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Discharge and Dissolved-Solids Characteristics of Blacks
Fork above Smiths Fork, Wyoming, April 2018 through

September 2019

By Cheryl A. Eddy-Miller, Jerrod D. Wheeler, Ruth M. Law, and Shaun W. Moran

Abstract

The Colorado River Basin Salinity Control Forum was
formed in 1973 to coordinate salinity control efforts among
the States in the Colorado River Basin, including Wyoming.
The Colorado River Salinity Control Act of 1974 (Public Law
93-320) authorized “the construction, operation, and mainte-
nance of certain works in the Colorado River Basin to control
the salinity of water delivered to users in the United States
and Mexico.” Water-quality standards for salinity in the lower
Colorado River Basin were adopted in 1975. To help meet
these standards, the Bureau of Reclamation, Natural Resource
Conservation Service, and States within the Colorado River
Basin have implemented salinity control projects that focus
on reducing salt loading associated with irrigated agriculture
by improving water delivery systems and water management
practices. The term salinity is synonymous with dissolved
solids in this report.

The Bureau of Reclamation, in conjunction with the
Colorado River Basin Salinity Control Forum, was inter-
ested in determining the contribution of dissolved solids
from Blacks Fork above Smiths Fork to the Colorado River
and initiated a study of Blacks Fork above Smiths Fork in
2018. In early 2018, the U.S. Geological Survey installed a
streamgage at the most downstream location on the Blacks
Fork, upstream from the convergence with Smiths Fork, to
characterize the stream. The Blacks Fork above Smiths Fork,
near Lyman, Wyoming, streamgage (U.S. Geological Survey
identifier 09219200) was operated from April 4, 2018, through
September 30, 2019, collecting continuous stream stage and
specific-conductance data, from which continuous discharge,
dissolved-solids concentrations, and dissolved-solids loads
were calculated. Seven sites were selected on Blacks Fork
and a tributary to describe a snapshot of the discharge and
dissolved-solids characteristics. These sites were sampled dur-
ing July, August, and September 2018 and June, July, August,
and September 2019.

Discharge at the Blacks Fork above Smiths Fork, near
Lyman, Wyo., streamgage (09219200) from April through
September in 2018 was lower and less variable than during
the same period in 2019. The mean daily (mean of the daily

means) discharge during those 6 months in 2018 (15.1 cubic
feet per second [ft3/s]) was about one-tenth of the discharge
during the same period in 2019 (152 {t3/s). The cumulative
monthly discharge during April through September in 2018
was 5,360 acre-feet, about one-tenth of the discharge during
the same period in 2019 which was 54,700 acre-feet. Similar
differences in discharge between the 2018 and 2019 periods
also are noted at other Blacks Fork streamgages in the area.

Continuous specific conductance data and the statisti-
cal relation between specific conductance and dissolved-
solids concentrations were used to calculate the daily mean
dissolved-solids concentrations. Dissolved solids often have
an inverse relation with discharge because higher discharges
typically have a diluting effect that lowers the dissolved-
solids concentrations. In general, when discharges at the
Blacks Fork above Smiths Fork streamgage (09219200) are
higher, dissolved-solids concentrations are generally lower.
However, the high dissolved-solids concentrations that are
measured during high discharges indicate that the system has
natural variability and the dissolved-solids concentrations are
determined by more factors than just discharge. The mean
daily dissolved-solids concentration during April through
September 2018 was 1,630 milligrams per liter and during the
same period in 2019 was 1,100 milligrams per liter.

Dissolved-solids loads were calculated as the product
of the discharge and dissolved-solids concentration. The
daily mean dissolved-solids loads during 2018 were typically
lower than during 2019. This result is primarily because the
discharge was much lower in 2018 than in 2019. Therefore,
although the daily mean dissolved-solids concentrations
tended to be higher in 2018, the substantially higher dis-
charges in 2019 had more of an effect on the dissolved-solids
loads than the dissolved-solids concentrations.

The cumulative dissolved-solids load at the Blacks
Fork above Smiths Fork, near Lyman, Wyo., streamgage
(09219200) during the 18-month study was 81,200 tons, with
a mean daily load of 149 tons per day. During the 6-month
period from April through September 2018, the cumula-
tive dissolved-solids load at the streamgage was estimated
to be 8,740 tons and, during the same 6 months in 2019,
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the cumulative dissolved-solids load was estimated to be
60,900 tons. During the fall and winter between the two peri-
ods, the cumulative dissolved-solids load was 11,600 tons.

Discharge and dissolved-solids concentrations from sam-
ples collected during the synoptic sampling events were highly
variable among most sites during most synoptic sampling
events and also highly variable at most sites among different
sampling events. The two sites upstream from the tributary
input from Threemile Creek had lower dissolved-solids con-
centrations than sites including and downstream from the trib-
utary. Sites including and downstream from the tributary had
similar values and variability of dissolved-solids loads, with
the exception of the farthest downstream site at the Blacks
Fork above Smiths Fork, near Lyman, Wyo., streamgage
(09219200) that tended to have larger dissolved-solids loads
and higher variability among synoptic sampling events.

Introduction

The Colorado River Basin Salinity Control Forum was
formed in 1973 to coordinate salinity control efforts among
the States in the Colorado River Basin (not shown), includ-
ing Wyoming (fig. 1) (Colorado River Basin Salinity Control
Forum, 2011). The Colorado River Salinity Control Act of
1974 (Public Law 93-320) authorized “the construction,
operation, and maintenance of certain works in the Colorado
River Basin to control the salinity of water delivered to users
in the United States and Mexico.” Water-quality standards for
salinity in the lower Colorado River Basin were adopted in
1975 (Colorado River Basin Salinity Control Forum, 1975).
To help meet these standards, the Bureau of Reclamation,
Natural Resource Conservation Service, and States within
the Colorado River Basin have implemented salinity control
projects that focus on reducing salt loading associated with
irrigated agriculture by improving water delivery systems and
water management practices (Colorado River Basin Salinity
Control Forum, 2011). The term salinity is synonymous with
dissolved solids in this report.

Irrigated agriculture is the largest user of water in
the Colorado River Basin and a major contributor of dis-
solved solids to the river system. Irrigation can increase the
dissolved-solids concentrations (or salinity) in downstream
waters by several processes. One process is evaporation and
transpiration of water applied to the crops, which removes low
salinity water to the atmosphere, thereby concentrating the dis-
solved solids in the remaining water that returns to the stream.
Another process that increases a stream’s dissolved-solids
concentration is by dissolving minerals from the soils and
surficial rocks as the irrigation water infiltrates past the root
zone and returns to the stream from groundwater. Streams may
also have increased dissolved solids when rainfall or irrigation
water travels overland and dissolves minerals from the soils as

it moves downstream to the receiving the water. All of these
processes can increase the rate in which the minerals that lead
to increased salinity enter into the stream.

Blacks Fork is a stream in the Colorado River Basin;
its flow originates from snowmelt in the mountains of south-
western Wyoming and northeastern Utah. Blacks Fork then
flows for about 150 miles through the semiarid sage lands of
southwestern Wyoming before its confluence with the Green
River on the northwestern side of Flaming Gorge Reservoir
(fig. 1). Blacks Fork, like many streams in the Colorado River
Basin, adds salinity to the Colorado River (not shown) because
some of the geologic formations over which the stream flows
have highly dissolvable minerals that can mobilize when in
contact with water and flow into the stream. The Bureau of
Reclamation, in conjunction with the Colorado River Basin
Salinity Control Forum, was interested in determining the con-
tribution of dissolved solids from Blacks Fork above Smiths
Fork (fig. 1) to the Colorado River (not shown) and initiated a
study of Blacks Fork above Smiths Fork in 2018.

Previous Studies

Several studies describing discharge and water quality of
Blacks Fork have been published by agencies and consultants
to describe the hydrology of Blacks Fork. These studies have
evaluated the system at different scales and with different
foci including characterization, trend analyses, and base-flow
input. Following is information about two reports that are
particularly relevant to this study.

The Natural Resources Conservation Service (2006)
described discharge measurements and water-quality sampling
completed on Blacks Fork from Meeks Cabin Reservoir down-
stream to the formerly operational streamgage, Blacks Fork
near Lyman, Wyoming, streamgage (U.S. Geological Survey
[USGS] identifier 09222000) and the tributary, Threemile
Creek (fig. 1). All streamgages described in the report were
identified by the USGS and all subsequent identifications will
only note the identifying number. The streamgage is about
4 miles downstream from the confluence of Blacks Fork and
Smiths Fork (fig. 1). Data collected by the Natural Resource
Conservation Service and the Uinta County Conservation
District were used to calculate an estimated mean daily
specific conductance and an estimated daily mean discharge,
which were used to estimate an annual dissolved-solids load in
Threemile Creek at the mouth.

The Natural Resources Conservation Service (2006)
report also described dissolved-solids loads for water year
1965-83 at the Blacks Fork near Lyman, Wyo., streamgage
(09222000) and at the Smiths Fork near Lyman, Wyo.,
streamgage (09221650; fig. 1). A water year is the 12-month
period from October 1 through September 30 and desig-
nated by the calendar year for which it ends (water year
1965 is the period beginning October 1, 1964, and ending
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September 30, 1965). Loads at the Blacks Fork near Lyman,
Wyo., streamgage (09222000) were calculated using daily
discharge and daily specific conductance, along with instan-
taneously collected specific conductance and dissolved-solids
sampling data. Calculated annual dissolved-solids loads at

the Blacks Fork near Lyman, Wyo., streamgage (09222000)
ranged from 32,700 to 226,000 tons per year (Natural
Resources Conservation Service, 2006), and an estimate of
the dissolved-solids load from the Smiths Fork near Lyman,
Wyo., streamgage (09221650) also was determined. During
1974-89, instantaneous discharge and specific conduc-

tance were measured at the Smiths Fork near Lyman, Wyo.,
streamgage (09221650) at the same time discrete water-quality
samples were collected to determine dissolved-solids con-
centrations. No continuous discharge data or specific con-
ductance data were collected at the Smiths Fork near Lyman,
Wyo., streamgage (09221650). A regression equation was
used to estimate continuous discharge at the Smiths Fork near
Lyman, Wyo., streamgage (09221650) using continuous dis-
charge from the Blacks Fork near Lyman, Wyo., streamgage
(09222000) and instantaneous discharge measurements made
on or near the same day at the Smiths Fork near Lyman, Wyo.,
streamgage (09221650) and Blacks Fork near Lyman, Wyo.,
streamgage (09222000). The LOADEST model (Runkel and
others, 2004) was then used to estimate the dissolved-solids
load from the Smiths Fork using the estimated discharge

data and the dissolved-solids concentrations from discrete
water-quality samples collected at the Smiths Fork near
Lyman, Wyo., streamgage (09221650). As noted in Natural
Resources Conservation Service (2006), the estimate of
dissolved-solids load at the Smiths Fork near Lyman, Wyo.,
streamgage (09221650) had an error greater than would be
typically determined with the use of the LOADEST model
(the estimated error was not presented) because the discharge
measurements also were estimates. The magnitude of the error
of the estimated dissolved-solids load is not known. Results of
the dissolved-solids load analyses from the Blacks Fork near
Lyman, Wyo., streamgage (09222000) and Smiths Fork near
Lyman, Wyo., streamgage (09221650) indicated that an esti-
mated 50 percent of the discharge and an estimated 25 percent
of the dissolved-solids load at the Blacks Fork near Lyman,
Wyo., streamgage (09222000) can be attributed to the Smiths
Fork. As noted above, the error associated with these calcula-
tions is unknown.

A study from Sunrise Engineering (2013) completed in
2012 analyzed seepage of the canals in the Blacks Fork drain-
age basin and the Blacks Fork. Seepage rates for a canal in the
drainage basin ranged from a gain of 0.39 to a loss of 4.26 ft3/s
on June 20, 2012 (Sunrise Engineering, 2013). The seepage
investigations and associated sampling indicated that mean
salt (dissolved-solids) concentrations from seeps are higher on
the west (or north) side of Blacks Fork than from seeps on the
east (or south) side of the river, and results indicated that the
reason for the higher concentrations was due to the geology
with which the groundwater interacted.

Study Design

Before this study, continuous discharge and salinity
load data were not available for Blacks Fork above Smiths
Fork, and estimates of the contribution of dissolved solids
from Blacks Fork above Smiths Fork to the Colorado River
system relied on data and estimates from other streamgages
in the basin. The Bureau of Reclamation and Colorado River
Basin Salinity Control Forum were interested in obtaining
more accurate calculations of the current salinity contribu-
tions from Blacks Fork, just upstream from the confluence
with the Smiths Fork, to isolate the contributions from the
Blacks Fork before the reported diluting effects of the Smiths
Fork. Additionally, collecting discharge and dissolved-solids
samples along the main stem of the Blacks Fork and tribu-
tary sites in a synoptic, or snapshot, manner could be used to
describe the locations and magnitude of water-quality changes
in the Blacks Fork. These data also can be used to characterize
the salinity loads in the Blacks Fork along the length of the
stream during the middle to late growing season.

In early 2018, to characterize the stream, a streamgage
was installed at the most downstream location on the Blacks
Fork upstream from the convergence with Smiths Fork.

The Blacks Fork above Smiths Fork, near Lyman, Wyo.,
streamgage (09219200) (fig. 1) streamgage was operated from
April 4, 2018, through September 30, 2019, with instru-
mentation collecting continuous stream stage and specific-
conductance data. Water samples were collected and analyzed
for dissolved-solids concentrations in addition to measure-
ments of discharge and specific conductance.

Seven sites were used for a synoptic study to describe
the discharge and dissolved-solids concentrations and loads.
All synoptic sampling locations are referred to as “sites,”
regardless of whether they are currently operated streamgages,
formerly operated streamgages, or sites established for the
purpose of this study. Sites were selected based on acces-
sibility, influence of tributaries, quality of discharge mea-
surement and water-quality sample collection cross sec-
tions, and sites used by Uinta County Conservation District,
Natural Resource Conservation Service, and others (Natural
Resources Conservation Service, 2006). Two of the selected
sites were currently operated streamgages, Blacks Fork near
Millburne, Wyo., (09218500) and Blacks Fork above Smiths
Fork, near Lyman, Wyo., (09219200). The streamgages were
the most upstream (streamgage 09218500) and downstream
(streamgage 09219200) sites sampled during the synoptic
sampling. Five additional sites (table 1) were selected to
provide a synoptic description of Blacks Fork in a downstream
manner and were sampled during the summers of 2018 and
2019 (BF7, TM1, BF6/BF6a, BF5, and BF4). At the time of
site selection, one site (BF6) was established at a location
below (downstream from) an inflowing drain. However, the
decision was made that a new site (BF6a) above (upstream
from) the drain would be sampled during subsequent synoptic
sampling events to minimize variability that could occur at the
site due to the addition of the water from the drain. During the
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Table 1. Discharge and dissolved-solids synoptic sampling sites (including streamgages) used to study Blacks Fork above Smiths Fork,

April 2018 through September 2019.

[USGS, U.S. Geological Survey; Wyo., Wyoming]

Site

USGS identifier USGS site name Latitude Longitude
number

09218500 BF11 Blacks Fork near Millburne, Wyo. 41°01°54” —110°34°43”

411805110233101 BF7 Blacks Fork at County Road 217, near Ft. Bridger, 41°18°04.86” —110°23°31.45”
Wyo.

411805110233701 T™M1 Threemile Creek at County Road 217, near Ft. 41°18°05.11” —110°23°37.43”
Bridger, Wyo.

411926110240401 BF6a Blacks Fork above I-80 Business Loop drain, near 41°19°26.23” —110°24°03.99”
Ft Bridger, Wyo.

411927110240301 BF6 Blacks Fork below I-80 Business Loop drain, 41°19°26.76” —110°24°03.24”
near Ft. Bridger, Wyo.

09219000 BF5 Blacks Fork near Urie, Wyo. 41°21°03” —110°20°07”

412140110175701 BF4 Blacks Fork at Highway 413, near Lyman, Wyo. 41°21°40.14” —110°17°56.76”

09219200 BF3 Blacks Fork above Smiths Fork, near Lyman, 41°23°38.94” —110°12°21.45”

Wyo.

first sampling, minimal flow was entering the main stem from
the drain, so the data from BF6 are assumed to be similar to
BF6a during the July 2018 sample, and data for BF6 and BF6a
are used to describe the single location (BF6a).

Purpose and Scope

The purpose of this report is to (1) characterize con-
tinuous discharge and specific conductance at the most
downstream location of the Blacks Fork above the Smiths

daily mean dissolved-solids concentration, and daily mean
dissolved-solids load for the period from April 2018 through
September 2019; and (3) determine the instantaneous salin-
ity load in the Blacks Fork drainage area upstream from the

Blacks Fork above Smiths Fork confluence at selected sites
using synoptic water-quality samples from the Blacks Fork
and an input (tributary Threemile Creek) during 2018 and

Fork confluence; (2) determine the daily mean discharge,

2019 irrigation seasons to describe changes in discharge,
dissolved-solids concentrations, and dissolved-solids loads
during seven sampling periods.
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Study Area

The study area for the project is the Blacks Fork
upstream from the confluence of the Smiths Fork, primarily
in Wyoming. Blacks Fork originates in the Uinta Mountains
in Utah at elevations higher than 13,000 feet (U.S. Geological
Survey, 1982) and flows northerly through a narrow band of
montane/subalpine forests (U.S. Geological Survey, 1982)
into the Meeks Cabin Reservoir (fig. 1). Downstream from
Meeks Cabin Reservoir, the narrow basin transitions into the
Bridger Valley, foothill shrublands and woodlands, and then
to sagebrush steppe (Carr and Melcher, 2017). The lower
basin, mostly in the sagebrush steep, is the primary area where
irrigated agriculture occurs (Carr and Melcher, 2017). Data
collection efforts were focused on the about 25-mile reach of
the Blacks Fork from just upstream from Threemile Creek to
just upstream from the confluence with Smiths Fork.

General Hydrology

The drainage area contributing flow into Blacks Fork
above Smiths Fork, near Lyman, Wyo. (09219200) (fig. 1)
is about 325 square miles (U.S. Geological Survey, 2020b).
Below Meeks Cabin Reservoir, the stream flows northward
and during irrigation season, about 20 to 60 percent of the
discharge from the reservoir is diverted into the Blacks Fork
Canal (fig. 1) (Wyoming State Engineer’s Office, 2021), at
which point the diverted water becomes part of the Smiths
Fork drainage. Streamflow below the Blacks Fork Canal is
diverted into three major canals that flow to the west side
of Blacks Fork—the Pine Grove, Bridger Butte, and Austin
Canals (fig. 1)— and most of the diverted water remains
in the drainage basin above the Blacks Fork above Smiths
Fork, near Lyman, Wyo., streamgage (09219200) (Natural
Resources Conservation Service, 2006; Sunrise Engineering,
2013). Some water returns to the river upstream from the
streamgage through return flows or groundwater but other
diverted water continues to flow northward and returns enter
Blacks Fork downstream from the Smiths Fork confluence
(Natural Resources Conservation Service, 2006; Sunrise
Engineering, 2013).

The source of discharge at the Blacks Fork above Smiths
Fork, near Lyman, Wyo., streamgage (09219200) is a com-
bination of release from Meeks Cabin Reservoir, snowmelt
runoff, precipitation, irrigation return flows, and groundwater
discharge. The proportion of those sources varies by year and
season. The construction of Meeks Cabin Reservoir in the late
1960s allowed spring snowmelt runoff to be retained which
extended the irrigation season in the Bridger Valley. Meeks
Cabin Reservoir operations result in decreased spring peak
flows and increased summer flows at the reservoir outflow
(Bureau of Reclamation, 2021). Releases from the reservoir
during the summer seasons are diverted upstream from the
Blacks Fork near Lyman, Wyo., streamgage (09222000) for
agricultural use (irrigation and some stock watering), and the

discharge at the Blacks Fork above Smiths Fork, near Lyman,
Wyo., streamgage (09219200) is affected by both of these
operations.

Climate

The climate of the basin downstream from Meeks Cabin
is characterized by cold winters and warm to hot sum-
mers. The highest amounts of precipitation fall in the higher
elevations in the southern part of the basin. Temperature and
precipitation data have been collected at a weather station in
Mountain View, Wyo. (fig. 1) since 1966 (Western Regional
Climate Center, 2020; period of record 1966-2015). Although
Mountain View is a few miles east of the Blacks Fork above
Smiths Fork drainage basin, the location is appropriate to
describe general climate in the mid to lower Bridger Valley.
Data from the Mountain View weather station indicates a
mean temperature of 41.9 degrees Fahrenheit (°F) with the
coldest temperatures measured during January (mean monthly
temperature 22.3 °F) and the warmest temperatures measured
during July (mean monthly temperature, 64.3 °F). More pre-
cipitation falls during spring (April, May, and June) and late
summer/fall (September and October) than other times of the
year, with a mean annual precipitation of 9.6 inches (Western
Regional Climate Center, 2020; period of record, 1966-2015).

Data from the Mountain View weather station (NOAA
Regional Climate Centers, 2020) indicates that the weather
was warmer and drier than normal during water year 2018
(October 1, 2017, through September 30, 2018) and cooler
and wetter than normal during water year 2019 (October 1,
2018, through September 30, 2019). During water year 2018,
the station had a mean annual temperature of 46.4 °F; the
mean temperature during April and September 2018 was
57.9 °F. Temperatures during water year 2019 were lower
than the mean, with a mean annual temperature of 40.4 °F.
The mean temperature during April through September 2019
was 54.2 °F. The Mountain View weather station indicates
precipitation during water year 2018 was less than the mean,
with a cumulative 7.4 inches (4.2 inches between April and
September 2018). Precipitation during water year 2019 at
Mountain View was greater than the mean and almost twice
as much as 2018, with a cumulative 14.3 inches (8.5 inches
between April and September 2019).

Geology

The Blacks Fork drainage basin resides within the phys-
iographic Bridger Basin (Koenig, 1960; not shown), which is
part of the greater Green River structural basin of southwest-
ern Wyoming. Tributaries of the Blacks Fork drainage flow
northeast into the Green River structural basin. The south-
ern boundary of the Bridger Basin is bounded by the Uinta
Mountains of Utah, and the eastern boundary is restricted by
the Central Rocky Mountains (not shown) (Robinove and
Cummings, 1963; Murphey and Evanoff, 2007).



Because of study objectives, only surficial deposits and
bedrock units that crop out within the Blacks Fork drain-
age basin are discussed. Surficial deposits and bedrock units
within and near the drainage basin are shown in figure 2
(modified from Love and Christiansen, 1985).

Several types of surficial deposits are in the drainage
basin (fig. 2). Quaternary-age alluvial (Qa) and terrace (Qt)
deposits constitute most of the surficial sediments within the
Blacks Fork drainage basin (Robinove and Cummings, 1963;
fig. 2). During valley development, strath terraces (surfaces
cut into bedrock by eroding streams) running parallel to
the drainage were developed by Blacks Fork, Smiths Fork,
and tributaries through lateral planation during interglacial
stages. During glacial-stage and immediate postglacial stage,
flooding created more drastic downcutting of the erosional
surfaces and deposited currently exposed alluvial and ter-
race deposits (Bradley, 1936). The strath terraces truncate the
Bridger Formation between the Blacks Fork and Smiths Fork
drainages exposing sediments. The alluvial (Qa) and terrace
deposits (Qt) consist of poorly sorted silt, sand, and gravel
with clasts consisting largely of quartzite; lithologies of the
two deposits are similar, making them difficult to distinguish
from one another (Robinove and Cummings, 1963).

Additionally, Quaternary-age glacial deposits (Qg) con-
sisting of poorly sorted silt, sand, gravel, and boulders within
the Blacks Fork drainage basin were deposited during the
Blacks Fork and Smiths Fork glacial stages. Blacks Fork stage
deposits are distinguished from the Smiths Fork stage deposits
by a more boulder-inclusive matrix, as well as increased soil

Study Area 1

content (Robinove and Cummings, 1963). Glacial deposits
consisting of frontal and terminal moraines throughout the
valley of the drainage basin are attributed to the Blacks Fork
glacial stage. The Smiths Fork stage left terminal moraines
within the canyons of the drainage basin upstream from the
previous stage, indicating a less extensive extent than the
Blacks Fork stage glacial deposits within the drainage basin
(Bradley, 1936).

Bedrock units that crop out within the Blacks Forks
drainage basin consist of the Bridger Formation (Tb, fig. 2)
and the Bishop Conglomerate (Tbi, fig. 2). The Tertiary-age
Bridger Formation consists of green to gray calcareous shales
and siltstones with tuffaceous sandstones as well as limestone
beds. Sediments consisting of the Bridger Formation were
accumulated through fluvial, deltaic, and lacustrine deposi-
tion as the lower relief topography of the stream valleys and
lakes of the greater Green River structural basin were filled
(Robinove and Cummings, 1963). Volcanic material was inter-
mixed within all sediment layers of the Bridger Formation as
ash deposited on valley flats during periods of greater volcanic
activity was reworked and redeposited within the waterbod-
ies and floodplains (Koenig, 1960). The Tertiary-age Bishop
Conglomerate consists of pebbles and cobbles of limestone as
well as black and red chert primarily sourced from the Uinta
Mountain Group. Gray and white medium to course grained
sands are the primary matrix associated with the conglomerate
(Bradley, 1936).
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Methods

Methods for collection of continuous and discrete
discharge and specific conductance, for collection of discrete
water-quality samples for dissolved solids, and the labora-
tory method for analyzing dissolved-solids determination are
discussed in this section. Data-analysis methods for statisti-
cally describing the relation between specific conductance and
dissolved solids also are discussed in this section.

Discharge Measurements

All discharge measurement methods followed standard
USGS discharge measurement protocols (Rantz and others,
1982a; Nolan and Shields, 2000; Turnipseed and Sauer, 2010).
Acoustic Doppler velocity meters and acoustic Doppler cur-
rent profiler meters were used exclusively because of their
ability to provide high-resolution velocity data and their suit-
ability in shallow stream environments. Under optimal condi-
tions, measurement error using these methods is typically less
than plus or minus 5 percent. Depending on the time of year
and the channel geometry at some of the specific streamgages
and sites, factors such as ice or an abundance of aquatic
plants in the cross section made conditions less than optimal.
Therefore, discharge measurements were qualitatively classi-
fied as “Good,” “Fair,” or “Poor” according to standard USGS
protocol (Turnipseed and Sauer, 2010), and measurement
accuracy for all measurements was between 95 and about
90 percent (U.S. Geological Survey, 2020a, U.S. Geological
Survey, 2021a).

The development of a rating curve for the Blacks
Fork above Smiths Fork, near Lyman, Wyo., streamgage
(09219200) was completed after all data were collected to a
create continuous discharge record from the collected continu-
ous stream-stage data using techniques described in Rantz
and others (1982b). As noted in the water year summaries
for 2018 and 2019, the daily mean values for discharge are
“Fair” (indicating accuracy of about 92 percent) during the
year, except during times when the stage is affected by ice
and, then, the discharge is estimated (U.S. Geological Survey,
2020b). Estimated data are assumed to be “Poor,” indicating
that accuracy of the data is less than 90 percent (Turnipseed
and Sauer, 2010).

Specific Conductance and Dissolved Solids

Specific conductance is the measure of the electrical
conductivity of water. This property can be measured con-
tinuously with a probe and is often used as a surrogate for
determining the dissolved-solids concentrations (Clark and
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Davidson, 2009, Shope and Gerner, 2014). Specific conduc-
tance was measured in the field using a calibrated probe for
continuous and instantaneous values.

Field methods used for the water-quality sampling fol-
lowed standard methods described in the “National Field
Manual for the Collection of Water-Quality Data” (U.S.
Geological Survey, variously dated). Water-quality samples
were collected using a DH-81 sampler, and depth-integrated
samples were collected using equal-width increments.
Samples were filtered and sent to the USGS National Water
Quality Laboratory in Lakewood, Colorado, for analyses of
dissolved solids using the residue on evaporation method
(Fishman and Friedman, 1989).

To ensure the quality of the data collection and analytical
methods, five quality assurance samples (one blank and four
replicates) were collected. The blank sample was collected
using purchased inorganic blank water and was “sampled”
and processed in the same manner as an environmental sample
that was collected after cleaning the equipment. Analytical
results from the laboratory indicated no dissolved solids were
detected (less than 20 milligrams per liter [mg/L]) in the blank
sample, indicating that the equipment cleaning after sampling
at each site was adequate to prevent cross contamination.

The replicate samples were collected and processed in
the same manner as the environmental sample and were used
to determine the repeatability of the sampling methods and
laboratory analyses of dissolved-solids concentrations. The
dissolved-solids concentration data and results of the relative
percent difference calculations between the environmental
sample and the replicated sample are presented in appen-

dix 1. The sample sets had relative percent differences in
dissolved-solids concentrations ranging from 0.88 to 3.80,
which indicates the dissolved-solids data can be used without
adjustments.

Data Analysis

Measured continuous specific-conductance data were
used to estimate a continuous dissolved-solids record using
methods documented in other studies such as Clark and
Davidson (2009). Linear regression is a technique for estimat-
ing one water-quality variable based on another water-quality
variable (Helsel and others, 2020). A linear, least-squares
regression model of dissolved solids and specific conduc-
tance was developed using 22 samples collected during the
18 months of the study to estimate continuous dissolved-solids
concentrations. Daily mean dissolved-solids concentrations
were then calculated for the Blacks Fork above Smiths Fork,
near Lyman, Wyo., streamgage (09219200).
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Daily mean discharge and daily mean dissolved-
solids concentrations were used to calculate the continuous
dissolved-solids load. Because actual values of discharge and
dissolved-solids concentrations were collected and calcu-
lated on a daily basis, models such as LOADEST or WRTDS
(Hirsch and others, 2010) were not needed to estimate the
loads. Daily mean dissolved-solids loads were calculated as
the product of the discharge and dissolved-solids concentra-
tion by the following equation:

DSL = Q*DS*b 1
where
DSL is the daily mean dissolved-solids load, in
tons per day;
(0] is the daily mean discharge in, cubic feet
per second;

DS is the daily mean dissolved-solids
concentration, in milligrams per liter; and

b is 2.69 x10-3, a unit conversion factor.

Discharge, Specific Conductance, and
Dissolved-Solids Characteristics at the
Blacks Fork above Smiths Fork, near
Lyman, Wyoming, Streamgage

Continuous discharge and specific-conductance data were
collected from April 4, 2018, through September 30, 2019,
at the Blacks Fork above Smiths Fork, near Lyman, Wyo.,
streamgage (09219200) (U.S. Geological Survey, 2020a).
During the 18-month study, daily mean discharge ranged from
a minimum 0.01 ft3/s to a maximum of 651 ft3/s (fig. 3, U.S.
Geological Survey, 2020b), with a mean daily (mean of the
daily mean) discharge of 59.1 ft3/s (U.S. Geological Survey,
2020b). The daily mean specific conductance during the
same period ranged from 677 microsiemens per centimeter
at 25 degrees Celsius (uS/cm) to a maximum of 3,360 pS/
cm (fig. 3, U.S. Geological Survey, 2020b). Twenty-two
discrete samples were collected on a near monthly basis, and
dissolved-solids concentrations in those samples ranged from
629 to 2,970 mg/L (U.S. Geological Survey, 2020b).

Discharge

Discharge at the Blacks Fork above Smiths Fork, near
Lyman, Wyo., streamgage (09219200) is affected primarily
by precipitation in the basin, releases from the Meeks Cabin
Reservoir, diversions, and return flows (direct and through
groundwater). Discharge at the streamgage is typically
higher in the spring and early summer because of snowmelt,
increases for a short period in response to local precipitation,

and maintains a steady base flow during the late fall and
winter from upstream flow and groundwater (base-flow) inputs
(fig. 3). Discharge during April through September 2018 was
lower and less variable than during the same period in 2019
(fig. 4). The mean daily discharge during those 6 months in
2018 (15.1 ft3/s) was about one-tenth of the discharge dur-
ing the same period in 2019 (152 ft¥/s) (U.S. Geological
Survey, 2021b). The cumulative discharge from April through
September in 2018 (5,362 acre-feet) was about 10 percent

of the discharge recorded during the same period in 2019
(54,660 acre-feet) (table 2). These various metrics reflect the
different climatic water years, with water year 2018 being a
warmer and drier year than normal and water year 2019 being
a cooler and wetter than normal.

Discharge during the spring and summer (April through
September) of 2018 at three long-term streamgages on Blacks
Fork (Blacks Fork near Robertson, Wyo. [09217900]; Blacks
Fork near Millburne, Wyo. [09218500]; and Blacks Fork near
Little America, Wyo. [09224700]) (fig. 1) was lower or sub-
stantially lower compared to the mean during the last 30 years,
whereas discharge during the spring and summer of 2019 was
higher than mean (table 2). The timing of the highest flows
for all four Blacks Fork streamgages also was different during
2018 and 2019 (fig. 5), with the highest flows generally occur-
ring during May in 2018 and during June in 2019. The Blacks
Fork above Smiths Fork, near Lyman, Wyo., streamgage
(09219200) and Blacks Fork near Little America, Wyo.,
streamgage (09224700) have drainage basins that include the
sagebrush steppe and the higher-elevation mountains. These
two streamagages show two periods of high flow, in 2019, dur-
ing April and June (fig. 5), indicating that the melting of low
elevation snowpack likely provided a noticeable contribution
to discharge during 2019.

Specific Conductance

Specific conductance measured at the Blacks Fork above
Smiths Fork, near Lyman, Wyo., streamgage (09219200) dur-
ing the 18-month study had daily mean values ranging from
677 uS/em to 3,360 uS/cm (fig. 3, U.S. Geological Survey,
2020b; U.S. Geological Survey, 2021b). Specific conductance
values were less variable in the winter when precipitation fell
as snow, limiting the amount of runoff reaching the stream.

Dissolved-Solids Concentrations

Estimated daily mean dissolved-solids concentrations
were calculated using the daily mean specific conductance
values and the relation between specific conductance and
dissolved-solids concentration at the Blacks Fork above
Smiths Fork, near Lyman, Wyo., streamgage (09219200). The
specific conductance and dissolved-solids relation was calcu-
lated using 22 discrete samples collected during the 18-month
study; figure 6 shows the specific conductance and dissolved-
solids concentration for each sample collected. The specific
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dissolved-solids load at the Blacks Fork above Smiths Fork, near Lyman, Wyoming, streamgage (09219200), April 5, 2018, through
September 30, 2019.
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Table 2. Drainage basin area and cumulative discharge for Blacks Fork streamgages during the 6-month period from April through

September 2018 and April through September 2019.

[USGS, U.S. Geological Survey; mi?, square mile; Wyo., Wyoming; NA, not applicable]

Cumulative discharge from

. April through September
Drainage

S (acre-feet)
USGS streamgage name and identifier area
(mi2) Mean
2018 2019 during
1990-2019
Blacks Fork near Robertson, Wyo. (09217900) 130 87,480 144,720 193,180
Blacks Fork near Millburne, Wyo. (09218500) 152 80,370 134,950 2110,200
Blacks Fork above Smiths Fork near, Lyman, Wyo. (09219200) 324 5,362 54,660 NA
Blacks Fork near Little America, Wyo. (09224700) 3,100 58,710 209,830 129,280

Discharge data collected during this period were from 1990 through 1998 and from 2013 through 2019.

2Discharge data collected during this period were from 1993 through 2019.

conductance values of the discrete samples ranged from 888 to
3,340 puS/cm and had a range similar to specific conductance
values recorded at the streamgage during the study period

(fig. 3). A linear, least-squares regression model of dissolved
solids and specific conductance was developed and produced
the following equation:

DS = 0.928 (SC) — 239 @)

where
DS is the dissolved-solids concentration, in
milligrams per liter; and
SC is the specific conductance, in microsiemens
per centimeter at 25 degrees Celsius,
(coefficient of determination = 0.994,

p-value <7 x 1024,

Daily mean dissolved-solids concentrations are listed
in table 3 and shown in figure 3. Dissolved solids often have
an inverse relation to discharge because higher discharges
typically have a diluting effect that lowers the dissolved-
solids concentrations. Figure 7 shows that, in general, when
discharges at the Blacks Fork above Smiths Fork, near Lyman,
Wyo., streamgage (09219200) are higher, dissolved-solids
concentrations are lower. However, the high dissolved-solids
concentrations that are measured during high discharges indi-
cate that the system has natural variability and the dissolved-
solids concentrations are determined by more factors than just
discharge. Figure 7 illustrates that estimating dissolved-solids
concentrations using a model based primarily on discharge
has the potential to generate considerable variability in the
estimates.

Data from the study period indicate that, although the
high flows in May 2018 were lower in magnitude than high
flows in April or June 2019, the dilution of the dissolved solids
in the stream from additional flow in 2019 was not substantial
(fig. 3). The dissolved-solids concentration decreased to a
similar concentration in both years during the late spring and
early summer. The dissolved-solids concentrations during the
summer of 2019 were somewhat lower than in 2018 and is
likely because of dilution from rainfall events. The range of
values shown in figure 4 and listed in table 3 indicate that the
April through September daily mean dissolved-solids con-
centrations were typically higher in 2018 than 2019, and the
mean daily dissolved-solids concentration was higher in 2018
(1,630 mg/L) than in 2019 (1,100 mg/L).

Snowmelt and rainfall originating from different areas
or elevations within the drainage basin and their contribution
to runoff and streamflow likely affect the dissolved-solids
concentrations observed in the stream. The observed temporal
pattern of dissolved-solids concentration is likely a response to
early, low dissolved-solids snowmelt from the lower-elevation
sagebrush steppe landscape during the spring and, then, from
snowmelt in higher elevations during early summer. As snow-
melt discharge subsided in the summer, the reduced discharge
upstream and direct return flows from irrigation or return
flows through groundwater discharge likely led to the general
increase in dissolved-solids concentration. Dissolved-solids
concentrations were higher in the winter and early spring, in
part, because of the decreased discharge upstream during this
period, and predominance of base flow from groundwater that
has likely flowed through geology with higher dissolvable
solids as a primary source of discharge.
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Figure 5. Monthly discharge at four Blacks Fork streamgages during April through September 2018 and April through September 2019:
Blacks Fork near Robertson, Wyoming (09217900), Blacks Fork near Millburne, Wyoming (09218500), Blacks Fork above Smiths Fork, near
Lyman, Wyoming (09219200), and Blacks Fork near Little America, Wyoming (09224700).
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near Lyman, Wyoming, streamgage (09219200).



Table 3. Daily mean dissolved-solids concentration; mean, minimum, and maximum of daily mean dissolved-solids concentration for each month during April 5, 2018, through
September 30, 2019, Blacks Fork above Smiths Fork, near Lyman, Wyoming, streamgage (09219200).

[--, no data]

Day Apr. May June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May  June July Aug. Sept.
2018 2018 2018 2018 2018 2018 2018 2018 2018 2019 2019 2019 2019 2019 2019 2019 2019 2019

Daily mean dissolved-solids concentration, in milligrams per liter
1 - 2,000 930 1,460 1410 1,670 2450 2,080 2,050 2410 2,550 2470 2,040 1,080 482 874 902 1,590
2 -- 1,950 995 1,520 1,390 1,760 2,470 2,120 2,050 2,420 2,540 2,460 2,030 1,180 543 781 874 1,590
3 -- 2,150 995 1,630 1,460 1,800 2,600 2,130 2,050 2,430 2,540 2,460 1,910 1,250 570 744 874 1,640
4 - 2,070 967 1,680 1,550 1,830 2,680 2,130 2,050 2440 2,530 2450 1,500 1,290 585 726 865 1,640
5 1,710 2,020 967 1,580 1,690 1,880 2,670 2,150 2,060 2,450 2,530 2,440 1,060 1,320 536 772 846 1,610
6 1,810 2,110 976 1,510 1,740 1,920 2,670 2,150 2,070 2,460 2,530 2,430 1,040 1,310 478 800 837 1,530
7 1,890 2,360 958 1,420 1,720 2,050 2,650 2,160 2,080 2,470 2,530 2,420 948 1,290 462 837 837 1,400
8 1,780 2,520 948 1,410 1,810 2,140 2,610 2,180 2,090 2,490 2,530 2,400 911 1,610 447 883 865 1,400
9 1,620 2,600 1,020 1,380 1,860 2,180 2,610 2,190 2,100 2,500 2,530 2,380 828 1,590 396 930 967 1,330
10 1,550 2,660 1,000 1,390 2,060 2,190 2,560 2,200 2,110 2,510 2,530 2,360 846 1,560 390 995 883 1,260
11 1,570 2,630 985 1,400 2,140 2,230 2,490 2,200 2,120 2,520 2,530 2,340 985 1,570 389 1,070 865 1,220
12 1,500 2,400 958 1,360 1,880 2,210 2,420 2,210 2,140 2,530 2,520 2,320 1,040 1,640 389 1,110 818 1,210
13 1,700 2,880 939 1,300 1,760 2,230 2,400 2,220 2,150 2,530 2,520 2,300 1,170 1,700 420 1,120 837 1,230
14 1,720 2,410 1,030 1,380 1,690 2240 2,380 2,220 2,150 2,530 2,510 2,270 1,250 1,730 461 1,120 874 1,220
15 1,720 2,100 1,130 1,400 1,710 2,270 2,330 2,230 2,170 2,530 2,510 2,270 1,250 1,600 489 1,100 930 1,200
16 1,750 1,430 1,090 1,420 1,650 2,290 2,240 2,200 2,180 2,540 2,500 2,250 1,060 1,520 472 1,090 976 1,170
17 1,740 1,310 1,120 1,470 1,580 2,320 2,190 2,180 2,200 2,540 2,500 2,240 948 1,570 453 1,110 1,190 1,160
18 1,710 1,370 1,020 1,440 1,610 2340 2,150 2,160 2,210 2,550 2,500 2,220 976 1,720 477 1,170 1,300 1,170
19 1,590 1,100 958 1,450 1,680 2,350 2,130 2,150 2,230 2,550 2,500 2,210 985 1,890 552 1,160 1,380 1,170
20 1,740 921 930 1,510 1,660 2,350 2,100 2,150 2,250 2,560 2,500 2,190 958 2,050 634 1,130 1,500 1,230
21 1,870 1,080 893 1,580 1,890 2,350 2,120 2,120 2,260 2,560 2,510 2,170 921 2,220 754 1,130 1,420 1,250
22 1,690 1,180 958 1,590 1,900 2,360 2,150 2,110 2,270 2,570 2,510 2,160 1,190 1,870 754 1,120 1,430 1,260
23 1,650 1,340 995 1,620 1,540 2,370 2,150 2,090 2,290 2,570 2,510 2,150 1,170 1,150 687 1,080 1,480 1,280
24 1,730 1,290 1,060 1,460 1,570 2,390 2,140 2,080 2,310 2,570 2,500 2,140 1,120 930 716 1,030 1,580 1,320
25 1,790 1,180 1,140 1,400 1,500 2,400 2,150 2,070 2,330 2,580 2,500 2,130 1,080 735 818 1,040 1,640 1,330
26 1,780 1,220 1,220 1,350 1,490 2,420 2,130 2,080 2,350 2,580 2,490 2,120 1,030 628 902 1,070 1,650 1,380
27 1,890 911 1,250 1,370 1,490 2430 2,110 2,070 2,370 2,580 2,490 2,110 976 536 930 1,050 1,700 1,460
28 2,000 412 1,260 1,450 1,500 2,480 2,000 2,060 2,380 2,570 2,480 2,090 921 517 985 1,000 1,680 1,380
29 2,020 490 1,330 1,460 1,530 2,530 2,070 2,050 2,390 2,570 - 2,090 930 525 995 1,000 1,690 1,160
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Table 3. Daily mean dissolved-solids concentration; mean, minimum, and maximum of daily mean dissolved-solids concentration for each month during April 5, 2018, through
September 30, 2019, Blacks Fork above Smiths Fork, near Lyman, Wyoming, streamgage (09219200).—Continued
[--, no data]
Day Apr. May June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May  June July Aug. Sept.
2018 2018 2018 2018 2018 2018 2018 2018 2018 2019 2019 2019 2019 2019 2019 2019 2019 2019
Daily mean dissolved-solids concentration, in milligrams per liter—Continued
30 1,930 643 1,390 1,400 1,560 2,500 2,050 2,050 2,400 2,560 - 2,080 902 450 939 948 1,620 1,120
31 -- 818 -- 1,400 1,600 -- 2,060 -- 2,400 2,560 -- 2,060 -- 441 -- 874 1,570 --
Mean of daily mean dissolved-solids concentration during month, in milligrams per liter
-- 1,750 1,660 1,050 1,460 1,670 2,220 2,320 2,140 2,200 2,520 2,500 2,260 1,130 1,310 604 996 1,190 1,330
Minimum of daily mean dissolved-solids concentration during month, in milligrams per liter
-- 1,500 412 893 1,300 1,390 1,670 2,050 2,050 2,050 2,410 2,480 2,060 828 441 389 726 818 1,120
Maximum of daily mean dissolved-solids concentration during month, in milligrams per liter
-- 2,020 2,880 1,390 1,680 2,140 2,530 2,680 2,230 2,400 2,580 2,550 2,470 2,040 2,220 995 1,170 1,700 1,640
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Figure 7. Relation between daily mean discharge and daily mean dissolved-solids concentration

at the Blacks Fork above Smiths Fork, near Lyman, Wyoming, streamgage (09219200), April 5, 2018,

through September 30, 2019.

Dissolved-Solids Loads

Daily mean discharge and daily mean dissolved-
solids concentrations were used to calculate the daily mean
dissolved-solids loads. Dissolved-solids loads were calcu-
lated as the product of the discharge and dissolved-solids
concentration.

The daily mean discharge and the daily mean dissolved-
solids concentration at the Blacks Fork above Smiths Fork,
near Lyman, Wyo., streamgage (09219200) were highly vari-
able during the study period (fig. 4). Although the two proper-
ties often have an inverse relation, that relation is not always
observed; therefore, the daily mean dissolved-solids load
(table 4) also were highly variable (figs. 3 and 4). A noticeable
change occurred between early April and mid-May 2019 when
the dissolved-solids load was highest at about 1,960 tons per
day and dropped to 0.05 ton per day (fig. 3, table 4). The large
daily mean dissolved-solids load that occurs for several days
in early April 2019 was a result of dissolved-solids concentra-
tions that remained steady at higher concentrations during the
same time that discharge doubled and tripled during a 2-day
period (fig. 3). After 2 days of higher flows, the mean daily
specific conductance decreased by about one-half, resulting
in a daily mean dissolved-solids load that decreased rapidly.
The higher loads resulting from sustained higher dissolved-
solids concentrations as the discharge increased may have
been a function of higher discharge dissolving evaporites that
formed on the stream bank and were dissolved as water levels

rose. The lowest daily mean dissolved-solids load was during
mid-May 2019 when discharge was low; a daily mean value of
0.05 ton per day (table 4).

The daily mean dissolved-solids loads during 2018
were typically lower than during 2019. This result is primar-
ily because the discharge was much higher in 2019 than
in 2018. The mean daily discharge during April through
September 2018 was 15.1 ft3/s and during the same period
(April through September) in 2019 was 152 ft3/s—about
10 times higher than in 2018. The mean daily dissolved-
solids concentration during April through September 2018
(1,630 mg/L) was about 1.5 times higher than during the same
6 months in 2019 (1,090 mg/L). Therefore, although the daily
mean dissolved-solids concentrations tended to be higher in
2018, the substantially higher daily mean discharges in 2019
had more of an effect on the dissolved-loads than the daily
mean dissolved-solids concentrations (fig. 4).

The cumulative dissolved-solids load at the Blacks
Fork above Smiths Fork, near Lyman, Wyo., streamgage
(09219200) during the 18-month study was 81,200 tons,
with a mean daily load of 149 tons per day (table 4). During
the 6-month period from April through September 2018,
the cumulative dissolved-solids load at the streamgage was
estimated to be 8,740 tons and, during the same 6 months in
2019, the cumulative dissolved-solids load was estimated to
be 60,900 tons. During the fall and winter between the two
periods, the cumulative dissolved-solids load was 11,600 tons
(table 4).



Table 4. Daily mean dissolved-solids load; mean, minimum, and maximum of daily mean dissolved-solids load for each month; and total monthly load during April 5, 2018,

through September 30, 2019, Blacks Fork above Smiths Fork, near Lyman, Wyoming, streamgage (09219200).

[--, no data]
Day Apr. May June July Aug.  Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept.
2018 2018 2018 2018 2018 2018 2018 2018 2018 2019 2019 2019 2019 2019 2019 2019 2019 2019
Daily mean dissolved-solids load, in tons per day
1 -- 48.6 110 13.0 83.0 0.59 3.11 37.6 324 36.6 43.5 60.3 1,340 202 377 542 243 44.1
2 -- 38.8 120 6.49 485 0.10 260 443 36.8 38.2 40.6 61.7 1,280 173 514 539 224 49.3
3 -- 36.7 140 445 249 1.02 470 452 41.0 40.9 37.0 642 1,410 135 407 478 191 51.9
4 -- 31.9 123 286 252 2.07 6.66 439 41.9 41.1 34.9 67.4 1,960 114 364 425 190 74.5
5 91.7 21.1 98.6 405 620 233 20.9 46.2 435 40.5 34.5 71.1 1,860 110 371 656 204 90.6
6 102 7.11 91.9 7.72 037 7.83 154 44.6 46.3 40.5 33.5 72.2 1,440 128 407 503 189 88.5
7 141 4.52 87.0 598 093 437 26.0 41.7 47.9 422 30.1 739 1,120 227 492 377 147 89.7
8 150 3.19 106 884 0.15 1.56 72.5 63.6 48.5 42.9 339 74.6 830 503 545 267 162 88.9
9 130 2.52 90.5 896 0.15 2.88 99.2 69.1 49.6 435 39.0 74.4 819 315 663 158 223 161
10 98.3 3.44 74.5 459 739 095 144 67.1 50.7 44.0 44.1 74.4 671 254 653 155 160 113
11 88.1 34.7 67.2 56.0 80.6 0.84 169 232 51.3 442 47.5 73.8 481 153 629 210 187 240
12 71.4 85.6 69.5 56.7 323 0.77 137 31.0 51.0 43.7 49.4 74.5 511 110 626 233 142 220
13 78.8 82.3 63.3 453 308 0.12 120 21.7 50.7 40.5 50.4 75.1 632 80.2 638 237 131 137
14 774 121 52.0 377 274 030 103 28.1 50.8 39.0 48.9 74.8 738 118 698 316 84.2 108
15 68.1 171 62.4 393 608 0.98 89.9 29.7 48.2 38.4 472 75.8 1,260 83.2 801 260 63.7 102
16 67.3 69.5 61.6 37.6  46.4 2.85 86.3 27.6 43.5 38.1 46.1 76.4 1,010 49.3 739 198 31.9 87.2
17 59.0 42.0 105 36.3 1.70  4.63 69.1 28.0 40.4 39.5 455 77.2 609 13.6 705 173 13.8 79.9
18 59.5 58.2 206 20.3 0.13 2.84 T1.7 26.7 39.9 42.8 453 77.2 503 0.05 729 199 10.6 80.5
19 587 132 175 891 1.04 1.08 71.7 22.4 358 45.6 46.3 78.1 449 0.05 622 164 7.77 87.2
20 54.8 65.0 125 4.53 109 0.19 70.7 18.7 32.0 46.8 47.6 79.8 426 0.11 487 126 28.6 61.2
21 70.0 51.2 105 277 31.1 1.14 67.9 17.1 334 47.8 49.0 81.5 429 37.6 482 143 41.8 65.5
22 75.2 38.8 86.5 5.14 38.0 5.47 63.9 18.0 36.7 49.6 50.4 83.4 924 361 662 153 32.8 65.8
23 51.3 40.1 73.2 889 462 1438 61.0 20.4 36.7 51.4 52.7 90.6 521 569 822 148 494 66.1
24 34.7 77.0 58.9 122 28.0 34.2 58.2 21.3 41.5 52.3 55.2 96.8 391 695 574 118 31.5 53.7
25 38.7 57.0 54.9 80.2 269 350 54.6 22.8 432 523 56.5 107 340 442 400 139 30.1 55.2
26 33.0 61.4 57.5 658 10.2 6.40 51.2 26.4 44.2 50.3 58.2 121 306 420 331 134 14.6 46.7
27 28.3 300 48.7 78.1 1.00 11.7 51.5 30.7 43.1 48.4 59.7 132 355 366 323 148 355 31.0
28 36.0 170 27.5 83.6 0.16 11.0 48.7 31.5 43.8 46.5 59.9 155 258 556 292 154 59.8 118
29 424 170 14.0 60.6 3.18 176 41.9 28.8 47.0 47.0 - 603 237 588 325 169 77.0 116
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Table 4. Daily mean dissolved-solids load; mean, minimum, and maximum of daily mean dissolved-solids load for each month; and total monthly load during April 5, 2018,
through September 30, 2019, Blacks Fork above Smiths Fork, near Lyman, Wyoming, streamgage (09219200).—Continued

[--, no data]

0c

Apr. May June July Aug.  Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept.

Day 2018 2018 2018 2018 2018 2018 2018 2018 2018 2019 2019 2019 2019 2019 2019 2019 2019 2019
Daily mean dissolved-solids load, in tons per day—Continued
30 484 140 12.7 53.0 282 150 36.3 273 46.5 47.5 - 903 225 497 360 195 81.5 110
31 -- 122 -- 69.6 0.60 -- 34.5 - 40.9 45.8 - 817 - 380 - 149 67.7 -
Mean of daily mean dissolved-solids load during month, in tons per day
-- 71.3 73.8 85.6 374 218 6.35 63.0 335 432 44.1 46.0 150 780 248 535 254 102 92.7
Minimum of daily mean dissolved-solids load during month, in tons per day
-- 28.3 2.52 12.7 277 013  0.10 2.60 17.1 32.0 36.6 30.1 60.3 225 0.05 292 118 7.77 31.0
Maximum of daily mean dissolved-solids load during month, in tons per day
-- 150 300 206 122 83.0 35.0 169 69.1 51.3 52.3 59.9 903 1,960 695 822 656 243 240

Dissolved-solids load during month, in tons

-- 1,850 2,290 2,570 1,160 677 190 1,950 1,000 1,340 1,370 1,290 4,650 23,400 7,680 16,000 7,860 3,150 2,780
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Synoptic Sampling

Synoptic or “snapshot” sampling, where discharge mea-
surements and surface-water samples are collected from sev-
eral sites along a reach during a short period (typically within
about 24 hours), was used to describe changes in the discharge
and water quality of Blacks Fork at several sites during 1 or
2 days. This type of sampling is often used to study changes in
stream chemistry because of environmental or anthropogenic
factors (Shope and Gerner, 2014), typically when ground-
water contributions dominate streamflow. The many diver-
sions and return flows in the basin limit the use of synoptic
discharge measurements to calculate specific groundwater
gains or losses (a water balance) or specific salinity loading
from groundwater or irrigation returns. However, the synoptic
sampling on Blacks Fork can be used to describe the general
conditions of Blacks Fork, that is discharge and dissolved-
solids concentrations at different locations and how conditions
change downstream. In order for the synoptic measurements to
best represent conditions when upstream inflows from surface
water were minimal starting at site BF7 (fig. 1), an effort
was made to complete the synoptic sampling during periods
when the previous days did not receive rain. This effort was
not always possible, and the September 2019 sampling was
influenced by rain during the previous day; about 0.75 inch
was recorded during that period at the Mountain View weather
station (NOAA Regional Climate Centers, 2020).

Seven sites were selected for the synoptic sampling of
Blacks Fork above Smiths Fork (fig. 8, table 5), with the most
upstream site (BF11) at the outlet of Mecks Cabin Reservoir
(figs. 1 and 8) and the most downstream site at the streamgage
Blacks Fork above Smiths Fork, near Lyman, Wyo.,
(09219200) (BF3, table 5, fig. 8). Instantaneous discharge
measurement, specific conductance reading, and dissolved-
solids samples were collected at all sites. Synoptic sampling
occurred during months when irrigation diversions and return

Synoptic Sampling 21

flows were considered likely to occur (planned to be in July,
August, and September of 2018 and in June, July, August, and
September of 2019). Of the seven sites, six sites were on the
main stem of the Blacks Fork (fig. 1), and one site, Threemile
Creek (site TM1), was a tributary. A study by the Natural
Resources Conservation Service (2006) determined that much
of the flow in Threemile Creek is return flow from seeps,
springs, and overland flow from irrigation.

Discharge

Instantaneous discharge measurements were recorded
at each of the seven synoptic sampling sites (table 5), either
from a measurement (or estimate) made at the time of sample
collection or by retrieving the data from the streamgage record
(U.S. Geological Survey, 2021a). The most upstream site
(Blacks Fork near Millburne, Wyo., streamgage [09218500],
site BF11) and the most downstream site (Blacks Fork above
Smiths Fork, near Lyman, Wyo., streamgage [09219200], site
BF3) had continuous discharge during the time of the synoptic
sampling (site BF11 is a seasonally operated streamgage). The
daily mean discharge at these two sites and instantaneous dis-
charge during each synoptic sampling are shown in figure 9.

During the synoptic sampling events, site BF11 had the
highest measured discharge among the sites and had the most
variability among the events, with discharge ranging from 47.1
to 950 ft¥/s (fig. 10, table 5). Discharge measured at the other
six sites tended to be more consistent throughout the year,
with the exception of June 2019 (fig. 10). Main-stem dis-
charge decreased within the upper reach between sites BF11
and BF7 as a result of diversions from the river between the
two sites (figs. 1 and 11). Downstream from Threemile Creek
(site TM1), discharge values were similar among sites. The
highest median discharge downstream from Threemile Creek
(site TM1) was at the most downstream site (BF3).

AP Synoptic sampling site and number

Not to scale

Figure 8. Schematic of synoptic sampling sites on Blacks Fork and Threemile Creek, sampled during July, August, and

September 2018 and June, July, August, and September 2019.
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Table 5. Discharge, specific conductance, dissolved-solids concentration, and dissolved-solids load from samples collected from
synoptic sampling sites on Blacks Fork and Threemile Creek, sampled during July, August, and September 2018 and June, July, August,
and September 2019.

[ft¥/s, cubic foot per second; pS/cm at 25 °C, microsiemens per centimeter at 25 degrees Celsius; mg/L, milligram per liter; ton/d, ton per day; NA, not appli-
cable; E, estimated value]

. Specific Dissolved-solids Dissolved-
Date Time D'?:t;'/z;ge conductance concentration solids load
(pS/cm at 25 °C) (mg/L) (ton/d)
Site BF11
07/10/2018 1245 298 69 36 29
08/20/2018 1510 163 96 62 27
09/22/2018 800 47.1 120 68 8.6
06/20/2019 900 950 69 54 138
07/16/2019 1645 472 51 35 45
08/14/2019 915 215 57 37 21
09/10/2019 1720 257 75 54 37
Median NA 257 69 54 29
Site BF7
07/10/2018 1640 10 142 30 2.2
08/21/2018 845 16 153 91 3.9
09/22/2018 950 10 206 119 3.2
06/20/2019 1045 280E 150 105 80E
07/17/2019 830 16 171 112 4.8
08/14/2019 1115 27 149 85 6.2
09/11/2019 815 20 232 147 7.9
Median NA 16 153 105 4
Site TM1
07/10/2018 1620 12 2,290 2,110 68
08/21/2018 1050 3.9 2,490 2,270 24
09/22/2018 1045 2.4 2,380 2,220 14
06/20/2019 1130 40 1,800 1,460 157
07/17/2019 915 28 2,040 1,850 140
08/14/2019 1155 12 2,340 1,990 64
09/11/2019 945 36 2,490 2,240 217
Median NA 12 2,340 2,110 68
Site BF6 or BF6a
07/11/2018 1700 44 1,420 1,150 14
08/21/2018 1210 8.1 822 594 13
09/22/2018 1200 1.8 1,060 817 4.0
06/20/2019 1250 320E 568 383 330E
07/17/2019 1015 14 1,480 1,240 47
08/14/2019 1305 13 1,100 820 29
09/11/2019 1115 38 1,890 1,570 161
Median NA 11 1,100 820 21
Site BF5
07/11/2018 1425 7.1 1,530 1,250 24

08/21/2018 1400 6.9 1,470 1,200 22
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Table 5. Discharge, specific conductance, dissolved-solids concentration, and dissolved-solids load from samples collected from
synoptic sampling sites on Blacks Fork and Threemile Creek, sampled during July, August, and September 2018 and June, July, August,

and September 2019.—Continued

[ft}/s, cubic foot per second; pS/cm at 25 °C, microsiemens per centimeter at 25 degrees Celsius; mg/L, milligram per liter; ton/d, ton per day; NA, not appli-

cable; E, estimated value]

. Specific Dissolved-solids Dissolved-
Date Time D'T;;i;ge conductance concentration solids load
(pS/cm at 25 °C) (mg/L) (ton/d)
Site BF5—Continued
09/22/2018 1315 1.6 2,050 1,770 7.6
06/20/2019 1340 300E 634 449 360E
07/17/2019 1130 24 1,400 1,090 71
08/14/2019 1420 16 1,200 873 38
09/11/2019 1240 52 1,390 1,080 151
Median NA 12 1,400 1,090 31
Site BF4
07/11/2018 1230 11 1,890 1,580 47
08/21/2018 1550 9.2 1,900 1,610 40
09/22/2018 1505 2.7 2,630 2,370 17
06/20/2019 1510 315E 674 482 400E
07/17/2019 1245 27 603 1,300 95
08/14/2019 1540 19 1,360 1,050 54
09/11/2019 1410 42 1,570 1,250 142
Median NA 15 1,570 1,300 50
Site BF3

07/10/2018 1745 20 1,840 1,430 77
08/21/2018 1710 5.9 3,020 2,510 40
09/22/2018 1615 1.1 3,270 2,720 8.1
06/20/2019 1645 272 888 629 461
07/17/2019 1430 63 1,490 1,140 194
08/14/2019 1725 34 1,240 897 82
09/11/2019 1350 78 1,910 1,450 305
Median NA 34 1,840 1,430 82

Melting snowpack resulted in higher flows during
June 2019 (fig. 11). Discharge was higher at all sites during
June 2019 than during other months, but was similar among
main-stem Blacks Fork sites (from BF7 downstream to BF3)
during the same period. The differences in discharge among
main-stem Blacks Fork sites, including and downstream from
BF7, were within the measurement or estimation error associ-
ated with each value. Discharge during June 2019 can be seen
as the outlier values in figure 10.

Before the synoptic sampling in September 2019, precipi-
tation fell over the basin. Runoff from the precipitation can be
seen in the increased discharge at the streamgages Blacks Fork
near Millburne, Wyo. (09218500, site BF11) and Blacks Fork
above Smiths Fork, near Lyman, Wyo. (09219200, site BF3)
(fig. 9). The runoff is assumed to have caused an increase in
discharge, to an unknown degree, at all sites.
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Figure 9. Daily mean discharge at the Blacks Fork near Millburne, Wyoming, and Blacks Fork above Smiths Fork, near Lyman,
Wyoming, streamgage and instantaneous discharge measurements during 2018 and 2019 synoptic sampling.

Dissolved-Solids Concentrations

Water-quality samples were collected and analyzed for
dissolved-solids concentration at each site during the seven
synoptic sampling events. Results indicated that dissolved-
solids concentrations were variable from site to site, and
concentrations were variable among synoptic sampling events
at the downstream sites (BF6, BF5, BF4, and BF3) (fig. 12).
The two most upstream sites, BF11 and BF7 (fig. 8) had the
lowest dissolved-solids concentrations among all sites during
the seven sampling events. Dissolved-solids concentrations
were less variable at sites BF11 and BF7 when compared
to other sites. Sites downstream from site BF7 had larger
dissolved-solids concentrations as well as more variability in
dissolved-solids concentrations among synoptics sampling
events. Site BF3 had the largest range of dissolved-solids
concentrations (629 to 2,720 mg/L) and the largest dissolved-
solids concentration of any site sampled. Site TM1 had the
largest median dissolved-solids concentration of 2,110 mg/L
(table 5) and was the only site where all dissolved-solids

concentrations during the synoptic sampling events were
above 1,800 mg/L. Starting at site BF6, the general tendency
was an increase in dissolved-solids concentration in a down-
stream direction, with the median value increasing (table 5;
figs. 10 and 12), as