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Welcome to the Boulder Creek Watershed

The Boulder O eek Watershed is approximately 1,160 squareki | onet ers (447 squaremiles) in areaand islocated in the
Front Rangeof the ColoradoRocky Mountains, east of the Continental Divide. The watershed includesall theland areathet
drainswater into Boulder O eek. The water shed hasgreet variation in geology, climate, and land cover. Tributaries of Boulder
Qe indude North, Middle, and South Boulder Creeks, Fourmile O eek, Coal Creek, and Rock Cresk, along with several
smaller greams These streams generally flow from west to east. Boulder G eek emptiesinto Saint Vrain G eek, which empties
into the South Platte River. The water in Boulder Creek eventually reaches the Mississippi River and the Gulf of Mexi co. The
communities of Boulder, L ouisville, Lafayette, Erie, Superior, and Nederland are in the water shed, along with parts o Arvada,
Broomfield, and Frederick In 2000, about 185,000 people lived in the Boulder Cresk Watershed U S Census Bureau, 2001).

A reliablesource of high-quality water iSimportant for drinking-water supply, recreation, aquaticlife, and agriculture. |n
the semiarid environment o the Colorado Front Range, water resour cesare limited, and waterways are subject to stress by com-
peting uses. Thepopulation o the five largest communitiesin the water shed (Boulder, Lafayette, L ouisville, Superior,and Eri€)
grew by 36 percent from 1990 to 2000, increasing demandson water resources. This report, prepared by the U S Geological
Survey in cooperation with the City of Boulder, presentsthe state of water quality in the Boulder Cresk Watershedin 2005 and
how it has changed over the past 160 years, and identifiespotential future water-quality concer ns.

City of Boulder
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2 S at e of the Watershed: Water Quality of Boulder Creek, Colorado

Environmental Setting

The Boulder Creek Watershed lies within two physiographic provinces. The mountainousupper watershed ispart of the
Southern Rocky MountainsProvinceand ischaracterized by deep. steeply doping valleys. Theflatter, lower watershed is part of
the Colorado Piedmont Section of the Great Plains Provinceand slopesgently to the northeast. Thetwo regionsdiffer subgtan-
tially in geology, climate, and land cover.

Near the Continental Divide Urban corridor Agricuttural reach of Boulder Creek
Physiography
Elevationsin the water shed range from 4, 120meters Creek. The greet variation in topography producesfivedistinct
(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 Cresk and Saint Vrain hills, and plains
é EXPLANATION
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Elevation and climatic/ecolagicat zones (data from U.S. Geological Survey, 2008s; a few
mesas are included In the plaing climatic/ecological zonas despits higher elavations).




Climate

Temperaturesvary widely acrossthe climatic/ecological
zonesd the watershed; generally, temperatureincreasesand
the differ ence between minimum and maximum temperatures

increaseswith decreasngeevation. Most precipitation falls
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a snow in the mountainsduring winter and spring. Mdting of
snow produceshigh flowsin Boulder Creek and its tributaries
in soringand summer.



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

Geology

Theupper watershed isunderlain by 1.4-1.8 billion-
year -oldmetamor phicand granitic bedrock, with depositsof
gold, silver, tungsten. and other metalsthat were emplaced
30-60 million yearsago. The lower watershedis underlain by
65-300 million-year-old sedi nent ary rocks including shale,
sandstone, limestone, and coal-bearingdeposits (Murphy and
others, 2003). Mountain-building events that occurred about

70 million years ago caused steeply dippingr ock layersat
theedge of themountain front. Ridgesand valleysreflect
subsequent erosional processes. Mtd and cod mi ning
fudled settlement of the watershed in the 1860s. Today, sand
and gravel ismined along Boulder Cresk, and ail and natural
gas areextracted in the eestern part of the water shed.

0 10 KILOMETERS T
| |

\_ Geology (from Tweto, 1979, and Green, 19921
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Land Cover

The upper water shed consstsprimarily of fores,
shrubs and alpine tundra The lower watershed consists
o grasdand, agricultural land, and urban/developed land.
Agricultural lands primarily consist of past ure and fields
of alfalfa, wheat, corn, and barley. Urbanized land of the

Upper watershed

plainsand foothillshas increased substantially in the past
A years in areasthat were previoudy forest, grasdand, a
agricultural land. Reservoirshave increased in number and
size, and sand and gravel quarriesalong Boulder Cresk
havefilled with water and formed ponds.

Lower watershed
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6 State of the Watershed: Water Quality of Boulder Creek, Colorado

Hydrology

Streamflow in Boulder G eek originatesprimarily as snowmelt near the Continental Divide, so dischar ge varies seasonally
and annually depending on snowpack depth and air temper ature.L ow-flow conditions occur from October to Mar ch; high-
flow conditionsoocur from May to July and usually pesk in June. Discharge (flow rate) of Boulder Cresk and itstributariesis
recorded by several streamflow-gaging Stations. Stream dischar gedata are important in allocating water rights, estimating flood
potential, and evaluating long-term changesin hydrology and water quality. The Orodell str eamflow-gaging station, located on
Boulder Geek in Boulder Canyon, has been recording dischar gesince 1906.

Oradell streamflow-gaging station on Boulder Creek
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Discharge of Boulder Creek at the Orodell streadow-gaging station, 1975-2004
{data from USGS, 204, and Colorado Division of Water Resources, 2005}




Hydrology

Boulder Cresk and itstributariesare part of a complex
water-management system. Diver sionsremove water from
streams for municipal, industrial, and agricultural use. Res
ervoirsgorewater for areiableyear-round supply. Water is
brought into and out of the watershed by transbasin diver-
sions. Wagtewater treatment plantscontributetreated effluent
that cam account for a substantial portion of flow in Sreams
in thelower watershed during low-flow conditions.

Boulder Creek at Idaho Creek Ditch

Boulder

Glacier
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BOULDER CANYON
HYDROELECTRIC FLANT AND

ORCDELL STREAMFLOW-GAGING
STATION

\_ Hydrologic features (data from USGS, 2002).

Boulder Res #1
Feeder e,

Y South Boulder
Creek Diversion
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8 State of the Watershed: Water @uality of Boulder Graek, Colorado

How does water management affect the flow of Boulder Creek?

Themany water diversionsand returnsin the water shed lead to complex temporal and spatial variationsi n di schar ge,
affecting both the quantity and quality of water in Boulder Creek and itstributaries.

/’

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
delivery raquests.

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.

.......

Seanth Bowdeder
¢ bieri ” Coal Creek, which naturally

has a low streamflow, receives
treated wastewater from Erle,

Lafayette, Louisville, and Superior.

EXPLANATION
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WABTEWATER TREATMENT PLANT
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@ BOULDER CANYON HYDROELECTRIC PLANT
AND ORODELL STREAMFLOW-GAGING BTATION

The Boulder Wastewater Treatment Plant (WWTP) discharges about
0.74 m¥/s (17 million gallons/day) of treated effluent to Boulder Creek.
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.

10KILOMETENS

Bealeler Creed
Sgply
Clanal

Water stored in Barker Reservoir 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 reservoir; :

hydroelectric plant discharge The first ditch decree
would make up most of the water filed on Boulder Creek
in Boulder Creek downstream from was the Lower Boulder
the plant during low flow. Since being Ve Ditch for $25, with an
purchased by the City of Boulder in 2001, 7 appropriation date of
less water is being used by the October 1, 1859

hydroelectric plant, which has been in
operation singe 1910. Boulder now

releases some water from Barker
Reservoir to maintain a minimum flow in
Boulder and Middle Boulder Creeks.

Estimated discharge in the watsrshed during high flow (June 2000, top) and low
flow {October 2000, bottom) {width of blue line reprasents discharge; data from
Murphy and others, 2003, and Colorado Division of Watsr Resources,
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Measured discharge of Boulder Creek and WWTP during high flow (June 2000)
and low flow (October 2000) (data from Murphy and others, 2003).




How cleanis the water in Boulder Creek? 9

How clean is the water in Boulder Creek?

Theanswer to thisquestion dependson what one meansby " clean." Water that is considered good quality for aquatic life
may not be consider ed suitablefor human consumption, and viceversa. Water thet isesthetically appesaling nay contain
invisiblewater contaminants ne way to assess water quality iSto compareit to established gandards.

Water-quality standards

The Federal Clem Water Act requires States to establish water-quality standards, which are approved by the U SEnvi-
ronmental Protection Agency (USEPA). Standards have three main components. designated use classifications, water-quality
criteria, and policiesto protect againgt degradation of water quality.

Designated uses arehuman and ecological uses that are officially recognized and protected. Colorado's designated use
categoriesare

Recreation:

Class 1 - Primary Contact: \Watersuitable for recreational activitieswhen ingestion of water islikely, such as swimming,
kayaking, andt ubi ng. Therearetwo subcategories: Class 1 A {(existing use) and Class 1B (potential 1s9).

Class 2 - Secondary Contact: Watersnot suitablefor primary contact, but suitable for recreational uses such as wading and
fishing.

Agriculture:

Watersauitablefor crop irrigation and for livestock drinking water.
Aquatic Life:

Class 1: Waterscapable of sustaining awide variety of aquatic life, including sensitivespecies. There aret W subcategories
cold water and warm water.

Class 2: Watersnot capableof sustaininga widevariety of cold-water ar var revat er aguatic life, including sensitivespecies,
duetophysical habitat, veter fl o/. o uncorrectable water -quality conditions.

Domestic Water Supply:

Surfacewaterssuitablef or drinking-water supplies. After gandard treatment, these water swill meet Colorado drinking-
water regulations

(Completeversonsd Calorade standards are availabletrom the Colorado Department & Public Healthand Environment
(CDPHE; 2005a)




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

Surface waterswithin a watershed aredivided into seg-
ments, which are then assigned designated uses based on how
the watersare currently used and what usesare desired for the
future Several designated uses have been appliedto vaters
inthe Boulder O eek Watershed. All of the watershave bean
classified for recreation 1A and agricultural use, and all except
for partsaf Coal Cresk have been classified for domestic water
supply( CDPHE, 2005b). Aquatic-lifeclassificationsvary,
depending on water temperature and discharge.

Water-quality criteriaare descriptionsof the chemical,
physical,and biological conditionsnecessary to achieveand
protect a water body's designated uses. For waterswith mul-
tipledesgnations, the criteriamug support themost sensitive
use( ADPHE, 2005a). There are bath narrative and numerical
criteria. Narrative criteria describe water-quality goals and
provide protection againg contaminants that donot have spe-
cific numerical Sandards Ninari ca standards set the accept-
able concentrations of specificcontaminantsin streams, lakes,
and reservoirs. Water-quality variablesfor which criteriaexi st
includephysical and hi d ogi cal constituents (such asdissolved
oxygenand fecal coliformy), inorganic congtituents (such as
ammoniaand chloride), and metals (such asarsenic and lead).

Anti-degradation policies areused to protect water
quality. Colorado provides thres levelsof provisions:
outstanding vt er's, for which no degradation isallowed;
useprotected vt er's, for which degradation isallowed so
long as water-quality sandardsare still met; and reviewable
waters, for which degradation is allowed solong asnorea-
sonablealter ativesare availableand water -quality st andar ds
ae still met (Colorado Foundation for Water Education,
2003). In the Boulder Creek Watershed, all of thetributar-
ieswithin the Indian Reaks Wilder nessAreaare designated
as outstanding waters.| n general, Boulder Cresk and other
tributariesin the mountainsarereviewablewater s, while
surface water son the plainsare mostly use-protected waters

( CDPHE, 2005b).

4 EXPLANATION N
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Water-quality classifications in the Boulder Creek Watershed (data from CDPHE, 2005h]. )




Water-quality assessment

Satesarerequired by section 305(p) of the Federal
Clean Water Act to assess and report on the quality of the
State's waterst o Congressthrough the USEPA. Section
305(b) reportsdescribethe ways a State measur eswater
quality, the quality of water bodies | n the State, and pollu-
tion-control programs. The State of Colorado 305(b) report
isavailablefrom the CDPHE (2005¢, d).

When credibledataon the water quality of a Sream or
lakeindicatethat a sandard isnot met, the State proposes
that the stream segment be placed on a list of impaired seg-
ments called the “303(d) lit." The Colorado \&¥e Quality
Control Commission hasa publichearing to consider
recommendations and adopts Colorado's 303(d) lig as a
state regulation. The USEPA acceptsthe 303(d) List from
the state ar can list additional ssgments. The 303(d) list
identifies the component(s) (such as nitrate, lead. or sedi-
ment) that i s (are) causing water-quality concerns for that
water body. Some stream ssgmentsin the Boulder O eek
Water shed have been on t he 303(d) lis for anmmoniaand
E. coli (CDPHE, 2005c, d).

The Stateis required to prioritize water bodieson the
303(d) list on the basis of the severity of impairment and
athe factors. It will then determinethe causesd the water -
quality concern and allocate responsibility for theimpair-
ment. Ti s analysisiscalled the Tdd Maximum Daily
Load (TMDL) process. The State d Colorado also identi-

How clean is the water in Boulder Creek? 1

fieswater bodies wherethere isreason to suspect water-
quality impairment, but uncertainty existsabout data quality
a the cause of impairment. These waters are placed on the
Monitoring and Evaluation (M&E) List (CDPHE, 2005c¢, d).
Some gream segmentsin the Boulder Cresk Watershed have
been on the M&E list for aquatic life, E. coli, selenium, and
chromiom VI

Monitoring water quality of Boulder Creek

{data from CDPHE, 2005¢).
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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. |n general, water quality is best in the high-elevation
headwater s, where human activity is limited and there are few contaminant sources \&e quality declines dowvngreamas
diversonsremove water from streans. population density i ncreases, and there aremorepotential contaminant sources. In lower
Boulder Cresk, saveral factors affect water quality, includingwastewater, urbanization, and agriculture.

Headwaters and mountains

Theheadwaters of the Boulder Cresk Water shed origi-
nate primarily from snowmelt and ground water that has
flawed through relatively unreactive bedrock and soil. There-
fore, these waters typically have very low concentrations of
di ssol ved selids, alkalinity, and nutrientscompar ed to down-
stream waters (Murphy and others, 2003, chapters 3,4, and §;
Verplanck and others, 2003), Surface waters generally
have near-neutra pH values, and dissolved oxygen is at
o saturation. The City of Boulder owns a 30-km”

(12 mi?) protected watershed property | N theheadwater sof
North Boulder Cregk(see map on page 1); public entry is
prohibited to protect this high-quality water source Much o
the headwatersof Middle Boulder Cresk are within the Indian
Peaks Wilderness Area, where motorized vehicles arenot per-
mitted. While direct human disturbance i s limited, the headwa-
ters are Within the “airshed” of the Denver metropolitan areg,
wher e coal-fired powerplants, automobiles, and agricultural
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compared to USEPA drinking-water standard (note
logarithmic scale; from Murphy and others, 2003, chapter 4;
USEPA, U.S. Environmental Protection Agency).

. J

Headwaters of North Boulder Creek {ArapahoGlacier at far left)

activitiesrelease contaminants( Such as sulfateand nitrat€)to
the atmosphere. These contaminants ar e carried in the atmo-
sphere to the headwatersarea, and returned t 0 the Earthin

rain and snow. Deposition of nitrateand sulfate, even in low
concentrations, may decrease the pHof thepoorly buffed
headwaters, causing changesin aquatic ecosystems(Wil-
liamsand Tonnessen, 2000). Nitrate alse can act asafertilizer,
changing the growth rates of plants.

The upper water shed was mined intensively in the past
for gold, silver, tungsten, and other metals. Mining can affect
water quality when sulfide mineralsin waserock and tail-
ingsinteract with water and oxygen to produce sulfuric acid,
which leachesmetals from rock and increasesmetal toxicity
t o aquatic organiams, The ore deposits in the Boulder Creek
Water shed usually contain small amountsof sulfides, sor unof f
from old mres and tailingspilesistypically not acidica
metal-rich. Metal concentrationsin North Boul der and Middle
Boulder Creeks, such as mercury and lead, are usually low
(Murphy and others. 2003, chapter 4). Sone tributariesd
South Boulder Creek are acidicand havedevated metal con-
centrations, but flow in thesetributariesis too small to have

ubgantial effect on the main stern of South Boulder Creek
{Asher-Bolinder, 1995; Colorado Riverwatch, 2001).




Barker Reservair,on Middle Boulder Creek downstream
from the town of Nederland, Soresas much as 14,426,000 m?
(11,700 acre-feet) o water and provides up to 40 per cent of
thecity of Boulder'sdrinking-water supply (City of Boulder,
2002). Theresarvairis usually filled during spring runoff and
then drawn df gradually until the next spring. Thedegree o
drawdown variesfrom year to year degpending on water avail-
ability and demand. Barker Reservoir generally hasnear-
neutral pH and very | ow dissolved and suspended solids,
ranging from 15 to40 mg/L and from O to 4 mg/L, r espec-
tively (City of Boulder, unpub. data, 2004). Dissolved oxygen
( DO) concentrationsnear t he surface of the reservoir are
typically near saturation because of photosynthesisand contact
with the atmosphere. The DO concentrations at the bottom of
thereservoir arelower than near the top, reaching thar lowest
point in late Umme when the reservoir becomes gtratified and
the bottom watersdo not mix with surf ace waters. LowDO
can causerdease of manganese, iron, and other metals from
bottom sedi nent s intot he water, which can cause problems
for drinking-water treatment.
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Dissolved oxygen saturation in Barker Reservoir (data
from City of Boulder; reservoir is not sampled November-May
duetoice cover).
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Barker Reservoir

Nutrients, such as nitr ogen and phosphor us, increase
rates of plant growth. Thisincreasesthe mount of organic
matter produced and consumed and can contributeto the
declinein DOat the battom of a resarvoir. Nederland's
Wadewater Treatment Plant (WWTP), an aerated lagoon
facility, dischar ges up to 0.0083m?%/s (189,000 gallons/day)
of treated wastewater to Barker Reservoir {USEPA, 2005).
The WWTP isrequired by a permit from CDPHE to meet
certain water-quality sandards, such as concentrations of
suspended sd i ds, oil and grease, and ammonia. The
Nederiand WWTP contributes lessthan 1 percent d the
total 1 owirto thereservair but cont ri but es about
66 percent of the phosphorusand 40 per cent of thei nor-
ganic nitrogen enteringtheresarvair (City of Boul der,
2002). In addition, hones usi ng individual sewage disposal
syst ens (ISDSs) are situated on both thenorth and south
sdesof theresarvair (Flynn and Barber, 2000). Malfunc-
tioning ISDSs can be a sour ce of nitrate, phogphor us patho-
gens, and other congtituentsto gr ound water and surface
water.

( Water-quality data for the Boulder Creek w
Watershed ar e availablefrom the Boulder Area
Sustainability |nformation Network (BASIN) Web [

site, www.BASIN.org
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Downstream from Barker Reservoir and Lakewood ReS:
ervoir (located an North Boul der Creek and used by the City
d Boulder to sorewater; seelocationmap on page 1), flow
in MiddleBoulder, Nrth Boulder, and Boulder Gegks can
be vary low during parts of theyear dueto diversions. These
streams have near-neutral pH values and DO concentrations
neer saturation (M urphy and Waterman, 2005). Dissolved
and suspended solidsare generally very low, ranging from 20
to 100 mg/L and from 0 to 10 mg/L, r espectively. However,
runoff from Highway 119, which paralles MiddleBoulder and
Boulder O eeks, isa potential source of sediment, automo-
bilefluids, road salts, and debris, and ISDSs in theregon are
potentia sources of bacteria, nutrients, and consuner products
to ground water and surface water. Higtorical mining sitesalso
arepotential sources of contaminants; slightly el evat ed levels
of dissolved solids havebeen detected in Fourmile Cresk.
which vas onced the heart of gold-miningactivity in the Boulder Creek in Boulder Canyon
watershed (Murphy and others, 2003, chapter 4).

Abandoned mines and mill near Fourmite Creek




Urban

After water in Boul der G eek and itstributariesleaves
the mountains, temperature, pH, and di ssol ved solids
increasedue to natural and human-reated factors The
underlying geology transtionsframigneousand meta-
mor phic recks to moreeasily eroded sedimentary rocks,

i ncreasi ng dissolved-solids concentrations, Potential
contaminant sour cesincrease. Much of the water in South
Boulder and Boulder Gesks isdivertedin thisarea, leaving
less water for dilution.

Areasof urban development cont ai n many impervious
surfaces, such asstreets, parking lots, sidewalks, and roofs
Rain and snow cannat percolate into the ground, S0 large
voumesof vater enter streans rapidly. Thiscan erode
banks, damage Sream-sdevegetation, and widen stream
channes. Also, contaminantsfrom human activities settle
and remain on impervioussurfaces until a sorm washes
them, untreated, into nearby starmdrai ns and t hen into
waterways. Common contaminantsin urban areasinclude
oil, grease, metals, and road salt from transportation, Sedi-
nent from construction, and nutrientsand pesticides from
landscaping. Paulson (1994) found that the metals arsenic,
lead, and copper were highest in Boulder O eek during
large storms.
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Geomatric means of £, eali concentrations in Boulder Creek
within the CGity of Boulder, 2003-2005, and CDPHE recreation 14
criterion (data from City of Boulder; N, number of samples;

Qiierion based on a geometric mean of representative samples).

Water Quality of Boulder Creek from Top to Bottom 15

Recreation on Boulder Creek

~
/Is it safe to swim in Boulder Cresk?

Swimmingin my water body involves some degree Of
risk. Duri ng snowmelt runoff, Boulder Creek discharge
can be dangeroudy high; values over 30 m3/s
(1,050 ft3/s) havebeen recorded USGS, 2004). All o
the watersin t he Boulder Creek Watershed are classified
as recreation ¢lass 1A, which includes swimming,
kayaking, and tubing (CDPHE, 2005b). Water-quality
criteriafor this dassfication indude dissolved oxygen
(DO), pH, fecal coliform, and Escherichiacdi (E. coli).
DO and pH in surface waters in the watershed are
usually within the criteria. Partsaf Boulder and Coal
Qedks were indudedon the State of Colorado’s 2004
list of vat er-qual i ty-i npal red streams (the 303[d] list)
becaused high levelsof E. coli (CDPHE, 2005¢).

E, ¢oli and fecal coliform by themselves usually do
caw disease; they areused as indicators which means
they may indicate thepresence o other disease-causing
microbes. These nicrobes are typically present in such
sd| amountsthat they aredifficult and expensive to
detect but may cause hepatitis, gastroenteritis, and
dysentery. Potential sources o £. coli arehuman

(from instream r ecreation, leaky sanitary sewer lines,
and failing septic systems) and animal (raccoons i n
gorm drains, pet waste dong the cresk, waterfowl).
Hundreds of people swim in Boulder Cresk each year;
Boulder County Public Health hashad ne reportsof
serious waterborneillnessfrom this use (written
commun., 2005). Tominimize contact with bacteria,
the USEPA recommendsavoiding snvimming after a
heavy rain, near storm-drain outlets, and in areas with
Lﬁashcr oil slicks inthewater (USEPA, 1997).

4
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Lower Boulder Creek

Ead of thedity of Boulder, the Boulder VWAT P is permit-

ted to discharge asmuch as 77, 600m? (20.5 million gallons)
per day of treated wastewater to Boulder Creek (USEPA,
2005). The wastewater istreated usi ng atri ckl i ng filter/solids
contact and nitrification process. Theamount of wastewater
discharged variesover 24 hours, depending on water usage
within thecity of Boulder. The WWTPisrequired by a permit
from CDPHEto meet certain water-quality sandards How-
ever, the VWM P effluent does cause a substantial changein
the water quality of Boulder G egk. The effluent contains
higher concentrationsof dissolved solidsand nutrientsthan
Boulder Gesk, 30 these congtituentsincrease downgream
from the VWAT P(Mur phy and Waterman, 2005). Concentra-
tions of suspended solidsand fecal coliform in the effluent
are often lower than concentrationsin Boulder Cresk (due to
permit requirements), so concentrationsof thesecongtituents
often decr ease downstream from the WWTP.
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Concentrations of athylenadieminetetraacstic acid (EDTA} and
nonylphenolathoxycarboxylstes (NPEC)in Boulder Creek and

inflows, October 2000 (Murphy and others, 2003, chapter 5.
~

Discharge pointfor the Boulder Wastewater Treatment Plant

Studiesof Boulder Creek downst r eamf ramthe Boulder
WWTP havedetected trace organic wastewater compounds
such as geroids hor nones, prescriptionand nonprescription
drugs, surfactants, and pesti ci des( Mur phy and others 2003,
chapters5 and 6 Barber and others, 2006). Recent technologi-
cal advanceshaveal | oved t he detection of these conpounds
a very | owlevels; sone of thesecompoundsweredetected
at 0Ny a few parts per trillion. WWTPs are not required by
| aw to remove these compounds, and ther environmental and
public health significance isnot well understood. The most
abundant wastewater compounds detected in 2000 were ethyl-
enediaminetetraacetic acid (EDTA), a ratd complexing agent
found in shampoo, nayonnai se, and vitamins, and nonylphe-
nolethoxycarboxylates (NPEC), breakdown products from sur-
factants, which are components of deter gents Concentrations
of orgamic wastewater compoundswere highest in Boulder
Cek directly downgreamfrom the Boulder WWTP and in
Coal O eek; concentrations decreased downstream. |n addi -
tion to organic wastewater compounds, therareearth element
gadolinium vas found to beenriched in the Boulder VWMP
effluent and Boulder Cresk downstream from t he Boulder
VWM'P (Murphy and others, 2003, chapter 4; Verplanck and
others, 2006). Gdd i n umhas several industrial and medical
uses. Because Of itsmagnetic properties, gadoliniumis used
asa contrasting agent in magnetic resonanceimaging (MRI).
O gani ¢ gadal i ni umconpl exes are extremely stablein the
human body andin the environment; because of thisstability,
they are not easily removed during wastewater treatment or
instream processes (Ban and Dulski, 19%).



Water quality of Boulder O eek downstream framthe
Boulder WWTP isaffected by a complex combination of
sour ces and processes, Thedegreed effectsframthe Boulder
WWTP on Boulder Cresk dependson theratio of wastewater
effluent to background streamflow. Wastewater effl uent has a
greater effect on water quality when background streamflow in
~Boulder O eek islow. During high-flow conditions, snowmelt
runof f provides dilutionfor dissolved congtituents. Therefore,
concentrationsof dissolved solids, nitrogen, and phogohorus
in Boulder @ ek downstream from the WWTP are typically
lowest during late spring and early summer (Murphy and
Waterman, 2005).
Several diver sonsdownstream from the WWTF remove
a Subgtantial amount of water from Boul der Creek. Duri ng
somet i nes of the year, the creek isvirtualty dry in places.
These diver sonsremove nuch of the wastewater chemical
load from the creek. The creek gainswater from agricultural
irrigationreturnflows, tributaries, and ground water. These
inflowsprovidedilutionfor nutrients, metals, and waste-
water compoundsbut can increase someions, such as sodi um
magnesum, and sulfate (Murphy and others, 2003, chapter
4). Nitrogen (nitrate, nitrite, anmoni @, and organic nitrogen)
and phogphorusalso areremoved from the water by vegetation
uptake, SOrption to sediment and organic matter, and bacte-
rial processes. The level of ammoniaconcentrationsthat the
Boulder WWTP ispermitted to dischar ge varies throughout
the year, and typically ishighest from November to March and
lowest in June (City of Boulder, written commun., 2005).
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Much of lower Boulder O eek hasbeen channelized and
hasllittleriparian vegetation to provideshade, so waters can
reach temper aturesas high as 30 degrees Celsiusin summer
monthg Mur phy and Waterman, 2005). Direct sunlight on the
shallow, slow-moving, nutrient-richwater leadsto acceierated
algal growth and hi gh ratesof photosynthesis.

Thehigh rateof photosynthesisduring daylight hours
produces oxygen and consumescar bon dioxide, causing pH
and DO toi ncrease during the day. Respiration and decom-
position, which occur 24 hoursaday, consune oxygen and
produce carbon dioxide, causing lower pH valuesand DO con-
centrationsat night. Over a 24-hour period, DO and pH have
fluctuated as much as 12 mg/L and 2.1 pH units, respectively
(Aquaticand Wetland Consultants, 1987).
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pH and dissolved oxygen over 24 hours in Boulder Creek

13 kilometersdownstream fromthe Boulder WWTP (data

from Aquatic and Wetland Consultants, 1987}, )
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In water with high pH and temperature values, ammo-
nia takest he form of un-ionized ammonia, which istoxicto
fish. Boulder Creek from South Boulder @ eek to Saint Vrain
( eek vas included in Colorado's 303(d) list of impaired
watersin 1992 because of un-ionized ammonia (CDPHE,
2005c¢, d). TheCity o 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, aTMDL analysisquantified
the amount of ammonia that can be dischar ged to Boulder
Cresk without exceeding gandards The analysiswas used
to assign allowablecontaminant loadsamong ammonia
dischargers (CDPHE, 2005¢). Some WWTPsin the water-
shed, including the Boulder and Lafayette WWTPs, have
been or will beupgraded to decrease theanount of ammonia
discharged (Floyd Bebler, City of Boulder, writtencor nnun. ,
2005; DouglasSort, City of Lafayette, oral commun., 2005).

Lower Boulder Biteh near diversion from Boulder Creek
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Coal Creek merges with Boulder Creek about 13km
(8 mi) downst r eamfrom the Boulder WWTP. Coal O eek
receiveswastewater effluent f raomErie, Lafayette, L ouisville,
and Superior WWTPs, which are permitted to discharge a
total of 40,882 m? (10.8 million gallons) per day of effluent
to Coal (r eek or itstributary, Rock Creek (USEPA, 2005).
Becausethenatural flow of Coal Cresk is very small, the
cresk iscomposed almost entirely of wastewater effluent when
it enters Boulder G eck. Therefore concentrati ons of dissolved
solids, nutrients, and organic contaminants in Ceal O eek often
areelevated reativeto Boulder O eek and causean increase
in thesecontaminantsin Boulder Creek (Murphy and others,
2003, chapters 3, 4, and 5; Murphy and Waterman, 2005).
Coaal Creek alsomay beaffected by agricultura return flows.

Coal Creek near Lafayette

Lower Boulder O eek fl o through what hashistori-
cally been an agriculturally dominated area. About 7,890
kilograms (17,400 pounds) of pesticides(active ingredi-
ent) wereappliedt o agriculturalland in Boulder County in
1997 (Murphy and others, 2003, chapter 6) . Samples from
Boulder O eek wereanalyzedfor 84 pesticidesin Juneand
October 2000. Seven pesti ci des, induding diazinon and
atrazine, weredetected at one @ bath of thesampling | a -
tions w lower Boulder Creek( upst ream from Coal Creek
and upstream from Saint Vrain Creek). Agricultural lands in
the water shed haver apidly been converted t 0 urbanar ess in
thepast decade, one-third (202squar e kilometers, or 50,000
acres) of the farm land in Boulder County was converted to
nonagricultural uses between 1992 and 2002 (U.S. Depart-
Sunflowers near lower Boulder Creek ment of Agriculture, 2005).

Construction of new housing development near Erie 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 andturbul ently, arelow in nutrients, and havelittle
or no aquatic shore vegetation (Ellis, 1914). Plains streams
are slower moving and subj ect ed to intense sunlight, causing
temperature, dissolved oxygen, and pH to vary drasticaly, par-
ticularly in late sunmer . These conditionslead to a relatively
low number of native fish speciesableto survivein the water-
shed (Fausch and Bestgen, 19%). Humans have substantially
altered the natural hydrologic regimeby diverting water from
st reans and building reservairs, straighteningstream channels,
decreasing flow during high-flow periods, increasingflow dur-
inglow-flow periods, and causingdaily and hourly fl owvaria-
tions. In addition, nutrient |oading 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 flwd
control. Channelizationremoves 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 pool s{Steinberger and Wohl, 2003).
Banks were stabilized, and riparian areas were revegetated.

About 50fish species, of which about 18 are non-native,
now inhabit the South Platte River Watershed (Fausch and
Bestgen, 1996). Introduced speciesusually fare best in nan-
made reservairs; in streams, they generally arenot successful
because they must conpet e with species adapted to the water-
shed (Bluestein and Hendricks, 1974) and fluctuating hydro-
logic conditions. Non-native trout are an exception. Rainbow
trout {Saimo gairdneri), brown trout (Salme truita), and brook
trout (Salvelinusfonrinalis} were stocked in Boulder Creek

New Zealand mudsnail
(left, approximate size;
right, magnified; courtesy
\Colorado Division of Wildlife)

State of the Watershed Water Quality of Boulder Creek, Colorado

White sucker [courtesy Colorado Division of Wildlife)

soon after settlement and are now the principal fi sh speciesin
the mountain Sream of the watershed and within thecity of
Boulder (Thorne Ecological Ingtitute, 1972). Thesefish out-
competethe nativegr eenback cutthroat trout (Oncorhynchus
clarki stomias), afederally listed threatened species. In

lower Boulder Creek, native white sucker s (Catostonus
commnersoni) and fathead minnows (Pimephales promelas),
along with non-nativecommon carp (Cyprinus carpio), arethe
most abundant species downstream framthe Boulder WWTP
{(Windell and R nk, 1987). Thesefish tolerateextreme varia-
tions of temperature, dissolved oxygen, and turbidity. Studies
of Coal (r eek found that native creek chub (Semotilus
atromaculatus) and fathead n nnow were most abundant
(Bureau o Reclamation, 1981).

Several non-native species arethreatening ecosystems
in Boulder Creek, including the New Zealand mudsnail
(Potamopyrgus antipodarum) and the Eurasian watermilfoil
(Myriophylium spicatum), ah aquatic plant. These species
were accidentally introduced, have no natural predatorsin
the watershed, and spread rapidly (City of Boulder, written
commun,, 2005). They negatively affect aguatic ecosystems
by outcompeting native speciesand reducing biodiversity. A
naive speciesd algae, thediatom Didymosphenia geminata,
aso isaffecting Boulder G eek. Thi s diatom wasonce rare
and restricted to pristine lakes and streams. | n recent years,
however, it hasformed excessivegr owt hs in Boulder O eek,
aswell asmany streams o Western North America(Sarah
Spautding, USGS, oral commun., 2005). Loss o native spe-
ciesand biodiverdity can lead to a declinein 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;
contaminationof ground water can affect water quality of
Boulder Creek and itstributaries.

The mountainouspart of thewat er shed is underlain by
crystallinebedrock with generally low water-storage capac-
ity. Ground water is present in fracture zones, with depth to
ground water rangingf r omtensto hundreds of feet (Bruceand
McMahon, 1998). Most homesin the mountainsare served by
wells and individual sewage disposal systems(| ).

Theplainspart of the watershed is underlain by sedimen-
tary rock, and ground-water sources are the aluvial aguifer,
which underliesvalley bottoms, and the Laramie-Fox Hills
aquifer (Romero, 1973). Thedluvia aquifer isclosely con-
nected to surface water.

Ground-waeter quality in the Boulder Creek Watershed
isnot well known. Dissolved-solids concentrations generally
arelower in the upper watershed becausecrygalline bedrock
ismoreresistant to dissolution by gr ound water (Bruceand
McMahon, 1998). Ground-water quality can be affected by
overlying land use, mafunctioning 1SDSs, leaking under-
ground storage tanks (LUSTs), and landfills. Application of
pesticidesand fertilizersin agricultural or urban settingscan
introduce these compoundsto ground water; the pesticides
atrazine and prometon, aong with nitrate, have been detected
in ground water in the lower watershed (Bruceand O’Riley,
1997). Applicationaf chlorinated drinking water to lawnscan
introduce chloroform, abyproduct of drinking-water disinfec-
tion, to ground water.

kG round water/surface water interaction,

Approximately 14,4000nsite wastewater Systems
(OMEs) , which includel 65 and other systemsthet treat
sewage on aproperty instead of dischargingto a wastewater
treatment plant, arein usein Boulder County (Boulder County
Public Hedlth, written commun., 2005}, About one-half of
Boulder County isin the Boulder Creek Watershed. Approxi-
mately 6, 000 of theseOW Ssare unapproved, and 8,400 are
more than 23 yearsold. Leaking OWSs havethe potential
tocontribute bacteria, nutrients, and consumer productsto
ground vat er and surfacewaer.

Thereare dozensof underground storaget anks in the
Boulder @ eek Watershed. After nany years, thesestedl tanks
can corrode and leak contentsto ground vt &. These LUSTs
can contain gasoline, digsel, and other petroleum products.
Methyl tertiary butyl ether (MTBE), which hasbeen added
to gasoline since the 1970s and isapotential carcinogen, has
been found to be widespreadin afluvial ground water of the
Denver metropolitanarea (Bruce and McMahon, 1998).

Landfillsalso can be sourcesdf ground-water contaminar
tion. TheMarshall landfill, which operated from 1965 to 1992,
was found to be leaching polychlorinated biphenyl{ R(Bs),
toluene and other organics, and arsenic and other metalsto
ground and surfacewater{ U S Bureau of Reclamation, 1981).
The stewasadded to the USEPA’s Superfund Listin 1983. A
ground-water collection syst emand water-treatmentfacility
were installedin 1993 and closed in 2004, with monitoring
ongoing (Foyd Bebler, City o Boulder, written commun.,
2005).
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What was the quality of water in the Boulder Creek Watershed in the past?

Pre-1858

Prior to European-Americansettlement in 1858, the
Boulder Creek Watershed was spar sdy populated by Native
Americans, who had littleeffect on the landscapeexcept
perhapsin altering fire regimes, leading to changesin erosion
from hillsides and channels (Wohl, 2001). Beforeextensive

water management and reservoir development, which beganin.

1859, streamwater dischar gein much of the watershed would
have been higher during much of the year. Dissolved solidsin
surf ace water would have been low in the mountains, dueto
crystallinebedrock, and higher on the plains, wher e bedrock
issedimentary. Dissolved solids would have been lowest dur-
ing snowmelt runoff. Boulder and Cozal Creekson the plains
would havehad largetemperaturevariations, as they do today.
Bacterialevelsin the streamswould have been low unless
many peoplear animalsvere nearby. Thefirst whitesettlers
described streams in the watershed as " pure” and “full of fish™
(O.L. Baskin and Company, 1880). Dri nki ng water typically
camedirectly out of streams, S | avwells, or ditches and was
not treat ed.
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1859 to 1920

By 1830, dozens of gold and silver mnes were operating
in the upper watershed. Thefirstt ypes of mines wereplacer
mines, where sediment was dumped into rocker boxes @
duices, broken gpart with water, and pr ocessed with mer-
cury. Lode mining followed; thisinvolved crushing chunks
of bedrock and processing it with chlorine, nér cury, cyanide,
and bromide in nil|s (Cobb, 1988). Lode mining, primarily
aong Fourmile Creek, alowed much greater production; gold
productionreached its peak in 1892. Toxic chemicals used in
processing were disposed of on theground or in streams. Mill
tailings caused the water in Boulder O eek downst r eamfrom
Fourmile O eek to have a" milk-like turbidity” (ColoradoState
Board of Hedth, 1878) which, when consumed, gave the" sen-
sation of swallowingrope' {Boulder Daily Camera, 1905a).
Mining vas closdly followed by timber harvesting. Boulder
Q eek vas used to deliver lumber downstream,and large
bouldersand streamside vegetation ver e blasted toimprove
passage (Wohl, 2001). Forest firefrequency increased, lead-
ingto ercdonand release of sediment and dissolved solidsto
streams.

TheCity of Boulder fought mines and millsto reduce
the discharged wasteto streams (Boulder Daily Camera,
1905k}, but in 1890 avoided most contamination by mov-
ing itswater intake upstream from Fourmile Creek. In 1900,
however, tungsten was discovered in the watershed. and many
minesoperated along Middleand North Boulder Creeks. The
populaiond the upper watershed swelled. In 1807, all of
thefishin several miles of Boulder Creek werekilled by mill
waste (Ellis, 1914). To avoid cont ani nat i on by mining and
sewage, Boulder moved itsintake to Nrth Boulder Creekin
1906 and built Lakewood Reservoir and H pel i ne. Bacteria
contamination continued from work campsand cottages, S0 in
1919 Boulder added additional water i nt akes at higher eleva-
tions, purchased much of the headwater area of North Boulder
Creek, and eventually closed the areato the public {Phielps,
1916; Bur ns and McDonnell Engineering Co., 1921).
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In the Marshall Coal Mine, near Langford (now Marshall), circa

1880-1893 (by Ira Kneeland; courtesy Carnegie Branch Library
for Local History)

. C X ~‘J¢/J T _.:_-L-'
Placer mining on Fourmile Creek, circa 1890-1900

(by J.B. Sturtevant: courtesy Carnegie Branch Library
for Local History, Boulder Historical Society Collection)
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In the eastern part of the water shed, thetownsof Erie,
Lafayette, L ouisville, Marshall,and Superior were founded
toupport underground coal mines. Thesecommunitiesfir st
obt al ned drinking water from wells. Eventually, Lafayette,
Louisville, and Eriediverted water from South Boul der G eek.

Early in Coloradohi story, inadequatedisposal of human
wastewas aproblem. In 1877, the newly established Colorado
StateBoardd Health reported that “This beautiful land...
blessed with good water ... free from all contaminations! ess
than two decades since, isnow in many places, sadly changed.
The crowded habitationswhich have sorung up. . . e inimmi-
nent danger of losing thar healthfulness... by atmospheric
and vete pollution” (Colorado State Board of Health, 1877).
Quthouses and cesspools were used throughout the Boul der
Q eek Water shed, many of thesewerecloseto dri nki ng-vat er
wells(University of Celorado Extension st udi es, 1921).

\
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PER 100,000 POPULATION

NUMBER OF TYPHOID CASES

e L WEBRPL
1830 1940 1950
YEAR

Annuattyphoid cases (including deaths) in Boulder County,
1802-1880 (data from Colorado State Board of Health reports,
1902-1947 and U.8. Public Health Service, 1952-1980).
N /

1960 1870 1980

I'n 1895, the City of Boulder installed itsfirst Sewer pipes,
which direted sewage to a settling basn and then to Bounlder
Creek. However, the settling basin had littleeffect; for a mile
downstream, water in the cresk resembled sewage, fish were
absent, and cattle and horses refused to drink (Bishop, 1908).
I'n 1905, at the Sane time that Boulder sought an injunction
against mill pollution of Boulder O eek, farmers downst ream
complained about Boulder enpt yi ng untredt ed sewage into the
creek (Boulder Daily Camera, 1905b). South Boulder Creek
Vs contaminated by bacterial pollution from the resort com-
non ty of Elderado Springs (University of ColoradoExtension
studies, 1921). High incidenceof typhoid, which iscarried by
water contaminated with human waste, wasrecorded in
Boulder County intheearly 1900s.
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South Boulder School, Eldorado Springs, circa 18861890,
with outhouse in background (by J.B. Sturtevant, courtesy
Boulder Camegie Branch Library, Boulder Historical Society
Collection)
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1920 to 1950

When World War | ended, tungsten mining decreased in
the Boulder Creek Water shed, and many mining communities
became ghost towns. Forest fire suppression began in about
1920 (Wohl, 2001). These factorslikely led to an improve-
ment in water quality of the upper watershed. Simultaneously,
National and State water-quality regulations,induding the
first Federal drinking-water standards, were being enact ed.
Townsand citieswithin the watershed began to treat drink-
ing-water supplies with chlorinationand(or) filtration (U.S.
Public Hedlth Service, 1950). However, poor wastewater
disposal practices continued toresult in contamination of the
water shed. Statewide, the practice of discharging untrested
sewagetorivers, which werethen used to irrigate crops, vas
tied to typhoid fever and dysent ery when people consumedthe
crops. Thisled several neighboring Statesto boycott produce
framthe South Platte Valley (Colorado State Board of Health,
1930,1960; Chapman, 1934). Bet ween 1934 and 1939, the
populationin Colorado served by sewage-treatment facili-
tiesincreased from 6 to 84 perocent (Colorado State Boar d of
He th 1939). The @ty of Boulder built itsfirs WWTP in
1934, but it did littleto treat sewage effectively (U.S. Public
Health Service, 1950). Gold and tungsten mining in the upper
water shed boomed again when thepriced goldrosein 1934
and World War I began in 1939.

Contamination of water resour cesnationwideled to the
Water Pollution Control Act of 1948, which established that
States Wereprimarily responsiblefor water-pollution control
and that the Federal government would provide fi nanci a
and technical assistance(Stoddard and ot hers. 2002). That
same year, a sudy of the South Platte River Basin found that
Boulder Creek, likemost streams in the basin, contained high
amountsof coliform bacteria, high biological oxygen demand
(BOD), and low dissolved oxygen downstream from thetwo
existing WWTPs in the water shed (Boulder and Lafayette),
particularly duringlow-flow conditions(U.S. Public Health
Service, 1950). Erig, L ouisville, Nederland, and Superior vere
gill usingouthousesand septic systems.
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What wasthe quality of water inthe Boulder Creek Watershedin the past?

1950to present

The population of the City of Boulder doubled between
1940 and 1960, increasing wastewater load. The @ty of
Boulder built anew WWTP with secondary treatment (trick-
ling filter and chlorination) on Eag Pearl Street in 1957.
Coliform output decr eased substantially, but duet o continuing
rapid population growth, the WWTP was quickly overloaded
and released sewage with high suspended solids content and
high biological oxygen denand (BOD) (U.S. Department of
thelnterior, 19672, b). Below the WWTP, Boulder Geek vas
norky and gray, vith only asmall nunber of tolerant organ-
ismsliving in thecreek. In 1968, Boulder constructed an addi -
tional WWTP on 75th Street, downst r eamf ramthe Boulder
C ek Supply Canal. Both WWTPs dischar ged to Boulder
Creek until 1975, when the East Pearl WWTP began diverting
primary effluent to the 75th Stret WWTPfa secondary treat-
nart (the Eas Pearl WWTP closed in 1980). Water quality of
Boulder Creek improved, but dissolved-oxygen concentrations
weredtill low and the water was murky and smelled of sewage
(USEPA, 1972).

By 1965, Eie and Louisvillehad built WWTPs,

which along with Lafayette di schar ged to Coal Cresk (U.S.

Department o thenterior, 1967a). The USEPA (1972}
found that Coal Creek was contaminated with coliform
bacteria,and was chemically and bacteriologically & grad-
ing lower Boulder Creek. Contaminationdf ground-water
supplieshy inadequate septicsyst ens alSO was becoming
aproblem in mountainous partsof thewatershed (Boulder
Daily Caner a, 1973).
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In 1972, the Federal Water Pallution Control Act Amend-
mentg nowknown asthe Clean Water Act) were passed, with
thegoal to" resore and maintain thechemical, physical, and
biological integrity of theNation's waters' and to attain " fish-
able and svimmable' waters throughout the Nation. The act
required that every point-sour cedischarger of pollutantsobtain
apermit and meet water-quality sandards, and that all pub-
licly owned VWM Ps must performa ni ni numaf secondary
treatment (Stoddard and others, 2002). Several o the WWTPs
in the water shed wer e upgraded.

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

Since the Clean Water Act was passed, additional
regulationsand dricter water-quality Sandardshave required
WWTPs in the water shed to upgrade several timesin the past
30 years. Theseimpr ovementsdecr eased the amount of BCD,
suspended solids, ammonia, coliform bacteria, and chlorine
being dischargedto Boulder and Coal Cregks, and increased
dissolved oxygen concentrationsbelow WWTPs (Arthur Dike,
City of Boulder, written commun., 1985; Murphy and oth-
ers, 2003, chapter 3). Industrial pretreatment programsnow
regulate the waste that industriescan discharge to VWVIPS.
In 2005, the Boulder WWTP vas being upgraded to improve
ammoniaremoval (Floyd Bebler, City of Boulder, written
commun,, 2005).
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DISTANCE FROM SAINT VRAIN CONFLUENCE, IN KILOMETERS
Dissolved-oxygen saturation along Middle Boulder Creek/Boulder
Creek in 1950,1978, and 2000-2004, and locations of wastewater
discharge (from 1988 to 1975, there weret wo WWTPs discharging
to the creek; data from U.S. Public Health Service, 1950;
Kodadek, 1978; City of Boulder).
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Population growth in the water shed continued to
increaserapidly. Thecombined populationsof the four com- 50,000 |
munities dischargingto Coal Creek, historically a very low I
flow stream, increased from 7,168 in 1970 to 57,436 in 2000 0

(U.S. Census Bureau, 2001). All of these communities(Erie,
Lafayette, L ouisville, and Superior) upgraded or built new
WWTPs in thepast 20 year sto accommodate thisgrowth.

1920 1940
YEAR

1860 1880 1900 1960 1980 2000

Population of Boulder County, 1860-2000 (data from U.S.
Census Bureau, 2001; *Erie and Broomfield populations
include only portions within Boulder County; Broomfield
becamea separate county in 2001).

[\ i




0pe10]07) ‘PaYSISIEAN }8817 Jap|nog Al 10§ Bulawi]

i ﬂ | Pv AIEND J@BM SN -L86)

| 7 19 |04U07) SEOUEANS DXOL n:és

1Y 81 Bupjuu 9jeS 'S 7.6}

E_naau#zaai.t%-sau.ns

{10/ JaI N URDID) SYUOWIPUAIY 10 101D UONO JIEM [BI9POS -ZL61

ggg%ﬁ&gwm -0L61
..n..n._s.é!vi eEiilu.EaEEEEi-;SES.Sn
n 19 pibea) 2y AEND JI8M 'S 115981

1Y [04U0D) oMo JeIEN (BB ] -0CB1
fanuny uonl any
g%ﬂﬁiﬂ??ﬁ%ﬂi%%ﬂ?ﬁ%ﬂﬁﬂ%@udﬂ
Jajem Jo uogoeioud pue JuewWIRal "S0IN0S 0] 940 ualipedeq Ainseal) ‘g’ Aq padope Egs_a;b:ieo.m«o_.
(suien o) Auewd i J3{EM Bunjuup [B18pS.] je1 PBYEIEISE BJIAIBS LJESH AN S'N ~FL6)
uonnjod Jeiem pue SSESSIP SUIOG) j O} Iu ©) [BJ6P8 PEZUCLINE [0V BAAISS YESH Jand 'S'N -Z161
ggg;g%&!giggggﬁasﬁtgifgag 1S OPRIO|OD -Z06L
1Y SI0QURH PUE SiBAR 216094 -08B1L
PUSHQEIS YIIaH JO pIeog alNg OPeIoD -B.81

8 3 7 © o © @ =] B @ & ] ® » ® » ® @
E g g g 3 g g £ 8 8 3 g g g 3 g g &
Buinbuo Buuoiuow :.su..ﬂ.ﬁs_i [ .
WOl wa 164y SUBL ] = 3 133 y .
e T [t i S R S e e e
goo WowsAoW SIYEY D -5981-098 1 ﬂi]ﬂl‘llﬂ‘g!ﬂggii‘i
PBADL 1811110 of | M, J8pInog ! o peuedo Aiope 4 suodes)y Jespnp siElJ A¥I0Y -Z561
o e ot <002 i oo b sl Ai03siH [euoibay pue jeuonenN
B L 5007 | T8N UeBIoy £554-056)
Eggxsi.m!ﬂig S.suagh!in 1002 _ M PUOM -GI61-6E61
LA M8 Jinq BUT -000Z ueBieq uosseideq jeasg Byl -6Z6/
ALMM PIIASINGT] O} SjUsLWaA0IIW) 666 | {48M PHOM -BUBH-¥16L | 0o0iine) 1iadng 10 (MO 9681
P! Jgigisﬁﬁ%r pepunoy epadejen Jo umoL -geo;
JLMM HING Jouedng -Z88) | PAUSHQRISS OPRIOIOD JO ANSIDAILN <£/8)
s ooy s ey SRS 2 1 T e
& %ggisiﬁ 1-Z86L E¥3us§§jhu¥ﬂuhwﬂo§.n»ﬂ
UM HeRd 1983 ' LMM t!.om SuewanCHdW| =l
5 i ey i !l.o:w-w.mm.mw Y00 SHULNG PUR JGRINCY JO BIUDNYUOD O) JHP|NOE WO YING UGALED Jopin amsvg 844 -GoglL
.E,as.m.s L S9PINOR 7261 MG S S081 1981
LM MEU 1ING B3 -1 28) PeysIgRIEE AjUNOD) JBRINOR PUE CPRICICT) O
..Seﬂsinmsaﬂ.ﬁ&;_sgzén pepuno) I IO pue .!s.an_o SuMo] 6581
#1e43da 0 RENUALGS LM bead 1923 u.ﬂs!ﬂn:;_sﬁsn £ SUpINCg) 4981 Bﬁ.ﬁa:seuﬁaasztz&ﬁ:i.»ﬁ.%o
i B
.S;ns epuo0os), allokeje ut JONEDEG 6008
_ % é@cﬂaﬁ ..Sﬂanm_.mww_. BERUDIN BURISIND Ssmﬂmie 0 ued Buweeq ResR JEpINog -£0gL
11100} U JeukdYaASD 1UARIA O JOPINOR L PORSEd BIUEVIO PUFY ONYE. -G58 goue)d Aq powierd AXgiuel vl paie Jepinog -£081-008)
LM 11 1583 UIIM Padexdas d LA JopInog -L561 uanum BouapudapU| JO UOIBIBDAQ 4L L
pajedios [eueg Aiddng iuixinvlﬁggi phopalics B2 ujeds Aq pewiep A U eese J9pINOR -00R 1-VEP|
oﬂﬁtﬁ;“!;vans!fi&!q._ﬁi:_ ﬁ..___ W JpInog -1 umu OpEI0I0T) Ul BUjALE SUBWNY JO 93URPIAG 1814 ~'D'E 000'FE
PUNQI-IBaA atem B ueBaq Jepinog 661

§§E&§E§&§§§§§§I§§§Bw_§§ 4 @e
0 o LMM 151 5 PHakeiET -S0ps)
H0AI) JOPINOE LINOS 10 BIAM POUOPLBGE BUT Y81 M) $1UBKd JUBWISDI JO1BMm MO 1IN BT ‘alIakeje] DIIASINGT -GE-/E6L
paso2 dwnp ebeqiel Aqreeu u) §§§§g§~§z§ WU Eal} JNEMBISEM 15Ul §JapIN08 YE61
WBLIWSADD 51 WoJ) Jeoe9 oyedety paseuoind sepinog jo AND -8261
_ 0 1UPlef 20mOc [UWIEA] OPISONET 261
gzasusﬁgesasgsa_éd&,

{51124 J8pinog Jeddn o) gmvgxﬂsgv& acc__un-_a 3..!._Mw Japyniog jo Al 161
i§§§§§§§ VI PESH) ‘JIOASERY PADMNE) I8 DaRBU| JUBId UOREULIGILE pint 6L

JEIL UMOD PIR] SIBMES LLOJS | Eazau-ﬁhunams@sﬁm .........
1)U JUB| DUI98(B0IPAL LDAU _%tu_aomuﬁ m_aﬁna &"m" | w
%ao:_tnﬁo g} o e Jo A3 <006 g:o Qz bsﬂ;
, H56310) JEDINOG YiNOS Wy JelEm Bureap SllIASINGT ¥O6L : s S =
ﬁfmgiéxaaa uadien §oog 1¢ pajeisu dwnp ebequel pup uiseq Bujros obewm Ma..w_vﬁom Pie] Uiew J0mas 1Si1 -G8

7 | - 921D 10S WO IFEM uebaq aualee -08g 1
L

saiem Buny ..Eu BU3 payddns sjam ue: {3 89
WBALT) IBPINOG O] JapInog P Ay Jing i S
OIS 0} A2 Woy Wweansdn ejiw euo ¥ gtgﬁmgg%vﬂﬂﬁ Sux.o M 15Uy S Jepinog -G,
SN PIOUDSTIOY JO) SIGIUP pUR 9 WOy E paLed S!weanomﬁha.ecm
f (190 150INOR JamaT) PAISIILS PAUSIIEM Ul LY 184 6581

L | | | |

@Z s1sed ay) ui paysiaiep 49219 1ap|nOg AN Ul J31EM Jo Aljenb 11 SEA B




2 S a e of the Watershed: Water Quality of Boulder Creek, Colorado

How does water quality in the Boulder Creek Watershed compare to other Front
Range watersheds and to watersheds nationwide?

TheNational Water-Quality Assessment (NAWQA) Program of the USGS assesses water quality of water shedsacr oss the
United States. NAWQA studies indicatethat contaminantsare w despr ead, albeit conmonl y at low concentrations, acrossa wide
ranged landscapesand land uses (Hamilton and others, 2004). Thehighest nutri et and pesticide concentrationsvere det ect ed
in agricultural and urban streams. Thesest r eans usually contain complex mixtures of nutrientsand pesticides. Nationally, at
least one pesticide vas found in 94 percent of d| surface-water samples. Contaminant concent rat i ons varied with seasons, typi -
cally with long periodsof low a nondetectable concentrationsand brief periodsdf nuch higher concentrations.

The South PlatteRiver Watershed, whichi ncl udes the
Boul der G eek Watershed, has been studied aspart of the "
NAWQA Program. The NAWQA st udy evaluated data based
on fivel and-use categories: forest, agricultural, urban, mixed
urban/agricultural, and rangeland. The st udy found that water
quality in the forested mountain region of the South Platte
River Watershed was generally good, while water quality
in urban and agricultural areas was degraded (Dennehy and
others, 1998). M ost surface-water sampling Siteslocated in
urban, agricultural, and mixed urbar/agricultural land-use
areashad nutrient concentr ationsthat were among the
highest 25 percent of all 20NAWQA study units sasmpled
during 1992-95 (that is, 75 percent or more of samplesfrom
each sitehad total nitrogen concentr ations greater than

—
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CONCENTRATION, IN MILLIGRAMS PER LITER

Undeveloped  Agricuftural  Uban  Mixed

7.3mg/L asN and tatal phosphor usconcentrations greater
than 0.87 mg/L as P). Tatal nitrogen concentrationsin EXPLANATION
streams along the Colorado Front Range wer e subgtantially DOMINANT LAND USE

greater downstr eam from WWTPs. Nutrient levelsin noun-

tain and rangeland sampling sitesin the Sout h Platte River

Watershed, however, wer e among the lowest nationally. Shallow ground water
Water-quality datafor Boulder G eek are similar to data

Streams and rivers

from the South Platte River Watershed NAWQA study in the Melor aquifers
same land-usecategories. Nutrient concentrationsin forested Total nitrogenin streams and nitrate in ground water for all
headwater and mountainregionsarelow a undetectable \_USGS NAWDOA study units(from USGS, 1999). Y,
downstream from urban areas, nutrient concentr ationsare
within therangeof the highest 25 percent of the NAWQA
study units (Murphy and Waterman, 2005).
4 )
EXPLANATION
@ ninmIme .
of NAUYOA siroem siteg) Information about the USGCS NAWQA program iS
. Between the median and the 75" percentile available at http://water.usgs.gov/nawqa/
O 8 the 25% percentlle and the medi
Less than the 25™ percentile
O (amaong the lowest 25 percent
of NAWQA stream sites)
O Insufficient data for analysis

Ranking @ nutrientconcentrations in the South Platte River

Watershed relativeto all NAWQA stream sites (bold outline of
circleindicates one or more aguatic-lifecriteria were exceeded;
\from Dennehy and others, 1998).
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What will be the water-quality issues in the Boulder Creek Watershed in the
future?

As population has grown in the Boulder O eek Water shed, patential water-quality effects from urbanization haveincreased.
Conversion of forest and agri cul tural land tourban land usehasresultedin i ncreased impervious surfacearea, which causes
rain and mdted snow te trave quickly to streams as surface-water runoff, carryi ng sediment and accumulated contaminants.
Congruction alsocontributes sediment to streams if runof f isnot controlled. In 2001, CDPHE enacted regulations that require
urbanareas with populations over 10,000 to manage stormwater toreduce pollutant loading( COPHE, 2005f). These regulations
require publiceducation, illicit dischar ge detection and dimination, constr uction Stestormwater runoff control, and pallution
preventionfor municipal operations. In the Boulder Creek Water shed, theseregulationsaffect Boul der County and the cities
of Boulder, Erie Lafayette, L ouisville, and Superior. The listingof Boulder (0 eek through thecity of Boulder as an impaired
stream because of high levelsdf E. coli hasalso focused attention on urban runoff. | dentifyingsources of becteri a is difficult,
and researchisongoi ng {Stoeckel and others, 2004).

Information about stormwater programsin the
water shedis availablef ramthe Water shed
Approach to Stream Health (WASH) program at
www.BASIN.org/WASH

I ncreased population means more wastewater, which
contributes nutrients and organic wastewater contaminants
to sreams. Hovever, VWM P expansions to accommodate
growth usually improve nutrient removal. The Boulder
WWTP, the largest contributor of ammoniato the water shed,
isbei ng upgraded to improveammoniaremoval. Organic
wastewater contaminants, such as pharmaceutical drugs, hor-
mones, and cleaning products, which are generally not regu-
Iated, have bean found i n effluent from the Boulder WWTP
and WWTPs and riversthroughout the Nation (Kolpin and
others, 2002; Murphy and others, 2003, chapter 5). Theeffects
o nany of these compoundsere unknown, and thereare no
water-quality Sandardsfor most of t hem Potential concerns s —
includeabnormal physiological processes and reproductive B FEDERALORSTATELAND o SeacE
hnpzll(ijxment (Daught?]g and 'PI]‘emes, 1999) .dSI udi es of fi ;sh in MUNICIPALITY. PLATTED SUBDIVISION, OR HIGHWAY
Boulder Creek and the South Platte River downstream from | COUNTY BOUNDARY
WWTPs detected a high famale to male ratio and reproduc
tive abnormalities (Vajda and others, 2004). New analytical
resear chintothe ecological effectsd these emerging contami-
nart s isneeded to fully undersand human health and ecosys
tem implications.

Whilepopulation growth and urbanization in the Boul-
der Cresk Watershed hasbeen rapid in recent years, therate
of growth will likely be lower in thefuture. Boulder County
and communitieswithin thecount y have preserved about
445 square kilometers(110,000acres) d land as open space

10 KILOMETERS

or conservation easements (Boulder County Parks and Open g ¢ 5 ratien la , -
Space, written commun., 2005). Thereisalso open spacein o ,
Broomfield. Jefferson. and Wed Countieswithin the water - Land ownership in the Boulder Creek Watershed in 2005 (data

’ ’ rovided by U.S. Forest Service, Boulder County, and Jefferson
shed. Much of the upper watershed j¢ poiona forest o city- ?:ounty)- ' y

owned protected water shed property.
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Summary

Boulder Creek and itstributariesare vital for providing drinking water, agricultural irrigation, aquatic habitat. recreation,
and power generation. The suitability of water for these usesis commonly determined by water quality. Water quality in the
Boulder O eek Watershed isaffected by natural factorssuch as geology, dimate, and physiography, and human-caused factors,
such as viest evt e effluent, runoff framroadsand urbanized areas, agricultural practices, atmosphericcontaminants and other
0Ur ces Water-quality effects are compounded by the many water diver sionsin the water shed, which often leavelittlewater in
greamsto providedilution. The rdativeeffect of thesefact ors on water quality has changed over time and will continueto shift
with changesin land and water use. Know edge of water quality isimportant for effectivewater-resour ceand | and- use pl anni ng.
Thisreport provi des an assessment of water quality in the Boulder Geek Watershed at thebeginning of the 21st century and
how it has changed over the past 160 years The information can be used as abasdinefar evaluating water quality changesin
thefuture.

Middle Boulder Creek
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For more information

About the Boulder O eek Watershed:

Boulder Area Sustainability | nformation Network:
www.BASIN.org

USGS studies on the Boulder G esk Watershed:

http:/fwwwbrr.cr.usgs.gov/projects/SWC_Boulder_Watershed/

About communities within the watershed:

Boulder Gounty

Post OfficeBox 471
Boulder, CO 80306

(303) 441-3131
http:1/mww,co.boulder.co.us

City o Boulder

1739 Broadway

Boulder, CO 80302

(303) 441-3266

http: | 1w ci . boul der. co. us

City and County of Broomfieid
OneDesCombes Drive
Broomfield, CO 80020

(303) 438-6390

http: 11 vww ci . broonfi el d. co. us/

City of Lafayette

1290 South Public Road
Lafayette, CO 80026

(303) 665-5588
http:llwww.cityoflafayette.com

City of Louisville

749 Main Street

Louisville, CO 80027

(303) 666-6565
http:llwww.ci.louisville.co.us/

Gilpin County

203 Eureka Stregt
Centrd City, CO 80427
(303)582-5214
http:1lco.gilpin.co.usl

Jefferson County

100 Jefferson County Pkwy
Golden, CQO 80419

(303) 279-6511

http: I co.jefferson. co. usl

Town o Erie

645 Holbrook, POBox 750
Erie, CO 80516

(303) 926-2700

http:llwww.ci.erie.co.us/

Town of Nederland

PO. Box 396

Nederland, CO 80466
(303) 258-3266
http:/ftown.nederland.co.us/

Town d Superior

124 E. Coal Creek Drive
Superior, CO 80027

(303) 499-3675
http://ww.townofsuperior,corn/

Weld County

1555 N. 17th Ave
Greeley, CO 80631
(970)356-4000
http:llwww.co.weld.co.us/
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