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MEMORANDUM 

 

To:  Big Dry Creek Watershed Association Board of Directors 
 

From:  Wright Water Engineers, Inc. 
  Jane Clary 
 

Date:  April 22, 2010 
 
Re: Big Dry Creek Water Quality Summary for 2009  

 

This memorandum summarizes the water quality monitoring program conducted by the Big Dry 
Creek Watershed Association (BDCWA) during 2009, including these topics: 

• Data summary and comparison to stream standards 

• Key constituents of interest 

a. E. coli 

b. Selenium 

c. Nutrients (ammonia, nitrate, phosphorus) 

d. Temperature 

• Flow conditions 

• Quality assurance/quality control  

Data Summary and Comparison to Stream Standards 

During 2009, the City and County of Broomfield and the cities of Northglenn, Thornton, and 
Westminster (Cities) worked together to collect water quality and flow data along the main stem of 
Big Dry Creek (Figure 1a).  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 clear understanding of the hydrologic regime on Big Dry Creek is important due to its 
significant effect on pollutant loading and instream concentrations.  Figure 1b provides a straight-
line diagram of the key discharges and diversions along the creek, along with the USGS gauging 
station locations.   
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Water quality samples were collected and analyzed for a variety of constituents, resulting in over 
3,800 records being added into the BDCWA water quality database.  Metals were monitored on a 
quarterly basis with the exception of selenium, which was monitored monthly.  All other 
constituents were monitored on a monthly basis.  The Big Dry Creek monitoring program is an 
ambient-based program.  During 2009, field staff reported that all monthly samples were collected 
under baseflow conditions.  Field notes indicate that Standley Lake was releasing flows in June and 
July.  An overview of samples collected is provided in these tables and attachments:   

• Table 1 identifies the Colorado Water Quality Control Commission (CWQCC) stream 
standards on Segment 1 of Big Dry Creek, the frequency with which standards were 
exceeded and whether the stream attained the standard for each constituent. 

• Table 2 provides a summary of the numbers of samples collected and the average, minimum 
and maximum concentrations for each constituent. The relevant regulatory statistic (e.g., 
85th percentile) for constituents with stream standards is also provided. 

• Attachment 1 provides a summary of the instream data collected during 2009 for each 
monitoring station.  

• Attachment 2 provides a summary of grab samples for municipal wastewater treatment 
plant (WWTP) discharges to Big Dry Creek during 2009.  These samples are collected to 
provide supplemental information on the quality of discharges to Big Dry Creek at the time 
of instream sample collection.  For E. coli, pH, TSS and ammonia, Discharge Monitoring 
Report (DMR) data were provided by Westminster and Broomfield for a portion of 2009.  
During 2008, BDCWA decided to provide DMR data for permit-regulated constituents in 
lieu of grab samples; however, this change in the monitoring program was not fully 
implemented during 2009. 

• Attachment 3 provides a summary of quality assurance (QA) samples collected as part of 
the monitoring plan. 

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 85th 
percentile value.  Exceptions include use of the 50th percentile value for metals with standards in 
the total recoverable form, the geometric mean1

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

 for E. coli, and the 15th percentile value for 
dissolved oxygen (DO) and the lower acceptable range for pH.  (It should be noted that from a 
regulatory perspective, five years of data would be used in such a comparison.)  The time periods 
evaluated in this memorandum 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 
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be included, whereas for most other constituents, new data collected during 2009 are the primary 
focus.  

To calculate hardness-based stream standards, a hardness value of 333 mg/L was used, consistent 
with the value used by the Colorado Water Quality Control Division (CWQCD) wastewater 
discharge permits for Broomfield, Westminster and Northglenn.  The mean hardness value for the 
stream as a whole during 2009 was 387 mg/L.  Figure 2 shows relatively high hardness values 
upstream of the wastewater discharges, as well as in the lower portion of the creek in the 
agricultural area.  This is consistent with previous analyses conducted by BDCWA.  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 µg/L, whereas a hardness value of 350 mg/L results 
in a chronic zinc standard of 362 µg/L (i.e., the higher the hardness value is, the less stringent the 
water quality standard is for certain metals.) 

Segment 1 (the main stem) of Big Dry Creek is listed on the 2010 303(d) List for Colorado for non-
attainment of stream standards for E. coli and selenium.  (This was also the case for the 2008 
303(d) List.)  The 2009 Big Dry Creek data are consistent with these listings, showing attainment of 
all currently applicable standards with the exception of selenium and E. coli.  A brief synopsis of 
these two issues includes: 

• Selenium:  At the December 2007 CWQCC Rulemaking Hearing, irrigation and non-
irrigation season site-specific standards were assigned to Big Dry Creek.  A specific 
standards assessment method was also developed that is to be based on data collected at 
monitoring locations bdc1.5, bdc2.0, and bdc4.0 (i.e., the instream locations upstream of the 
wastewater treatment plant [WWTP] discharges).  The 2009 Big Dry Creek data set meets 
the non-irrigation season (winter) chronic and acute standards and the irrigation season 
acute standard; however, the 2009 irrigation season data slightly exceed the chronic  
irrigation season standard.  Attainment of the stream standard is based on five years of data.  
When considering the last five years of data (2005-2009), the stream does not attain the 
chronic irrigation season standard by a small margin of 0.6 µg/L.  (See the selenium 
discussion later in this memorandum for more information.) 

• E. coli:  The annual geometric mean for Big Dry Creek attained the stream standard for 
2009, but exceeded the standard during the recreational season (May-October) assessment 
period during 2009.  A Total Maximum Daily Load (TMDL) process has been initiated by 
the CWQCD and the U.S. Environmental Protection Agency (EPA) for Big Dry Creek with 
regard to E. coli.  BDCWA is working cooperatively with the CWQCD and EPA to ensure 
that the most complete and scientifically sound data set and assumptions are used in this 
process.  Special studies related to sources of E. coli in the watershed were conducted by 
Wright Water Engineers and BDCWA during 2007 and 2008 and provided to the CWQCD.  
A draft TMDL is anticipated during 2010. 

More detailed discussion for selenium and E. coli follows, along with discussion of several other 
constituents of regulatory interest. 
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SELENIUM 

In December 2007, BDCWA, CWQCD and EPA worked together to develop an ambient-based 
site-specific standard for Big Dry Creek based on the “natural or irreversible human-induced 
conditions” related to selenium in the creek.  As a result, the stream standards for selenium in Big 
Dry Creek changed from a chronic stream standard of 4.6 µg/L and acute standard of 18.4 µg/L to 
seasonal ambient-based standards.  (The complete study on which this standard is based can be 
downloaded from the Big Dry Creek website www.bigdrycreek.org.)  The new standards and 
method of assessing attainment of the standards are described in the Statement of Basis and 
Purpose in Regulation 38 (CWQCD 2008b) as: 

The Big Dry Creek Cities presented evidence that the natural or irreversible human-
induced ambient water quality levels for selenium in Big Dry Creek Segment 1 at times 
exceed the relevant table value standard, and an ambient quality based standard, 
calculated in a manner consistent with Basic Standards requirements, is adequate to 
protect classified uses. The Commission accepts the Big Dry Creek Cities’ evidence as 
accurate. The Commission expressly finds that the natural or irreversible human-induced 
ambient water quality levels for selenium in Big Dry Creek Segment 1 exceed the relevant 
table value standard. Moreover, the proposed ambient quality based standard is adequate 
to protect classified uses and represents the highest reasonably attainable standard, based 
on analysis of available data that show elevated instream conditions are attributable to 
natural or irreversible human induced conditions. 

Strong seasonal variation associated with highly managed flow conditions (e.g., releases of 
irrigation water from Standley Lake) significantly influences selenium concentrations, 
particularly in the portion of the stream above the wastewater treatment plants. As a result, 
the Commission adopts seasonal ambient quality based site-specific standards for selenium 
applicable to Big Dry Creek Segment 1. During the irrigation season (April through 
October), ambient standards are 7.4 μg/L chronic (dis) and TVS μg/L acute (dis). Ambient-
based non-irrigation season (November through March) standards are 15 μg/L chronic 
(dis) and 19.1 μg/L acute (dis). These calculations are based on the 85% (chronic) and the 
95% (acute for the non-irrigation season) of the ambient selenium data collected at three 
specific instream monitoring locations (bdc1.5, bdc2.0 and bdc4.0) upstream of the three 
municipal wastewater treatment plant discharges, however, it is the Commission’s intent 
that the existing spatial variability of selenium in Big Dry Creek be maintained. This 
composite approach was jointly developed by the Cities and the Water Quality Control 
Division as a reasonable method to establish the ambient based standards and to assess 
attainment of future stream standards for Segment 1 of Big Dry Creek. The ambient quality 
based site-specific standards for selenium (acute and chronic) shall apply to the entirety of 
Big Dry Creek Segment 1. The Commission also removes the temporary modification 
currently in place for selenium in Big Dry Creek Segment 1. 

Based on these revised standards, the 2009 data set attains the non-irrigation season (winter) 
standard for Big Dry Creek.  The irrigation season data set for 2009 is slightly above the irrigation 

http://www.bigdrycreek.org/�
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season (summer) chronic standard, as was also the case in the summers of 2007 and 2008.  WWTP 
grab samples collected during this time period were below chronic and acute stream standards.  
Statistically significant increases in selenium concentrations over time are not present in the data 
set.   

Table 3 provides a summary of the previously analyzed 2003-2008 data set, along with the most 
recent five-year period covering 2005-2009.  Figures 3a-3c provide the last five years of monthly 
data at bdc1.5, bdc2.0 and bdc4.0.  Instream selenium concentrations are influenced by the flow 
regime at the time of sample collection, which is the basis for the irrigation and non-irrigation 
season standards.  When Standley Lake is not releasing water to Big Dry Creek, instream flows at 
bdc1.5 are typically dominated by groundwater inflows, which are known to have high selenium 
concentrations due to the geology in the vicinity of bdc1.5.  The months of April and October are 
“fringe” months with regard to irrigation releases from Standley Lake.  If the month of October is 
included as a non-irrigation season month, then the acute and chronic stream standards would be 
attained for the 2005-2009 time period as shown in Table 3.  As shown in Figures 3a-3c, sampling 
locations bdc2.0 and bdc4.0 are less affected by releases from Standley Lake due to dilution of 
instream flows with WWTP discharges from Broomfield and Westminster.   

Table 3. Big Dry Creek Instream Selenium Data Summary (2003-2009) 

Irrigation Season   Non-Irrigation Season 

 2003-
2008 

2005-
2009 
(per 

Reg. 38) 

2005-
2009  
(w/out 
Oct.) 

Dec. 2007 
Standard  2003-

2008 

2005-
2009 
(per 

Reg. 38) 

2005-
2009 

(w/Oct) 

Dec. 
2007 

Standard 

All Sites 
(85th %) 7.0 6.8 6.8 NA All Sites 

(85th %) 10.0 9.0 9.0 NA 

bdc1.5, 
2.0, 4.0 
(85th %) 

7.9 8.0 7.1 7.4 
(ch) 

bdc1.5, 2.0, 
4.0 (85th %) 15.0 15.0 15.0 15 (ch) 

bdc1.5, 
2.0, 4.0 
(Max) 

17.0 15.6 13.0 18.4 
(ac) 

bdc1.5, 2.0, 
4.0 (95th%) 19.0 18.2 17.2 19.1 (ac) 

 
Bacteria 

BDCWA now has ten years of E. coli data collected on a monthly basis at eight instream locations, 
as well as grab samples from the WWTPs (Table 4 & 5 and Figures 4a-b & 5a-h).  Big Dry Creek is 
classified for “potential primary contact recreation,” with a numeric standard of 205/100 mL.  
During 2009, the CWQCD changed its standards assessment procedure for E. coli to include an 
assessment of standards during the recreation season (May-October) in addition to the historically 
used annual assessment procedure.  Table 4 summarizes annual E. coli data, whereas Table 5 
summarizes recreation season data.  Further changes to the standards assessment method are 
anticipated in 2010.  CWQCD has proposed a two month averaging period based on the geometric 
mean of eight samples evaluated at two-month intervals.  This proposed change in assessment 
methodology should be taken into consideration with regard to future E. coli monitoring for Big 
Dry Creek. 
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For purposes of this memorandum, the existing standards and assessment procedures are used.  
From a regulatory perspective, data collected from 2005 through 2009 would be considered in 
evaluating attainment of the E. coli stream standard.  Historic data from 2000 through 2004 are 
provided in Table 4 to show the influence of the drought (which peaked in 2002) on E. coli 
concentrations.  The historic data are also of interest to show significant reductions in the 
Broomfield WWTP’s effluent concentrations following WWTP upgrades and expansion in the 
2001-2004 time period.  Significant reductions in Westminster’s WWTP effluent concentrations are 
also apparent in 2008-2009, following plant upgrades including UV treatment and other operational 
changes. 

Table 4  
Summary of Big Dry Creek E. coli Data 

(grey-shaded cells exceed the stream standard; bold values identify the location with the 
highest annual geometric mean values) 

Geometric Mean E. coli (#/100 mL) 

Year bdc0.5 bdc1.0 bdc1.5 
bdc10.0 
(Broom. 
WWTP) 

bdc2.0 
bdc11.0  
(West. 
WWTP) 

bdc3.0  
(I-25) bdc4.0 bdc5.0 bdc6.0 

2000 212 151 389 -- 574 -- 294 500 212 323 

2001 477 118 332 215 649 68 387 634 442 510 

2002 858 230 363 364 934 16 536 441 451 572 

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 76 241 316 20 309 48 214 163 179 333 

2007 196 177 257 14 324 66 230 231 198 364 

2008 266 197 267 10 461 6 439 376 290 380 

2009 
61 78 147 5 207 14 251 137 149 197 

Notes:  Broom. = Broomfield; West. = Westminster; Northglenn excluded due to infrequent discharge.  For 
consistency between sampling years, the 2003 weekly samples were converted to monthly geometric means 
prior to calculating the annual geometric mean for 2003.  The 2009 Broomfield and Westminster geometric 
means are based on Discharge Monitoring Report (DMR) values. 
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Table 5 

Summary of Instream Big Dry Creek E. coli Data (May-Oct Recreation Season Only) 
(grey-shaded cells exceed the stream standard; bold values identify the location with the 

highest annual geometric mean values) 
 

Year bdc0.5 bdc1.0 bdc1.5 bdc2.0 bdc3.0 bdc4.0 bdc5.0 bdc6.0 
2000 182 283 607 609 316 564 270 349 
2001 571 784 764 880 759 1010 763 1040 
2002 1034 850 1538 1266 783 670 823 758 
2003 155 371 299 418 234 412 157 544 
2004 583 805 685 767 519 380 418 1089 
2005 326 557 863 869 520 372 481 517 
2006 242 529 744 517 423 362 375 704 
2007 468 547 577 493 463 440 321 643 
2008 650 480 646 991 890 969 669 577 
2009 167 174 364 370 337 191 330 610 

 

Based on review of the data, the following observations are noteworthy: 

• Geometric mean concentrations for 2009 are lower than observed in previous years at all 
monitoring locations.  The 2009 data set is the first year in the period of record that meets 
the geometric mean standard on an annual basis.  Most of the stations had the lowest annual 
E. coli concentrations for the period of record.  The 2009 geometric mean E. coli values 
were less than half of the annual geometric mean values reported during the peak of the 
drought in 2002.  This is hypothesized to be due in part to the somewhat cooler instream 
temperatures, particularly at the upstream monitoring locations (See Figures 6a-7i).   

• Historically, bdc2.0 and bdc6.0 have had the highest annual geometric mean concentrations.  
During 2009, bdc3.0 had the highest annual geometric mean concentration.  For the 
recreation season, bdc6.0 had the highest geometric mean concentration during 2009.  

• Based on review of geometric mean concentrations from 2005-2009, E. coli concentrations 
are consistently the lowest in grab samples from the Broomfield and Westminster WWTP 
discharges (Table 4), which are well below the stream standard.   

• Seasonal variation is evident (Figures 4a&4b, 5a-5h) for the 2005-2009 E. coli data set, 
with geometric mean concentrations above the stream standard during the recreational 
season of May through October.  

• Scatter plots of E. coli versus temperature (Figures 6a through 6c) suggests that E. coli may 
increase exponentially as a function of temperature.  Although statistically significant trends 
are difficult to identify for E. coli for a variety of reasons, the trend is most visible upstream 
of I-25.  Although both high and low E. coli concentrations can occur at low temperatures, it 
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appears that very few samples attain the standard at any sampling location if the temperature 
is above approximately 16-18 C (Figure 6a-c).  If temperature is a key variable affecting 
attainment of the standards, then Figure 7a indicates that attainment of the stream standard 
in the June to September timeframe is unlikely.  This has potential implications for long-
term attainment of standards under the forthcoming TMDL for E. coli on Big Dry Creek.   

• Scatter plots of E. coli versus flow were previously completed (WWE 2009), but no clear 
relationship was present; therefore, further data exploration with regard to flow was not 
completed during 2009.    

Iron 

Total recoverable iron concentrations during 2009 attained the stream standard of 1 mg/L based on 
the 50th percentile value for the overall stream and at individual monitoring stations (Figure 8).  In 
2008, the CWQCD removed Segment 1 of Big Dry Creek from the Monitoring and Evaluation List 
for iron.  The 50th percentile at all monitoring stations for the past five years continues to meet the 
iron standard (Figure 8).   

Other Metals 

There are several other comments regarding metals data that are noteworthy: 

• In 2008, BDCWA changed its monitoring approach for mercury and is now using the EPA 
1631e analysis method at one quarterly monitoring location at 120th Avenue.  This analysis 
method has much lower detection limits, providing more meaningful data, but is also much 
more costly, thus limiting analysis to one location.  All samples collected at this location 
were below the stream standard. 

• No metals exceeded stream standards during 2009, other than selenium.  Furthermore, 
cadmium, chromium, lead and silver were not detected in the 2009 instream samples. 

Nutrients 

Nationally, statewide and locally, control of nutrient loading to streams is a significant issue.  Water 
quality criteria and standards continue to emerge and are becoming more stringent.  Although Big 
Dry Creek currently attains nutrient standards assigned in Regulation 38, it is likely to be affected 
by a downstream TMDL for Barr Lake and Milton Reservoir that is targeting reductions in 
phosphorus loading.  Additionally, the initially proposed warm water nutrient criteria for Colorado 
as reported by the Colorado Nutrient Standards Work Group on February 9, 2010 include total 
phosphorus of 0.135 mg/L and 1.316 mg/L of total nitrogen.  As currently envisioned, attainment of 
the standard would be based on the 50th percentile value with an allowable exceedance of once 
every three years.  Under current conditions, Big Dry Creek would not attain either of these 
standards.  Big Dry Creek data for ammonia, nitrate and phosphorus are discussed further below. 
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Ammonia 

Stream standards for ammonia on Big Dry Creek are undergoing changes.  In June 2005, the 
CWQCC adopted revised ammonia criteria for the Basic Standards based on EPA’s 1999 Update of 
Ambient Water Quality Criteria for Ammonia.  The new criteria are in the form of total ammonia 
and are more stringent for warm water streams than the previous standards.  During the March 13, 
2007 Rulemaking Hearing, the WQCD proposed temporary modifications to WWTP discharge 
permits, including the cities of Broomfield, Westminster and Northglenn to remain at the “old” 
ammonia standard until December 31, 2011.  This proposal was based on the CWQCC’s 
acknowledgement that there is substantial uncertainty regarding the appropriateness of and cost of 
compliance with the new criteria.  The temporary modification allows time to reassess what 
standards are appropriate on a site-specific basis and also provides dischargers additional time to 
address treatment facility modification that may be needed (CWQCD 2007).   

For the currently applicable stream standards, unionized ammonia concentrations were well below 
the “old” chronic stream standard of 0.1 mg/L in 2009 with no exceedances of the acute standard, 
as shown in Figure 9.  This is consistent with the data set for the past five years.   

Total ammonia concentrations for Big Dry Creek are plotted in Figure 10, along with the chronic 
standards that will be in effect in 2011.  Both chronic and acute standards for total ammonia are 
calculated using a formula based on pH and temperature.  During 2009, the stream attained both 
chronic and acute total ammonia standards.  Two unusually high total ammonia values were 
measured during 2009 (3.73 mg/L on January 8 at bdc2.0 and 3.26 on April 9 at bdc6.0); however, 
the stream standard was not exceeded on either day.  Broomfield staff reported that the elevated 
January 8 value was likely due to an elevated effluent ammonia value of 7.1 mg/L due to some 
operational issues related to grease.  However, there was no discharge permit violation, given that 
Broomfield’s daily maximum permit limit for January is 9.0 mg/L and the 30-day average limit is 
6.0 mg/L.  Broomfield’s 30-day average was 2.7 mg/L and the daily maximum was 7.8 mg/L 
(Personal Communication with Lesa Julian, City and County of Broomfield).    

Dr. Bill Lewis at the University of Colorado has conducted a more detailed analysis of the total 
ammonia standards for the wastewater dischargers on Big Dry Creek, which should be consulted 
for more detailed information on ammonia-related aspects of the WWTP discharges. 

Nitrate 

Regulation 38 does not assign a nitrate standard to Big Dry Creek; however, Big Dry Creek nitrate 
concentrations are well below the agricultural nitrate standard of 100 mg/L identified in the 
Colorado Basic Standards (Regulation 31).  Additionally, although Big Dry Creek does not have a 
drinking water classification (with a corresponding in-stream nitrate standard of 10 mg/L), the 
Middle South Platte River Segment 1 downstream of Big Dry Creek has a drinking water 
classification and a nitrate standard of 10 mg/L.  This standard is applied based on a single day 
combined total of nitrite and nitrate at the point of intake to the domestic water supply.  Figure 11a 
shows that, at the confluence with the South Platte River (bdc6.0), the Big Dry Creek average 
nitrate concentrations were below 10 mg/L with an average concentration of 5.0 mg/L during 2009, 
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which is comparable to previous years.  All values at bdc6.0 were below 10 mg/L during 2009.  
Nitrate concentrations in WWTP discharges to Big Dry Creek are typically higher than values at 
bdc6.0, but dilution from instream flows and natural losses associated with the nitrogen cycle result 
in lower nitrate concentrations by the time these flows reach bdc6.0 upstream of the confluence 
with the South Platte River.   

Figure 11b plots the sum of nitrate/nitrite plus total ammonia for purposes of comparison to the 
potential nutrient criteria currently being considered in Colorado.  The initially proposed total 
nitrogen standard is 1.316 mg/L of total nitrogen.  Upstream of the WWTP discharges, the median 
nitrate/nitrite plus total ammonia value is 0.40 m/L during 2009.  For the stream as a whole, the 
median value is 4.00 mg/L.  It is recommended that BDCWA add total nitrogen to its monitoring 
program to develop a more complete understanding of total nitrogen in Big Dry Creek, since the 
organic fraction of total nitrogen is not included in these values. 

Phosphorus 

The Barr-Milton Watershed Association (BMW) is addressing pH exceedances in the Barr-Milton 
reservoir system.  These pH exceedances are attributed to excessive algal growth caused by nutrient 
loading.  BMW has established a database for modeling conditions in the reservoirs and has 
included water quality data from Big Dry Creek, as well as many other tributaries upstream of the 
Barr-Milton system.  BDCWA representatives are participating in various aspects of the BMW 
effort.  In August 2009, AECOM released the final report titled “Watershed and Lake Modeling for 
a TMDL Evaluation of Barr Lake and Milton Reservoir,” which forms the underlying basis for 
ongoing work in development of a TMDL.  Several key conclusions quoted from the report include: 

• Analysis of relationships between phosphorus, chlorophyll and pH suggests that the highest 
total phosphorus value that could be reasonably expected to support achievement of the pH 
standard is 0.1 mg/L in each lake, although a lack of data for conditions in the reservoirs at 
phosphorus levels <0.25 mg/L adds uncertainty.  

• Currently, point sources of nutrients dominate the nutrient loads to the reservoirs. Nonpoint 
sources are much smaller in comparison. Water entering the datashed is of generally 
acceptable quality, but becomes overloaded with nutrients through sequential discharges to the 
South Platte River prior to diversion into Barr Lake and Milton Reservoir.  

• The Metro WWTP and Littleton-Englewood WWTP are the largest dischargers of phosphorus 
to the system, providing approximately 90% of the load to Barr Lake and 80% of the load to 
Milton Reservoir. Of these two sources, Littleton/Englewood WWTP is slightly more influential 
on Barr Lake and Metro WWTP is much more influential on Milton Reservoir.  

• Internal loading is difficult to quantify with existing data, but the model indicates that internal 
loading of phosphorus may be an important input source in at least Barr Lake now.  

• It is not possible to achieve a meaningful reduction in phosphorus loading without addressing 
the dominant point sources and the internal load. More than a 90% reduction in each is 
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needed, and it may take a 99% reduction in the external load to achieve phosphorus 
concentrations believed to correspond to compliance with the pH standard. This would require 
major reductions from many sources in the watershed, not just the dominant point sources.  

• Additional inlake approaches for minimizing algal production and moving toward pH 
compliance are available, but a watershed-based effort may be necessary to consistently 
achieve water quality goals. TMDL development is based on reducing phosphorus loading and 
inlake concentrations to a point at which algal growth will be limited and high pH will be 
minimized. Still, with the extreme effort necessary to reduce external loads to the necessary 
level, inlake actions that could achieve pH compliance bear further scrutiny.  

• Almost all scenarios examined in this exercise do not result in mean phosphorus and/or 
chlorophyll levels as low as may seem desirable from the evaluation of possible target values. 
However, it appears more important to avoid high values than to lower the mean or median by 
an extreme amount, and it may be easier to change the shape of the distribution of values than 
to shift the entire distribution to a lower level. Implementation should consider how to achieve 
compliance with the pH standard and support of designated uses, not simply how to drastically 
reduce phosphorus levels in this wastewater dominated system.  

As of March 2009, draft TMDL work has identified Big Dry Creek as contributing approximately 
5.9 percent of the phosphorus loading to Milton Reservoir.  Big Dry Creek has been targeted for a 
50 percent total phosphorus load reduction from 2,301 kg/yr down to 1,150 kg/yr.  Because Big 
Dry Creek is identified as a nonpoint source of loading, “application of BMPs to the greatest extent 
feasible” is the recommended approach for achieving these reductions.   

Although it is beyond the scope of this memorandum to evaluate various aspects of the draft 
TMDL, documentation of phosphorus trends in Big Dry Creek is provided in Figures 12-17.  
Primary attention is given to bdc6.0, which is the downstream-most instream monitoring location. 
Although instantaneous flow measurements are conducted by BDCWA on a monthly basis, the 
USGS Fort Lupton gaging station is combined with the bdc6.0 data to estimate loads.  Several key 
observations at bdc6.0 include:   

• As shown in Figures 12 and 13a, total instream phosphorus concentrations have decreased 
since 2002, with the average 2009 concentration (0.73 mg/L) being roughly half of the 
2002 average concentration (1.57 mg/L).  For purposes of the BMW modeling, 2003-2004 
was used as a baseline.  It is important to be aware that the Big Dry Creek total phosphorus 
concentrations were somewhat lower than previous and subsequent years.  (At the time of 
this memorandum, the reason for these lower values had not been investigated; however, 
total phosphorus concentrations in the Broomfield WWTP effluent in 2004 were less than 
half of the 2002 effluent values, likely leading to the lower bdc6.0 values in 2004.)    

• Big Dry Creek phosphorus concentrations at bdc6.0 during the summer months (May-
August) appear to be somewhat lower (by approximately 0.4-0.5 mg/L) than during the 
winter months.   
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• Despite the lower phosphorus concentrations during 2009, the phosphorus loading at bdc6.0 

did not decrease relative to 2004 due to higher flows at the Fort Lupton gage.  Pollutant 
loads are calculated based on pollutant concentration multiplied by flow volume; therefore, 
increases in flow can offset reductions in pollutant concentrations (Figures 14a & b).    

• Both Westminster and Broomfield WWTP discharges show substantial reductions in total 
phosphorus concentrations since 2004.  Both WWTPs have implemented major upgrades 
in recent years and have been in the process of optimizing plant operations following these 
upgrades.  Westminster reports that its WWTP is designed to reduce total phosphorus 
below 1 mg/L, and Broomfield reports that eventually 0.5 mg/L of total phosphorus may 
be feasible.  In 2009, average total phosphorus was 0.9 mg/L for Broomfield and 0.57 
mg/L for Westminster.  For a relative sense of how these concentrations compare to other 
WWTP discharges, AECOM (2009) reports that total phosphorus concentrations in 
Littleton-Englewood and Metro effluent range between 2.5 and 3.0 mg/L.  For purposes of 
a general frame of reference, WWTPs discharging to Front Range reservoirs such as 
Chatfield, Bear Creek and Cherry Creek have total phosphorus discharge permit limits 
ranging from 0.2 to 1 mg/L.  (Northglenn WWTP DMR data were not provided at the time 
this memorandum was completed; however, historically, Northglenn has discharged 
infrequently to Big Dry Creek.  During 2009, however, Northglenn discharged to Big Dry 
Creek during January-June.  These discharges occurred because temporary operational 
adjustments were made during repairs to Bull Reservoir, with total phosphorus values in 
the BDCWA grab samples averaging 2.15 mg/L.)  

• Both the Broomfield and Westminster WWTPs have implemented significant reclaimed 
water programs.  For example, during 2008, Broomfield’s discharges to Big Dry Creek 
included only roughly half of their treated effluent.  Figure 17 shows annual volumes 
discharged to Big Dry Creek for several recent years.  The current and future effects of 
reclaimed water programs have not been evaluated for purposes of this memorandum, but 
are important considerations should more in-depth analysis be conducted related to Big Dry 
Creek phosphorus loading to the South Platte River.  

• As previously shown in Figure 1b, the hydrology of Big Dry Creek is highly managed and 
complex.  Future evaluation of measures to reduce phosphorus loading from Big Dry Creek 
must fully consider these complexities.  For example, changes in Standley Lake release 
patterns may affect phosphorus loading, but this has not been fully explored.  Other 
hydrology-related considerations include:  

o It is important to be aware that bdc6.0 is located upstream from the USGS gage.  
Instantaneous flow measurements at bdc6.0 and the average daily flow 
measurements at the USGS Fort Lupton gage vary substantially.  On average, 
flows at the USGS gage are approximately 20 percent higher; however, there is 
large variation in the magnitude of the difference between individual pairs of flow 
measurements.   
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o It is important that the water quality sample location used for modeling Big Dry 

Creek phosphorus contributions to the South Platte River be located upstream of 
the Lupton Bottoms discharge of South Platte water to Big Dry Creek.  Sampling 
location bdc6.0 is upstream of the Lupton Bottoms discharge. Metro Wastewater 
Reclamation District has also collected some water quality samples below Lupton 
Bottoms ditch, which may be influenced by South Platte water discharged from 
the Lupton Bottoms ditch.  (See Figure 2 for the relative locations of ditches, 
gauges and discharges on Big Dry Creek.). 

Total phosphorus concentrations in Big Dry Creek are also of interest with regard to nutrient criteria 
being developed in Colorado.  The Colorado Nutrient Standards Work Group reports that the 
initially proposed total phosphorus standard for warm water streams is 0.135 mg/L.  For 
comparison, Figure 13b shows that Big Dry Creek at bdc6.0 would have substantial difficulty 
meeting this proposed standard, with the median phosphorus concentration during 2009 at bdc6.0 
being 0.60 mg/L.  The 2009 median value is approximately half of the five-year (2005-2009) 
median of 1.13 mg/L, showing substantial reductions in phosphorus concentrations due to recent 
phosphorus reduction in the Broomfield and Westminster WWTP discharges.  Nonetheless, 
attainment of the initially proposed stream standard would not be achievable under current 
conditions. 

Temperature 

At the January 2007 CWQCC Rulemaking Hearing, the CWQCC adopted new temperature 
standards that became effective on July 1, 2007.  However, temporary modifications to this 
standard were also adopted for certain stream types.  Because Big Dry Creek is in the South Platte 
River Basin in a warm water stream, temporary temperature standards of 30 degrees C were 
assigned until December 31, 2009.   

The currently applicable classification for temperature standards on Big Dry Creek is Warm Stream 
Tier I (WS-I), due to the presence of the Johnny darter in some locations in the upper portion of the 
stream.  Attainment of standards is assessed based on comparison of the maximum weekly average 
temperature (MWAT) and Daily Maximum (DM) temperature to seasonal temperature standards 
established for March-November and December-February.  Values above these standards are 
allowed under these conditions: 

• The DM may exceed the acute temperature standard once every three years.  The DM is 
calculated as  the highest two-hour average water temperature recorded during a given 24-hour 
period. 

• The MWAT may exceed the chronic standard once every three years (1E3). The MWAT is 
calculated as the largest mathematical mean of multiple, equally spaced, daily temperatures over 
a seven-day consecutive period, with a minimum of three data points spaced equally through 
the day. 
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• Values measured during conditions meeting air temperature or low-flow excursion criteria 

defined in Regulation 31 are not considered exceedances.   

The WQCD determines whether temperature limits are to be included in permits in accordance with 
the Basic Standards 31.14 (14) “Integration into Discharge Permits.”  Currently, the municipal 
WWTP dischargers to Big Dry Creek are required to “report only” under terms of the current 
permit.  Additional instream monitoring data have been collected at several instream locations in 
support of this effort using HOBO data loggers recording temperature measurements at 15-minute 
intervals.  These data sets have not been fully evaluated for purposes of this memorandum; 
however, the cities report that attainment of the standard will be challenging during certain time 
periods.    

In lieu of evaluating the cities’ daily temperature data, the comments provided below are based on 
the BDCWA monthly instream grab samples collected between 2005 through 2009, as summarized 
in Figures 18a&b.  (Note:  the WWE (2009a) annual water quality analysis provides more detailed 
discussion of various issues related to the temperature standard that have not been repeated 
herein.)  Key observations include: 

• All monthly temperature measurements during the December-February timeframe were 
below both the Daily Maximum (DM) limit of 14.5 C and the Maximum Weekly Average 
Temperature (MWAT) of 12.1 C. 

• During the March-November timeframe, all measurements were below the DM limit of 
29.0 C.  Three values exceeded the MWAT of 24.2 C during July 2005 at bdc4.0, bdc5.0, 
and bdc6.0.  Evaluation of the 1997 through 2009 data set (WWE 2009) also indicated that 
it may be challenging to meet the WS-I March-November standards at monitoring stations 
from I-25 (bdc3.0) to the confluence (bdc6.0).   

Flow 

The available USGS flow data for the Westminster and Fort Lupton gauges during 2009 are shown 
in Figures 19a through 21.  During 2009, average daily flows at the Westminster gauge ranged from 
0.63 cubic feet per second (cfs) to 230 cfs with an average of 15.3 cfs.  Average daily flows for the 
Fort Lupton gauge data ranged from 9 cfs to 534 cfs with an average of 53.5 cfs.  For comparison, 
the 2008 average daily flows for Big Dry Creek at the Westminster and Fort Lupton gauges were 
7.6 cfs and 35 cfs respectively.  The increase in flows observed during 2009 correlates with above-
average precipitation as measured by the National Weather Service’s annual weather statistics for 
the Denver Metropolitan area.  These statistics indicate that 18.12 inches of precipitation fell in the 
Denver area during 2009, compared with the 29-year average of 15.81 inches and the 2008 total of 
10.21 inches.  Additionally, flows at Fort Lupton reflect discharges to Big Dry Creek from the 
Northglenn WWTP during January through June.  Northglenn’s average monthly discharge total for 
these months was 277 AF/month.  Typically, Northglenn does not discharge to Big Dry Creek, 
however, Bull Reservoir was being repaired and had to be drawn down and maintained at a low 
level until repairs were completed (Personal Communication with Shelley Stanley, City of 
Northglenn).   
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Figures 20a&b identify peak stream flows for the period of record at both gages.  Although the 
maximum flow at Fort Lupton was more than 100 cfs lower than the annual peak streamflow 
observed in 2009, it was the second highest maximum recorded flow for the period of record, 
approaching 600 cfs on April 19, 2009. 

During 2008, the Urban Drainage and Flood Control District, the cities of Westminster and 
Thornton, and Adams County initiated a master drainage plan update for the main stem of Big Dry 
Creek from Standley Lake dam to the Weld County line.  This plan should be completed in 2010 
and will be important for identifying measures to minimize flooding and stream degradation. 

Quality Assurance/Quality Control 

During 2009, quality assurance/quality control (QA/QC) procedures were followed using the 
guidelines set forth in the Big Dry Creek Sampling and Analysis Plan (BDCWA 2003).  Under this 
program, field blanks are analyzed for the full suite of constituents in March, a full set of duplicate 
analyses are completed in September, and during June and December, field duplicates are analyzed 
for four locations (bdc1.5, bdc2.0, bdc3.0 and bdc5.0) for constituents of concern (selenium, E. coli, 
ammonia and iron) (Table 6).   

Table 6.  Field Quality Control Program (from 2003 monitoring plan) 

Month QC Sample Type Site 
March Field blanks (complete set) 6.0 –maximum equip. use 
June Field duplicates for 

Constituents of Concern 
(Represents high flows) 

      1.5 – Selenium 
2.0 – E. coli  
3.0 – NH3  
5.0 – Fe (TRec)  

September Field duplicates, full set 5.0 –most constituents 
detected at this site 

December Field duplicates for 
Constituents of Concern  
(Represents low flows) 

      1.5–Selenium 
2.0–E.coli  
3.0–NH3  
5.0 – Fe (TRec) 

 

During 2009, the minimum set of QA samples was collected with the exception of field duplicates 
for E. coli at bdc2.0 during June and December.  These duplicates should be collected in the future.  
Field blank analyses were within acceptable concentrations for all parameters tested.  Additional 
field blank and duplicate analyses were also conducted that went beyond the minimum 
requirements of the Sampling and Analysis Plan. 

Attachment 3 summarizes analysis of field blank and duplicate samples for 2009.  Analysis of 
relative percent difference (RPD) for the sample duplicates generally shows acceptable accuracy for 
most constituents.  Several comments include: 
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• Total recoverable iron results had relatively high RPD percentages, averaging 24% for three 

replicate pairs.  Reported values for the sample pairs were above detection limits.  A 
possible explanation for the observed RPD percentages could be the fact that iron is 
strongly associated with TSS in the stream.  Per the sampling plan, field duplicates are 
prepared by collecting identical sample aliquots.  However, the likelihood is that the 
underlying samples are not identical due to the natural variation of sediment in the samples.  
Care should be taken with regard to sampling procedures to ensure that the replicate 
samples are as similar as possible and that bottom sediments are not being stirred up and 
captured during sampling.  In the case of one pair of iron samples, one sample was above 
the stream standard and one was below the stream standard.  

• Several total ammonia RPD values were somewhat high, with an average RPD of 33% and 
values ranging from 14% to 67%.  

Recommendations 

1. Given initially proposed nutrient standards based on total nitrogen and total phosphorus, 
BDCWA should add total nitrogen to its monthly instream monitoring program. 

2. In 2009, BDCWA decided to use Discharge Monitoring Report (DMR) data from the WWTPs 
to characterize discharges from the WWTPs during the monthly voluntary synoptic sampling 
effort.  During 2009, grab samples were inadvertently collected from the WWTP discharges, 
creating some inconsistency in the sampling program.  During 2010, grab samples from the 
WWTPs should not be analyzed for DMR-reported constituents.   

3. BDCWA should discuss how the instream monitoring program may need to be adjusted due to 
likely changes in standards assessment procedure for E. coli.  For example, BDCWA may want 
to collect weekly samples at limited monitoring locations, in addition to the monthly synoptic 
program.   

4. Additional analysis of phosphorus concentration trends, flow patterns and phosphorus loading 
may be beneficial for BDCWA, given the forthcoming TMDL for Milton Reservoir.  
Exploration of BMPs that may help to reduce phosphorus loading may also be beneficial.   

5. Depending on the nature of the draft E. coli TMDL, some additional study of E. coli issues may 
be necessary; however, the extent of such studies, if any, is not known at this time.  Other work 
related to measures to reduce E. coli concentrations may be required, depending on the nature of 
the TMDL. 
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Figure 7a. Big Dry Creek Average Instream Temperatures (1997-2009)
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Figure 7c. Average Recreational Season 
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Figure 7e. Average Recreational Season 
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Figure 7f. Average Recreational Season 
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Figure 7g. Average Recreational Season 
Instream Temperatures at bdc4.0

0

2

4

6

8

10

12

14

16

18

20

22

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Te
m

pe
ra

tu
re

 (C
)

Figure 7h. Average Recreational Season 
Instream Temperatures at bdc5.0
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Figure 7i. Average Recreational Season 
Instream Temperatures at bdc6.0
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Figure 11. Big Dry Creek Average and Maximum Nitrate 2009 

Average

MaximumBig Dry Creek does not have a 
drinking water classification; 
therefore it does not have a 
nitrate stream standard.

The South Platte River 
downstream of Big Dry Creek 
has a stream standard of 10 
mg/L of nitrate at the drinking 
water intake.

Agricultural Nitrate Std. = 100 
mg/L



0.00

0.50

1.00

1.50

2.00

2.50

3.00

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

To
ta

l P
ho

sp
ho

ru
s 

(m
g/

L)
Figure 12. 

Big Dry Creek Instream Total Phosphorus at bdc6.0

2002 2003 2004 2005 2006 2007 2008 2009 Average

R² = 0.5055

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

1.60

1.80

2002 2003 2004 2005 2006 2007 2008 2009

To
ta

l P
ho

sp
ho

ru
s 

(m
g/

L)

Figure 13.  Average Big Dry Creek Instream Total 
Phosphorus at bdc6.0 (2002-2009)

Mean

Linear (Mean)



0

10

20

30

40

50

60

-

10,000 

20,000 

30,000 

40,000 

50,000 

60,000 

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

A
vg

. A
nn

ua
l F

lo
w

 (c
fs

)

A
nn

ua
l T

ot
al

 P
 L

oa
d 

(k
g/

yr
)

Figure 14a. Estimated Total P Loading at bdc6.0 
(using Fort Lupton Gage & bdc6. Total P)

kg/yr (sum of monthly 
avg flow * P)

Average Annual Flow at 
Fort Lupton (cfs)

0.00

0.50

1.00

1.50

2.00

-

10,000 

20,000 

30,000 

40,000 

50,000 

60,000 

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

A
vg

 T
ot

al
 P

 (m
g/

L)

A
nn

ua
l T

ot
al

 P
 L

oa
d 

(k
g/

yr
)

Figure 14b. Estimated Total P Loading at bdc6.0 
(using Fort Lupton Gage & bdc6.0 Total P)

kg/yr (sum of monthly avg 
flow * P)

Annual Average Total P 
(mg/L)



0.00
0.25
0.50
0.75
1.00
1.25
1.50
1.75
2.00
2.25
2.50
2.75
3.00
3.25
3.50
3.75
4.00

2002 2003 2004 2005 2006 2007 2008 2009 2010

Figure 15b. Average Total Phosphorus Concentration in 
Broomfield WWTP Discharge

Note: Only Jan & Feb included for 2010.  

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

5.00

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

To
ta

l  
Ph

os
ph

or
us

 (m
g/

L)

Figure 15a. 
Total Phosphorus in Broomfield WWTP Discharge

2002

2003

2004

2005

2006

2007

2008

2009

2010

Average 
(2002-2009)

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

5.00

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

To
ta

l P
ho

sp
ho

ru
s 

(m
g/

L)

Figure 16a. 
Total Phosphorus in Westminster WWTP Discharge

2004

2005

2006

2007

2008

2009

2010

average 
(2004-2009)

0.00
0.25
0.50
0.75
1.00
1.25
1.50
1.75
2.00
2.25
2.50
2.75
3.00
3.25
3.50
3.75
4.00

2004 2005 2006 2007 2008 2009 2010

To
ta

l P
ho

sp
ho

ru
s 

(m
g/

L)
 

Figure 16b. Average Total Phosphorus Concentration in 
Westminster WWTP Discharge

Note: Only Jan & Feb included for 2010.  Only 5 months available for 2007
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Figure 18a. Big Dry Creek 
Instream Temperatures (Dec-Feb) 2005-2009

Dec
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WS I:  DM = Daily Maximum Limit 14.5 C

WS I:  MWAT = Weekly Maximum Limit 12.1 C
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Figure 18b. 
Big Dry Creek Instream Temperatures (Mar-Nov) 2005-2009
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WS I:  DM = Daily Maximum Limit 29.0 C

WS I:  MWAT = Weekly Maximum Limit 24.2 C



Figures 19 a & b. USGS 2009 Streamflows on Big Dry Creek 
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Figures 20 a & b. USGS Peak Annual Streamflows on Big Dry Creek 
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Figure 21.
Average Annual Flows on Big Dry Creek at USGS Westminster and Fort Lupton Gages
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