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2.0 PHASEIl: TARGETING
2.1 Watershed Characterization
2.1.1 Location

The Big Dry Creek basin originates in unincorporated Jefferson County at the mouth of Coal
Creek Canyon at an elevation of approximately 8,000 feet above sea level. The total drainage
area is approximately 110 square miles. The headwaters area is located approximately 5 miles
west of Rocky Flats, 10 miles south of the City of Boulder, 20 miles northwest of the City of
Denver, and 10 miles west of the City of Westminster. The basin drains easterly from the
headwaters area across Rocky Flats, where several tributaries including Walnut Creek, Woman
Creek, and Upper Big Dry Creek form. The basin is significantly influenced by Standley Lake
reservoir located in the upper basin, as well as by discharges from the Broomfield and
Westminster municipal wastewater treatment plants (WWTPs) in the central portion of the basin.
Stormwater runoff in the urbanized portion of the basin and ditch diversions also significantly
influence the stream. Below Standley Lake, Big Dry Creek flows in a northeasterly direction
approximately 33 miles to its confluence with the South Platte River near Fort Lupton in Weld
County. Interstate 25 roughly divides the watershed between urban and agricultural land uses
with agricultural uses dominating east of 1-25. The confluence marks the downstream end of
Segment 15 of the South Platte, which is identified as an impaired stream segment on Colorado’s
303(d) list. The Big Dry Creek basin is outlined in Figure 1 along with the municipalities and
counties comprising the watershed. Significant portions of the watershed are currently
undergoing or have recently undergone rapid urban development, transitioning from
predominantly agricultural uses to include a mixture of residential, commercial and industrial

uses.
2.1.2 Soils/Geology

Previous studies sponsored by the Watershed Association included characterization of soils and
geologic conditions with regard to potential sources of increased sediment loading (i.e.,
particularly erosion-prone) and/or sources of naturally elevated iron concentrations (WWE

2000). Some of the highlights of these findings include:
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1. Loess-type soil deposits are mapped along the majority of the creek’s tributary area. These

deposits are wind-deposited, unconsolidated materials that are typically erodible.

2. There are no mapped faults in the study area based on available geologic mapping, which is
available for most of the basin with the exception of the Eastlake Quadrangle. Coal mining
influences exist to the north of the creek system; however, coal mining in the Broomfield

area is vertical shaft, not open-pit with associated waste piles.

3. There is the potential for fracture porosity influence into the stream system where bedrock
units (Denver, Dawson, Arapahoe) are located adjacent to the creek, as is the case in several
locations. Bedrock shale zones mapped in the study area naturally contain iron, and
discharges from the shallow bedrock aquifers may represent one source of naturally
occurring iron, in addition to the soils along the creek channel. Marine shales may also be

sources of naturally occurring selenium.

4. Soils in the vicinity of the creek are generally alkaline (high pH). Some of these soil units
have visible lime streaks that are identified as being corrosive. Although the high pH soils
could potentially influence the pH of surface water in Big Dry Creek, which in turn could
influence the toxicity of certain constituents, the pH of surface waters in Big Dry Creek does
not vary significantly and is within a reasonable range of 7.5 to 8.1 throughout the stream

reach.
2.1.3 Hydrology

The hydrology of Big Dry Creek is significantly influenced by irrigation releases from Standley
Lake, runoff from storm events, discharges from WWTPs, diversions to irrigation ditches and
irrigation return flows. Big Dry Creek has not experienced a “natural” flow regime in roughly
100 years since Standley Lake was constructed in the early 1900s. In addition, significant
population growth in the central portion of the watershed during the latter portion of the
twentieth century has resulted in increased base flows from wastewater discharges and increased
storm runoff from increased impervious area. The hydrologic regime of Big Dry Creek is
complex because of the significant inflows and diversions from the creek. See Section 2.3.2 of

this Plan for a gross hydrologic balance for the creek.
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2.1.4 Channel Character

The main stem of Big Dry Creek below Standley Lake dam to the confluence with the South
Platte River can generally be described as a well defined, meandering channel. The upper 8
miles of the channel between Standley Lake and the Broomfield WWTP can be generally
characterized as a transitional foothills-plains stream type, with the lower portion of the stream

characterized as a plains stream type (Aquatics Associates 1999).

Transitional foothills-plains stream characteristics include a diminishing gradient, with rubble
and gravel settling out and sand becoming a key constituent of stream substrate. These streams
are usually restricted to a single channel and shaded by riparian vegetation. Pools, riffles and
runs are present in these streams (Propst 1982). In the transitional foothills-plains segment of Big
Dry Creek between Standley Lake and the Broomfield WWTP, the stream banks are well
vegetated with grasses, willows, cottonwood and Russian olive trees. The streambed consists of
small cobble interspersed with gravel and sand in riffle areas, and sand and silt in pool and run
areas. In addition, large cobble, small boulders and large woody debris are also present at a few
locations in the stream, but are not widespread. The stream meanders through open space and
residential areas (Aquatics Associates 1999). In this segment, the stream channel varies from
being shallow to being deeply incised with steep cut banks as high as 25 feet in the Westminster
Open Space and below the WWTP discharges. Some portions of the bed and banks are

experiencing erosion, as discussed in more detail in Section 2.3.5 of this Plan.

Plains stream characteristics include shifting channels, eroding banks and bar migration. Point
bars create temporary, quiet pools in their lee. In this type of transient system, there is little
structural stability (Propst 1982). Below the Broomfield WWTP in the plains portion of Big Dry
Creek, the stream bank is covered with overhanging grasses and the streambed is primarily sand
and silt. East of [-25, similar conditions exist with the channel being more channelized and of
uniform width and depth. Some areas of embedded cobble are present in areas where bridges
cross the stream (Aquatics Associates 1999). Erosion of the streambed is minor in this segment,
as is bank erosion, with the exception of localized areas where cattle drink from and cross the

creek or on the outside bends of stream meanders.
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Overall, the streambed slopes from Standley Lake to the confluence with the South Platte River
are relatively mild, less than 0.35 percent, with the exception of slopes ranging from 0.5 to 2.0
percent from just below the dam to approximately 104™ Avenue. The natural channel slope is
affected by several grade control structures that exist along the creek such as bridges, diversion
structures, and riprap weirs (WWE 2000). The stream has a concave profile from Standley Lake
to approximately 104™ Avenue, indicating that the stream has downcut over time. This would be
expected because of the construction and long-term placement of the dam creating Standley
Lake. From 104™ Avenue to 128" Avenue, the slope remains fairly constant at approximately
0.34 percent. From 128™ Avenue to just above the confluence with the South Platte, the slope
also remains relatively constant at 0.24 to 0.21 percent. The slope decreases to 0.12 percent just

prior to the confluence (WWE 2000).

Between 112" to 120™ Avenues, an increased slope followed by a decreased slope downstream
to approximately 128" Avenue is present. This change in slope is indicative of a bed lowered by
erosion with deposition of sediments downstream. If the bed is actively eroding and
downcutting, the downcutting will continue to move upstream. This downcutting process would
be expected to occur over a long-range time scale of anywhere from five to more than 20 years

in the absence of grade control structures (WWE 2000).
2.1.5 Land Use

Land use in the watershed can be broken into roughly three categories: Rocky Flats in the
headwaters, urbanized areas in the central portion of the watershed and agricultural use in the

lower watershed. These land uses are further discussed below.

Rocky Flats Environmental Technology Site

Rocky Flats is owned by the U.S. Department of Energy (DOE) and operated by Kaiser-Hill.
The site's historical mission was the development and fabrication of nuclear weapons
components from radioactive and non-radioactive materials. Rocky Flats covers almost 10
square miles in Jefferson County, with the developed plant site, or Industrial Area, comprising
roughly 0.65 square miles in the center of the property. The remainder of the site includes a

buffer zone of approximately 9 square miles. In 1989, the site was placed on the "Superfund”
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National Priorities List for cleanup of the site-wide radiological and chemical contamination that
occurred during active operation of the plant. In January 1992, the decision to halt the
production of nuclear weapons components was announced. Rocky Flats is currently in

transition to decontamination and decommissioning (D&D) for site closure in 2006.

The cleanup of Rocky Flats is expected to result in significant long-term improvements in the
watershed of Big Dry Creek with respect to quantities and types of hazardous materials present.
However, during cleanup and D&D there will be significant materials handling and removal
activities that may potentially impact water quality. Nonetheless, during the active cleanup
period, which is currently underway, water quality is required to attain all classified uses except

drinking water supply.

Rocky Flats is a significant feature in the watershed because the headwaters of several tributaries
to Big Dry Creek are located there, including Woman Creek, Walnut Creek, and Upper Big Dry
Creek. These drainages generally traverse the plant from west to east, as shown in Figure 1.
The majority of the Industrial Area drains to Walnut Creek, and the majority of discharges from
Rocky Flats have historically been made to Walnut Creek. Woman Creek contains much less of
the Industrial Area drainage. The flows in Walnut Creek are expected to be reduced following

the closure of Rocky Flats (Kaiser-Hill 2002).

Upon closure of the site, including the roughly 6,000-acre buffer zone, Rocky Flats will become
a national wildlife refuge with the Industrial Area becoming reclaimed grassland. Roughly the
western third of Rocky Flats is covered by the xeric tallgrass prairie, which is one of fewer than
20 such sites worldwide and perhaps the largest remnant in the United States (RFCAB 2000).
DOE is now in the process of drafting the Rocky Flats Stewardship Strategy, which will include
the overall goals and policies for long-term stewardship at the site (DOE 2002).

Urban Growth and Development

The central portion of the watershed, roughly between Standley Lake and I-25, has experienced
significant urbanization in recent years. Figure 2 shows existing municipal and county
boundaries in the watershed. This development is primarily within the cities of Broomfield and

Westminster, as well as portions of Thornton and Arvada. The portion of the watershed
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upstream of Standley Lake is anticipated to be largely undeveloped based on the wildlife refuge
designation of Rocky Flats. East of [-25 in Weld County, it is anticipated that urban growth may
spread, but currently this area remains primarily agricultural. Denver Regional Council of
Governments (DRCOG) estimates the current and projected population growth within the
watershed as summarized in Table 1. These data are estimated based on the Transportation
Analysis Zones data set and do not include the agricultural area in Weld County (DRCOG
2002b).

Table 1
Estimated Population Growth in Big Dry Creek Watershed

1990 | 2001 2005 2010 2015 2020 2025

Population 71,871| 122,223| 134,575| 146,357| 161,156| 173,988| 196,548
Households 24,520| 43,555| 48,446| 53,540| 59,521| 65,078| 74,236
Employment 23,546 41,966 51,949 61,740| 66,278| 70,717 73,025

Agriculture

Agricultural activities focused east of I-25 primarily include corn, alfalfa and winter wheat crops
and pastureland for both beef and dairy farming. Watershed-related issues of concern to
landowners and farmers in the agricultural area include flooding, sediment loads, stream
stability, and salinity. The Natural Resources Conservation Service (NRCS) has reported that
livestock grazing with uncontrolled access to Big Dry Creek has contributed to serious soil
erosion and reduced water quality in some areas where the stream flows through agricultural
lands. The NRCS has also reported that upstream urban growth has resulted in more frequent
flooding in these downstream rural areas (Rogers 1997). These findings have been confirmed by
follow-up studies sponsored by the Watershed Association (WWE 2000; Gossenauer and
Wachob 2001).
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2.1.6 Water Supply

The cities and counties located within the Big Dry Creek watershed boundaries rely on a variety
of water sources. The cities are primarily served by water stored in Carter Lake and Standley
Lake or supplied by the Denver Water Board. For the most part, farmers in the county areas rely
on well water for domestic purposes and the Farmer’s Reservoir and Irrigation Company

(FRICO) water released from Standley Lake for irrigation purposes.

Until August 1997, the City of Broomfield’s primary water supply was based on raw water
stored in Great Western Reservoir. Due to concerns regarding the possibility of contamination
of the supply from upstream Rocky Flats, an agreement was reached between DOE and the city
of Broomfield to replace the Great Western Reservoir source. The replacement water originates
from the western slope of Colorado and is transported through the Colorado-Big Thompson
(CBT)/Windy Gap system under management of the Northern Colorado Water Conservancy
District. The water is stored on the east slope in Carter Lake in Larimer County. The water is
then conveyed in 33 miles of pipeline to the relatively new Broomfield Water Treatment Facility.
The facility’s current capacity has recently been expanded from 8 to 20 million gallons per day
(mgd). To supplement the CBT water source, the city purchases approximately 40 percent of its
drinking water from the Denver Water Board, which delivers water to its municipal customers
from its Moffat, Foothills and Marston treatment facilities, which are supplied by Denver’s
extensive Moffat and South Platte collection systems. All of Broomfield’s water, whether CBT
or Denver water, originates from surface water sources located outside of the Big Dry Creek

watershed (City of Broomfield 2002).

Broomfield is in the process of equipping Great Western Reservoir to store reclaimed wastewater
to irrigate golf courses and other large landscaped areas. Due to water rights constraints, the

reuse water project will be limited to about 6 mgd (Black and Veatch 2000).

Standley Lake is the sole-source municipal water supply for the cities of Westminster and
Northglenn and a major water supply source for the city of Thornton. Water stored in Standley

Lake originates as runoff from snowmelt and rain and travels down Clear Creek and through a
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network of canals and ditches to Standley Lake, where it is stored until needed (City of

Northglenn 2002).

FRICO provides the primary source of irrigation water used by farmers in the watershed. This
water is stored in Standley Lake and released to Big Dry Creek for delivery to the downstream

farms. This water is then diverted and distributed via various canals and ditches.
2.1.7 Wastewater Discharges

Four WWTPs discharge treated effluent into the Big Dry Creek watershed including Rocky Flats
and the cities of Broomfield, Westminster and Northglenn. The three municipal discharges are
permitted by the Colorado Department of Public Health and Environment Water Quality Control
Division (CWQCD), and Rocky Flats is permitted by the EPA, since it is a federal facility. Each
of the WWTP facilities is described below. Wastewater discharge permit limits are discussed in

Section 2.2.2 of this Plan.

Rocky Flats

Rocky Flats has its own WWTP located on the plant site at Building 995. The WWTP discharges
to Pond B-3, located in the South Walnut Creek drainage. Water subsequently flows to Ponds B-
4 then B-5, prior to discharge off-site (Figure 3).

The design hydraulic capacity of the WWTP is 0.5 mgd; however, the plant typically treats less
than 0.2 mgd (Fiehweg 2002). The WWTP treatment process consists of an activated-sludge
system, tertiary treatment for phosphorus removal and sand filtration for solids removal
(Fiehweg 1998). Under a National Pollutant Discharge Elimination System (NPDES) Federal
Facility Compliance Agreement between EPA and DOE in 1991, the plant has been upgraded in
many ways, including the addition of almost one million gallons of storage for influent and
effluent streams, a change in disinfectant from chlorine to ultraviolet (UV) light, the addition of

mechanical sludge dewatering, and other process upgrades and improvements (Fiehweg 2002).

The Rocky Flats WWTP operations are strictly regulated under its NPDES permit, DOE orders,

and other regulatory criteria. An internal waste stream (IWS) monitoring program is in place to
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regulate the types of waste discharged to the WWTP. Internal waste streams are non-process,
non-domestic wastewaters compatible with the conventional treatment processes used in
Building 995. The IWS program is similar to pretreatment programs found at most municipal
wastewater facilities. Potential wastewater streams must be approved before discharge may
begin, and records are kept of volumes, dates of discharge and any pertinent information about
the source of the water. In some cases, chemical analyses are required as part of the approval

process (Fiechweg 1998).

In addition, fairly continuous monitoring is conducted at the influent to the WWTP to detect
spills or discharges into the sanitary sewer system that could cause operational upsets of the
WWTP. This monitoring includes real-time continuous measurements of pH and conductivity,
lower explosive limit (LEL) monitoring of the atmosphere above the headworks and visual

inspection for unusual conditions (Fiehweg 1998).

On May 1, 2001, the renewal of the Rocky Flats NPDES permit was completed following an 11-
year permit renewal process. The process began in December 1988 when Rocky Flats applied
for renewal of the existing permit, which had been issued in 1984. The reapplication was timely,
but difficulties with the renewal resulted in EPA issuing an administrative extension of the 1984
permit until renewal was possible. Over the 11 years it took to renew the permit, a variety of
proposals were considered. The final form of the permit is quite different than the 1984 version.
The new document regulates only one NPDES outfall, the Rocky Flats WWTP. New effluent
limitations and monitoring requirements were written into the permit, reflecting major changes
in Colorado water quality regulations enacted in the 16 years since the last permit was written.
New stormwater requirements were also added to the permit, requiring Rocky Flats, as a site
with industrial activity, to comply with the Phase I stormwater regulations of 1992 (Fichweg

2002).

Rocky Flats continues to submit monthly monitoring reports to various government agencies
summarizing the previous month’s performance and compliance with discharge limitations.
Effluent is also monitored under the Rocky Flats Cleanup Agreement (RFCA) to measure
radionuclides. RFCA was modified to establish a “Point of Evaluation” at the WWTP outfall,

with results reported in accordance with RFCA requirements (Fiechweg 2002).
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The new permit also requires a variety of studies and special reports to the agencies, including an
annual update of nutrient levels in Walnut Creek as it leaves Rocky Flats. The first annual report
was prepared in 2001 and presented to the Watershed Association. The intent of this permit
requirement is to provide on-going assessments of Walnut Creek and the impacts of the
wastewater discharges, especially ammonia, to the environment. In 1995, the Colorado Water
Quality Control Commission (CWQCC) agreed to remove the water quality standards for
unionized ammonia from that portion of Walnut Creek downstream of Ponds A-4 and B-5 and
west of Indiana Street, known as Segment 4b of Big Dry Creek (Figure 3). In order to continue
the justification for the CWQCC’s action, EPA included the annual reporting requirement in the
permit (Fiehweg 2002).

It is important to note that the Rocky Flats WWTP will cease operation prior to site closure,

which is currently scheduled for 2006 (Fiehweg 2002).

City of Broomfield

The City of Broomfield’s WWTP is located at 12380 Lowell Boulevard in Broomfield. The
current design hydraulic capacity of the facility is 5.4 mgd, with an organic loading capacity of
10,300 pounds of BOD a day. The facility currently discharges from outfall 001A to Big Dry
Creek. The current treatment process consists of an aerated grit chamber, primary clarifiers, a
flow-equalization basin, bio-tower, an activated-sludge system, and UV disinfection (CWQCD
1997b). Broomfield also has an approved industrial pretreatment program that has reduced the
influent concentrations of copper by 88 percent, nickel by 96 percent and zinc by 32 percent

since the program’s inception in 1981 (Rutt 2001).

Due to significant growth in Broomfield and future growth projections, Broomfield has initiated
a three-phase expansion of the facility. The first phase, scheduled to be on-line by 2003, will
increase the plant capacity to 8 mgd. An expansion to 12 mgd is planned for 2006, followed by
16 mgd in 2020. In addition to meeting increased capacity requirements, upgrades to the
treatment process include addition of biological nutrient removal through an integrated fixed
film activated sludge (IFFAS) process. This process provides for carbonaceous biological

oxygen demand (CBOD) removal, oxidation of ammonia to nitrate and bio-phosphorus uptake.
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Denitrification is then achieved by recycling the nitrate-rich mixed liquor from the downstream
end of the IFFAS basins to the upstream anoxic basins. A new UV disinfection building
designed to meet the new more stringent E. coli effluent objectives will also replace the existing
UV facility. Additional treatment facilities for the reclaimed water destined for reuse will
include supplemental phosphorous and turbidity removal for the 6 mgd that can be pumped to
Great Western or directly to reuse customers (Black and Veatch 2000). Reclaimed water is

required to meet standards for the protection of public health (CWQCD 2000).

The reclaimed water program that is underway for Broomfield will reduce direct discharges to
Big Dry Creek, primarily during the non-irrigation season of November to March, when the
majority of the treated effluent will be pumped to Great Western Reservoir. During these winter
months, the remaining approximately 0.4 to 0.5 mgd will be discharged directly to the stream.
These reduced return flows are possible due to use of the Windy Gap/CBT water supply during
the winter with less reliance on Denver Water. During the summer months, Broomfield will
directly discharge approximately 80 percent of its effluent to Big Dry Creek in order to meet

water rights obligations (i.e., Denver Water return flows) (Ramey 1999).

City of Westminster

The Westminster WWTP is located at 13150 North Huron Street and is called the “Big Dry
Creek Wastewater Reclamation Facility.” The facility is an activated biosolids system
consisting of primary clarifiers, aeration basins, final clarifiers, chlorine contact basins,
dechlorination and effluent equalization ponds. The permitted capacity of the facility is 9.2 mgd,
with 6 mgd of the treated effluent eligible for reclaimed water irrigation usage (CWQCD 2000).
The design capacity is 9.2 mgd, with 14,500 Ibs of BOD for organic loading (CWQCD 1997a).
During 2001, the city initiated a process to begin design for full build-out of the facility (Scott
2002). The facility discharges to Big Dry Creek at discharge points 002A, 003A, and 004A, to
the Farmer’s Highline Canal at discharge point 001A, and to a variety of reclaimed water
irrigation sites from point 005A. Approximately 13 percent of the flows treated at the facility
are of industrial origin, with the remaining 87 percent being of domestic origin (CWQCD

1997a). Westminster has an approved industrial pretreatment program.
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3.0 PHASE Il: RESTORATION
3.1  Watershed Association Organization Structure and Lead Agencies

Currently, the Watershed Association’s organizational structure is based on a signed
intergovernmental agreement between the cities of Broomfield, Westminster and Northglenn and
DOE. These entities are considered to be the “lead agencies” for the Watershed Association.
The Watershed Association also includes representatives of a variety of federal, state, county and
local governments, as well as citizens. The involvement of these parties is voluntary. Some of
the agencies providing technical support, financial assistance, or in-kind services include EPA,

CDPHE/WQCD, NRCS, DOE, CDOW, USFWS, UDFCD and DRCOG.

For the last several years, the Watershed Association has considered the formation of a nonprofit
organization and has even developed draft articles and bylaws. However, the effort has “stalled
out” due in part to the fact that the written intergovernmental agreement has functioned
acceptably for the primary financially contributing entities (cities of Broomfield, Northglenn and
Westminster and DOE). Since each of the involved parties is already tax-exempt, the
development of the non-profit has been less urgent. Grants received by the “Watershed
Association” are typically awarded to one of the steering committee entities who administers the
grant on behalf of the Watershed Association. For example, the city of Northglenn administered
the initial Regional Geographic Initiative grant, the city of Broomfield administered a 319 grant,
and the city of Westminster has administered grants from DOE and EPA. For non-grant-funded
activities, the selected contractor invoices each entity separately for their respective portion of

the project.
3.1.2 Mission and Goals

The Watershed Association’s initial vision for its mission and goals has been largely unchanged
since its development in 1997. The mission and goals have been evaluated on roughly an annual
basis to ensure that the Watershed Association’s activities are consistent with these goals. The
mission of the Watershed Association is to develop a sound scientific understanding of water

quality, flow, aquatic life, and habitat conditions in the Big Dry Creek Watershed for the
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purposes of: (1) environmentally responsible decision-making with regard to land and stream

uses and (2) identifying measures to improve and protect stream conditions.

The goals of the Watershed Association include three broad categories: (1) public education and
involvement, (2) monitoring and study, and (3) protecting, preserving and restoring water

quality, aquatic life, and habitat. Specific objectives relating to these goals are identified below.

Public Education and Involvement

o Provide a forum for entities interested in Big Dry Creek to cooperatively and

constructively discuss water quality, flow, and habitat-related issues.

J Develop a web page and other communication means that can be readily accessed by

interested parties for information pertinent to Big Dry Creek.

o Develop a broad base of support for the Watershed Association including, but not limited
to, wastewater dischargers, water suppliers, farmers, developers, planners, students,
teachers, public agencies, business/industry, community groups, park and open space

users, and other interested citizens.

o Promote responsible land development practices in the rapidly urbanizing watershed

consistent with local, state, and federal regulations.

° Inform and educate watershed residents on stream-related environmental issues and

measures they can take to improve and protect water quality, aquatic life, and habitat.

Monitoring and Study

J Reinforce the use of sound science in evaluating watershed conditions and decision
making.

o Develop and maintain a user-friendly comprehensive water quality database on Big Dry

Creek to be used for scientifically sound water quality related decisions and public

education.
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