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1. INTRODUCTION AND BACKGROUND

The Big Dry Creek Watershed Association (BDCWA) is a 501(c)(3) non-profit corporation focused
on developing a sound scientific understanding of water quality, flow, aquatic life, and habitat
conditions in the Big Dry Creek watershed and acting to improve these conditions. To support
these objectives, BDCWA implements an instream monitoring program and analyzes results from
the program on an annual basis. The monitoring program is described in the Cooperative
Sampling and Analysis Plan for the Mainstem of Big Dry Creek (SAP), which was reviewed and
updated in 2018 and can be obtained from the BDCWA website (www.bigdrycreek.org). The
monitoring program is conducted by the City and County of Broomfield, City of Westminster, City
of Northglenn, and the City of Thornton (Cities). The program includes water quality, flow, and
biological monitoring. On an annual basis, data collected under this program are reviewed by the
BDCWA Board and uploaded into a master database and then analyzed for compliance with
stream standards, for water quality trends, and with regard to other priorities or areas of interest
to BDCWA.

Following a brief introduction to the monitoring program and an overview of field conditions
during 2022, this report summarizes findings from the 2022 monitoring program, focusing on
these primary topics:

= Annual data summary and comparison to stream standards
= Targeted discussion regarding these key water quality constituents:
» Escherichia coli (E. coli)
» Selected metals (selenium, iron, manganese, arsenic)
» Chloride and sulfate
» Nutrients
= Biological monitoring
= Annual flow conditions
= Quality assurance/quality control (QA/QC)
= Recommendations and conclusions

A map of the watershed and sampling locations is provided in Appendix A, and statistical data
summaries supporting these discussions are provided in Appendix B.

Wright Water Engineers, Inc. Page 1
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2. OVERVIEW OF MONITORING ACTIVITIES AND FIELD CONDITIONS DURING 2022

During 2022, BDCWA members worked together to collect water quality and flow data along the
main stem of Big Dry Creek (Figure 1), consistent with the long-term BDCWA monitoring program,
as described in the SAP (BDCWA 2018) and in Table 1. The Cities and BDCWA also helped to fund
operation of the U.S. Geological Survey (USGS) gauging station at Westminster behind Front

Range Community College.

A conceptual-level understanding of the hydrologic regime for Big Dry Creek is important due to
its significant effect on pollutant loading and instream concentrations. For general context, Figure
36 (later in this report) provides a conceptual summary of the key discharges and diversions along

the creek, along with the USGS gauging station locations.

Figure 1. Big Dry Creek Watershed Location Map
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Table 1. Description of Instream Monitoring Locations in 2022

confluence with the S. Platte.
Represents conditions just prior to the confluence
with the South Platte River (end of Segment 15).

Site Location/Selection Criteria Constituents

bdc0.5 Big Dry Creek at Old Wadsworth Ave. Water Quality, Habitat,
Represents background conditions upstream of the Macroinvertebrates, Fish,
WWTP outfalls, and urbanization impacts. Flow

bdc1.0 Big Dry Creek at 112t Ave. Water Quality, Habitat,
Represents conditions downstream of the confluence | Macroinvertebrates, Fish,
with Walnut Creek and Rocky Flats discharge. Flow

bdcl.5 Big Dry Creek at 120" Ave. Water Quality, Flow
Represents conditions immediately upstream of the
Broomfield WWTP outfall.

120t & Big Dry Creek at 120t Avenue. Same approximate Mercury

BDC location as bdc1.5.

bdcl1.5C Big Dry Creek downstream of 120t Ave. upstream of | Habitat, Macroinvertebrates,
the Broomfield WWTP. Serves as reference site Fish
representing habitat conditions prior to the
Broomfield WWTP outfall.

bdc2.0 Big Dry Creek at 128 Ave. Water Quality, Habitat,
Represents conditions downstream of the Broomfield | Macroinvertebrates, Fish,
WWTP and upstream of the Westminster WWTP Flow
outfall.

bdc3.0 Big Dry Creek at I-25 Water Quality, Habitat,
Represents conditions downstream of the Macroinvertebrates, Fish,
Westminster WWTP outfall, but upstream of Flow
Northglenn.

bdc4.5 Big Dry Creek downstream of York St. Water Quality
Represents urban development impacts, agricultural
impacts, and background conditions for the
Northglenn WWTP. (Replaces bdc4.0; site moved
downstream April 2011 for safety reasons.)

bdc5.0 Big Dry Creek at Weld County Rd. 4. Water Quality, Habitat,
Represents conditions downstream of the Northglenn | Macroinvertebrates, Fish
WWTP and agricultural influences.

bdc6.0 Big Dry Creek at Weld County Rd. 23 near the Water Quality

Wright Water Engineers, Inc.

Page 3




BIG DRY CREEK WATER QUALITY SUMMARY FOR 2022

During 2022, city staff collected and analyzed water quality samples for a variety of constituents,
resulting in over 3,000 records being added into the BDCWA water quality database. Most metals,
boron, and cyanide were monitored on a quarterly basis, with the exception of total recoverable
iron and dissolved selenium, which are monitored monthly. Iron is monitored monthly because
of elevated iron concentrations in the lower watershed. The selenium monitoring frequency has
been increased to monthly to support potential future longevity plan requirements for site-
specific standards. Mercury is monitored quarterly at only one location at 120" Avenue due to
the high cost of mercury analysis at sufficiently low detection limits. All other constituents are
monitored on a monthly basis. The Big Dry Creek monitoring program is an ambient-based
program. The program does not target wet-weather events, but typically includes one or more
sampling events associated with precipitation that happens to fall on or prior to the designated
sampling date.

Table 2 summarizes field conditions during each sampling event during 2022, as recorded at
various locations in the watershed. Standley Lake releases and instream flow on the sample date
are provided in cubic feet per second (cfs). Based on information shown in Table 2, Standley Lake
releases occurred from June 13 through September 7, 2022. As was the case for 2021, this release
pattern continues to differ from historical release patterns, which have typically begun earlier in
the spring. Some of the January, February, April, November, and December samples at upstream
locations were affected by icy conditions, affecting more months than usual. This resulted in a
smaller winter condition sample population for the stream as a whole and the upper watershed
in particular. Site bdc3.0 at I-25 was inaccessible due to construction during January and
February. Most of the sampling events during 2022 represent dry weather conditions, with the
exceptions of the March sampling that occurred during a snowfall event, a significant rainfall
event in the days prior to the June sampling, and then a mild rain event preceded the August
sampling event by several days. Water quality responses to the March and June events are
evident in several data sets such as total recoverable iron, E. coli and total phosphorus as
discussed later in this report.

Wright Water Engineers, Inc. Page 4



BIG DRY CREEK WATER QUALITY SUMMARY FOR 2022

Table 2. Summary of Field Conditions during 2022 Sampling Events

Precip. Release Flow
(inches)*? (cfs)t (cfs)? Update Comments
o c
T x T x O = o 2
c ®© S © » £ o 3
© — © — = )
&5 &5 g o
No Standley releases this month.
13-Jan-22 0.00 0.0 3.0 23.9 | bdc0.5 & 1.0 frozen.

bdc3.0 inaccessible due to construction.

No Standley releases this month.
10-Feb-22 0.00 0.0 3.8 27.3 | bdc0.5 & 1.0 frozen.
bdc3.0 inaccessible due to construction.

No Standley releases this month.

~ 1.75” of .15” of i i ley.
17-Mar-22 0.7 ' 00 414 70.9 E o SnOV\{ and 0.15” o precu;:las rain at.Stand eY
(snow-rain 2.5” of precip as snow & 0.7” of precip as rain at
event) Northglenn.
No Standley releases this month.
14-Apr-22 0.00 0.0 1.4 51.7 bdc0 5 frozen.
12-May-22 0.00 0.0 10.8 33.7 | No Standley releases this month.
No Standley releases on sample date.
~1.2 1.15” of precip on 6/1 at Standley Lake.
- - 0.0 14.8 137
22 (prior) 1.20” of precip on 6/1 at Northglenn.

0.25” of precip on 6/1 at Fort Lupton.

Standley releasing at 8.58 cfs on sample date.
14-Jul-22 0.00 8.6 9.1 14.4 | Standley released 6.35 cfs 7/10 to 7/12, 8.58 cfs 7/13 to
7/15, and 2.24 7/16 to 7/18.

No Standley releases on sample date.

g 22 0.00 0.0 4.4 379 8/8/2023 had 0.8” of precip at Northglenn.
15-Sep-22 0.00 0.0 2.4 60.5 | No Standley releases on sample date.
20-Oct-22 0.00 0.0 0.7 16.6 | No Standley releases this month.
0.00
No Standley releases this month. bdc0.5 & 1.0 frozen.

17-Nov-22 (follows 0.0 0.8 37.0 ~3” of snow on 11/15 at Standley Lake and Northglenn.

snow)
08-Dec-22 0.00 0.0 08 35.5 No Standley releases this month.

bdc0.5 & 1.0 frozen.

! Standley Lake precipitation and release data recorded at Standley Lake Dam by dam tender.

2 USGS flow data were obtained from USGS NWIS website for USGS 06720820 Big Dry Creek at Westminster and
USGS 06720990 Big Dry Creek at Mouth near Fort Lupton.

3Precipitation at Northglenn (Colorado Climate Center - Data (colostate.edu) also reviewed to represent a central location
in watershed.

Wright Water Engineers, Inc. Page 5
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3. APPLICABLE STREAM STANDARDS, DATA SUMMARY, AND STANDARDS ASSESSMENT

In 2020, the Colorado Water Quality Control Commission (CWQCC) adopted major changes to
stream standards for Segment 1 of Big Dry Creek. These changes applied more stringent
designated uses including an upgrade of the stream from Aquatic Life 2 to Aquatic Life 1, upgrade
from Potential Recreation to Existing Recreation, and addition of a Water Supply use. Agricultural
use standards continue to apply. Big Dry Creek is also identified as a “Use Protected” stream,
which means that it is not subject to antidegradation review.!

Table 3 identifies the currently applicable Regulation 38 stream standards for Segment 1 of Big
Dry Creek. Attainment of stream standards is evaluated based on comparison of specific
statistical values to chronic stream standards and determining whether acute standards are
exceeded in any samples. For most constituents, the relevant statistic for comparison to the
chronic standard is the 85™ percentile value. Exceptions include use of the 50t percentile value
for metals with standards in the total recoverable form, the geometric mean? for E. coli, and the
15t™ percentile value for dissolved oxygen (DO) and the lower acceptable range for pH. For total
phosphorus and total nitrogen, annual medians with an allowable exceedance of no more than
once every three years are used as “interim values” until final stream standards are adopted. For
nitrate, the maximum value is used, with no more than one exceedance every three years. More
complex evaluation approaches are required for E. coli, selenium, ammonia, and temperature,
as described later in this report. (Note that from a regulatory perspective, five years of data would
be used in such a comparison to standards.)

As part of the 2020 Regulation 38 Rulemaking Hearing, the CWQCC adopted Segment 1 stream
standards for chloride, sulfate, dissolved iron, and dissolved manganese that are based on
“secondary” drinking water standards developed pursuant to the federal Safe Drinking Water
Act. These secondary standards are not health based, but rather are based upon “welfare”
impacts such as taste, odor and discoloration of laundry or fixtures. Stream standards for these
parameters can either be based on the “table value standards” in Regulation 31, or they can be
based on “existing conditions” as of January 1, 2000, with the exception of chloride. Assessment
procedures for these constituents are discussed in more detail later in this report.

The time periods evaluated in this report vary, depending on the nature of the water quality
and/or regulatory issue. For constituents with current or historic water quality concerns, five to
ten years of data may be included in the discussion, whereas for most other constituents, new
data collected during 2022 are the primary focus.

1 For more information on Use Protected and Reviewable designations related to antidegradation requirements in
Regulation 31, see 5 CCR 1002-31 Section 31.8 Antidegradation.

2 The geometric mean is calculated as the nt" root of the product of n values. The geometric mean is used for
regulatory purposes because it dampens the impact of extremely high or low values, relative to the arithmetic mean.

Wright Water Engineers, Inc. Page 6
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Table 3. Regulation 38 Stream Standards for Big Dry Creek Adopted in 2020

1. Mainstem of Big Dry Creek, including all tributaries and wetlands, from the outlet of Standley Lake to the confluence with the South Platte River. Walnut Creek, including tributaries

and wetlands, from the outlet of Great Westem Reservoir to the confluence with Big Dry Creek.

COSPBD01 [Classifications Physical and Biological Metals (ug/L)
Designation [Agriculture DM MWAT acute chronic
up Ag Life Warm 1 Temperature °C W& WE-I Arsenic 340 =
Water Supply acute chronic | Arsenic(T) — 0.02-10
Recreation E D.O. (mgl) - 50 Beryllium(T) — 100
Qualifiers: pH 65-90 — Cadmium TVS TVS
Fish Ingestion Standards Do Not Apply chlorophyll a (mg/m2) _ 150* Cadmium(T) 50 .
Other: E. Coli (per 100 mL) - 126 Chromium 1l - TVS
i . Inorganic (mg/L) Chromium 111(T) 50 —
*chlorophyll a (mg/m?)(chronic) = applies only above :
the facilities listed at 38 5(4) acute chronic | Chromium VI TVS TVS
*Phosphorus(chronic) = applies only above the
facilities listed at 38.5(4). ATt TV Tvs | Copper Tvs s
*Selenium(acute) = 19.1 ug/L from 11/1 - 3/31 Boron 0.75 Iron - Ws
TVS from 4/1 - 10/31. . i -
Refer to Section 38 6(4)(d) Chloride = 250 ron(T) -
*Selenium(chronic) = 15 ug/L from 11/1 - 3/31 Chlorine 0.019 0.011 Lead TVS TVS
7.4 ug/L from 4/1 - 10/31
Refer to Section 38.6(4)(d) Cyanide 0.005 — Lead(T) 50 —
“Uranium(acute) = See 38 .5(3) for details. Nitrate 10 Manganese VS TVSMWS
“Uranium(chronic) = See 38.5(3) for details Nitrite _ 45 Mercury(T) — 001
Phosphorus 017" Molybdenum(T) - 150
Sulfate — WS Nickel TVS TVS
Sulfide 0.002 Nickel(T) — 100
Selenium varies” —
Selenium — varies”®
Silver TVS TVS
Uranium varies” varies”
Zinc VS TVS

To calculate hardness-based stream standards, a hardness value of 361 milligrams per liter (mg/L)
was used, consistent with the value used by the Colorado Water Quality Control Division
(CwQCD) in 2019 wastewater discharge permits for Broomfield, Westminster, and Northglenn.
The mean hardness value for the stream as a whole during 2022 was 367 mg/L. Hardness values
have a significant effect on certain metals standards. For example, a hardness value of 250 mg/L
results in a chronic zinc standard of 271 micrograms per liter (ug/L), whereas a hardness value of
350 mg/L results in a chronic zinc standard of 362 ug/L (i.e., the higher the hardness value, the
less stringent the water quality standard is for certain metals). For purposes of the 303(d) List
(which identifies impaired stream segments), the CWQCD uses the mean hardness value
associated with the five-year assessment period for assessment of chronic table value standards
for metals. Alternatively, a detailed assessment may also be conducted calculating the chronic
table value standard for each pair of hardness and concentration data. The acute table value
standards for metals are calculated for each paired hardness/concentration and attainment is
determined for each data pair (CWQCD 2019).
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In addition to the stream standards and classifications for Big Dry Creek, it is also important to be
aware of the 303(d) Listing Methodology, which provides additional information on how
impairment decisions are made and how streams can be delisted from being impaired on the
303(d) List. This methodology is updated every two years, with several notable changes to the E.
coli listing methodology included in the 2024 303(d) Listing Methodology (Division 2022).

4. OVERVIEW OF WATER QUALITY DATA

Table 4 provides a summary of the numbers of instream water quality samples collected and key
summary statistics for each constituent analyzed during 2022 and identifies whether the stream
attained the standard for each constituent with an applicable stream standard.

A complete summary of individual sampling event results during 2022 for each monitoring station
is provided in Appendix B. Quality control (QC) samples, collected in accordance with the Big Dry
Creek SAP (BDCWA 2018), are provided in Appendix C.

Discharge monitoring report (DMR) data from municipal wastewater treatment plant (WWTP)
discharges to Big Dry Creek during 2022 are provided in Appendix D. The DMR samples were
collected in accordance with Colorado Department of Public Health and Environment (CDPHE)
Colorado Discharge Permit System (CDPS) permit requirements and are provided as a courtesy
from the City and County of Broomfield, the City of Westminster, and the City of Northglenn to
provide supplemental information on the quality of discharges to Big Dry Creek at the time of
instream sample collection. Broomfield, Westminster, and Northglenn are permitted to
discharge to Big Dry Creek, and all three did so during 2022.

Appendix E provides instream iron monitoring results at two sites on lower Big Dry Creek that are
monitored by Metro Wastewater Reclamation District (Metro Wastewater) biweekly and
provided as a courtesy to BDCWA.
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Table 4. Statistical Summary for 2022 Big Dry Creek Data and Comparison to Standards

Analyte Nbr Min Max Mean 15th Median 85th Standard Standard Exceeded?
General
ALKAUNITY [mg/L) 86 64 302 168 130 162 199 N/A N/A
BORON, T(mg/L} 30 0.06 0.33 0.20 0.11 0.20 0.29 0.75 No
CHLORIDE, D (mg/L) 87 52 840 248 135 183 411 250 No
CHLOROPHYLL-a, 86 ND 21 4 1 2 7 N/A N/A
corrected (ug/L)
CHLOROPHYLl-a, 86 1 32 7 2 5 10 N/A N/A
uncorrected (ug/L)
CONDUCTIVITY (uS/cm) 87 428 3399 1626 1149 1528 2305 N/A N/A
DO (mg/L) 87 4 20 9 6 9 13 5 (min) No
pH(5U) 87 7.2 8.2 7.7 7.5 7.7 8.0 6.5-9.0 No
E. coli (MPN,/100 mL) 86 15 2420 421 61 192 921 126 Yes
CALCIUM, Total (mg/L) 87 36 181 97 73 95 119 N/A N/A
MAGNESIUM, D (mg/L) 87 8 60 30 21 30 40 N/A N/A
HARDNESS (mg/L) 87 123 699 367 261 358 462 N/A N/A
POTASSIUM, D (mg/L) 87 3 12 8 4 9 10 N/A N/A
SODIUM, D (mg/L) 87 29 549 195 119 167 284 N/A N/A
SULFATE (mg/L) 87 54 522 277 179 284 368 250 (WS) Yes*
TDS (mg/L) 87 232 2160 1007 698 940 1391 N/A N/A
TEMP ERATURE (°C) 87 2 24 12 5 11 20 WS-1 Stds. Not Assessed
TOC (mg/L) 87 2 9 7 6 7 8 N/A N/A
T55 (mg/L) 87 0.00 356 a4 6 18 65 N/A N/A
TURBIDITY (NTU) 87 1 133 23 5 12 37 N/A N/A
CYANIDE, Total (mg/L} 21 ND ND ND ND ND ND 0.005 No
Nutrients
NITROGEN, TOTAL
(me/U) 87 0.39 16.23 5.36 1.34 5.46 8.82 2.01 Yes (future std.)
NO3+NO2Z (mg/L) 87 0.14 14.29 4,46 0.57 4,589 7.96 10 Yes
NO2 (mg/L) 79 ND 0.45 0.08 0.01 0.04 0.16 4.5 No
PHOSPHORUS' TOTAL 87 0.04 0.93 0.23 0.09 0.18 0.35 0.17 Yes (future std.)
(mg/L)
PHOSPHORUS, ORTHO 87 ND 0.51 0.08 0.01 0.05 0.16 N/A N/A
ASP [mg/L)
AMMONIA, Total (mg/L) 87 ND 0.55 0.09 ND 0.05 0.20 Varies No
Metals
ARSENIC, Trec (ug/L) 30 0.45 2.89 1.40 0.70 1.22 245 0.02-10 No
(for hyphenated)
CADMIUM, D{ug/L} 30 ND 0.11 0.01 ND ND 0.04 11/8.4 No
CADMIUM, T {ug/L) 30 ND 0.30 0.08 ND 0.06 0.19 5(ac) No
CHROMIUM, D (ug/L) 30 ND 0.65 0.18 ND 0.16 0.32 Crelll: 212/ 1,630 No
Cr-VI: 11 /16
CHROMIUM, T (ug/L) 30 0.33 10.40 3.15 0.53 1.60 711 Cr-11I: 50 (ac) No
COPPER, D {ug/L) 30 1.95 9.06 4,12 2.16 3.26 7.33 27/45 No
IRON, D (ug/L) 30 8.49 114.30 32.33 14,41 28.70 46,96 300 No
IRON, Trec (mg/L} 87 ND 8.65 1.34 0.23 0.67 2.00 1 No
LEAD, D (ug/L} 30 ND 0.89 0.33 0.16 0.28 0.50 9.8 /253 No
LEAD, T{ug/L) 30 0.24 8.73 2.97 0.47 1.67 6.98 50 No
MANGANESE, D (ug/L) 30 13 255 81 31 61 147 50 (WS) Yes*
MERCURY, Trec (pg/L) 3 0.0011 0.0028 0.0019 0.0013 0.0018 0.0025 0.01 No
NICKEL D {ug/L) 30 0.96 37.70 3.37 1.73 2.07 2.69 154/ 1,387 No
NICKEL T(ug/L} 30 1.51 9.37 4,16 2.36 3.19 7.59 100 No
SELENIUM, D {ug/L) 79 ND 8.86 3.89 2.29 3.74 542 Site-specific No
SILVER, D {ug/L) 30 ND ND ND ND ND ND 2.9/18 No
ZINC, D{ug/l) 30 ND 41.80 11.62 213 7.16 24.31 389/514 No

Notes: Geometric mean provided for E. coli instead of arithmetic mean. Table Value Standards (TVS) calculated based on a
hardness of 361 mg/L. N/A = no standard; #/# = acute/chronic; ND = Non-detect. WS-1 indicates warm water tier 1
temperature standard, but was not evaluated. * = can also be assessed based on “existing conditions” as of January 1, 2000.
*See discussion later in text related to “existing condition” considerations.
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Segment 1 (the main stem) of Big Dry Creek is listed on the 2024 303(d) List for Colorado for non-
attainment of stream standards for E. coli for the entire segment (Category 4a Impaired with an
Approved TMDL) and for total recoverable iron for the portion of the stream below Weld County
Road 8 (CWQCC 2023). The iron impairment in the lower watershed is based on data collected
by Metro Wastewater. A brief synopsis of these two regulatory issues based on 303(d) listings as
of 2023 includes:

= E. coli: Big Dry Creek did not meet the E. coli standard during 2022. A Total Maximum
Daily Load (TMDL) for E. coli in Big Dry Creek segment COSPBDO1 was approved by the
U.S. Environmental Protection Agency (EPA) in September 2016. This TMDL was based
on a Potential Recreational Contact standard of 205 colony forming units per 100
milliliters (cfu/100 mL). As a result of the 2020 standards change to Big Dry Creek
Segment 1, this standard is now 126 cfu/100 mL. Special studies to identify sources of
E. coli in the watershed are on-going for the stream reach between Standley Lake and
[-25.

= |ron: Although BDCWA's long-term water quality data set shows attainment of the total
recoverable iron standard, the portion of Big Dry Creek below Weld County 8 was
originally identified as impaired on the 2016 303(d) List based on data submitted to the
CWQCD by Metro Wastewater. The Metro Wastewater data set is also discussed in this
report and summarized in Appendix E. Based on the last five years of total recoverable
iron data, the stream currently attains the stream standard.

The 2020 changes to the applicable stream standards for Big Dry Creek result in additional
anticipated impairment listings in the future, driven primarily by the addition of Water Supply
standards based on identification of alluvial wells used for drinking water in the lower watershed.
These impairments are discussed later in the report but potentially include chloride, sulfate,
dissolved manganese, and nitrate, depending on the assessment time period and methodology.

Other future impairment concerns include total nitrogen and total phosphorus, which are
constituents included in the CWQCCs 10-Year Water Quality Road Map
(https://cdphe.colorado.gov/water-quality-10-year-roadmap). Currently, interim values for total
nitrogen and total phosphorus are exceeded for the portion of the stream segment beginning below
the WWTP discharges. Total phosphorus concentrations below the WWTPs are decreasing and are
approaching the standard for the stream as a whole. A final decision by the CWQCC on application
of these instream standards is expected in 2027.

More detailed discussion of constituents of interest to Big Dry Creek is provided in the remainder of
this report. See Appendix B for tabular summaries for 2022 water quality data.
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5. E. coui

In 2020, the recreational use classification and associated stream standards for E. coli changed
from a potential primary contact recreation use classification to existing primary contact
recreation use, based on the potential for waterplay by children and lack of fencing to preclude
access. This change decreased the stream standard for E. coli from 205 cfu/100 mL to 126/100
mL. Neither standard is attained for the stream and a TMDL was completed in 2016 for E. coli
based on the 205 cfu/100 mL standard. This section summarizes the data analysis for E. coli and
provides a brief summary of the 2016 E. coli TMDL.

E. coli Data Summary

BDCWA has 23 years of E. coli data collected on a monthly basis at eight instream locations, as
well as DMR data from the WWTPs (Tables 5 through 7 and Figures 2 through 5). Standards
assessment methods for E. coli have changed several times over the years with regard to the
duration (timeframe) during which standards are assessed. The 2024 303(d) Listing Methodology
included the most recent changes to the E. coli assessment method. This method is now based
on calculation of geometric mean values for fixed two-month periods for future 303(d) listing and
delisting decisions. To remove a segment from the 303(d) List, the geometric mean for at least
one two-month period that includes at least five samples from the most recent two years of
available data in the period of record must demonstrate attainment (CWQCD 2022). Because the
BDCWA sampling program is based on a monthly program, only two samples per assessment
period are available. For this reason, BDCWA also applies a seasonal approach for data analysis
in this report, dividing the analysis into a recreation season (May-October) and a non-recreation
season (November-April). This approach provides six samples for calculation of a geometric mean
for each season at most sites other than bdc0.5 and bdc1.0 in the winter. The CWQCD also used
these seasons in the 2016 E. coli TMDL. If sampling results begin to approach attainment of the
stream standard, then more frequent sampling by BDCWA may be warranted to demonstrate
attainment of the stream standard.

Prior to discussion of findings related to E. coli, the following tables and figures are presented:

= Table 5 summarizes E. coli data by monitoring location on an annual basis for the entire
period of record. (Note: most probable number per 100 milliliter [MPN/100 mL] units
are associated with the IDEXX Colilert analysis method, but can be compared directly
against the stream standard expressed as cfu/100 mL.) Values shaded in pink exceed
the previous standard of 205 cfu/100 mL and values shaded in yellow are “new”
exceedances due to the change in standard to 126 cfu/100 mL. Although annual
geometric means are not used by the CWQCD to assess attainment, the tabular
summary is still useful for general information regarding trends over time and
identifying locations where E. coli is persistently elevated.
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= Tables 6 and 7 summarize data for the last five years and 2022 only, respectively. Table
6 is useful for evaluating seasonally elevated E. coli.

= Figure 2 shows seasonal geometric mean bar charts of E. coli from 2018-2022 from
upstream to downstream. Figure 3 shows 2022 E. coli boxplots from upstream to
downstream, and Figure 4 shows the sample results from upstream to downstream for
all sampling events, with concentrations following storm events highlighted. Figure 5
provides a matrix of seasonal E. coli boxplots from 2018-2022.
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Table 5. Annual Geometric Mean Summary of Big Dry Creek E. coli Data (MPN/100 mL)

Year | bdc05 | bdclo | bdels [ SO | bdczo | Ve b(f°235)0 bdca.s | O | bdes.0 | bdce.o
2000 | 212 | 151 | 389 - 574 - 294 | 500 - 212 | 323
2001 | 477 | 118 | 332 | 215 | 649 68 387 | 634 - 22 | s10
2002 | 858 | 230 | 363 | 364 | 934 16 536 | 441 - 451 | s72
2003* | 191 | 210 | 293 27 615 24 382 | 225 - 249 | 339
2004 | 279 | 181 | 217 18 346 28 205 | 187 - 156 | 377
2005 | 152 | 122 | 281 26 328 35 204 | 113 - 182 | 301
2006 | 76 21 | 316 20 309 a8 24 | 163 - 179 | 333
2007 | 196 | 177 | 257 14 324 66 230 | 231 - 198 | 364
2008 | 266 | 197 | 267 10 | 461 6 139 | 376 - 290 | 380
2009¢ | 61 78 147 5 207 14 251 | 137 - 149 | 197
2000 | 111 | 191 | 193 12 483 16 376 | 280 - 235 | 368
2011 | ea | 28 | 323 6 622 8 s18 | 537 - 380 | 730
2012 | 267 | 397 | 260 7 555 8 saa | 497 - 390 | 545
2013 | 239 | 214 | 292 3 398 10 | 44 | 3@ - 272 | s0s
2014 | 119 | 269 | 254 5 323 9 371 | 410 - 287 | 1085
2015 | 257 | 251 | 230 4 311 9 s28 | 415 18 266 | 490
2016 | 207 | 254 | 221 5 312 18 358 | 315 10 300 | s36
2017 | 178 | 194 | 217 5 327 19 aas | 392 5 39 | 37
2018 | 81 89 194 3 277 15 32 | 273 5 314 | 300
2019 | 163 | 117 | 157 2 192 25 29 | 204 2 275 | 350
2020 | 220 | 121 | 106 2 138 15 389 | 174 2 211 | 256
2021 | 98 50 113 2 85 10 | 405 9% 9 126 | 273
2022 | 263 | 254 83 2 201 9 537 | 158 5 205 | 228

1. Pink-shaded cells exceed the pre-2020 205 cfu/100 mL stream standard. Yellow-shaded cells exceed the more stringent 2020
stream standard of 126 cfu/100 mL but not the less stringent previous standard of 205 cfu/100 mL.

2. Broom. = Broomfield; West. = Westminster; Northglenn historically excluded due to infrequent discharge to Big Dry Creek. During
2015-2022, Northglenn discharged to Big Dry Creek more frequently.

3. For consistency between sampling years, the 2003 weekly samples were converted to monthly geometric means prior to
calculating the annual geometric mean for 2003.

4. The 2009-2022 Broomfield, Westminster and Northglenn geometric means are based on DMR values. Prior samples were based

on synoptic monitoring program grab samples.
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Table 6. Seasonal Summary of Instream Big Dry Creek E. coli Data for 2018-2022

Geometric Mean E. coli (MPN/100 mL)
Recreation Season | Non-recreation Season
Station May-Oct Nov-Apr

bdc0.5 214 65
bdc1.0 214 29
bdcl.5 230 59
bdc2.0 261 112
bdc3.0 382 458
bdc4.5 167 179
bdc5.0 336 149
bdc6.0 588 123

Note: Shaded cells exceed the stream standard of 126 cfu/100 mL.

Table 7. 2022 E. coli Data (MPN/100 mL)

Annual

StationID | Jan | Feb | Mar | Apr | May [ Jun Jul Aug | Sep | Oct | Nov | Dec | Geomean
bdc0.5 ice ice | 1046 | ice | 179 | 980 | 687 | 249 | 110 | 25 | ice | ice 263
bdc1.0 ice ice | 2420 | 17 | 225 | 1046 | 816 | 124 | 107 | 166 ] ice | ice 254
bdcl.5 144 | 61 204 | 16 | 15 | 1120 | 345 | 248 79 1 39 ] 55 | 16 83
bdc2.0 172 | 517 | 866 | 34 | 157 | 921 | 276 | 206 | 167 | 152 ]| 178 | 44 201
bdc3.0 727 | 308 | 613 | 166 | 308 | 866 | 517 | 770 | 727 | 488 | 921 | 727 537
bdc4.5 156 | 345 | 1733 | 86 19 | 980 | 69 140 99 | 79 | 204 | 108 158
bdc5.0 79 | 365 | 1553 | 61 | 77 |1414| 276 | 222 | 231 | 197 ] 109 | 61 205
bdc6.0 72 130 | 1046 | 82 | 124 | 1414 | 613 | 2420 | 225 | 134 64 | 49 228
Geomean

All Sites 192 240 315 338 137 106 214

Note: Yellow shaded cells are between 126 MPN/100 mL and 205 MPN/mL. Pink shaded cells exceed the prior
stream standard of 205 MPN/100 mL (as well as the current standard of 126 MPN/100 mL). Values reported as 2420
MPN/100 mL exceed the upper quantitation limit of the test.
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Figure 2. Big Dry Creek E. coli Geometric Mean Values (2018-2022)
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Figure 4. Big Dry Creek Monthly E. coli 2022 for all Sites with Storm Events Highlighted

2022 E. coli Sample Results with Storm Events Highlighted
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Based on review of the E. coli data, the following observations are noteworthy:

= Table 5 indicates the E. coli concentrations in 2019 through 2022 were generally on the
lower end of the range of geometric means that have been observed since about 2010
at most monitoring locations. A notable exception is bdc3.0, which had the highest
annual geometric mean E. coli observed since 2012.

= The historic data in Table 5 show significant reductions in the Broomfield WWTP’s
effluent concentrations following plant upgrades and expansion in the 2001-2004 time
period. Significant reductions in Westminster’'s WWTP effluent concentrations are also
apparent beginning in 2008, following plant upgrades including ultraviolet (UV)
treatment and other operational changes. Based on review of geometric mean
concentrations from 2003-2022, E. coli concentrations are consistently well below the
stream standard in samples from the Broomfield, Westminster and Northglenn WWTP
discharges.

= The 2022 data set (Table 7) does not meet stream standards during the recreation
season at any location. For 2018-2022 (Table 6), the highest E. coli concentrations for
most stations were experienced during the May-October recreation season, which is
the typical pattern for the stream. The seasonal pattern at bdc3.0 is unusual relative to
other stream locations, showing higher winter concentrations. Site bdc4.5 at York Street
had comparable values year-round, albeit at concentrations lower than those at bdc3.0.

= Boxplots of upstream to downstream monitoring locations for 2022 (Figure 3) show the
highest ranges of E. coli concentrations occurred at bdc3.0 (I-25) and bdc6.0. At bdc3.0,
birds are suspected as a possible source warranting further field documentation at the
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time of sampling if birds are present. During 2022, ducks and swallow nests were
present during several sampling events. Based on field observations and Google Earth
aerial photos, cattle are present in and along the stream above bdc6.0 and are
hypothesized to contribute to elevated E. coli in this portion of the stream. Cattle access
to the stream is still present in 2022 aerial imagery.

Figure 5 provides a boxplot matrix of seasonal E. coli by monitoring location for the past
five years, with recreation season (May-October) having higher E. coli at most sites.
However, the seasonal pattern is weaker at locations bdc2.0 to bdc4.5 through the
more urbanized portion of the watershed. In 2022, seasonal differences were not
present at bdc3.0 (elevated year-round). Special studies are underway to identify
sources of E. coli in the watershed between Standley Lake and 1-25. Section 14 of this
report provides additional trend analysis for multiple pollutants in this report, including
E. coli.

Figure 5. Seasonal E. coli Matrix (2018-2022)
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E. coli TMDL Summary

As part of the TMDL for Big Dry Creek, the CWQCD developed load duration curves for three
portions of Big Dry Creek. The segment was divided into three distinct reaches to account for
changes in land use, influences from instream flow (diversions, reservoir releases, WWTP
contributions, etc.), and location of permitted point sources. The three reaches correspond to
Standley Lake to bdc1.5 (bdc0.5 to bdc1.5), from bdc1.5 to 152" Avenue (bdc2.0 and bdc3.0),
and 152" Avenue to the Weld County Line (bdc4.0/4.5 to bdc6.0). These curves are based on
data from 2003 through 2014 and are shown in Figures 6 through 8. These figures illustrate that
recreation season (May-October) stream loads generally exceed the allowable stream load for E.
coli during all flow regimes. The TMDL has assigned load reductions needed for each of these
three portions of the stream. BDCWA is currently working on source identification and potentially
feasible load reductions in the urbanized portion of the watershed. These investigations are
prioritizing potential human waste sources. Since development of the TMDL, the stream standard
has become more stringent (126 cfu/100 mL vs. 205 cfu/100 mL.)

Figure 6. Load Duration Curve for BDC1.5 and the USGS Gauge at Westminster
(Source: CWQCD 2016)
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Figure 7. Load Duration Curve for BDC2.0 and the USGS Gauge at Westminster
(Source: CWQCD 2016)
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Figure 8. Load Duration Curve for BDC6.0 and the USGS Gauge at Fort Lupton
(Source: CWQCD 2016)
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6. METALS

Big Dry Creek attains most metals standards assigned for protection of aquatic life, including
arsenic, cadmium, chromium, copper, lead, selenium, silver, zinc, and mercury. Since 2016, a
portion of Big Dry Creek below Weld County Road 8 has been identified as impaired on the 303(d)
List for total recoverable iron. In the past, selenium was a metal of concern; however, adoption
of a site-specific standard for selenium on Big Dry Creek in 2007 and some changes to assessment
methodology for ambient-based standards have resulted in attainment of the selenium standard.
In 2020, a new Water Supply classification resulted in addition of more metals standards to the
stream segment, including more stringent total recoverable arsenic and dissolved manganese
standards and new standards for dissolved iron and total cadmium, chromium, lead, and nickel.
Of these, dissolved manganese is expected to be a future impairment for Big Dry Creek due to
adoption of a Water Supply standard for the stream and is also discussed further.

See Appendix B for tabular statistical summaries for Big Dry Creek samples analyzed for metals,
with additional information on selenium, iron, manganese, and arsenic discussed further below.

Selenium

Elevated selenium concentrations in the upper reach of Big Dry Creek are due to naturally
occurring selenium in geologic formations. BDCWA conducted special studies in 2006-2007 to
support a site-specific standard. Background on this site-specific standard can be obtained in the
2015 Statement of Basis and Purpose in Regulation 38. The site-specific standard includes
irrigation and non-irrigation seasonal standards assessed at three specific monitoring locations:
bdc1.5, bdc2.0 and bdc4.0/4.5.3 In 2021, BDCWA increased the sampling frequency for selenium
from quarterly to monthly. This change was made due to “longevity plans” for site-specific
standards that may include more detailed review of the basis of the underlying standard as part
of triennial reviews of stream standards in the future.

Based on the site-specific selenium standards for Big Dry Creek, the 2022 data set and the data
set for the most recent five years (2018 through 2022) attain both the non-irrigation season
(winter) and irrigation season (summer) standards for Big Dry Creek, as summarized in Table 8.
As an additional observation in the context of longevity plans for the standards, the stream still
needs a site-specific standard—the underlying chronic standard for selenium of 4.6 ug/L would
not be attained, with the 85™ percentile for the stream for 2018-2022 at 5.95 ug/L. Additionally,
the temporal and spatial pattern present at the time that the site-specific standard was
developed is generally maintained with non-irrigation season samples typically having higher

3 In 2015, the CWQCC adopted a formal change to the site-specific selenium standard assessment locations in
Regulation 38 because sampling location bdc4.0 was relocated in 2011 for safety reasons and has been replaced
with bdc4.5, although both sites may still be used for standards assessment, if needed.
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selenium concentrations at all sites and the upstream sites (represented by bdc1.5) having higher
selenium concentrations (Figure 1Figure 9). In the event that the site-specific standard is re-
evaluated in the future, factors that would need to be taken into account in re-analysis include:
1) changing release patterns for Standley Lake, which may affect assumptions related to irrigation
season flows and 2) numerous missing winter samples for bdc0.5 and bdc1.0 due to frozen
stream conditions. Given that the site-specific standard is generally representative and
conditions have not worsened over time, a re-evaluation of the site-specific standard is not

recommended.

Table 8. Big Dry Creek Selenium Data Summary (2018-2022)

Selenium (pg/L)
Irrigation Season Non-irrigation Season
2018-2022 | Reg. 38 | 2018-2022 Reg. 38
(Apr-Oct) | Standard | (Nov-Mar) Standard
bdc1.5, 2.0, 4.5 (85" Percentile) 5.76 7.4 (ch) 7.43 15.0 (ch)
bdcl.5, 2.0, 4.5 (Maximum) 13.40 18.4 (ac) 11.21 19.1 (ac)

Table Notes: ch = chronic; ac = acute. For reference, Reg. 31 Table Value Standards are 4.6 ug/L chronic and 18.4

acute.
Figure 9. Irrigation and Non-Irrigation Season Selenium for All Sites (2018-2022)
2018-2022 Irrigation (I) and Non-Irrigation (N) Season
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Iron

BDCWA currently monitors total recoverable iron (Figure 10) on a monthly basis, after increasing
the sample frequency from quarterly to monthly in May 2018 due to Big Dry Creek being added
to the 303(d) List for total recoverable iron based on monitoring conducted by Metro
Wastewater. Metro Wastewater conducts sampling twice per month at two locations in the
lower watershed. Metro Wastewater’s upstream-most site, “BDC-8,” is located where Big Dry
Creek crosses Weld County Road 8 and has been monitored by Metro Wastewater since 2007.
This site is located in proximity to BDCWA site bdc6.0. Metro Wastewater’s downstream site,
“BDC,” is located approximately 30-50 yards upstream of the State Engineer’s gauge “Big Dry
Creek at Mouth” also known as BIGDAFCO (see Figure 33 for general location). Both of these sites
were close to the stream standard of 1 mg/L during 2022, with median values of 0.91 mg/L and
1.13 mg/L for BDC-8 and BDC, respectively. For the 2018-2022 timeframe, BDCWA'’s five-year
data set meets the iron standard for the stream as a whole. Additionally, bdc6.0 at Weld County
Road 8 shows attainment of the iron standard with a median of 0.55 mg/L during 2018-2022.
Metro Wastewater’s five-year data set at its two sites suggest attainment with a median value of
0.94 mg/L total recoverable iron. Attainment of the total recoverable iron standard in the lower
watershed is expected to vary year-to-year, depending on the timing of sampling events relative
to storm events.

The expected source of elevated iron is streambank and soil erosion in the watershed, often in
response to storm events (Figure 11). Previous analyses by BDCWA have shown that total iron
and total suspended solids (TSS) are highly correlatedFigure 11, with both concentrations tending
to be elevated during storm events (WWE 2022). Also see discussion in Section 14 of this report
related to runoff-influenced pollutants in the agricultural area.

In 2020, a dissolved iron standard of 300 pg/L was added to Big Dry Creek to protect water supply
uses. BDCWA began monitoring for dissolved iron in June of 2020. The 85" percentile value of
17.4 pug/L was well below the dissolved iron stream standard in 2021, as well as in 2022 with a
value of 46.96 pg/L