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Abstract:

Five sampling stations were established in Bluewater COresek to measzure
sediment concentrations and discharge. In the vieinity of the sediment-
discharge stations, man-made redds were consgtructed with sorted gravel. Eyed
rainbow trout eggs in hatching boxes were placed in the redds. Periedically,
the Mark VI standpipe apparatus was used to measure intragravel dissolved
oxygen and intragravel apparent velccity within the redds. The sampling
stations with low sediment concentratiors responded with high intragravel
dissolved oxygen rates, high intragravsl apparent velocities (seepage rates),
and low trout embryo mortality. Conversely, the sampling stations with high
sediment concentrations responded with low intragravel dissolved oxygen rates,
low intragravel apparent velocitlies {seepage raites), and high trout embryo
mortality.

Recommendaticns:

Studies be made in the test stream using "green® trout eggs from both
the spring and fall spawning species, From this information, recommendations
will be made to the various governmental agencies concerned with land use
conservation and private agencies concerned with irrigation prejects so that
corrective measurements can be underitaken.

Objeciives:

The purpose of +this job is to determine the physical, chemieal and bio-
logical characteristics of the waters of highest importance to the totsl
recreational fisheries picturs of the project area. The purpose ig also to
invenbory the present waters thalt are not producing = desirable speort fishery
and determine correcilve measures. )

Methods:

Sediment concentrations and discharge were measured at five sampling
gtations in Bluewater Cresk by standard methods used by the Geologicsl
Survey., The Department has a cooperative agreement with the Quality of Water
Division of the U. 8. Geoclogiceal Survey in Worland, Wyoming te ccllect thess
rocordse
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A summary of the methods used for measuring sediment concentrations and
discharge is found in Peters, (1961). Sediment concentration is defined

as the weight of sediment in = water-sediment mixture to the total weight

of the mizture and is ordinarily expressed in parts per million {ppm).
Discharge is defined as the rate of flow at a given instant and is ordinarily
exprassed in cubiec feet per second (efs).

In the vicinity of the sediment-discharge sampling stations, man-made
redds were constructad by excavating a hols in the gtreambed approzimately
3 feet long, 2 feet wide, and 1 foot deep. The excavations were filled
with 3/8-inch sorted gravel chips and allowed to stabilize for one wesek
before eggs were placed in the redds.

Eyed rainbow trout eggs were counted, poured into Vibert boxzes (Ancn.,
1959) partially filled with gravel chips, and placed in the redds. At aach
sampling station, two Vibert boxes with 200 eggs per box were placed 7 inches
deep within the redd. The developing embryos were allowed to remain in the
stream until cne week after calculated hatching ftime.

Mortality is defined as the ratio of the number of dead embryos remain-
ing in the Vibert boxes to the total number of eyed rainbow eggs placed in
+the egg hatching box.

The Mark VI standpipe apparatus was used to measure the intragravel
dissolved oxygen and intragravel apparsent velocities within the redds
containing the developing rainbow trout embryos. The thsory and espplication
of this standpipe are found in Terhune (1958). Intragravel dissolved oxygen
determinations wers measured using a micro-technique of the Winkler method
(Harper, 1953).

Daseription of the Study Area

Bluewater Creek is a spring-fed siream approximately 15 miles long,
flowing in & northwesterly direction to its confluence with the Clarks
Fork of the Yellowstone River near Fromberg, Montana. During the irrigation
season, 1ittle water is diverted from the creek in the upper 6 miles. Irri-
gation demands, diverting water from the creek and irrigation surface and
subsurface returns, greetly change the quality of water in +the lower 9 miles
of the stream, During the winter months (November through March), fluctu-
ations in flows are small.

Experimental design

Sampling sites in the study stream were chosen so that compariscns
rould be madse bestween siations with low sedimentation rates and stations
affected by progressively higher sediment rates. The 5 sampling stations
were located at intervals of aboult 3 miles and numbered consecutively I
through V; with I denoted as the upstream station, V the downstream station.

Findings:
In the winter months, when no water ig diverted from the streanm for
irrigation, the daily mean discharge at all 5 sampling stations showed

13ttle fluctuation (FIGURE 1). The greatest change in daily mean discharge
was 2 cubic feet per seconds
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TABLE 1, Monthly average sediment concentrations
and range of observed concentrations
in Bluewater Crask

Sediment Concentration (ppm)
Month Station
I 1T 1T | IV v
Monthl ,
November Avsr&gz 2 97 174 328 254
1961 Range of
Observed 9 - &7 6l - 166 115 - 389 249 - 483 198 - 427
Concentrations
Monthly N
December Average 13 118 142 282 246
1961 Range of
Observed 8 - 26 59 - 203 82 - 199 55 - 884 |79 - 511
Concentrations
1
January ff,zf.,z;; 16 147 276 343 386
19 62 Range of
Observed 12 - 28 71 - 363 172 = 486 | 221 - bHO& 1 - 1240
Congentrations

The monthly average sediment concentrations for the 5 sampling stations
are shown in FIGURE 2. The monthly average sediment concentration was lowest
at the upstream station (I) of Bluewater Cresk. Proceeding downstream, %has
monthly average sediment concentration increased progressively at the nexd
+wo sampling statioms (II & III). At sampling Station V near the cresek's
confluence with the Clarks Fork of the Yellowstone River, during Noveszbsr
and Decembsr, the monthly averags concentration was less than at Statien IV,

In January, starting at the upper station and proceeding downstrean to
the lower sampling area, the monthly average sediment concentrations in-
creased progressively., Sediment concentrations at the upper station on Bluewater
Creek were low with 20 ppm as the highest monthly average concentration, This was
roughly one fifth of that at the next station downstream (II}). Comparing ths
monthly average sediment concentration at Station I with the other sampling
stations, points out that the concenirations were, at most, for Stationm IIL -
17 times greater; Station IV = 22 times greater; and Station V - 24 times greater,
The sediment concentrations in Bluewazter Creek can be characterized as increaszing

progressively dewnstream,

The great variation occurring in daily mean sediment concentrations (TARLE
1) further describes the deterioration in water quality in the downstream areas
in the creek. The sources of sediment with relatively stable flows are thought
%o be: (1) runoff cccurring on warm days; (2) lateral erosion of the stream-
banks: {3) ice gouging of +the streambanks and stresmbed; and (4) degradation of
the streambsd, 3=
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Little variation in daily mean sediment concentration implies that a stresam in
a steady state of operation would neither aggrade or degrade but transport ihe
load supplied to it through the system without change in vertical position of
the bed and without changs in transverse form of the bed or the channel (Strah-
ler, 1959). Bluewaber Creek is relatively stable at the upper station (I) with
concentrations ranging from 9 ppm to €7 ppm in Nevember. In January, the sedi-
ment concentrations at the lower station (V), an unstable area of the stream,
ranged from &1 ppm to 1,240 ppm. The progressive downgtream deterioration in
the cresk, as indicated by great variation in dally sediment concentrations,
points out relative stability in the uppsr areas compared to great unstabllity
in the lower areas.

The Mark VI standpipe apparatus was used to measure intragravel apparent
velocity and intragravel oxygen concentraticn in redds placed in the vicinity
of the sediment sampling stations., A standpipe was driven inte a redd con-
gtruetsd of 3/8-inch gravel chips and removed after each serles of meagure-
ments.

The apparent velocity is laminar flow of water through the streambed
gravel and is often called the seepage rate, the volume of liquid flowing
per unit time through a unit area normal to the direction of flow. A high
rete of sesepage is reguirsd to deliver oxygen to ithe salmenid embryos and
to carry away metabolic waste products {Coble, 1961).

In the stable upper area of the stream with low sediment concentrations,
the apparent velocity through the man-made redds remained high during the
entire study veriod (FIGURE 3). At the start of the study, the apparent
valocitiss in each of the redds were within 5 cm/hr of each other. A marksd
progressive rate of decrsase in apparent velocity was measured at each suc-
cessive sampling site. After 12 days at the lower sampling station, the
apparent velocity dropped from 85 em/hr o 25 cm/hr. No change occurrsd in
the apparent velocity at Station I during the same time period.

TABLE 2. Trowt egg mortality compared
with intragravel oxygen concentrations
and intragravel apparent velocities

Oxygen Concentration Apparent Velocity

Station | Per Cent
Number Mortallty Average Range Average Range
I 57 7.8 ppm Tol=8o1 82cm/hr T5-90
II 399 7.8 ppm 7.3=8,1 6lem/hr 55=-85
III 907 7.6 popm 7.1=8,.1 43cm/hr 15-85
Iv 1007 7.3 ppm Eo4=-8,1 21lcm/hr 5-20
v 1004 7ol ppm Bod=T .9 23cm/hr 10=-85

AL




MONTHLY AVERAGE SEDIMENT CONCENTRATION
fppm)}

400

380

360

340

320

" 300

280

260

240

220

200

160

i40

120

80

€0

40

20

Station IV

Stotion V

Station i

)

100 L / station 0

Station |

Dec.

revage sediment cone
|

Oreelr recorded from Mov

from five sampling
throush January, 1962,



The mean apparent velocity was highest (82 cm/hr) at the upper sampling
station compared with the other sampling areas (TABLE 2), Proceeding dowm-
gtream, at the next two sampling stations thers was a progressive decreasse
in mean apparent velocity; Station IT - &1 em/hr and Station III - 43 cm/hr.
At sites IV and V, the mean spparent velocity was approximately 20 cn/br.

A comparison of sediment concentrations with apparent velocities at the five
sampling stations, points out the inverse relationship betwesn increasing
sedimen® concentrations and the decrsasing rate of seep through the man-
made redds,

High concentrations of intragravel dissolved cxygen are required for
salmonid embryo survival (Wickett, 1954 and Coble, 1961). At the start of
the study, the dissolved cxygzen concentration in four of the five redds was
8.1 ppm; in the remaining redd at Station V, the dissolved oxygen concen-
tration was 7.9 ppm. The rate of deereass in dissolved oxygen concentrations
is shown in FIGURE 4 and illustrates progressive downstream detericraticn in
the redds., The smallest amount of dissolved oxygen deterioration cccurred at
Station I with a decrease of 0.7 ppm. At the lower two sampling stations the
dissolved oxygen deterioration wag the greatsst with a2 1.7 ppm decrease ai
Station IV and 1.5 ppm decrease at Station V.

The dissolved oxygen concentrations also describe the progressive
downstream deterioration in +the creek (TABLE 2). The upper areas of the
stream with relatively low sediment concenirations and high intragravel
apparent velocities have high intragravel dissolved oxygen concentrations.
Iow intragravel dissolved oxygen concentrations are found in the downsitream
redds affected by high sedimentation rates and low intragravsl apparent
velocities.

The mortality of rainbow trout embryos is related to the intragravel
oxygen concentration and the apparent velocity (TABIE 2). Only 5 per cent
of the rainbow trout embrycs failed to survive at Sfation I. Mortality
increased progressively at the next two downstream sampling stations, Neo
embryo survival was found at the two lower stetions in the stream.

Bluewater Cresk, during the study peried, was characterized as a
gtream with 1ittle fluectuation in discharge. There was a progressive
dewnstream increase in the sediment concentrations at the five sampling
areas in the siream, Man-made redds filled with 3/8-inch gravel chips were
placed in the vicinity of each sediment sampling station, Each redd, at
the start of the study, had almost identical high intragravel disseclved
oxygen concentrations and intragravel apparent velocities. The intra-
gravel dissclved oxygen concentration rate and apparsnt velocily decreased
progressively deownstream in relation to the progressive downgtream incresase
in sediment concentration. Accompanying the progressive dewnstream dscrease
in intragravel dissclved oxygen concentrations and intragravel apparent
velocities was a progressive incrsass in trout smbryo mertaliity.

Sediment passing a given ares of a gtream can greatly affect trout
embryo survival. ILow sediment concenirations with small fluctuations
diseharge in z stabls sireambed environment would indicate an area of a
stream with potential for good Irout smbrye survival.
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