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Welcome to the Boulder Creek Watershed

The Boulder Creek Watershed is approximately 1,160 square kilometers (447 square miles) in area and is located in the
Front Range of the Colorado Rocky Mountains, east of the Continental Divide. The watershed includes all the land area that
drains water into Boulder Creek. The watershed has great variation in geology, climate, and land cover. Tributaries of Boulder
Creek include North, Middle, and South Boulder Creeks, Fourmile Creek, Coal Creek, and Rock Creek, along with several
smaller streams. These streams generally flow from west to east. Boulder Creek empties into Saint Vrain Creek, which empties
into the South Platte River. The water in Boulder Creek eventually reaches the Mississippi River and the Gulf of Mexico. The
communities of Boulder, Louisville, Lafayette, Erie, Superior, and Nederland are in the watershed, along with parts of Arvada,
Broomfield, and Frederick. In 2000, about 185,000 people lived in the Boulder Creek Watershed (U.S. Census Bureau, 2001).

A reliable source of high-quality water is important for drinking-water supply, recreation, aquatic life, and agriculture. In
the semiarid environment of the Colorado Front Range, water resources are limited, and waterways are subject to stress by com-
peting uses. The population of the five largest communities in the watershed (Boulder, Lafayette, Louisville, Superior, and Erie)
grew by 36 percent from 1990 to 2000, increasing demands on water resources. This report, prepared by the U.S. Geological
Survey in cooperation with the City of Boulder, presents the state of water quality in the Boulder Creek Watershed in 2005 and
how it has changed over the past 160 years, and identifies potential future water-quality concerns.
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2 State of the Watershed: Water Quality of Boulder Creek, Colorado

Environmental Setting

The Boulder Creek Watershed lies within two physiographic provinces. The mountainous upper watershed is part of the
Southern Rocky Mountains Province and is characterized by deep, steeply sloping valleys. The flatter, lower watershed is part of
the Colorado Piedmont Section of the Great Plains Province and slopes gently to the northeast. The two regions differ substan-
tially in geology, climate, and land cover.
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Near the Continental Divide Urban corridor Agricultural reach of Boulder Creek
Physiography
Elevations in the watershed range from 4,120 meters Creek. The great variation in topography produces five distinct
(13,520 feet) at the Continental Divide to 1,480 meters (4,860  climatic/ecological zones: alpine, subalpine, montane, foot-
feet) at the confluence of Boulder Creek and Saint Vrain hills, and plains.
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Elevation and climatic/ecological zones (data from U.S. Geological Survey, 2005a; a few
mesas are included in the plains climatic/ecological zones despite higher elevations).
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Climate

Temperatures vary widely across the climatic/ecological
zones of the watershed; generally, temperature increases and
the difference between minimum and maximum temperatures

increases with

Environmental Setting

in spring and summer.
decreasing elevation. Most precipitation falls
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Estimated average annual precipitation (based on a model from

Daly and others, 1994 for 16-square-kilometer grid cells).
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as snow in the mountains during winter and spring. Melting of
snow produces high flows in Boulder Creek and its tributaries



4 State of the Watershed: Water Quality of Boulder Creek, Colorado

Geology

The upper watershed is underlain by 1.4—1.8 billion-
year-old metamorphic and granitic bedrock, with deposits of
gold, silver, tungsten, and other metals that were emplaced
30-60 million years ago. The lower watershed is underlain by
65-300 million-year-old sedimentary rocks, including shale,
sandstone, limestone, and coal-bearing deposits (Murphy and
others, 2003). Mountain-building events that occurred about

70 million years ago caused steeply dipping rock layers at
the edge of the mountain front. Ridges and valleys reflect
subsequent erosional processes. Metal and coal mining
fueled settlement of the watershed in the 1860s. Today, sand
and gravel is mined along Boulder Creek, and oil and natural
gas are extracted in the eastern part of the watershed.
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Land Cover

The upper watershed consists primarily of forest,
shrubs, and alpine tundra. The lower watershed consists
of grassland, agricultural land, and urban/developed land.
Agricultural lands primarily consist of pasture and fields
of alfalfa, wheat, corn, and barley. Urbanized land of the

4 )

Upper watershed

plains and foothills has increased substantially in the past
30 years in areas that were previously forest, grassland, or
agricultural land. Reservoirs have increased in number and
size, and sand and gravel quarries along Boulder Creek
have filled with water and formed ponds.
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EXPLANATION

Environmental Setting

LAND COVER

[ URBAN/DEVELOPED
[ GRASSLAND OR TUNDRA || AGRICULTURE

MOUNTAINS

0

Land cover in 1992 (data from USGS, 2003).
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6 State of the Watershed: Water Quality of Boulder Creek, Colorado

Hydrology

Streamflow in Boulder Creek originates primarily as snowmelt near the Continental Divide, so discharge varies seasonally
and annually depending on snowpack depth and air temperature. Low-flow conditions occur from October to March; high-
flow conditions occur from May to July and usually peak in June. Discharge (flow rate) of Boulder Creek and its tributaries is
recorded by several streamflow-gaging stations. Stream discharge data are important in allocating water rights, estimating flood
potential, and evaluating long-term changes in hydrology and water quality. The Orodell streamflow-gaging station, located on
Boulder Creek in Boulder Canyon, has been recording discharge since 1906.
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Orodell streamflow-gaging station on Boulder Creek
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Discharge of Boulder Creek at the Orodell streamflow-gaging station, 1975-2004
(data from USGS, 2004, and Colorado Division of Water Resources, 2005).




Hydrology

7

Boulder Creek and its tributaries are part of a complex 4
water-management system. Diversions remove water from
streams for municipal, industrial, and agricultural use. Res-
ervoirs store water for a reliable year-round supply. Water is
brought into and out of the watershed by transbasin diver-
sions. Wastewater treatment plants contribute treated effluent
that can account for a substantial portion of flow in streams
in the lower watershed during low-flow conditions.

Boulder Creek at Idaho Creek Ditch

Boulder

. Feeder
Boulder “.Canal

Res

Y South Boulder
Creek Diversion
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\_ Hydrologic features (data from USGS, 2002).




State of the Watershed: Water Quality of Boulder Creek, Colorado

How does water management affect the flow of Boulder Creek?

affecting both the quantity and quality of water in Boulder Creek and its tributaries.

The many water diversions and returns in the watershed lead to complex temporal and spatial variations in discharge,

-

The Colorado-Big Thompson Project conveys water from the Colorado River Basin to many
Front Range communities and farms through pipelines and canals. Some of this water is stored
in Boulder Reservoir for drinking water, and some is carried to the Boulder Creek Supply Canal,
which discharges to Boulder Creek. Discharge in the canal varies, depending on downstream

Ditches

delivery requests.

The City of Denver diverts water from the
Williams Fork and Fraser River Basins to
South Boulder Creek through the Moffat
Tunnel. The diverted water, along with
some native water, is stored in Gross
Reservoir and then conveyed by South
Boulder Creek and the South Boulder
Creek Diversion Canal out of the
watershed to Denver’s Moffat Water
Treatment Plant.

Boulder Creek
Supply
Canal

G Lakewood

South Boulder
Cr Diversion

South Boulder C1

Moffat
Tunnel

Coal Creek, which naturally

has a low streamflow, receives
treated wastewater from Erie,
Lafayette, Louisville, and Superior.
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The Boulder Wastewater Treatment Plant (WWTP) discharges about

0.74 m3/s (17 million gallons/day) of treated effluent to Boulder Creek.
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During high flow, effluent from the Boulder WWTP can account for less

than 10 percent of the water in Boulder Creek; during low flow, effluent
can contribute over 75 percent of the water in the creek. Discharge from
the WWTP varies throughout the day, depending on the rate at which
raw sewage enters the plant.

Water stored in Barker Reservaoir is
diverted to the City of Boulder's
Betasso Water Treatment Plant or the
Boulder Canyon Hydroelectric Plant.
Prior to 2001, Middle Boulder Creek
was often dry for some distance
downstream from the reservaoir;
hydroelectric plant discharge

would make up most of the water

in Boulder Creek downstream from

the plant during low flow. Since being
purchased by the City of Boulder in 2001,
less water is being used by the
hydroelectric plant, which has been in
operation since 1910. Boulder now
releases some water from Barker
Reservoir to maintain a minimum flow in
Boulder and Middle Boulder Creeks.

Moffat
Tunnel

STREAMFLOW, IN CUBIC

Boulder Creek
Supply

Ditches

Barker
Res

The first ditch decree
filed on Boulder Creek
was the Lower Boulder
Ditch for $25, with an
appropriation date of
October 1, 1859.

Gross Res

South Boulder
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jer C1

South Bould

Estimated discharge in the watershed during high flow (June 2000, top) and low
flow (October 2000, bottom) (width of blue line represents discharge; data from
Murphy and others, 2003, and Colorado Division of Water Resources, 2005).
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How clean is the water in Boulder Creek? 9

How clean is the water in Boulder Creek?

The answer to this question depends on what one means by “clean.” Water that is considered good quality for aquatic life
may not be considered suitable for human consumption, and vice versa. Water that is esthetically appealing may contain
invisible water contaminants. One way to assess water quality is to compare it to established standards.

Water-quality standards

The Federal Clean Water Act requires States to establish water-quality standards, which are approved by the U.S. Envi-
ronmental Protection Agency (USEPA). Standards have three main components: designated use classifications, water-quality
criteria, and policies to protect against degradation of water quality.

Designated uses are human and ecological uses that are officially recognized and protected. Colorado’s designated use
categories are:

Recreation:

Class 1 - Primary Contact: Waters suitable for recreational activities when ingestion of water is likely, such as swimming,
kayaking, and tubing. There are two subcategories: Class 1A (existing use) and Class 1B (potential use).

Class 2 - Secondary Contact: Waters not suitable for primary contact, but suitable for recreational uses such as wading and
fishing.

Agriculture:

Waters suitable for crop irrigation and for livestock drinking water.

Aquatic Life:

Class 1: Waters capable of sustaining a wide variety of aquatic life, including sensitive species. There are two subcategories:
cold water and warm water.

Class 2: Waters not capable of sustaining a wide variety of cold-water or warm-water aquatic life, including sensitive species,
due to physical habitat, water flows, or uncorrectable water-quality conditions.

Domestic Water Supply:

Surface waters suitable for drinking-water supplies. After standard treatment, these waters will meet Colorado drinking-
water regulations.

(Complete versions of Colorado standards are available from the Colorado Department of Public Health and Environment
(CDPHE; 2005a)

4 N [ )




10 State of the Watershed: Water Quality of Boulder Creek, Colorado

Surface waters within a watershed are divided into seg-
ments, which are then assigned designated uses based on how
the waters are currently used and what uses are desired for the
future. Several designated uses have been applied to waters
in the Boulder Creek Watershed. All of the waters have been
classified for recreation 1A and agricultural use, and all except
for parts of Coal Creek have been classified for domestic water
supply (CDPHE, 2005b). Aquatic-life classifications vary,
depending on water temperature and discharge.

Water-quality criteria are descriptions of the chemical,
physical, and biological conditions necessary to achieve and
protect a water body’s designated uses. For waters with mul-
tiple designations, the criteria must support the most sensitive
use (CDPHE, 2005a). There are both narrative and numerical

Anti-degradation policies are used to protect water
quality. Colorado provides three levels of provisions:
outstanding waters, for which no degradation is allowed;
use-protected waters, for which degradation is allowed so
long as water-quality standards are still met; and reviewable
waters, for which degradation is allowed so long as no rea-
sonable alteratives are available and water-quality standards
are still met (Colorado Foundation for Water Education,
2003). In the Boulder Creek Watershed, all of the tributar-
ies within the Indian Peaks Wilderness Area are designated
as outstanding waters. In general, Boulder Creek and other
tributaries in the mountains are reviewable waters, while
surface waters on the plains are mostly use-protected waters
(CDPHE, 2005b).

criteria. Narrative criteria describe water-quality goals and
provide protection against contaminants that do not have spe-
cific numerical standards. Numerical standards set the accept-
able concentrations of specific contaminants in streams, lakes,
and reservoirs. Water-quality variables for which criteria exist
include physical and biological constituents (such as dissolved
oxygen and fecal coliform), inorganic constituents (such as
ammonia and chloride), and metals (such as arsenic and lead).
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Water-quality assessment

States are required by section 305(b) of the Federal
Clean Water Act to assess and report on the quality of the
State’s waters to Congress through the USEPA. Section
305(b) reports describe the ways a State measures water
quality, the quality of water bodies in the State, and pollu-
tion-control programs. The State of Colorado 305(b) report
is available from the CDPHE (2005c, d).

When credible data on the water quality of a stream or
lake indicate that a standard is not met, the State proposes
that the stream segment be placed on a list of impaired seg-
ments, called the “303(d) list.” The Colorado Water Quality
Control Commission has a public hearing to consider
recommendations and adopts Colorado’s 303(d) list as a
State regulation. The USEPA accepts the 303(d) list from
the State or can list additional segments. The 303(d) list
identifies the component(s) (such as nitrate, lead, or sedi-
ment) that is (are) causing water-quality concerns for that
water body. Some stream segments in the Boulder Creek
Watershed have been on the 303(d) list for ammonia and
E. coli (CDPHE, 2005c, d).

The State is required to prioritize water bodies on the
303(d) list on the basis of the severity of impairment and
other factors. It will then determine the causes of the water-
quality concern and allocate responsibility for the impair-
ment. This analysis is called the Total Maximum Daily
Load (TMDL) process. The State of Colorado also identi-

How clean is the water in Boulder Creek? 11

fies water bodies where there is reason to suspect water-
quality impairment, but uncertainty exists about data quality
or the cause of impairment. These waters are placed on the
Monitoring and Evaluation (M&E) List (CDPHE, 2005c, d).
Some stream segments in the Boulder Creek Watershed have
been on the M&E list for aquatic life, E. coli, selenium, and
chromium VI.

-

Monitoring water quality of Boulder Creek

/ TMDL completed for ammonia. \
On 303(d) list for E. coli; TMDL required.
Not all uses have On M&E list for aquatic life.
been assessed.
TMDL completed
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\ aquatic life. Panama
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12 State of the Watershed: Water Quality of Boulder Creek, Colorado

Water Quality of Boulder Creek from Top to Bottom

Water quality in the Boulder Creek Watershed varies substantially. In general, water quality is best in the high-elevation
headwaters, where human activity is limited and there are few contaminant sources. Water quality declines downstream as
diversions remove water from streams, population density increases, and there are more potential contaminant sources. In lower
Boulder Creek, several factors affect water quality, including wastewater, urbanization, and agriculture.

Headwaters and mountains

The headwaters of the Boulder Creek Watershed origi-
nate primarily from snowmelt and ground water that has
flowed through relatively unreactive bedrock and soil. There-
fore, these waters typically have very low concentrations of
dissolved solids, alkalinity, and nutrients compared to down-
stream waters (Murphy and others, 2003, chapters 3, 4, and 8;
Verplanck and others, 2003). Surface waters generally
have near-neutral pH values, and dissolved oxygen is at
or near saturation. The City of Boulder owns a 30-km’

(12 mi?) protected watershed property in the headwaters of
North Boulder Creek (see map on page 1); public entry is
prohibited to protect this high-quality water source. Much of
the headwaters of Middle Boulder Creek are within the Indian
Peaks Wilderness Area, where motorized vehicles are not per-
mitted. While direct human disturbance is limited, the headwa-
ters are within the “airshed” of the Denver metropolitan area,
where coal-fired powerplants, automobiles, and agricultural

/
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logarithmic scale; from Murphy and others, 2003, chapter 4;
USEPA, U.S. Environmental Protection Agency).
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Headwaters of North Boulder Creek (Arapaho Glacier at far left)

activities release contaminants (such as sulfate and nitrate) to
the atmosphere. These contaminants are carried in the atmo-
sphere to the headwaters area, and returned to the Earth in
rain and snow. Deposition of nitrate and sulfate, even in low
concentrations, may decrease the pH of the poorly buffered
headwaters, causing changes in aquatic ecosystems (Wil-
liams and Tonnessen, 2000). Nitrate also can act as a fertilizer,
changing the growth rates of plants.

The upper watershed was mined intensively in the past
for gold, silver, tungsten, and other metals. Mining can affect
water quality when sulfide minerals in waste rock and tail-
ings interact with water and oxygen to produce sulfuric acid,
which leaches metals from rock and increases metal toxicity
to aquatic organisms. The ore deposits in the Boulder Creek
Watershed usually contain small amounts of sulfides, so runoff
from old mines and tailings piles is typically not acidic or
metal-rich. Metal concentrations in North Boulder and Middle
Boulder Creeks, such as mercury and lead, are usually low
(Murphy and others, 2003, chapter 4). Some tributaries of
South Boulder Creek are acidic and have elevated metal con-
centrations, but flow in these tributaries is too small to have
a substantial effect on the main stem of South Boulder Creek
(Asher-Bolinder, 1995; Colorado Riverwatch, 2001).



Barker Reservoir, on Middle Boulder Creek downstream
from the town of Nederland, stores as much as 14,426,000 m?
(11,700 acre-feet) of water and provides up to 40 percent of
the city of Boulder’s drinking-water supply (City of Boulder,
2002). The reservoir is usually filled during spring runoff and
then drawn off gradually until the next spring. The degree of
drawdown varies from year to year depending on water avail-
ability and demand. Barker Reservoir generally has near-
neutral pH and very low dissolved and suspended solids,
ranging from 15 to 40 mg/L and from O to 4 mg/L, respec-
tively (City of Boulder, unpub. data, 2004). Dissolved oxygen
(DO) concentrations near the surface of the reservoir are
typically near saturation because of photosynthesis and contact
with the atmosphere. The DO concentrations at the bottom of
the reservoir are lower than near the top, reaching their lowest
point in late summer when the reservoir becomes stratified and
the bottom waters do not mix with surface waters. Low DO
can cause release of manganese, iron, and other metals from
bottom sediments into the water, which can cause problems
for drinking-water treatment.
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Barker Reservoir

Nutrients, such as nitrogen and phosphorus, increase
rates of plant growth. This increases the amount of organic
matter produced and consumed and can contribute to the
decline in DO at the bottom of a reservoir. Nederland’s
Wastewater Treatment Plant (WWTP), an aerated lagoon
facility, discharges up to 0.0083 m*/s (189,000 gallons/day)
of treated wastewater to Barker Reservoir (USEPA, 2005).
The WWTP is required by a permit from CDPHE to meet
certain water-quality standards, such as concentrations of
suspended solids, oil and grease, and ammonia. The
Nederland WWTP contributes less than 1 percent of the
total flow into the reservoir but contributes about
66 percent of the phosphorus and 40 percent of the inor-
ganic nitrogen entering the reservoir (City of Boulder,
2002). In addition, homes using individual sewage disposal
systems (ISDSs) are situated on both the north and south
sides of the reservoir (Flynn and Barber, 2000). Malfunc-
tioning ISDSs can be a source of nitrate, phosphorus, patho-
gens, and other constituents to ground water and surface
water.

Water-quality data for the Boulder Creek
Watershed are available from the Boulder Area
Sustainability Information Network (BASIN) Web
site, www.BASIN.org




14 State of the Watershed: Water Quality of Boulder Creek, Colorado

Downstream from Barker Reservoir and Lakewood Res-
ervoir (located on North Boulder Creek and used by the City
of Boulder to store water; see location map on page 1), flow
in Middle Boulder, North Boulder, and Boulder Creeks can
be very low during parts of the year due to diversions. These
streams have near-neutral pH values and DO concentrations
near saturation (Murphy and Waterman, 2005). Dissolved
and suspended solids are generally very low, ranging from 20
to 100 mg/L and from O to 10 mg/L, respectively. However,
runoff from Highway 119, which parallels Middle Boulder and
Boulder Creeks, is a potential source of sediment, automo-
bile fluids, road salts, and debris, and ISDSs in the region are
potential sources of bacteria, nutrients, and consumer products
to ground water and surface water. Historical mining sites also
are potential sources of contaminants; slightly elevated levels

-

of dissolved solids have been detected in Fourmile Creek, \
which was once at the heart of gold-mining activity in the Boulder Creek in Boulder Canyon
watershed (Murphy and others, 2003, chapter 4).
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Abandoned mines and mill near Fourmile Creek




Urban

After water in Boulder Creek and its tributaries leaves
the mountains, temperature, pH, and dissolved solids
increase due to natural and human-related factors. The
underlying geology transitions from igneous and meta-
morphic rocks to more easily eroded sedimentary rocks,
increasing dissolved-solids concentrations. Potential
contaminant sources increase. Much of the water in South
Boulder and Boulder Creeks is diverted in this area, leaving
less water for dilution.

Areas of urban development contain many impervious
surfaces, such as streets, parking lots, sidewalks, and roofs.
Rain and snow cannot percolate into the ground, so large
volumes of water enter streams rapidly. This can erode
banks, damage stream-side vegetation, and widen stream
channels. Also, contaminants from human activities settle
and remain on impervious surfaces until a storm washes
them, untreated, into nearby storm drains and then into
waterways. Common contaminants in urban areas include
oil, grease, metals, and road salt from transportation, sedi-
ment from construction, and nutrients and pesticides from
landscaping. Paulson (1994) found that the metals arsenic,
lead, and copper were highest in Boulder Creek during
large storms.
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criterion based on a geometric mean of representative samplesb

Recreation on Boulder Creek

\

Is it safe to swim in Boulder Creek?

Swimming in any water body involves some degree of
risk. During snowmelt runoff, Boulder Creek discharge
can be dangerously high; values over 30 m3/s

(1,050 ft3/s) have been recorded (USGS, 2004). All of
the waters in the Boulder Creek Watershed are classified
as recreation class 1A, which includes swimming,
kayaking, and tubing (CDPHE, 2005b). Water-quality
criteria for this classification include dissolved oxygen
(DO), pH, fecal coliform, and Escherichia coli (E. coli).
DO and pH in surface waters in the watershed are
usually within the criteria. Parts of Boulder and Coal
Creeks were included on the State of Colorado’s 2004
list of water-quality-impaired streams (the 303[d] list)
because of high levels of E. coli (CDPHE, 2005¢).

E. coli and fecal coliform by themselves usually do not
cause disease; they are used as indicators, which means
they may indicate the presence of other disease-causing
microbes. These microbes are typically present in such
small amounts that they are difficult and expensive to
detect but may cause hepatitis, gastroenteritis, and
dysentery. Potential sources of E. coli are human

(from instream recreation, leaky sanitary sewer lines,
and failing septic systems) and animal (raccoons in
storm drains, pet waste along the creek, waterfowl).
Hundreds of people swim in Boulder Creek each year;
Boulder County Public Health has had no reports of
serious waterborne illness from this use (written
commun., 2005). To minimize contact with bacteria,
the USEPA recommends avoiding swimming after a
heavy rain, near storm-drain outlets, and in areas with
trash or oil slicks in the water (USEPA, 1997).
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Lower Boulder Creek

East of the city of Boulder, the Boulder WWTP is permit-
ted to discharge as much as 77,600 m? (20.5 million gallons)
per day of treated wastewater to Boulder Creek (USEPA,
2005). The wastewater is treated using a trickling filter/solids
contact and nitrification process. The amount of wastewater
discharged varies over 24 hours, depending on water usage
within the city of Boulder. The WWTP is required by a permit
from CDPHE to meet certain water-quality standards. How-
ever, the WWTP effluent does cause a substantial change in
the water quality of Boulder Creek. The effluent contains
higher concentrations of dissolved solids and nutrients than
Boulder Creek, so these constituents increase downstream
from the WWTP (Murphy and Waterman, 2005). Concentra-
tions of suspended solids and fecal coliform in the effluent
are often lower than concentrations in Boulder Creek (due to
permit requirements), so concentrations of these constituents
often decrease downstream from the WWTP.
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Discharge point for the Boulder Wastewater Treatment Plant

Studies of Boulder Creek downstream from the Boulder
WWTP have detected trace organic wastewater compounds
such as steroids, hormones, prescription and nonprescription
drugs, surfactants, and pesticides (Murphy and others, 2003,
chapters 5 and 6; Barber and others, 2006). Recent technologi-
cal advances have allowed the detection of these compounds
at very low levels; some of these compounds were detected
at only a few parts per trillion. WWTPs are not required by
law to remove these compounds, and their environmental and
public health significance is not well understood. The most
abundant wastewater compounds detected in 2000 were ethyl-
enediaminetetraacetic acid (EDTA), a metal complexing agent
found in shampoo, mayonnaise, and vitamins, and nonylphe-
nolethoxycarboxylates (NPEC), breakdown products from sur-
factants, which are components of detergents. Concentrations
of organic wastewater compounds were highest in Boulder
Creek directly downstream from the Boulder WWTP and in
Coal Creek; concentrations decreased downstream. In addi-
tion to organic wastewater compounds, the rare earth element
gadolinium was found to be enriched in the Boulder WWTP
effluent and Boulder Creek downstream from the Boulder
WWTP (Murphy and others, 2003, chapter 4; Verplanck and
others, 2005). Gadolinium has several industrial and medical
uses. Because of its magnetic properties, gadolinium is used
as a contrasting agent in magnetic resonance imaging (MRI).
Organic gadolinium complexes are extremely stable in the
human body and in the environment; because of this stability,
they are not easily removed during wastewater treatment or
instream processes (Bau and Dulski, 1996).



Water quality of Boulder Creek downstream from the
Boulder WWTP is affected by a complex combination of
sources and processes. The degree of effects from the Boulder
WWTP on Boulder Creek depends on the ratio of wastewater
effluent to background streamflow. Wastewater effluent has a
greater effect on water quality when background streamflow in
Boulder Creek is low. During high-flow conditions, snowmelt
runoff provides dilution for dissolved constituents. Therefore,
concentrations of dissolved solids, nitrogen, and phosphorus
in Boulder Creek downstream from the WWTP are typically
lowest during late spring and early summer (Murphy and
Waterman, 2005).

Several diversions downstream from the WWTP remove
a substantial amount of water from Boulder Creek. During
some times of the year, the creek is virtually dry in places.
These diversions remove much of the wastewater chemical
load from the creek. The creek gains water from agricultural
irrigation return flows, tributaries, and ground water. These
inflows provide dilution for nutrients, metals, and waste-
water compounds but can increase some ions, such as sodium,
magnesium, and sulfate (Murphy and others, 2003, chapter
4). Nitrogen (nitrate, nitrite, ammonia, and organic nitrogen)
and phosphorus also are removed from the water by vegetation
uptake, sorption to sediment and organic matter, and bacte-
rial processes. The level of ammonia concentrations that the
Boulder WWTP is permitted to discharge varies throughout
the year, and typically is highest from November to March and
lowest in June (City of Boulder, written commun., 2005).
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Much of lower Boulder Creek has been channelized and
has little riparian vegetation to provide shade, so waters can
reach temperatures as high as 30 degrees Celsius in summer
months (Murphy and Waterman, 2005). Direct sunlight on the
shallow, slow-moving, nutrient-rich water leads to accelerated
algal growth and high rates of photosynthesis.

The high rate of photosynthesis during daylight hours
produces oxygen and consumes carbon dioxide, causing pH
and DO to increase during the day. Respiration and decom-
position, which occur 24 hours a day, consume oxygen and
produce carbon dioxide, causing lower pH values and DO con-
centrations at night. Over a 24-hour period, DO and pH have
fluctuated as much as 12 mg/L and 2.1 pH units, respectively
(Aquatic and Wetland Consultants, 1987).

—e— SEPTEMBER 18, 1986

70 —e— FEBRUARY 5, 1987 7
L 1 L 1 L 1 L 1 L 1 L
6'54 8 12 16 20 24 28
HOURS SINCE MIDNIGHT
18 T

16
141
120
10[

—e— SEPTEMBER 18, 1986
—e— FEBRUARY 5, 1987

DISSOLVED OXYGEN
IN MILLIGRAMS PER LITER

oON b O @
——T

4 8 12 16 20 24 28
HOURS SINCE MIDNIGHT

pH and dissolved oxygen over 24 hours in Boulder Creek
13 kilometers downstream from the Boulder WWTP (data
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Boulder Creek near Highway 287

In water with high pH and temperature values, ammo-
nia takes the form of un-ionized ammonia, which is toxic to
fish. Boulder Creek from South Boulder Creek to Saint Vrain
Creek was included in Colorado’s 303(d) list of impaired
waters in 1992 because of un-ionized ammonia (CDPHE,
2005¢, d). The City of Boulder attempted to improve water
quality by restoring streambank stability, planting vegetation,
and deepening channels, but high un-ionized ammonia con-
centrations continued. In 2003, a TMDL analysis quantified
the amount of ammonia that can be discharged to Boulder
Creek without exceeding standards. The analysis was used
to assign allowable contaminant loads among ammonia
dischargers (CDPHE, 2005¢). Some WWTPs in the water-
shed, including the Boulder and Lafayette WWTPs, have
been or will be upgraded to decrease the amount of ammonia
discharged (Floyd Bebler, City of Boulder, written commun.,
2005; Douglas Short, City of Lafayette, oral commun., 2005).
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Lower Boulder Ditch near diversion from Boulder Creek




Coal Creek merges with Boulder Creek about 13 km
(8 mi) downstream from the Boulder WWTP. Coal Creek
receives wastewater effluent from Erie, Lafayette, Louisville,
and Superior WWTPs, which are permitted to discharge a
total of 40,882 m? (10.8 million gallons) per day of effluent
to Coal Creek or its tributary, Rock Creek (USEPA, 2005).
Because the natural flow of Coal Creek is very small, the
creek is composed almost entirely of wastewater effluent when
it enters Boulder Creek. Therefore, concentrations of dissolved
solids, nutrients, and organic contaminants in Coal Creek often
are elevated relative to Boulder Creek and cause an increase
in these contaminants in Boulder Creek (Murphy and others,
2003, chapters 3, 4, and 5; Murphy and Waterman, 2005).
Coal Creek also may be affected by agricultural return flows.

4 )

Sunflowers near lower Boulder Creek
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Construction of new housing development near Erie
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Coal Creek near Lafayette

Lower Boulder Creek flows through what has histori-
cally been an agriculturally dominated area. About 7,890
kilograms (17,400 pounds) of pesticides (active ingredi-
ent) were applied to agricultural land in Boulder County in
1997 (Murphy and others, 2003, chapter 6). Samples from
Boulder Creek were analyzed for 84 pesticides in June and
October 2000. Seven pesticides, including diazinon and
atrazine, were detected at one or both of the sampling loca-
tions on lower Boulder Creek (upstream from Coal Creek
and upstream from Saint Vrain Creek). Agricultural lands in
the watershed have rapidly been converted to urban areas in
the past decade; one-third (202 square kilometers, or 50,000
acres) of the farm land in Boulder County was converted to
nonagricultural uses between 1992 and 2002 (U.S. Depart-
ment of Agriculture, 2005).

Rock Creek
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What fish species live in Boulder Creek?

Natural conditions in the Boulder Creek Watershed can
be harsh for fish and other aquatic life. Streamflow originates
primarily as snowmelt and thus varies widely both seasonally
and annually. Mountain streams are cold year-round, flow
rapidly and turbulently, are low in nutrients, and have little
or no aquatic shore vegetation (Ellis, 1914). Plains streams
are slower moving and subjected to intense sunlight, causing
temperature, dissolved oxygen, and pH to vary drastically, par-
ticularly in late summer. These conditions lead to a relatively
low number of native fish species able to survive in the water-
shed (Fausch and Bestgen, 1996). Humans have substantially
altered the natural hydrologic regime by diverting water from
streams and building reservoirs, straightening stream channels,
decreasing flow during high-flow periods, increasing flow dur-
ing low-flow periods, and causing daily and hourly flow varia-
tions. In addition, nutrient loading is higher due to wastewater
effluent, habitat has been fragmented, and non-native fish have
been introduced.

Much of lower Boulder Creek was channelized for flood
control. Channelization removes pools and riffles, which are
important habitat for fish. In the 1980s the City of Boulder
restored much of Boulder Creek within the city for recreation,
esthetics, and fish habitat. About 75 fish habitat structures
were built as part of this project, the majority being boulder
drops with excavated pools (Steinberger and Wohl, 2003).
Banks were stabilized, and riparian areas were revegetated.

About 50 fish species, of which about 18 are non-native,
now inhabit the South Platte River Watershed (Fausch and
Bestgen, 1996). Introduced species usually fare best in man-
made reservoirs; in streams, they generally are not successful
because they must compete with species adapted to the water-
shed (Bluestein and Hendricks, 1974) and fluctuating hydro-
logic conditions. Non-native trout are an exception. Rainbow
trout (Salmo gairdneri), brown trout (Salmo trutta), and brook
trout (Salvelinus fontinalis) were stocked in Boulder Creek
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New Zealand mudsnail

(left, approximate size;

right, magnified; courtesy
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Greenback cutthroat trout (courtesy Colorado Division of Wildlife)

White sucker (courtesy Colorado Division of Wildlife)

soon after settlement and are now the principal fish species in
the mountain streams of the watershed and within the city of
Boulder (Thorne Ecological Institute, 1972). These fish out-
compete the native greenback cutthroat trout (Oncorhynchus
clarki stomias), a federally listed threatened species. In

lower Boulder Creek, native white suckers (Catostomus
commersoni) and fathead minnows (Pimephales promelas),
along with non-native common carp (Cyprinus carpio), are the
most abundant species downstream from the Boulder WWTP
(Windell and Rink, 1987). These fish tolerate extreme varia-
tions of temperature, dissolved oxygen, and turbidity. Studies
of Coal Creek found that native creek chub (Semotilus
atromaculatus) and fathead minnow were most abundant
(Bureau of Reclamation, 1981).

Several non-native species are threatening ecosystems
in Boulder Creek, including the New Zealand mudsnail
(Potamopyrgus antipodarum) and the Eurasian watermilfoil
(Myriophyllum spicatum), an aquatic plant. These species
were accidentally introduced, have no natural predators in
the watershed, and spread rapidly (City of Boulder, written
commun., 2005). They negatively affect aquatic ecosystems
by outcompeting native species and reducing biodiversity. A
native species of algae, the diatom Didymosphenia geminata,
also is affecting Boulder Creek. This diatom was once rare
and restricted to pristine lakes and streams. In recent years,
however, it has formed excessive growths in Boulder Creek,
as well as many streams of Western North America (Sarah
Spaulding, USGS, oral commun., 2005). Loss of native spe-
cies and biodiversity can lead to a decline in population and
diversity of fish, because their food supply has been affected.
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What is the quality of ground water in the Boulder Creek Watershed?

Surface water and ground water are closely connected;
contamination of ground water can affect water quality of
Boulder Creek and its tributaries.

The mountainous part of the watershed is underlain by
crystalline bedrock with generally low water-storage capac-
ity. Ground water is present in fracture zones, with depth to
ground water ranging from tens to hundreds of feet (Bruce and
McMahon, 1998). Most homes in the mountains are served by
wells and individual sewage disposal systems (ISDSs).

The plains part of the watershed is underlain by sedimen-
tary rock, and ground-water sources are the all