1) (8.1) (9.3)
May 9.0 7.0 12.5 9.0 i 12.5 9.0

(0.8) (2.1) (2.1)




Table 7. Values of pH measured in the stream study sections. Values with standard deviations
(in parentheses) are averages of hydrogen ion concentrations in two to five samples.
Other values represent one sample per month. All sections contained water from
Fleshman Creek prior to renovation (June 1, 1981). Afterwards Sections 2 and 3
contained water from the Yellowstone River.
Section 1 Section 2 Section 3
Pre- Post- Pre- Post- Pre- Post-
Month renovation renovation renovation renovation renovation renovation
1980 1981 1982 1980 1981 1982 1980 1981 1982
June 8.21 8.20 7.87 8.00 . 8.10 8.10
(3.43x1079) (7.46x1079) (1.87x1079)
July 8.10 8.25 7.30 7.35 9 7.9 9 7.60 8.26 9 7.80
(0.0) (1.85:10-9) (7.29%x10"°) (4.16x107°) (1.77x107°)
August 8.17 8.20 7.65 7.88 8.12
(2.71x107%)  (0.0) (8.06x107%) (4.56x10"9) (4.74x1079)
September 8.03 8.20 7.38 7.81 7.78 7.99
(6.56x107%) (1.09x1079) (1.44x107%) (6.66x1079) (1.21x1078)  (6.59x10°9)
October 8.14 8.10 7.55 7.93 8.02 8.06
(5.84x107%)  (0.0) (9.09x1079)  (7.14x1079) (3.72x107%)  (6.26x1079)
Noveamber 7.96 7.90 7.48 7.84 7.69 7.79
(6.75x10"%)  (0.0) (1.18x1079) (3.00x1079) (3.80x107%) (2.05x1079)
December 8.00 8.40 7.64 7.80 7.53 8.20
(0.0) (6.80x10"9%)  (0.0) (1.28x107%)  (0.0)
1981 1982 1981 1982 1981 1982
January 7.75 7.95 7.78 7.95 7.62 7.92
(8.78x10~%) (9.91x10"%)  (0.0) (1.08x10~8) (9.68x1010)
February 7.79 - 8.16 - 7.82 -
(5.21x1079) - (2.87x10°9) - (7.04x1079) -
March 7.85 e 8.04 - 7.82 -
(9.65x10~%) - (4.15x10"9) - (7.04x1079) -
April 8.12 - 8.48 -— 8.23 -
(1.54x1079) -— (1.77x107%) - (3.81x10~%) -
May 7.99 - 7.98 9 -_ 8.01 9 -
(1.90x1079) - (3.99x1079) — (4.06x107%) o~
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monthly values ranged from 2.5-19.0 JTU (Tab}e 25; The average turbidi-
ties for Section'l, 2 and 3 for the pefiod of July through November 1980,
we;e 2.62, 2.97 and 1.65 JTU, respectively. For the séme period in

1981, following renovation, the average values were-5.$8, 2.65 and

1.53 JTU. The turbidity in Section 1 in 1981 was significantly g?eater
than in 1980, but the turbidities in Sections 2 and 3 in 1981 were iess,
but not significantly so; than in 1980, indicating the Yellowstone River
may have beep coﬁtributing less particulate mattér to the renovated
lagoon system than Fleshman Creek would havé. The Yellowstone River
generally has lower turbidity concentrations than Section 1 (TaBle,

19).

Monthly averagés of conductivity range from 260.0—562.5 micromhos/cm
(pmhés/cm) at 25 C and single monthly values varied from 190-460 umhos/cm
at 25 C (Table 3). - In Section 1, four of ;he five conductivity values
for july through November were greéter in 1981 than iﬁ’the same months
in 1980; however, only the value for September 1981 was significantly
greater. The pattern of conductivities in Sections 2 and 3 were opposite
to those in Secfionll. Values for tﬁese sections were consistently
lower in 1981 afterlrenovation than in 1980 before renovafioﬁ. Conduc-

tivities fo: July through November and in Jahuafy for Sectiom 2 and

A

September through November and in January in Section 3 were signifi~-

'

cantly less aftgf rehabilitation than beforé.v The introduction of water
from the Yellowstone River in June 1981, coupled with the grgater volume
of water and it; diluting'gffect_in those two sections are probably the
reasons.for the contrasting pattern of conductivities in Sections 2 and

3 following renovation.
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The monthly alkalinity averages ranged from 86,0-282,0‘mg/1 tas
CgCOB) and the‘values of samples taken once per month were .
70.0-240.0 mg/1 (Table 4). Four of the five monthly alkalinify avefgggs
in Section 'l werekhigher in 1981 than in 1980 with'those‘in September '
. and Octoﬁer 1981 being significantly so. Alkalinity alsb decreased
'significaﬁtly between July 1980 and i981. All alkalinities in Sections 2
and 3 were significantly léwer followiﬁg rehabilitation than‘befqre.'
" These reductions were probably a function of the low alkalinity values
.of the new water source, the Yellowstqne ﬁiver (Table 19), used
after June 1, 1981 and of thé diluting ;ffegt of the greater volume of
water present.in'these sections after.rehaﬁilitation. The high valueé.
obtained in July 1982 in Sections 2 and 3 were a result of Fleshmaﬁ
Creek flooding over the diversion dam andlinto Sacajawea’ Park Lagoon
while .the entrance of water from the Yellowstqne River was eliminated.
due to extremely high flows in the rivef; Regardless of the water
source, all values were above the minimum of 20 mg/l recommended by the

- . v

National Technical Advisory Committee (EPA, 1976) to buffer,nathral
changes that result from photosynthetic activity.

The average monthly hardness values yaried from 80.0?237.5 mg/1l (as -
CaCOS) and sampleg taken once 3 month variéd from 70.0-220.0 ﬁg/l
(Table 5). Values for hardness exhibited the same trend as those for
conductivit§ and alkalinity. Geﬁerally, there Qere similar values
in Section 1 for July through November 1980 and 1981, but signifi-~

_cant decreases in Sections 2 and 3 for those months in 1981. The new

water -source and the '‘increased volume of water in those sections were
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probably the reasons for the decrease. Less calcium and magnesium

. contained within a greater volume of water lead to reduction of hardness .

and conductivity. The high value for hardness in July 1982 is due to

the flooding_of Fleshman Creek into the system. These reduced.concentra~

tions of hardness should not decrease productivity in Sections 2 and 3,

as the new wate£ is still moderately~hard as defined by Sawyer (1960).
Average monthly température va;ues ranged from 0.0-13.8 Celsius )

and single monthly values were 2.0-15.0 C (Table 6). Average tempera-

tures in Sections 1, 2 and 3 for July through December 1980 were about

6.9; 10.1 and 6.5 C, respectively. For this period in 1981, tempera- -

. tures were 7.8, 11.0 and 7.7 C. Although the average tempera%ure in

each section was highef in 1981 than in 1980, none of the increases were
significant. .Thé increaées in water temperatures in 1981 were probably
due to the higher air temperatures (NOAA, 1980 and 1981), gnd in
Sections 2 and 3 may.hav; been partially caused by water in éhé lagoon
abéorbing heét from the sun. Thesé increases in'tepperatures may have
been benefici;1 to trout by more closely approximating‘their optimﬁm
temperatures for growth and spawning, which are 19 and 9 C, respectiveiy
(Environmeqtal Research Laboratory, 1976).

- Average monthly pH values varied from 7.35-8.48 and value§ for
samples téken-once per month ranged‘between.7.30-8.20 (Table 7).' Average

pH values for July through November were higher in all sections in 1981

following renovation than in 1980 prior to renovation except for

" values during October and November in Section 1. Hydrogen ion con-

centrations were significantly less in July, September and- October, 1981
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in Seétioﬂ.Z than in the corrésponding months in 1980. AllApH values
méasured both bgforé and.after rehabilitation were well within accept-
able limits for trout (EPA, 1976).

The measurements on duplicate samples in four series of tests to
determine the precision of methods used in this study were virtually
identical (Table 20). However, the vaiues thained from the two
sets of duélicate samples analyzed conéurrently by my methbds and those
of the Chemistry Siation at-ﬁSU differed by 5.9;25.5% for conductivity,

4.2-15.7% for alkalinity, 0.0-7.1% for hardness and 0.0-3.9% for pH.
Physical Measurements

The maximum monthly digcﬁarge# measured in each strgam.secﬁion
(Table 8) sho& flows in Sections 2 and 3 wereliower before rénovation
than afterwards. The increased discﬁgrge in theée two sections may help
prevent the bottom of the channel from becpﬁing adversely impacted by |
fine sediments and provide bette? habipét for trout. The highest flows
in Sections 2 and 3 oc;urred in May 1981 an& were caused By Fieshmén‘
Creek épilling over the diversion dgm énd ingo the system.

The measurements of selected“cﬁarécteristjcs of the channél of each
study section are presented.in Table 9. An-aftempt was made to make
measurements within each section at similaf discﬁarges before aﬁé after
réhabilitation. . |

In Section 1, the average stream width and éverage depth'did not

differ significantly before and after, renovation. However, thé average




: .3 ) )
Maximum monthly discharges measured in cubic meters/second (m™/s) in the stream study

. Table 8.
sections of the Sacajawea Lagoon System. -Water from Fleshman Creek flowed into Sections
2 and 3 prior to July 31, 1980 and water from the Yellowstone River afterwards.
Section 1 Section 2 Section 3
Month 1980 1981 1982 1980 1981 1982 1980 1981 1982
. April 0.18 0.03 0.05
May 1.36 0.66 0.99 0.30 0.91 0.32
June 0.90 0.70 0.41 1.03 0.45 0.93
July 0.15 0.40 0.38 0.20 0.48 0.63 0.46 0.65
August 0.08 0.10 0.22 0.28 0.29
September 0.07 0.01 0.12 0.53 0.06 0.54
October 0.07 0.08 0.33 0.05 0.30
November 0.03 0.06 0.02 0.30 0.03
December -
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Table 9. Mean values of selected physical characteristics in study sections on Fleshman Creek in
1980 and 1981. Standard deviations of means are in parentheses.

Section 1 Section 2 Section 3

Parameter 1980 1981 1980 1981 1980 1981
Average width (m) . 1.6 1.4 7.9 3.1 4.7 - 4.3
(0.5) (0.5) (3.6) (0.7) (1.6) (1.3)

n=15 n=15 s n=17 n=18 n=19 n=18

Average depth (cm) 19.1 17.5 28.1 14,7 15.8 18.6
(8.8) (11.4) (8.6)  (4.2) (6.0) (6.1)
‘ n=15 =15 n=17 n=18 n=1¢ n=18"
Average velocity (m/s) 0.56 0.16 0.02 0.13 0.18 0.25
. (0.3) (0.1) (0.3) (0.1) (0.1) (0.2)
n=15 n=15 n=17 n=18 n=19 n=18

Total cover (mz) 103 18 256 1 7 25
Sinuosity 1.11 1.12 1.05 1.09 1.10 1.09
Gradient (%) 0.94 0.93 0.34 . 0.33 0.55  0.55
‘Discharge at time of measurement 0.05 0.02 0.13 0.09 0.04 0.08

6Z
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velocity was significantly less following rehabilitation, probably
because of the lower flows.

In Section 2, the average stream width and averége depth were both
significantly less after renovation (Table 9). The changé in chénnel
width is a result of the channel modification work. A possible éause
for the decrease in average depth is that the narrowing of the channel
coupled with the increase in water volume caused a loss,of friction
between the water and the stream channel, thus incregsing velocity and
decreasing depth (Dr. Donald Reichmuth, personal commuﬁication).

The averagé stream Width in Section 3 was 0.4 m less in 1981 than
in 1980 but the difference was not significant. The average depth and
. velocity were greater in 1981 But not'significantly so. |

Measurements of total cover decreased in Sections 1 and 2 by'83 and
100%, respectively; following'?ehabilitation, while tqtél cover in
Section 3 increased by 257%. The reason for the decrease in Section ;
is not known, but may be due to cleaning debris out of the channel and
trimming of streamside vegetation by residents of the area. The loss of
cover in Section 2 was a direct result of the renovation of that section.
The entire stream channel of this section was rebuilt, ané‘in the process
all of the cover Qas destroyed. The artificial undercut banks installed
during rehabilitation accounted for nearly gll of>the'cover present in
Section 2 following renovation; A possible explanation for the increase
in Section 3 is tha; the same transects were not used before aﬁd after
rehabilitation. Transect markers used before renovation were removed by

unknown individuals.
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Sinuosities for Sectioms 1 and 3, which were not altered during
rehabilitation, differed by about 19 between years (Table 9) giving a
measure of accuracy of the procedure: The sinuosity for Section 2,

I

which was altered, differed by about 4% between years, indicating that

Cits sinuosity was increased by about 3% by the physical alterations.

The gradient was greatest in Section 1 and least in Section 2

- (Table 9). Measurements'of the gradients showed values within 0.01%

between years in the unaltered sections and about a 0.01% reduction in

Section 2 due to the meanders built into it.
Trout Populations

Estimates of the total numbers and biomass of trout in the study

sections are presented in Table 10. Brook trout (Salvelinus fontinalis)
was the only species present in Section 1. No significant change
occurred in their numbers before and after rehabilitation. Howévér, the’

length of fish used in the calculation of population numbers was

125~-290 mm in -1980 and 75-305 mm in 1981. Forty4three‘of the fish used

'

in the computatian of the 1981 estimate were less than 125 mm, the
smallest size used in the 1980 estimate. . Deleting fish 125 mm and

smaller from the population estimate in 1981 results in an estimate of

.50 (+8), which would be a significant decrease from the 1980 level.

The total number of brown trout (Salmo trutta) taken in Section 2

‘before and after rehabilitation could not be compared because no esti-

mate could be made for this section following rehabilitation. The total

number of brown trout captured in the section and the number of trout/m




-Table 10. Estimates of population numbers and biomass of trout in three study sections of Fleshman

Creek before (1980) and after (1981) rehabilitation. Eighty percent confidence intervals
are in parentheses. . .

, Sectioﬁ 1 . Section 2 Section 3
Year . N B(kg) - N "B(kg) N B(kg)
1980 91(+11) 5.83(%1.12) 67(+13) 11.0(£3.56) 86( +8) 3.72(20.82)

1981 105(%15) 5.57(%1.36) - - 79(+14) 2.43(£0.66)
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were calculated as indices of change in the population from 1980 to
1981. The total numbers in 1980 and 1981 were 64 and 4, respectively.
The number of trout/ﬁ in 1980 was 0.17 and in 1981 waé 0.01.. Before
rehabilitation fish were 150-430 mm in total length, and afterwards were
113-126 mm, indicating that recolonization was in an early stage.

The estimated numbers of brown trout in Section 5 before and after
rehabilitation were not signficantly different. The size ranges used in
the 1980 and 1981 calculations were 75-315 mm and 1004305 mm, respec-
tively. 6n1y five of the fish used in the 1980 computafion were less
than 100 mm, so the size groﬁps were virtually identical between years.

Neither the total biomass of the brook trout present nor the bio-
mass of the comparable size groups were significantly différent before

or after rehabilitation in Section 1. A dramatic lbss of biomass in

" brown trout occurred in Section 2. The four trout in the section in

1981 represented less tham 1% of the biomass present in that section in
1980. The biomass of brown trout in Section 3 showed no significant
change between years.

Rainbow trout (Salmo gairdneri) were also present in Sections 2 and

3, but their numbers were too low to allow the calculation of population

estimates. Consequently, no estimates of biomass could be made either.

The mean backcalculated léngth and weight at age for fish from Sec-

"tions, 1, 2 and 3 are presented in Tables 11, 12 and 13. Age I+ brook

trout in Section 1 were significantly larger in 1981 than in 1980
(Table 11). This may have been because electrofishing was done in July

in 1980 and in Septeﬁber in 1981, allowing the trout more time to grow


















































































