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Summary 

 The Metro District’s South Platte Water Quality Model is designed specifically to 

determine effluent limits for municipal discharges affecting Upper South Platte Segment 15 and 

Middle South Platte Segment 1a. The discharges include the Metro District’s R. W. Hite 

Treatment Facility at the upper end of Segment 15 and six other discharges downstream, 

including a projected future discharge from the Metro District’s Northern Treatment Plant. The 

model takes into account detailed information on hydrology, including not only surface water 

flows and WWTF discharges but also ditch withdrawals and groundwater. For water quality, the 

model is calibrated on the basis of routine monitoring data as well as 24-hour data collected at 

times of low river flow and other studies that serve as a basis for estimation of biological 

processes affecting concentrations of regulated constituents.  

 This report describes recalibration of the model leading to new estimates of effluent 

limits for dissolved oxygen, nitrogen species, and total phosphorus. Recalibration was 

accomplished by use of the most recent ten-year hydrologic data set and the most recent five year 

data set for water quality constituents and the most recent seven years for special 24 hour data 

collection studies. The model incorporates detailed site-specific information on physical 

processes such as reaeration, flow velocities, and 24 hour temperature cycling. Biological 

processes that are specifically addressed by the model include photosynthesis, respiration, 

nitrification, denitrification, and ammonification. The recalibration process was followed by a 

quantitative model validation that showed good model performance. 

 The recalibrated model was applied to estimation of permit limits through a series of 

steps beginning with limits on total ammonia for protection of aquatic life. The model provides 

estimates of pH and temperature for all months of the year for any point within the 42-mile 
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modeling reach. This information was used in calculating ammonia standards for each month of 

the year at any given location in the modeling reach. Ammonia effluent limits for all dischargers 

were set at zero, then raised incrementally in unison until a critical point appeared on the river 

where the projected stream concentration of total ammonia equaled the numeric standard for 

total ammonia. This determined the effluent limit for ammonia at all discharges above the critical 

point. The process was then repeated for dischargers downstream of the first critical point until a 

final critical point was located below all of the dischargers. The result is full use of ammonia 

assimilative capacity by all dischargers (Tables A, B).  

 A second step in application of the model was determination of effluent limits for nitrate 

as required for protection of drinking water supply (10 mg/L nitrate-N). All effluents were 

initially assumed to be discharging at the standard. Because the river generates nitrate through 

nitrification, a 10 mg/L effluent limit leads to exceedances below some discharges. The assumed 

nitrate concentrations for those dischargers were lowered as necessary to achieve downstream 

compliance with the standard. Adjustments required by this procedure were minor (less than 0.5 

mg/L), which led to nitrate limits for all discharges falling between 9.5 and 10 mg/L. 

 A third step was examination of the predicted oxygen concentrations (acute, chronic) that 

would be expected given the effluent limits for ammonia and nitrate as described above. In 

contrast to previous calibrations, no further adjustments in ammonia concentrations were 

necessary to accommodate the oxygen standard because the recalibrated model predicts the 

stream to be in compliance with the oxygen standard without any such adjustments (Tables A, 

B), reflecting improved water quality over the last ten years.  



 4 
 

 
 

 Tables A and B show effluent limits for ammonia and nitrate as determined by modeling. 

Dischargers will need to consider Regulation 85 as an overriding constraint on the sum of total 

ammonia and total nitrate (TIN) for a particular discharge, as indicated in the table. 

 Limits on total phosphorus also were modeled as necessary to accommodate the new 

phosphorus standard. Biological processes do not have significant influence on total phosphorus, 

so the modeling is a byproduct of physical mechanisms affecting total phosphorus. Table C 

shows results for TP limits for the near future and after 2022. 
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1 Basis for permitting. 
2 < 1 mgd; not subject to Regulation 85. 
 
 

Table A. Acute effluent limits (mg/L, as N) consistent with the ammonia standard for aquatic life (AMMTOX). 
Ammonia is capped at 20 mg/L and nitrate is capped at 10 mg/L. Shaded area shows TIN inconsistent with Regulation 
85; dischargers may need to adjust ammonia, nitrate, or both to satisfy Regulation 85. 

 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Total ammonia1             
Metro RWHTF 8.21 7.78 7.96 13.16 9.51 7.33 7.67 7.86 7.53 7.12 10.00 9.28 
South Adams WWTF 8.21 7.78 7.96 13.16 9.51 7.33 7.67 7.86 7.53 7.12 15.53 9.28 
Brighton RO 8.21 7.78 7.96 13.16 9.51 7.33 7.67 7.86 7.53 7.12 15.53 9.28 
Brighton WWTF 8.21 14.11 15.33 14.32 13.37 7.33 7.67 7.86 7.53 7.12 15.53 9.28 
Metro NTP 8.21 14.11 15.33 14.32 13.37 7.33 7.67 7.86 7.53 7.12 15.53 9.28 
Ft. Lupton WWTF 8.21 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 15.53 13.78 
Platteville WWTF 8.21 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 13.78 
             
Nitrate 1             
Metro RWHTF 9.85 9.49 9.58 10.00 10.00 9.74 9.63 10.00 10.00 9.95 9.77 9.77 
South Adams WWTF 9.85 9.49 9.58 10.00 10.00 9.74 9.63 10.00 10.00 10.00 9.77 9.77 
Brighton RO 9.85 9.49 9.58 10.00 10.00 9.74 9.63 10.00 10.00 10.00 9.77 9.77 
Brighton WWTF 9.85 9.49 9.58 10.00 10.00 9.74 9.63 10.00 10.00 10.00 9.77 9.77 
Metro NTP 9.85 9.49 9.58 10.00 10.00 9.74 9.63 10.00 10.00 10.00 9.77 9.77 
Ft. Lupton WWTF 9.85 9.49 9.58 10.00 10.00 9.74 9.63 10.00 10.00 10.00 9.77 9.77 
Platteville WWTF 10.00 9.49 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 
             
TIN             
Metro RWHTF 18.06 17.27 17.54 23.16 19.51 17.07 17.30 17.86 17.53 17.07 19.77 19.05 
South Adams WWTF 18.06 17.27 17.54 23.16 19.51 17.07 17.30 17.86 17.53 17.12 25.30 19.05 
Brighton RO 18.06 17.27 17.54 23.16 19.51 17.07 17.30 17.86 17.53 17.12 25.30 19.05 
Brighton WWTF 18.06 23.60 24.91 24.32 23.37 17.07 17.30 17.86 17.53 17.12 25.30 19.05 
Metro NTP 18.06 23.60 24.91 24.32 23.37 17.07 17.30 17.86 17.53 17.12 25.30 19.05 
Ft. Lupton WWTF 18.06 29.49 29.58 30.00 30.00 29.74 29.63 30.00 30.00 30.00 25.30 23.55 
Platteville WWTF2 18.21 29.49 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00 23.78 
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1 Basis for permitting. 
2 < 1 mgd; not subject to Regulation 85. 
 

Table B. Chronic effluent limits (mg/L, as N) consistent with the ammonia standard for aquatic life (AMMTOX). 
Ammonia is capped at 15 mg/L and nitrate is capped at 10 mg/L. Shaded area shows TIN inconsistent with Regulation 
85; dischargers may need to adjust ammonia, nitrate, or both to satisfy Regulation 85.

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Total ammonia1             
Metro RWHTF 5.73 6.06 5.64 4.96 3.83 3.83 3.44 3.21 3.33 3.93 4.37 5.12 
South Adams WWTF 8.21 6.06 5.64 6.14 4.68 4.38 7.67 7.86 7.53 7.12 14.47 9.28 
Brighton RO 8.21 7.78 7.96 11.09 9.51 7.33 7.67 7.86 7.53 7.12 14.47 9.28 
Brighton WWTF 8.21 11.45 9.97 11.09 9.61 7.33 7.67 7.86 7.53 7.12 14.47 9.28 
Metro NTP 8.21 11.45 9.97 11.09 9.61 7.33 7.67 7.86 7.53 7.12 14.47 9.28 
Ft. Lupton WWTF 8.21 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00 13.78 
Platteville WWTF 8.21 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00 13.78 
             
Nitrate              
Metro RWHTF 9.85 9.49 9.58 10.00 10.00 9.74 9.63 10.00 10.00 9.95 9.77 9.77 
South Adams WWTF 9.85 9.49 9.58 10.00 10.00 9.74 9.63 10.00 10.00 10.00 9.77 9.77 
Brighton RO 9.85 9.49 9.58 10.00 10.00 9.74 9.63 10.00 10.00 10.00 9.77 9.77 
Brighton WWTF 9.85 9.49 9.58 10.00 10.00 9.74 9.63 10.00 10.00 10.00 9.77 9.77 
Metro NTP 9.85 9.49 9.58 10.00 10.00 9.74 9.63 10.00 10.00 10.00 9.77 9.77 
Ft. Lupton WWTF 9.85 9.49 9.58 10.00 10.00 9.74 9.63 10.00 10.00 10.00 9.77 9.77 
Platteville WWTF 10.00 9.49 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 
             
TIN             
Metro RWHTF 15.58 15.55 15.22 14.96 13.83 13.57 13.07 13.21 13.33 13.88 14.14 14.89 
South Adams WWTF 18.06 15.55 15.22 16.14 14.68 14.12 17.30 17.86 17.53 17.12 24.24 19.05 
Brighton RO 18.06 17.27 17.54 21.09 19.51 17.07 17.30 17.86 17.53 17.12 24.24 19.05 
Brighton WWTF 18.06 20.94 19.55 21.09 19.61 17.07 17.30 17.86 17.53 17.12 24.24 19.05 
Metro NTP 18.06 20.94 19.55 21.09 19.61 17.07 17.30 17.86 17.53 17.12 24.24 19.05 
Ft. Lupton WWTF 18.06 24.49 24.58 25.00 25.00 24.74 24.63 25.00 25.00 25.00 24.77 23.55 
Platteville WWTF2 18.21 24.49 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 23.78 
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  Effluent limits for Total P, mg/L 

  Metro 
RWHTF 

South 
Adams 
WWTF 

Brighton 
RO 

Brighton 
WWTF 

Metro 
NTP 

Fort 
Lupton 
WWTF 

Platteville 
WWTF 

Prior to 2022 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
After 2022 0.100** 0.406 0.406 0.406 0.406 0.830 1.000* 

*< 1 mgd; not subject to Regulation 85. Analysis shows that the limit could be higher than 1.0 but it is 
set to 1.0 for consistency with Regulation 85. 

** Regulation 31 would require a limit of 0.170, but the Milton Reservoir TMDL requires 0.100. 
 

Table C. Effluent limits for total P prior to 2022 as determined by Regulation 85 
and expected limits consistent with Regulation 31 after 2022. 
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Introduction 

 The Metro Wastewater Reclamation District (Metro District) will be seeking renewal of 

its CDPS permit for the Robert W. Hite Treatment Facility (RWHTF) through the State of 

Colorado and also will be seeking initial permitting for discharge from the new Northern 

Treatment Plant (NTP). Effluent limits for the Metro RHWTF have been determined in the past 

by use of the South Platte Water-Quality Model, which takes into account hydrologic 

complexities (e.g., tributaries, ditch withdrawals, multiple downstream discharges, seepage) as 

well as biologically driven changes in concentration of oxygen and nitrogen species. The 

Colorado Department of Public Health and Environment Water Quality Control Division 

(WQCD) requires that permitting be based on recent water-quality data (five years) and the 

recent hydrologic record (ten years). Thus, a new permit requires recalibration of the previous 

water-quality model with new data. In addition, the conditions affecting water quality in the 

South Platte River have changed since the last model calibrations because of changes in water 

management, addition of new discharges or expansion of discharges, and changes in water-

quality standards (Table 1). Recalibration must take each of these changes into account. 

Downstream Extension of Modeling; add Platteville 
Standards for Total Phosphorus 
New Discharges: Northern Treatment Plant, Platteville 
New Information on Nitrogen Transformations 
Improved Information on Groundwater Quality 
Improved Method for Estimating Dissolved Oxygen Minima 

 
Table 1. Examples of new factors affecting South Platte water-quality modeling. 

 
  
 Pursuant to the requirements of the Upper South Platte Segment 15 Oxygen TMDL, the 

Metro District previously agreed to study dissolved oxygen in the South Platte River and 

evaluate the need for a reaeration structure. The TMDL process has been completed. The Metro 
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District’s current CDPS permit also requires that an updated water-quality model be used to 

evaluate the expected future compliance or lack of compliance of the South Platte River with 

oxygen standards. Thus, an immediate objective for water-quality modeling is to meet the 

requirement of the CDPS permit renewal process with respect to dissolved oxygen. Attention 

cannot be focused solely on dissolved oxygen, however, because ammonia concentrations affect 

oxygen demand through the process of nitrification, and because ammonia concentrations affect 

nitrate, which is regulated for protection of drinking water supply. Therefore, oxygen is modeled 

in conjunction with ammonia and nitrate, both in verifying compliance with TMDL oxygen 

requirements and in projecting permit limits. 

 Modeling for the new permit must also take into account application of the new standards 

that Colorado has adopted for total P. The total P standard is motivated by the need to control 

algal growth through restriction of the stimulating effect of phosphorus, whereas the oxygen, 

ammonia, and nitrate standards are motivated by protection of aquatic life from toxicity 

(ammonia) or protection of drinking water supplies for human use (nitrate).  

 Temperature modeling is also required for permitting; it will quantify compliance 

requirements for new temperature standards that have been adopted by the Water Quality 

Control Commission. Temperature modeling is already incorporated into the South Platte Water 

Quality Modeling for the purpose of quantifying the effect of temperature on the ammonia 

standard, which is temperature dependent. The new temperature standard, however, requires a 

different approach in that the new standard is focused on two hour daily temperature maxima for 

acute conditions and a maximum weekly average temperature (MWAT) for chronic conditions. 

Because the new temperature standard is distinct from any previous modeling that has been done 

for RWHTF permitting, the temperature modeling is given as a separate report rather than being 
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incorporated into the present report, which focuses on modeling for dissolved oxygen, nitrogen 

components, and phosphorus. 

 

Geographic Setting 

 The region of interest for modeling of dissolved oxygen, nitrogen species, and total 

phosphorus extends from the lower end of Segment 14 of the upper South Platte River through 

Upper South Platte Segment 15 and beyond, through Middle South Platte Segment 1a (Figure 1). 

The lower end of Segment 14 includes Segment 14 flows above the Xcel Cherokee industrial 

discharge as well as a discontinuous groundwater remediation discharge by Suncor on the east 

side of the river. Segment 14 flows, with addition of the two industrial discharges, are reflected 

by routine sampling at 64th Avenue, just above the Metro District’s discharge.  

 The RWHTF has two discharge points (north and south). For modeling purposes, the two 

are treated as a combined effluent source. Five existing point-source discharges to Segment 15 

downstream of the RWHTF are included in modeling (Table 2). The Metro NTP, which is under 

construction, also is included in modeling. 

 Fort Lupton WWTF and Platteville WWTF are the only point-source discharges below 

Segment 15 in Middle South Platte Segment 1a. Middle South Platte Segment 1a is included in 

modeling because critical points for dissolved oxygen, nitrate, or ammonia can occur below the 

lower boundary of Segment 15. 

 Location of sampling stations are shown in Table 2. Biweekly sampling was conducted at 

12 locations on the South Platte River beginning at 64th Avenue and extending downstream to 

Road 32.5. A few changes in the sampling locations have occurred over the five year interval 

since the last permit analysis. Sampling previously occurred at McKay Road rather than 88th  
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Figure 1. Map of the South Platte main stem covering the area of interest.  
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River Mile Landmark Name 
  312.39 Xcel Cherokee 

312.37 64th Avenue* 
312.20 Metro RWHTF, Combined Outfall 
312.10 Sand Creek 
310.97 Clear Creek** 
310.16 78th Avenue** 
309.39 Drop Structure 
308.62 88th Avenue* 
306.41 McKay Road 
306.37 South Adams Outfall 
306.33 Relocated Fulton  
306.22 Fulton Pool 
305.77 Fulton Ditch 
305.24 104th Avenue* 
304.67 Reaeration Structure #2 
303.83 Brantner Pool  
303.58 Brantner Ditch 
301.08 Henderson Gage 
300.98 124th Avenue* 
299.33 Reaeration Structure #4 
297.02 Brighton Pool 
296.74 Brighton Ditch  
295.50 Brighton RO Outfall 
295.20 160th Avenue* 

295.20-294.13 Brighton Wells  
294.70 Brighton Outfall 
294.14 Metro NTP Outfall, Under Construction 
294.10 Baseline Road 

292.94-287.85 Aurora Wells  
291.83 Road 6 
291.23 Lupton Bottom Ditch 
290.13 Road 8* 

288.89-287.19 Aurora Wells 
287.83 Big Dry Creek 
287.19 Fort Lupton (SH52)* 
286.36 Lupton WWTF 
286.14 Pool 
286.17 Platteville Ditch 
283.84 Road 18* 
283.46 Meadow Island #1 
282.62 Pool 
282.73 Evans Ditch #2 (Platte Valley Ditch)  
279.12 Meadow Island #2 
277.01 Road 28, Fort Vasquez* 
276.03 Fermers Ditch 
273.88 Road 32.5* 
273.68 Platteville WWTF 
269.58 Confluence with St. Vrain 

  * Main stem sampling stations for diel and biweekly monitoring 
** Main stem sampling stations for biweekly monitoring only 

 
Table 2. Landmarks for modeling. 
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Avenue but the sampling site was moved because of safety concerns related to sampling on 

McKay Road. In addition, a sampling station was added at 104th Avenue, where sampling had 

not occurred previously.  

 Diel sampling, which extends over a 24 hour cycle, has been conducted less frequently 

(13 dates) than biweekly sampling but is critical to modeling because it is the means by which 

metabolic processes are calibrated for use in the South Platte Water-Quality Model. The 24-hour 

sampling occurs at all of the main stem stations that are used for biweekly sampling, with the 

exception of the Clear Creek and 78th Avenue locations. Detailed field studies of cross sectional 

variation in concentrations of water quality constituents showed that cross channel mixing at 

these locations is incomplete, which can lead to sampling biases that may affect the detailed 

mass balance calculations needed for estimation of metabolic rates in the channel. 

 

Hydrology 

 Information on hydrology must take into account headwater flows, effluent discharges, 

tributaries, groundwater seepage and other ungaged flows, and ditch withdrawals. The 

information must be both historical, for the purpose of calibrating the model, and projected, for 

the purpose of setting effluent limits. 

 The DFLOW4 algorithm is used extensively by WQCD and by USEPA in support of 

modeling to determine acute and chronic biologically-based low flows from the flow records. 

The DFLOW4 version that is used by WQCD, and used here, sometimes produces acute flows 

that are greater than chronic flows because it averages 30 day flows outside a month with 30 day 

flows flows within the month as a means of obtaining a 30 day flow for each day in the year. 
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Thus, small adjustments to low flow estimates for some tributaries and withdrawals are 

necessary, as described below. 

 

Effluents 

 Table 3 lists effluent flows that reach the South Platte main stem directly as well as the 

effluent flows that enter Sand Creek near its confluence with the South Platte. 

Effluent Source Outfall, river mile  Design capacity, mgd   
Headwater      

 Excel Cherokee 312.40  1.0  
South Platte Main Stem     

Metro RWHTF 312.20  220.01  
South Adams WWTF 306.37  8.02  
Brighton RO 295.50  1.73  
Brighton WWTF 294.70  3.05  
Metro NTP WWTF 294.14  28.84  
Fort Lupton WWTF 286.36  2.8  
Platteville WWTF 273.68  0.76  
Sand Creek     

Aurora   5.0  
Suncor      

002A   1.5  
003A   2.16  

1 220 mgd is for all months. 
2 Currently 7.0 mgd, proposed for 8.0 mgd; when the Metro NTP is operational, 1.5 mgd of effluent currently treated at South 

Adams will be sent to the NTP, but the capacity discharge for South Adams will not change. 
3 Discharging to river via ditch; will not be moved to NTP. 
4 Not operating yet, limits computed for this report. 
5 Brighton WWTF effluent flow will be reduced by 0.3 mgd when the NTP becomes operational, and Brighton WWTF will be 

decommissioned within 20 years after the NTP becomes operational. 
6 0.7 mgd requested and used in modeling. 
 

Table 3. Effluents relevant to modeling.  
 
 

 The Metro NTP is now under construction and will have a rated capacity of 28.8 mgd 

(eventually 60 mgd; not presently relevant). Other municipal outfalls include Metro RWHTF, 

South Adams, Brighton and Brighton RO, Fort Lupton, and Platteville on the main stem and 

Aurora as well as Suncor (2 outfalls) on Sand Creek. South Adams is listed with a capacity of 8 

mgd, but will convey 1.0 mgd to the new NTP when it is operational. Brighton is listed with 3.0 

mgd, but will convey 0.3 mgd of its municipal discharge to the new NTP when the NTP is 
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completed. The model is set up so that the Brighton WWTF discharge can be set to zero prior to 

its decommissioning, but the Brighton WWTF is currently modeled at 3.0 mgd. Fort Lupton will 

continue as an independent discharge in the future. 

 Also listed in the table are the Brighton reverse osmosis (RO) discharge on the South 

Platte and the Suncor Refinery discharges on Sand Creek. Two other RO discharges (Thornton 

RO and East Cherry Creek RO) to the South Platte had been planned but are no longer under 

consideration. Brighton RO is operating at a relatively small discharge. The Brighton RO brine 

stream will not be transferred to the Metro NTP; it will remain as an independent discharge. 

Suncor and Aurora discharge to Sand Creek a short distance above the confluence of Sand Creek 

with the South Platte main stem. 

 A five-year record of discharge for each of the facilities currently in operation was used 

in the calibration phase of model development. The numbers for hydraulic capacity in the future, 

as shown in Table 3, are carried forward into the projection component of the model. 

 

Gages on the Main Stem 

 Three USGS gages offer continuous flow records that are useful for the calculation of 

DFLOW values on the South Platte main stem: 64th Avenue, Henderson, and Fort Lupton. The 

gage at 64th Avenue is the index for headwater flows above the RWHTF, and the Henderson and 

Fort Lupton gages downstream are important for reconstruction of both upstream and 

downstream flows. The USGS gage near Fort Lupton (presently at Road 18) had interruptions of 

service prior to April 2005 but has operated continuously since then. Tables 4-6 give the monthly 

DFLOW values for the 10-year interval ending on December 20, 2012 as required for the current 

modeling effort. 
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 Acute DFLOW value, cfs 
Month 64th Avenue1 Henderson1 Fort Lupton2 
Jan 3.4 160 182 
Feb 4.0 149 204 
Mar 3.7 106 187 
Apr 5.0 105 116 
May 5.4 146 96 
Jun 4.4 127 115 
Jul 5.3 126 107 
Aug 4.8 129 90 
Sep 3.1 110 73 
Oct 3.2 105 91* 
Nov 3.1 151* 168* 
Dec 3.5 165 186 
    

Annual 3.1 105 76 
1 December 21, 2002 – December 20, 2012  2 March 24, 2005 – December 20, 2012 
*Acute > chronic or 7E3, set to chronic or 7E3  
 

Table 4. Acute DFLOW values for the main stem gages. 
 
 
 
 

 Chronic DFLOW value, cfs 
Month 64th Avenue1 Henderson1 Fort Lupton2 
Jan 5.0 178 214 
Feb 5.0 171 222 
Mar 5.6 168 174 
Apr 5.6 168 161 
May 7.8 185 161 
Jun 7.6 183 147 
Jul 7.6 182 121 
Aug 6.7 151 120 
Sep 5.4 151 120 
Oct 5.0 151 120 
Nov 5.0 151 168 
Dec 5.0 178 214 
    

Annual 5.0 151 120 
1 December 21, 2002 – December 20, 2012  2 March 24, 2005 – December 20, 2012 
 

Table 5. Chronic (30-d) DFLOW values for the main stem gages.  
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 7E3 DFLOW value, cfs 
Month 64th Avenue1 Henderson1 Fort Lupton2 
Jan 3.7 167 202 
Feb 4.4 159 213 
Mar 4.6 116 150 
Apr 5.9 116 137 
May 6.5 160 115 
Jun 5.6 134 115 
Jul 5.7 134 112 
Aug 5.8 134 105 
Sep 3.8 116 87 
Oct 3.8 116 91 
Nov 3.7 164 168* 
Dec 5.0* 172 200 
    

Annual 3.7 116 87 
1 December 21, 2002 – December 20, 2012  2 March 24, 2005 – December 20, 2012 
* 7E3 > chronic, set to chronic 
 

Table 6. 7E3 DFLOW values for the main stem gages.  
 

Ungaged Flows  

Ungaged flow of water (mostly seepage, but also some small overland flows) into the 

main channel of the South Platte River is a consistent feature of the South Platte between the 

Metro RWHTF outfall and the St. Vrain River. Estimates of ungaged flow have important 

implications for assimilative capacity as estimated through modeling. Therefore, optimum use of 

the available data on ungaged flows is important to modeling outcomes. 

Between 64th Avenue and Henderson, it is possible to use the gages at these two 

locations, in addition to gaged flows for tributaries, wastewater discharges, and ditch 

withdrawals, to create a matrix of daily surface flows into the river and surface withdrawals from 

the river. The difference between the projected downstream flow from these known sources and 

the observed flow at Henderson is accounted for by ungaged flows. Such a record was 

constructed for the interval December 21, 2002 – December 20, 2012, for the purpose of 

estimating ungaged flows on a daily basis. For dates when the Fort Lupton gage was operating, 
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seepage between the Henderson gage and the Fort Lupton gage was calculated by the same 

method that was used for the reach between 64th Avenue and Henderson.  

 Median discharge, cfs 
 64th Avenue gage Henderson gage 
Jan 6.9 200 
Feb 9.8 270 
Mar 13 274 
Apr 79 295 
May 172 472 
Jun 100 815 
Jul 181 481 
Aug 148 358 
Sep 23 224 
Oct 10 222 
Nov 96 324 
Dec 8.0 227 

 
Table 7. Monthly median discharge for the 64th Avenue and Henderson gages. 

 
 

Because surface flows can account for a large portion of ungaged flow when discharge is 

high, estimates of seepage relevant to low flow conditions (e.g., for effluent discharge 

permitting), as presented here, are based on analyses of flow data for dates when flows at the 

corresponding upstream gage were below the median discharge for a given month. Monthly 

median flows for the 64th Avenue and Henderson gages are shown in Table 7. Table 8 and Figure 

2 show the median seepage rates for each month.  

 Median seepage rate, cfs/mi 
Month 64th Avenue to Henderson Henderson to Fort Lupton 
Jan 2.9 1.9 
Feb 2.7 1.3 
Mar 1.6 2.0 
Apr 2.3 2.8 
May 1.8 4.0 
Jun 2.8 3.0 
Jul 3.2 3.0 
Aug 3.4 3.9 
Sep 3.4 3.1 
Oct 2.3 3.4 
Nov 3.3 1.9 
Dec 3.3 1.6 
 

Table 8. Median rates of ungaged flow (seepage) between 64th Avenue and 
Henderson and between Henderson and Fort Lupton for flows less than the 
median monthly flow at the upstream gage. 
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Figure 2. Median seepage rate by month, under low flow conditions (discharge < 
median Q at the upstream gage), for the reach between 64th Avenue and 
Henderson and the reach between Henderson and Fort Lupton.  
 
 
The median seepage rates for low flow conditions, as shown in Table 8, are used as 

estimates of ungaged flows in support of DFLOW modeling for the reach between 64th Avenue 

and Henderson and for the reach between Henderson and Fort Lupton. Median seepage rates for 

the reach between Henderson and Fort Lupton (Table 8) are used to estimate seepage rates 

between Henderson and Fort Lupton for dates when the Fort Lupton gage was not operating and 

to estimate ungaged flows below Fort Lupton. 

 

Tributaries and Ditch Withdrawals 

 Tributaries and ditch withdrawals affect mainstem flows. The goal of the hydrologic 

analysis is to determine for each tributary and each ditch withdrawal a characteristic flow that is 

a hydrologic match for each monthly DFLOW value in the main stem. Such a flow will not be 
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equal to the DFLOW for a tributary or the DFLOW for a ditch withdrawal. Because the phasing 

of water withdrawals for tributaries and ditches does not necessarily reflect the flow regime for 

the main stem, it is necessary in each case to determine the tributary or ditch flows that are 

consistent with the mainstem flows. If this is not done, the hydrologic analysis produces 

nonsensical numbers. 

 The appropriate flow coinciding with DFLOW conditions in the main stem for a tributary 

or ditch is determined by DFLOW analysis conducted for the main stem just above the tributary 

or ditch, followed by the same analysis repeated at a point just below the tributary or ditch. On a 

month-by-month basis, the difference between these two flows is the value consistent with 

DFLOW conditions in the mainstem, and is used in projecting mainstem flows for the future. 

 Tables 9 - 11 summarize the characteristic flows for each tributary as determined by the 

procedure outlined above. Characteristic flows for the ditches are shown in Tables 12 – 14. 

 

 

 Tributary flows, cfs 
Month Sand Creek Clear Creek Big Dry Creek 
Jan 13 9 18* 
Feb 13 9 24* 
Mar 14* 11* 29 
Apr 27* 9* 33 
May 26 6* 32 
Jun 14 5* 8* 
Jul 7 5 8* 
Aug 12* 4 16 
Sep 14* 4 23* 
Oct 13 4 23* 
Nov 13* 6 32* 
Dec 13 9 19* 
    
Annual 7 4 8 
* Acute > chronic or 7E3, set equal to chronic or 7E3 
 

Table 9. Tributary flows consistent with acute DFLOW values for the main stem. 
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 Tributary flows, cfs 
Month Sand Creek Clear Creek Big Dry Creek 
Jan 17 18 19 
Feb 17 18 24 
Mar 14 18 44 
Apr 27 25 44 
May 26 22 43 
Jun 34 19 24 
Jul 38 6 15 
Aug 20 5 23 
Sep 21 5 23 
Oct 17 11 23 
Nov 13 13 32 
Dec 17 18 19 
    

Annual 13 5 15 
 

Table 10. Tributary flows consistent with chronic (30-d) DFLOW values for the 
main stem. 

 
 
 
 
 
 
 Tributary flows, cfs 
Month Sand Creek Clear Creek Big Dry Creek 
Jan 14 9 18 
Feb 15 12 24* 
Mar 14* 11 44* 
Apr 27* 9 33 
May 17 6 35 
Jun 12 5 8 
Jul 12 5 8 
Aug 14 4 10 
Sep 14 4 23* 
Oct 13* 11* 23* 
Nov 13* 9 32* 
Dec 14 9 19* 
    

Annual 12 4 8 
* 7E3 > chronic, set equal to chronic 
 

Table 11. Tributary flows consistent with weekly (7E3) DFLOW values for the 
main stem. 

 



 22 
 

 
 

 
 
 
 
 Ditch diversion, cfs 
Month 
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Jan 1 0 0 0 0 0 138 0 0 
Feb 11 0 0 0 0 0 137 0 0 
Mar 23 27 4 16 8 2 135 12 5 
Apr 57 47 21 25 27 0 94 12 9 
May 56 51 30 65 52 19 58 17 13 
Jun 78 36 20 45 47 24 78 29 8 
Jul 78 35 20 44 47 22 76 19 10 
Aug 78 37 19 47 80 24 54 22 13 
Sep 75 43 15 43 51 14 50 17 7 
Oct 43 60 11 28 60 19 65 15 11 
Nov 0 15 5 0 9 1 119 0 0 
Dec 2 0 0 0 0 0 162 0 0 
 

Table 12. Ditch diversions consistent with acute DFLOW values for the main 
stem South Platte River. 

 
 
 
 Ditch diversion, cfs 
Month 
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Jan 2 3 0 0 0 0 146 0 1 
Feb 2 4 3 0 0 0 148 0 0 
Mar 5 5 21 22 33 6 100 31 32* 
Apr 34 13 21 22 47 22 78 48 34* 
May 57 52 25 28 52 22 84 43 27* 
Jun 88 42 23 61 58 26 83* 29* 8* 
Jul 81 39 21 51 53 15 79 37 2 
Aug 78 33 17 41 56 14 82 36 15 
Sep 68 33 17 41 56 14 71* 17* 7* 
Oct 0 45 17 41 56 14 82 36 15 
Nov 0 23* 5* 0* 9* 1* 119* 0* 0* 
Dec 2 3 0 0 0 0 146 0 0 
*Diversion adjusted to maintain chronic flow in main stem ≥ acute flow in main stem 
 

Table 13. Ditch diversions consistent with chronic DFLOW values for the main 
stem South Platte River. 
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 Ditch diversion, cfs 
Month 
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Jan 0 0 0 0 0 0 140* 0 0 
Feb 2 3 0 0 3 0 141* 0 0 
Mar 2 39 13* 16* 23* 0 131 16 7* 
Apr 57* 47* 17 33* 1 0 117 15* 9* 
May 47 49 17 65 59 22 67* 17* 13* 
Jun 79 36 20 45 48* 22 79* 28* 10* 
Jul 79 36 20 45 48 22 79* 19* 7 
Aug 76 37 17 43 52 20 77* 28 12* 
Sep 75 46* 17* 35 54 3 66* 17* 7* 
Oct 36 68 17 39* 54 0 79 23 11 
Nov 0 14* 10* 30* 9 3* 119* 0 0 
Dec 0 0 0 0 0 0 166* 0 0 
*Diversion adjusted to maintain 7E3 flow in main stem ≥ acute and ≤ chronic flow in main stem 
 

Table 14. Ditch diversions consistent with 7E3 DFLOW values for the main stem 
South Platte River. 

 
 
Projection of Flows 

 The quantification of all hydrologic elements that make up the water budget of the main 

stem allow the computation of a DFLOW-based low flow at any location on the river between 

64th Avenue and the bottom of Middle South Platte Segment 1a reflective of the 10-year record 

that was the basis for DFLOW analysis. The results are shown graphically in Appendix A. 

Projections for the future as shown in Appendix A substitute observed past effluent flows with 

effluent capacity flows shown in Table 3. 

 

Channel Geometry 

 During 2004, the Metro District supported the collection of data on cross-sectional 

measurements of the South Platte River between Highway 52 and the confluence of the South 

Platte with the St. Vrain River. This section of the river, although important in determination of 
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effluent limits, had not previously been surveyed in this manner. Consequently, the study of 

cross sections was a major step toward improving the information base for water-quality 

modeling. 

 Figure 3 shows the locations at which cross sections were taken. The locations were 

superimposed on a USGS map through the use of GIS software. The cross sections, of which 

there are 82, deviate slightly from the river in certain locations because the river has changed 

course slightly since the USGS maps were last revised. For the river reach above Highway 52, 

previously available cross sectional data are used in modeling. 

 Modeling requires information on the relationship between discharge and physical 

features: width, depth, velocity, cross-sectional area. The only gage relevant to determination of 

these relationships in the lower modeling reach is the Fort Lupton gage. Figure 4 shows the 

relationships developed from field measurements with flow at the Fort Lupton gage. These 

relationships for the Fort Lupton gage are different from the ones that apply to the upper 

modeling reach, where the channel has different characteristics. Reliability of the Fort Lupton 

gage as a means of estimating the relationships was determined by a comparison with data for 

the Fort Morgan gage (Figure 5). The Fort Morgan gage and the Fort Lupton gage give similar 

slopes, indicating that the channel morphology persists from the Fort Lupton gage downstream 

through the region of interest for this study (to the St. Vrain confluence). The relationships 

shown in Figure 4 for the Fort Lupton gage are used in estimating width, depth, and velocity as 

well as cross-sectional area at a given discharge for each of the 82 cross sections.  

 The information described here is carried forward into analysis of rates, which require 

knowledge of travel time, and in the forecasting of concentration from rates, which also requires 

travel time and in some instances depth or wetted surface area. 
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Figure 3. Locations of cross sections below Fort Lupton. 
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Figure 4. Channel geometry equations for the South Platte River at Fort Lupton 
(USGS 06721000). 
 

 
 

Figure 5. Channel-geometry relationships for the South Platte River at Fort 
Lupton (USGS 06721000; shaded circles, solid line) and the South Platte River at 
Fort Morgan (USGS 06759500; open circles, dashed line). 
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Quality of Waters Reaching the South Platte Main Stem 

 The quality of water within Segments 15 and 1a of the South Platte River is determined 

by the characteristics of the headwater at 64th Avenue and by ungaged flows, tributaries, and 

effluents. Calibration of the water-quality model based on past conditions requires quantitative 

estimates of the contributions from each of these sources. In addition, forecasting of water 

quality for future conditions requires assumptions about all waters contributing in the future to 

the flow of the South Platte River under low-flow conditions. 

 Information on the quality of source waters for the South Platte main stem is obtained 

from (1) a biweekly monitoring program for flowing waters, (2) a seasonal groundwater-

sampling program, and (3) monitoring of effluents at varying frequencies depending on the size 

of the effluent flow. The combined information is presented here as the basis for reconstructing 

the influences on water quality in the main stem over the last five years for calibration purposes 

and for projecting water quality over the coming five years for the forthcoming permit cycle. 

 

Ungaged flows 

 Studies of seepage accrual show that waters of the surface aquifer near the South Platte 

River below the Metro District R.W. Hite Treatment Facility enter the river at a rate of several 

cfs per mile. For this reason, the Metro District has been collecting extensive information on the 

quality of shallow groundwater near the South Platte River at points below the discharge of the 

RWHTF. The most recent period of collection, extending from 2006-2012, provides groundwater 

information to be used in estimating quality of groundwater entering the river below the RWHTF 

discharge to the South Platte River.  
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 Monitoring for groundwater over the interval 2006-2012 extended along the South Platte 

River from 64th Avenue, just above the discharge of the RWHTF, to Weld County road 32 ½, in 

Middle South Platte Segment 1a (Figure 6). Wells (26) were located on both sides of the River, 

and a single well was located on Big Dry Creek.  

 
Figure 6. Map of Metro District well sampling sites, 2006-2012. 
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 Analyses for nitrogen included nitrate, nitrite, TKN, and ammonia. Total nitrogen was 

calculated as TKN plus nitrate and nitrite. Total organic nitrogen was calculated as TKN minus 

ammonia. Total dissolved phosphorus was analyzed as well as soluble reactive phosphorus and 

total phosphorus. The difference between total phosphorus and total dissolved phosphorus was 

assumed to be particulate phosphorus. 

 Analysis of groundwater also included dissolved oxygen, pH, temperature, and specific 

conductance, all of which were measured in the field. Other chemical analyses included metals 

of regulatory interest, alkalinity, and total organic carbon (TOC). 

 None of the groundwater constituents that were included in the study showed evidence of 

seasonality except for temperature (medians and extremes) and dissolved oxygen (extremes only; 

Figure 7). Temperature showed a cycle similar to what would be expected within soil much 

nearer to the surface than the water table, i.e., water temperatures were higher in summer than in 

winter, even when water was withdrawn from a depth for which temperature would be expected 

to show very little seasonal variation under soil. Inverse variations occurred in dissolved oxygen 

extremes, which showed a peak in concentration during winter and a decline in summer. One 

interpretation of these trends is that some surface water recharge of the area around the wells 

occurred through application of irrigation water upslope of the wells. The overall effect on 

temperature and dissolved oxygen in this regard is not important to the results of the modeling. 

The temperature of groundwater is inconsequential to the temperature of the river at points of 

entry for groundwater because the relatively low ratio of groundwater entry to river flow past the 

point of entry. Similarly, dissolved oxygen content of groundwater has no potential to cause 

significant influences on oxygen concentrations in the river. 
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Figure 7. Seasonal data for temperature and dissolved oxygen in groundwater, 
2006-2012 (median, quantiles, range). Larger range bars reflect a small number of 
high or low values for dissolved oxygen. Dashed line shows overall mean. 
 
 

 All constituents show some degree of interannual variation, as expected (Figure 8). 

Interannual variation in groundwater quality can be explained to a large extent by interannual 

climate variability related to precipitation and irrigation. Other potential influences include 

interannual variability in farming practice and in distribution methods for irrigation water. 

 
 
Figure 8. Interannual medians, quantiles, and ranges for groundwater constituents. 
Very high values are for only a few points. The median for ammonia is not visible 
(on the baseline); mostly below detection. The dashed line is overall mean. 
Continued next page. 
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Figure 8, continued. 
 

 As shown by Figure 8, interannual variability is moderate and shows no clear trends 

through time except in the case of total organic N. Cause of a downward trend in TON 

concentration in groundwater is not clear and the trend may or may not be sustained. 

 The groundwater data are used in two ways for calibration and prediction for permitting 

analysis. Groundwater data relevant to a given year in which a calibration data set was collected 

by the Metro District staff is used in the calibration process for the model. In other words, a 
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calibration data set (24 hour data collection) for 2008 would be coupled with groundwater data 

collected in 2008 for purposes of calibration. For purposes of prediction, however, modeling is 

based on the most recent five years of data collection, expressed as a median value. Thus, the 

calibration is tailored to groundwater conditions that are relevant to each date of data collection, 

whereas prediction takes the characteristic value for the most recent years as the best basis for 

estimating future conditions. 

 The Metro District’s data on quality of shallow groundwater near the South Platte River 

allows consideration of longitudinal variation extending from the immediate area of the RWHTF 

discharge downstream almost 40 miles beyond the point of discharge. Data for specific 

groundwater quality constituents are shown in Figure 9 as a longitudinal sequence extending 

over the entire range of sampling. For each pair of sampling sites, the data for a given constituent 

are expressed as median, quantiles, and range of variation for the entire sampling interval, 2006-

2012. 

 
Figure 9. Longitudinal variation in quality of groundwater along the South Platte River. 
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Figure 9, continued. 
 
 

 Figure 9 does not indicate significant longitudinal trends in groundwater quality. Instead, 

variation among stations is irregular, suggesting that variation is controlled mainly by site-

specific conditions. 
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 In modeling, spatial variation is recognized by use of data for individual station pairs to 

represent ungaged accrual of constituents to the river downstream from the point of discharge for 

the RWHTF. Because there are no longitudinal trends, however, the issue of accommodating 

variability from one station pair to the next is trivial because the overall effect of treating station 

pairs individually is very similar to use of a median value for a given constituent across all 

station pairs. 

 
 
Tributaries 

 The four tributaries to the modeling reach are South Platte River at 64th Avenue, Sand 

Creek, Clear Creek, and Big Dry Creek. Each of these is gaged. South Platte at 64th, Clear Creek, 

and Big Dry Creek are treated in the present modeling by methods that are typical for treatment 

of tributaries in permit modeling. Appropriate concentrations to be used in modeling for these 

tributaries are determined from monitoring at the mouth of each tributary. It is not necessary, in 

modeling any of these tributaries, to treat the upstream dischargers as allocation partners for 

ammonia or nitrate because 1) flow depletion makes upstream discharges of minimal importance 

at low flow (64th) or 2) the dischargers are so far upstream that the tributaries offer dilution 

potential to the main stem rather than demanding additional assimilation capacity (Clear Creek, 

Big Dry Creek).  

Sand Creek must be treated differently than the other three tributaries. The tributary is 

small and offers very limited amounts of dilution, and the dischargers are relatively close to the 

main stem. Therefore, the potential exists for direct interaction between Sand Creek dischargers 

and main-stem dischargers below 64th Avenue with respect to regulated constituents. It is 

assumed for purposes of modeling Sand Creek that the Sand Creek dischargers will have access 
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to all assimilative capacity available within Sand Creek at Sand Creek low flows, and this will be 

the basis for estimating the chemistry of Sand Creek under low-flow conditions in the main stem. 

Details are as given below. 

 

South Platte River at 64
th

 Avenue, Clear Creek and Big Dry Creek. The CDPHE Water Quality 

Control Division uses 85th percentile values in representing chemistry of tributaries entering a 

main stem to which effluents are discharged. South Platte at 64th, Clear Creek, and Big Dry 

Creek are sampled on a biweekly basis as part of the routine sampling conducted by the Metro 

District. Therefore, it is possible to compute 85th percentile values for each of the constituents of 

interest for water quality modeling. Tables 15-17 give a summary of these values (both acute and 

chronic) on a monthly basis for constituents relevant to modeling of dissolved oxygen and 

nitrogen species. The values shown in Tables 15-17 are incorporated into the modeling.  

 Each 85th percentile estimate shown in Tables 15-17 is drawn from a sample population 

of 7-10 acute values and 4-5 chronic values in most cases. Statistical outliers (outside the 95th 

percentile probability) were identified for the underlying sample populations for each month 

shown in each of the tables under both acute and chronic conditions. Statistical outliers were 

reviewed for validity. Most outliers were retained based on evidence from correlated constituents 

in the same table as well as expectations for higher or lower values in certain months or seasons. 

Some outlying values were eliminated based on evidence that the value at the 85th percentile was 

very unlikely. This was most likely to occur in cases where the number of samples was unusually 

low (e.g., 2 or 3 rather than 7-10), but also is a byproduct of the low number of measurements for 

any given month (4-5).  
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TON, 
mg/L 

Ammonia N, 
mg/L 

Nitrate N, 
mg/L 

Total N, 
mg/L pH T, °C 

DO, 
mg/L 

CBOD, 
mg/L 

TOC, 
mg/L 

Total P, 
mg/L 

Acute 
           

 
Jan 0.90 0.13 17.87 18.90 7.70 6.94 8.09 1.3 8.0 0.217 

 
Feb 0.99 0.15 14.56 15.66 7.78 6.82 8.68 1.9 7.0 0.377 

 
Mar 1.00 0.22 10.34 11.44 7.72 12.50 8.06 1.5 8.0 0.341 

 
Apr 1.22 0.28 5.14 6.55 7.86 12.94 7.55 3.9 10.2 0.468 

 
May 1.37 0.50 4.87 6.47 8.00 20.32 7.16 1.5 10.0 0.833 

 
Jun 1.15 0.15 3.08 4.30 8.00 22.16 7.12 0.7 9.6 0.396 

 
Jul 1.68 0.09 2.71 4.36 8.24 23.33 7.07 0.5 13.0 0.446 

 
Aug 0.93 0.08 3.69 4.69 8.17 22.10 6.83 1.2 7.0 0.460 

 
Sep 0.73 0.10 5.65 6.45 7.79 18.99 6.80 1.1 7.1 0.576 

 
Oct 0.89 0.27 10.60 11.56 7.66 15.60 7.11 1.6 8.5 0.474 

 
Nov 1.03 0.17 10.53 11.72 7.90 10.90 8.24 5.0 9.6 0.765 

 
Dec 0.78 0.97 23.06 24.07 7.70 6.98 8.20 1.2 7.9 0.668 

Chronic 
           

 
Jan 0.76 0.13 15.09 15.98 7.62 5.89 8.09 1.2 7.3 0.211 

 
Feb 0.92 0.15 11.98 13.05 7.76 6.22 8.68 1.7 6.5 0.316 

 
Mar 0.90 0.22 8.21 9.33 7.72 10.72 8.06 1.5 6.7 0.341 

 
Apr 1.18 0.23 5.14 6.55 7.81 10.76 7.55 2.5 10.2 0.443 

 
May 1.37 0.50 4.60 6.47 7.90 16.53 7.16 1.5 8.2 0.833 

 
Jun 0.96 0.15 3.06 4.16 7.97 18.92 7.12 0.7 6.9 0.316 

 
Jul 1.68 0.09 2.59 4.36 7.92 21.86 7.07 0.0 11.0 0.381 

 
Aug 0.84 0.08 3.12 4.04 7.95 20.55 6.83 1.0 6.8 0.380 

 
Sep 0.73 0.09 5.27 6.09 7.79 18.01 6.80 0.7 7.1 0.548 

 
Oct 0.59 0.27 8.61 9.48 7.66 13.45 7.10 1.6 6.3 0.474 

 
Nov 0.96 0.17 9.67 10.80 7.90 9.94 8.22 5.0 8.1 0.687 

 
Dec 0.18 0.97 12.21 13.36 7.62 5.75 8.08 1.0 6.8 0.668 

Table 15. 85th percentile values for constituents of interest for modeling purposes on the South 
Platte River at 64th Avenue, by month. The values given for dissolved oxygen are 15th percentile 
rather than 85th percentile. In some cases, acute is below chronic as an artifact of low sample size 
(shown in italics, acute is substituted for chronic). 

 
 

  

TON, 
mg/L 

Ammonia N, 
mg/L 

Nitrate N, 
mg/L 

Total N, 
mg/L pH T, °C 

DO, 
mg/L 

CBOD, 
mg/L 

TOC, 
mg/L 

Total P, 
mg/L 

Acute 
           

 
Jan 1.40 0.33 4.16 5.89 8.20 4.52 8.36 1.4 8.5 0.502 

 
Feb 1.16 0.22 3.83 5.20 8.20 5.77 8.78 2.2 8.2 1.175 

 
Mar 1.45 0.54 2.69 4.43 8.27 11.22 8.16 2.3 10.6 0.931 

 
Apr 1.53 0.29 2.40 3.96 8.13 13.70 8.08 5.0 13.6 0.657 

 
May 1.34 0.54 1.64 3.39 8.20 20.42 7.24 2.1 13.8 0.466 

 
Jun 1.23 0.42 2.20 3.82 8.42 23.26 7.29 3.8 12.6 1.532 

 
Jul 2.15 0.34 1.27 3.76 8.40 26.33 6.92 9.0 20.0 0.856 

 
Aug 1.50 0.40 2.05 3.95 8.10 25.30 6.34 1.7 13.0 0.810 

 
Sep 1.38 0.52 2.34 4.24 8.16 19.66 6.52 2.2 10.8 0.812 

 
Oct 1.47 0.45 3.29 5.09 8.24 15.58 7.73 6.6 11.1 0.830 

 
Nov 1.77 0.75 3.10 5.61 8.19 9.09 8.70 4.6 12.0 0.476 

 
Dec 1.13 0.68 4.25 5.91 8.16 5.97 8.94 2.4 9.0 0.774 

Chronic 
           

 
Jan 1.37 0.33 4.10 5.80 8.15 4.52 8.36 1.4 8.5 0.483 

 
Feb 1.10 0.22 3.45 4.77 8.20 4.95 8.78 2.2 8.2 1.019 

 
Mar 1.23 0.54 2.66 4.43 8.16 9.54 8.16 2.3 9.2 0.925 

 
Apr 1.28 0.29 2.40 3.96 8.11 9.91 8.08 2.9 11.9 0.657 

 
May 0.95 0.53 1.64 3.12 8.11 16.90 7.24 2.1 10.3 0.419 

 
Jun 1.23 0.42 1.61 3.26 8.18 19.39 7.29 3.8 9.8 1.084 

 
Jul 2.15 0.34 1.27 3.76 8.20 22.59 6.92 8.9 16.4 0.779 

 
Aug 1.50 0.31 1.85 3.67 8.02 21.19 6.34 1.7 13.0 0.707 

 
Sep 1.23 0.38 2.29 3.91 8.06 18.12 6.52 1.6 10.8 0.681 

 
Oct 1.38 0.45 2.74 4.57 8.20 12.63 7.68 6.6 11.1 0.791 

 
Nov 1.42 0.68 3.10 5.19 8.16 8.16 8.70 4.6 12.0 0.467 

 
Dec 0.98 0.68 4.25 5.91 8.12 4.10 8.94 2.2 8.2 0.774 

Table 16. 85th percentile values for constituents of interest for modeling purposes at the mouth of 
Clear Creek, by month. The values given for dissolved oxygen are 15th percentile rather than 85th 
percentile. In some cases, acute is below chronic as an artifact of low sample size (italics, acute is 
substituted for chronic). 
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TON, 
mg/L 

Ammonia N, 
mg/L 

Nitrate N, 
mg/L 

Total N, 
mg/L pH T, °C 

DO, 
mg/L 

CBOD, 
mg/L 

TOC, 
mg/L 

Total P, 
mg/L 

Acute 
           

 
Jan 1.46 0.84 1.96 4.26 8.35 2.20 9.14 1.5 9.0 0.937 

 
Feb 1.29 0.45 2.22 3.91 8.48 4.48 8.90 1.7 8.8 0.891 

 
Mar 1.99 0.18 1.37 3.47 8.62 8.62 8.49 1.9 9.6 0.807 

 
Apr 1.09 0.25 1.03 2.33 8.20 11.62 7.45 4.2 10.6 0.705 

 
May 1.36 0.29 0.57 2.20 8.25 19.78 6.63 1.8 9.0 0.655 

 
Jun 0.87 0.24 0.40 1.50 8.23 23.22 6.72 0.5 11.2 0.355 

 
Jul 1.02 0.12 0.55 1.69 8.40 23.13 6.83 0.5 10.0 0.283 

 
Aug 0.99 0.12 0.67 1.76 8.20 23.20 6.25 0.7 6.9 0.390 

 
Sep 0.85 0.08 0.62 1.52 8.12 18.43 6.36 1.5 7.0 0.363 

 
Oct 1.08 0.08 1.03 2.12 8.09 14.42 7.68 2.5 8.6 0.488 

 
Nov 1.30 1.08 2.44 4.76 8.20 8.66 8.74 2.2 10.9 1.177 

 
Dec 1.41 0.70 2.50 4.60 8.29 2.31 9.34 1.6 10.0 4.528 

Chronic 
           

 
Jan 1.34 0.74 1.78 3.86 8.29 1.60 9.10 1.5 8.7 0.937 

 
Feb 1.29 0.45 2.17 3.91 8.47 4.15 8.90 1.7 8.7 0.891 

 
Mar 1.84 0.18 1.16 3.18 8.62 8.08 8.35 1.9 9.6 0.807 

 
Apr 1.09 0.21 0.95 2.24 8.20 9.91 7.45 4.2 9.8 0.705 

 
May 1.36 0.29 0.55 2.20 8.25 16.58 6.63 1.8 8.3 0.655 

 
Jun 0.87 0.24 0.40 1.50 8.13 17.04 6.72 0.5 7.0 0.355 

 
Jul 1.02 0.12 0.55 1.69 8.19 21.51 6.83 0.5 8.1 0.235 

 
Aug 0.97 0.12 0.67 1.76 7.97 21.37 6.25 0.7 6.9 0.318 

 
Sep 0.85 0.07 0.60 1.52 8.09 18.08 6.03 1.5 7.0 0.363 

 
Oct 1.01 0.06 1.03 2.11 8.09 12.25 7.68 2.5 7.0 0.488 

 
Nov 1.30 0.69 2.00 3.99 8.14 7.57 8.74 2.2 10.9 1.033 

 
Dec 1.41 0.47 2.10 3.98 8.25 1.93 9.31 1.6 8.3 3.939 

Table 17. 85th percentile values for constituents of interest for modeling purposes at the 
mouth of Big Dry Creek, by month. The values given for dissolved oxygen are 15th 

percentile rather than 85th percentile. In some cases, acute is below chronic as an artifact 
of low sample size (italics, acute is substituted for chronic). 
 

 CBOD is an important variable but the resolution for the analytical test is coarse (1 mg/L 

detection). Because CBOD is always present, values reported as 0 mg/L were assigned a value of 

0.5 mg/L. 

 
Sand Creek. For Sand Creek (Figure 10), there are two considerations that do not apply to other 

tributaries: 1) The Sand Creek dischargers (Aurora, Suncor) have formally requested that they be 

assumed to use all of the assimilative capacity of Sand Creek, and 2) the CDPHE Water Quality 

Control Division has recently completed a water-quality assessment on Sand Creek in 20121. 

These factors need to be taken into account in modeling. 

                                                        
1 Water Quality Assessment Sand Creek Suncor Energy Inc. and the City of Aurora, Sand Creek Water Reuse 
Facility and Suncor Energy (USA) Inc. WWTF. CDPHE, WQCD. September, 2012. 
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 Table 18 shows water quality data for Sand Creek (85th percentiles). For present 

purposes, modeled conditions in Sand Creek meet the following requirements: 1) full use of the 

assimilative capacity of Sand Creek by Aurora and Suncor, within their projected design capacity 

for discharge, 2) use of the state’s water-quality assessment as a basis for setting key modeling 

assumptions for Sand Creek, and 3) the limiting Sand Creek flow condition for Metro RWHTF is 

not the DFLOW for Sand Creek but rather the flow at the mouth of Sand Creek that is consistent 

with DFLOW conditions in the main stem. This third point adds assimilative capacity that is 

useful to main-stem dischargers but is not accessible to Sand Creek dischargers. 

 

  

TON, 
mg/L 

Ammonia N, 
mg/L 

Nitrate N, 
mg/L 

Total N, 
mg/L pH T, °C 

DO, 
mg/L 

CBOD, 
mg/L 

TOC, 
mg/L 

Total P, 
mg/L 

Acute 
           

 
Jan 1.24 0.39 8.30 9.93 8.27 4.40 9.53 1.2 7.7 0.974 

 
Feb 1.25 0.11 7.18 8.54 8.32 7.44 9.11 2.0 8.0 0.938 

 
Mar 1.29 0.55 7.25 9.09 8.47 10.56 9.17 0.9 8.6 1.282 

 
Apr 1.66 3.53 5.80 10.64 8.06 13.54 8.09 2.7 11.0 2.002 

 
May 1.35 1.48 5.91 8.60 8.10 20.57 6.83 1.9 11.0 1.264 

 
Jun 1.18 0.81 5.14 6.92 8.39 23.05 6.93 2.3 11.8 0.893 

 
Jul 1.49 0.78 5.09 7.36 8.20 25.00 6.37 0.5 12.0 0.927 

 
Aug 1.32 0.63 5.72 7.64 8.00 23.60 6.18 0.5 8.9 1.141 

 
Sep 1.38 0.82 5.99 8.01 8.16 20.46 6.20 0.5 9.4 1.506 

 
Oct 1.17 0.85 6.29 8.13 8.18 17.20 7.50 1.1 9.5 1.460 

 
Nov 1.18 0.05 7.68 8.91 8.29 10.83 8.65 1.1 7.7 1.085 

 
Dec 1.15 0.12 7.06 8.19 8.20 5.57 9.75 1.1 9.0 1.110 

            Chronic 
           

 
Jan 1.24 0.36 7.90 9.49 8.22 4.16 9.53 1.2 7.2 0.974 

 
Feb 1.19 0.09 6.67 7.95 8.30 7.27 9.11 2.0 7.7 0.938 

 
Mar 1.29 0.55 7.25 9.09 8.38 10.56 9.17 0.9 8.6 0.969 

 
Apr 1.51 3.53 5.60 10.64 8.06 11.84 8.09 2.7 9.6 1.846 

 
May 1.35 1.21 4.95 7.51 8.03 18.42 6.83 1.9 9.8 1.264 

 
Jun 1.18 0.51 3.92 5.61 8.17 21.29 6.93 2.3 9.3 0.862 

 
Jul 1.48 0.58 4.86 6.91 7.99 22.38 6.37 0.5 9.8 0.927 

 
Aug 1.32 0.60 5.72 7.64 7.95 23.07 6.18 0.5 8.9 1.141 

 
Sep 1.38 0.79 5.80 7.97 8.16 19.35 6.18 0.5 9.4 1.368 

 
Oct 1.00 0.58 6.29 7.87 8.15 14.89 7.50 1.1 8.3 1.405 

 
Nov 1.09 0.05 6.59 7.72 8.27 9.45 8.65 1.1 7.4 1.085 

 
Dec 1.01 0.12 7.06 8.19 8.18 5.02 9.63 1.1 7.9 1.110 

 
Table 18. 85th percentile values for constituents of interest for modeling purposes 
at the mouth of Sand Creek, by month. The values given for dissolved oxygen are 
15th percentile rather than 85th percentile. In some cases, acute is below chronic as 
an artifact of low sample size (italics, acute is substituted for chronic). 
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Figure 10. Map of Sand Creek. 

 

 Table 19 shows flows in Sand Creek of interest to Segment 15 dischargers. The first three 

columns show the median effluent flows for July 2009-March 2013. The sum of these three 

flows is the historically characteristic discharge to Sand Creek from all three sources (median of 

sums rather than sum of medians). 
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  Monthly Median Flow July 09-March 13   
Sand Cr. At SP 

DFLOW1   

Sand Cr. At SP DFLOW, 
w/o effluents 

Month 002 003  Aurora 
Tot. 

Discharges  Acute Chronic  Acute Chronic 
Jan 1.55 0.89 3.97 6.41       13 17  6.6 10.6 
Feb 1.52 0.92 3.78 6.22       13 17  6.8 10.8 
Mar 1.49 0.94 3.75 6.18       14* 14  8.8 7.8 
Apr 1.49 1.02 3.97 6.48       27* 27  20.5* 20.5 

May 1.53 0.91 3.17 5.61       26 26  20.4 20.4 
Jun 1.41 0.99 1.24 3.64       14 34  10.4 30.4 
Jul 1.45 1.04 2.47 4.96        7 38  2.0 33.0 

Aug 1.42 1.10 2.07 4.59       18 20  13.4 15.4 
Sep 1.47 0.91 2.99 5.37       15 21  9.6 15.6 
Oct 1.44 0.97 4.94 7.35       13 17  5.7 9.7 

Nov 1.47 0.91 4.74 7.12       15* 13  5.9* 5.9 
Dec 1.54 0.87 4.60 7.01        13 17   6.0 10.0 

1 Flows consistent with low flows in the South Platte main stem over the last 10 years (see text). 
* Acute > chronic, set to chronic 
 

Table 19. Monthly median WWTF discharges (cfs) and creek flows (cfs) for Sand 
Creek, March July 2009-March 2013. 

 

 Table 19 also shows acute and chronic flows at the mouth of Sand Creek that are 

consistent with low-flow conditions on the South Platte main stem. These flows were obtained 

by determination of DFLOW above and below Sand Creek over a ten-year period of record, 

followed by subtraction of the upstream low flow from the downstream low flow, which gives a 

flow in Sand Creek consistent with the DFLOW in the main stem, and allows calculation of the 

non-effluent contribution to Sand Creek at times of low flow in Segment 15. Because DFLOW 

values do not coincide temporally in Sand Creek and in the main stem (because of flow 

manipulation in the South Platte system), Sand Creek flows consistent with main stem DFLOWs 

typically are higher than DFLOWs at the mouth of Sand Creek (as given in the WQCD 

assessment). 

 Sand Creek receives permitted discharges from the City of Aurora’s Sand Creek Water 

Reclamation Facility WWTF and from Suncor Energy Incorporated, which has two discharge 

points. In support of modeling, the anticipated permitted capacity of these two facilities must be 
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determined. Table 20 provides a summary of the anticipated permitted flows for each of these 

discharges.  

Discharge Points mgd cfs 
Aurora SCWRF 5.0 7.7 
Suncor 002A 1.5 2.3 
Suncor 003A 2.2 3.3 

 
Table 20. Summary of permitted (capacity) discharge volumes for each of the 
WWTF discharges to Sand Creek (source: WQCD). 

 
 
 For present purposes, it will be assumed that the mouth of Sand Creek at the Sand Creek 

low flow will have concentrations of nitrate and ammonia equal to those of the Metro District’s 

RWHTF effluent. These concentrations derive from the analysis of nitrogen kinetics in the South 

Platte main stem, which as given in this report (section on nitrogen modeling). The Sand Creek 

discharge to the South Platte River at the South Platte DFLOW, which is higher than the Sand 

Creek DFLOW (see section on flows), is used in modeling main stem conditions (Table 21). 

  Total flow at mouth, 
cfs 

 Ammonia-N at mouth, 
mg/L 

 Nitrate-N at  
mouth, mg/L 

Month  Acute Chronic  Acute Chronic  Acute 
Jan  13 14  6.01 3.61  7.14 
Feb  13 15  5.55 3.82  6.77 
Mar  15 16  5.54 3.57  6.55 
Apr  32 36  5.55 3.10  4.21 
May  17* 17  4.14 2.39  4.35 
Jun  12* 12  5.57 2.37  7.35 
Jul  7 12  8.76 2.12  9.64 
Aug  14* 14  4.59 2.01  4.35 
Sep  14* 14  4.80 2.08  6.30 
Oct  13 14  5.60 2.47  7.73 
Nov  14* 14  7.05 2.75  6.89 
Dec  13 14  7.07 3.22  7.41 
*Acute > chronic, set to acute. 

 
Table 21. Conditions at the mouth of Sand Creek coinciding with low flows in 
Segment 15.  
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 The monitoring record for dissolved oxygen at the mouth of Sand Creek indicates that 

Sand Creek would not likely impair Segment 15 with respect to dissolved oxygen. The values 

shown in Table 22 are close to 100% saturation at the relevant temperature, which is also shown 

in the table. 

 Oxygen-demanding components of Sand Creek flow include CBOD and ammonia. 

Because of the need to meet both the nitrate and ammonia limits, ammonia limits sometimes 

must be reduced as required for compliance with the nitrate standard, but this is not necessary for 

Sand Creek. Nitrate limits are set to match those of Metro RWHTF, near 10 mg/L (see section on 

Metro RWHTF). CBOD at the mouth of Sand Creek has been relatively low (Table 22), 

indicating good conversion of organic matter in the stream as well as some dilution. Some 

increase in CBOD could occur with increased WWTF flow, but the resulting change at the 

mouth of Sand Creek would likely be inconsequential. 

 

  Acute    Chronic  
Month Temp, °C DO, mg/L CBOD, mg/L  Temp, °C DO, mg/L CBOD, mg/L 
Jan 4.5 8.3 1.4  4.5 8.4 1.4 
Feb 5.8 8.7 2.2  5.0 8.8 2.2 
Mar 11.2 8.1 2.3  9.5 8.2 2.3 
Apr 13.7 7.5 5.0  9.9 8.1 2.9 
May 20.4 6.2 2.1  16.9 7.2 2.1 
Jun 23.3 5.6 3.8  19.4 7.3 3.8 
Jul 26.3 6.4 9.0  22.6 6.9 8.9 
Aug 25.3 6.1 1.7  21.2 6.3 1.7 
Sep 19.7 6.2 2.2  18.1 6.5 1.6 
Oct 15.6 7.7 6.6  12.6 7.7 6.6 
Nov 9.1 8.2 4.6  8.2 8.7 4.6 
Dec 6.0 8.9 2.4  4.1 8.9 2.2 

 
Table 22. Acute and chronic 85th percentile values for temperature and CBOD at 
the mouth of Sand Creek, and acute and chronic 15th percentile concentrations for 
dissolved oxygen (DO) at the same location based on monitoring data for Sand 
Creek. Source: Metro bi-weekly monitoring. 
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 Based on the monitoring data, it seems reasonable to allow CBOD limits for the Aurora 

and Suncor effluents to remain at their currently permitted concentrations. For modeling 

purposes, the 15th percentile for dissolved oxygen at the mouth of Sand Creek and the 85th 

percentile for CBOD will be carried forward into Segment 15 modeling (Table 22). 

 

Reaeration Rates 

 Estimates of the reaeration rate (the mass flux of a gas across a water surface) are 

required for open-channel estimates of oxygen metabolism (Odum 1956, McCutchan et al. 2002, 

McCutchan and Lewis 2006) and for open-channel estimates of denitrification (based on mass 

balance for N2; McCutchan et al. 2003, Pribyl et al. 2005). Estimates of reaeration rate also are 

needed to support modeling of dissolved gas concentrations (e.g., oxygen) in a river. For a river 

reach, reaeration flux is calculated as a function of the saturation deficit, channel depth, and the 

reaeration coefficient. Slope of the channel has a strong influence on the reaeration coefficient, 

but other factors (e.g., velocity, roughness, temperature) also affect the reaeration coefficient. 

Thus, the reaeration coefficient varies among river reaches and, for a particular reach, can vary 

with discharge. Estimates of the reaeration coefficient from field studies can be corrected to a 

reference temperature (typically 20°C). 

 Reaeration coefficients can be measured empirically with volatile tracers such as propane 

or SF6 (Kilpatrick et al. 1989). The tracer gas, which is present in the atmosphere at negligible 

concentrations, is added to the river and concentrations of the tracer are measured at two or more 

points downstream. The reaeration coefficient for the tracer gas is calculated from the rate at 

which the tracer is lost from the stream. The reaeration coefficient for the tracer gas then can be 

indexed to the reaeration coefficient for a gas of interest (e.g., O2 or N2; Gulliver et al. 1990).  
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 When the reaeration coefficient is estimated with a volatile tracer such as propane, it is 

assumed that that the reaeration coefficient is spatially homogeneous over the reach between 

stations where tracer concentrations are measured. At a waterfall or at a drop structure where 

slope changes suddenly, however, spatial homogeneity cannot be assumed. Also, entrainment of 

air at a drop greatly increases the surface area over which gas exchange occurs and the plunge 

depth below a drop affects the equilibrium concentration for a gas at that point in the river (due 

to hydrostatic pressure on entrained bubbles; Gulliver et al. 1997). Thus, river reaches containing 

drops should be avoided when reaeration coefficients for reaches are estimated.  

 Because air entrainment can increase the effective saturation concentration for O2 or N2 

below drops, reaeration at drop structures is treated differently from reaeration for river reaches. 

Rather than estimate a reaeration coefficient for a drop, volatile tracers are used to estimate the 

transfer efficiency (E) for a drop. Transfer efficiency is measured from concentrations of the 

tracer above and below the drop; efficiency (E) is the proportionate change in concentration 

toward 100% saturation as the water passes over the structure. Transfer efficiencies can be 

corrected to a common temperature by a procedure that differs slightly from the procedure used 

to correct reaeration coefficients. Because oxygen concentrations in the South Platte River often 

are below saturation, oxygen can be used as a passive tracer to measure transfer efficiency for a 

drop structure. 

 Reaeration coefficients can be estimated from equations fitted to empirical data. Also, 

several general purpose equations are available in the scientific literature. Typically, such 

equations have estimated the reaeration coefficient from one or more of the following variables: 

channel slope, velocity, depth, width or hydraulic radius, and roughness. The uncertainty for a 

specific site associated with many of the published equations, however, is high (Moog and Jirka 
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1998, Melching and Flores 1999). Uncertainty can also be high when general equations are used 

to predict transfer efficiency at drop structures (Gulliver and Rindels 1993). Low precision of 

estimates derived from general equations is caused in part by failure of some equations to 

account for all the factors controlling reaeration coefficients or transfer efficiencies. Also, 

general equations commonly have been derived from large data sets drawn from many different 

types of streams and channels, or from laboratory studies, which may not adequately represent 

processes in a specific natural channel. For present purposes, empirically based relationships of 

reaeration rate with slope and other metrics are used in formulation predictive equations. 

 

Reaeration Coefficients for River Reaches of the South Platte 

 Reaeration coefficients have been measured for multiple reaches of the South Platte River 

that did not, at the time of measurement, contain hydraulic structures (Table 23). The US 

Geological Survey and the Metro District both have used propane as a volatile tracer to estimate 

reaeration coefficients for these river reaches. 

 Channel slope is the best single predictor of the reaeration coefficients shown in Table 

23. Although other variables (velocity, depth, width, discharge) affect reaeration coefficients in 

rivers (see equations in Moog and Jirka 1998 and Melching and Flores 1999), use of these 

variables did not significantly improve the prediction of reaeration coefficients for the South 

Platte for data shown in Table 23. Four estimates of reaeration coefficient listed in Table 23 (two 

from USGS studies and two from Metro studies) were statistical outliers and were excluded from 

analyses. The two Metro estimates that were excluded had short reach lengths. One of the USGS 

estimates that was excluded from analyses was very different from the Metro estimate for the 
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same reach and from the trend line in Figure 11; the other estimate that was excluded may have 

been erroneous because of poor mixing. 

 

Date Top of reach Bottom of reach kOxygen,20 
(median), /d 

±SE  Data  
 source 

 10/1/90  104th Avenue   Brantner   0.84 NA  USGS* 
 10/1/90  160th Avenue   Baseline   8.67 NA  USGS 
 10/1/90  Baseline   Road 6   7.76 NA  USGS 
 10/1/90  Henderson gage   Brighton ditch   8.24 NA  USGS 
 10/1/90  Metro bridge   Clear Creek  18.61 NA  USGS* 
 10/1/90  Road 8   Highway 52  11.18 NA  USGS 
 10/1/90  Clear Creek   78th Avenue  11.65 NA  USGS 
 4/17/96  Below drop   Above 88th Ave   7.52 1.18  Metro 
 4/24/96  Below drop   Above 88th Ave   4.72 1.23  Metro 
 9/1/96  78th Avenue   Above drop  19.26 1.41  Metro* 
 9/4/96  Below drop   Above 88th Ave   6.04 1.33  Metro 
 9/11/96  Below 88th Ave   McKay Road   7.03 0.67  Metro 
 10/9/96  McKay Road   Fulton pool   2.85 0.46  Metro 
 9/18/97  Blw Cooley drop   McKay Road   6.42 1.31  Metro 
 10/15/97  Below 104th Ave   Brantner pool   5.19 1.15  Metro 
 11/7/97  Blw Mead. Is. #1   Above Evans  12.19 1.24  Metro 
 11/7/97  Road 22.5   Tailgate Ranch  12.50 0.66  Metro 
 3/28/00  124th Avenue   Above Brighton   8.47 0.21  Metro 
 3/29/00  Brantner   124th Avenue  11.92 0.41  Metro 
 9/6/00  160th Avenue   Road 6  10.15 0.25  Metro 
 9/28/00  Blw Mead. Is. #1   Above Evans  11.38 1.13  Metro 
 9/20/01  160th Avenue   Road 6  17.21 1.11  Metro 
 10/4/04  104th Avenue   Brantner pool   6.85 0.46  Metro 
 10/4/04  Brantner pool   Brantner headgate   8.45 0.55  Metro* 
 10/14/04  160th Avenue  Abv Lupton Bottom   7.76 0.37  Metro 
 11/08/05  Road 28   Hwy 66  10.43 2.05  Metro 
* Statistical outlier, based on slope of channel. 

Table 23. Estimates of the reaeration coefficient (kOxygen,20) for reaches of the 
South Platte River not containing drop structures.  
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Figure 11. Effect of channel slope on reaeration coefficient from Table 24. Solid 
dots indicate Metro District data, open dots indicate USGS data. 

 

 The present approach is to predict reaeration coefficient for a particular reach from slope 

(Figure 11). Advantages of this approach are: 1) the reaeration coefficient can be estimated for 

reaches where field studies with propane have not been made, 2) the reaeration coefficient can be 

estimated at a fine spatial scale, and 3) in the future, any model based on this approach can be 

easily updated as new estimates of reaeration coefficient become available. 

 

Transfer Efficiencies for Hydraulic Structures in the South Platte 

 The USEPA and the Metro District have used propane as a volatile tracer to measure 

transfer efficiencies for hydraulic structures on the South Platte River; Metro also has estimated 

transfer efficiencies for some structures using dissolved oxygen as a passive tracer (Table 24). 

Because the hydraulic structures on Segment 15 vary widely in design, prediction of reaeration 

efficiencies for structures with an equation is infeasible. Thus, estimates of reaeration 

efficiencies for a particular structure are based on empirical measurements for that structure 

(Table 25). For structures with no reliable measurements of reaeration efficiency, efficiency is 

estimated from measurements for similar structures. Gates were assumed to be closed during the 

irrigation season and open at other times. 
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Adjustment of Rates for Temperature 

 Rates of all processes, including the physical process of reaeration and several  

biological processes that are incorporated into the South Platte Water Quality Model, respond to 

changes in temperature. Adjustment of rates for temperature are used in comparing rates at a 

standard temperature (20oC) and for applying rates to future conditions at a variety of 

temperatures across months. For a given process, observed median rates at 20oC are adjusted to 

reach-specific temperatures when the model is run for any set of future conditions. Rates at 

ambient temperature (KT) are calculated from the rate at 20oC (K20) with the following equation 

in which the coefficient () is different for each process (see Table 26):  KT = K20 * (T-20) 

Structure  Gate  
 condition 

Date EOxygen,20  
(median) 

±SE Data 
source 

Method 

Abv 88th Avenue NA  unknown 0.221 0.004 Metro Propane 
 NA  4/10/96 0.333 0.028 Metro Propane 
 NA  4/17/96 0.312 0.016 Metro Propane 
 NA  4/24/96 0.228 0.027 Metro Propane 
 NA  9/4/96 0.123 0.029 Metro Propane 
88th Avenue NA  4/17/96 0.050 0.031 Metro Propane 
 NA  9/4/96 0.163 0.042 Metro Propane 
 NA  9/11/96 0.127 0.045 Metro Propane 
Fulton Closed  unknown 0.598 NA EPA unknown 
 Open  3/3/98 0.211 0.031 Metro Propane 
Near 104th Avenue NA  7/18/01 0.414 0.006 Metro Propane 
 NA  9/4/04 0.150 0.017 Metro Propane 
Brantner Closed  unknown 0.795 NA EPA unknown 
 Open  unknown 0.436 NA Metro Oxygen 
Near 124th Avenue NA  7/19/02 0.132 0.011 Metro Propane 
 NA  9/2/04 0.294 0.009 Metro Propane 
Urban drop NA  6/19/02 0.199 0.013 Metro Propane 
 NA  8/31/04 0.203 0.014 Metro Propane 
Brighton Open  unknown 0.333 NA Metro Oxygen 
 Closed  9/8/00 0.615 0.006 Metro Propane 
Lupton Bottom NA  9/26/00 0.164 0.019 Metro Propane 
 NA  9/6/04 0.142 0.018 Metro Propane 
Platteville Closed  9/19/00 0.740 0.020 Metro Propane 
Mead. Is. #1 NA  9/26/00 0.042 0.037 Metro Propane 
 NA  9/28/05 0.401 0.033 Metro Propane 
Evans Ditch NA  9/26/05 0.412 0.017 Metro Propane 
Mead. Is. #2 NA  10/04/00 0.508 0.072 Metro Propane 

 
Table 24. Estimates of reaeration efficiency of oxygen (EOxygen,20) for hydraulic 
structures. NA = no open-gate condition. 
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 Community metabolism analysis is based on observed rates of change in dissolved 

oxygen concentration over a 24-h or 48-h period, as estimated from measurements made at 

intervals of about 4 hours. For any given interval of 4 hours, the reaeration rate is set to the 

average of temperature-adjusted values at the beginning and end of the interval. Then the rates of 

change in oxygen, corrected for reaeration, for all intervals are calculated and adjusted to a 

standard temperature of 20oC. The adjusted rates of change from this analysis are used to 

calculate photosynthesis at a temperature of 20oC. The temperature adjustment coefficient is 

based on a Q10 of 2, which is a common way of characterizing the temperature response of 

biological processes. The Q10 of 2 is converted to  = 1.07 so that all equations are of the same 

form. The conversion is accomplished with the following equations: 

QT = Q10
(T-20)/10 

QT = 20.1*(T-20) 
1.0718 = 20.1 

QT = 1.0718(T-20) 

 

Structure 
Gate 

condition 
EOxygen,20 
(median) 

EOxygen,20 
(mean) ±SE 

Number of 
studies 

Abv 88th Avenue NA 0.228 0.243 0.037 5 
88th Avenue NA 0.127 0.113 0.033 3 
Fulton Closed 0.598 0.598 NA 1 
 Open 0.211 0.211 NA 1 
Near 104th Avenue NA 0.282 0.282 0.132 2 
Brantner Closed 0.795 0.795 NA 1 
 Open 0.436 0.436 NA 1 
Near 124th Avenue NA 0.213 0.213 0.081 2 
Urban drop NA 0.201 0.201 0.002 2 
Brighton Closed 0.615 0.615 NA 1 
 Open 0.333 0.333 NA 1 
Lupton Bottom NA 0.153 0.153 0.011 2 
Platteville Closed 0.740 0.740 NA 1 
 Open* NA NA NA NA 
Meadow Is. #1 NA 0.222 0.222 NA 2 
Evans NA 0.412 0.412 NA 1 
Meadow Is. #2 NA 0.508 0.508 NA 1 

   *Set equal to Fulton 

Table 25. Drop structures; median (used in modeling) and average transfer rate by 
structure. 
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Process Coefficient Source 
Photosynthesis  1.072  Assume Q10 = 2 
Nitrification 1.029  Salvetti et al. 2006 
Denitrification  1.045  Bowie et al. 1985 
CBOD removal 1.047  Thomann and Mueller 1987 
Reaeration 1.024  Thomann and Mueller 1987 

 
Table 26. Temperature adjustment coefficients (Θ) used in the South Platte Water 
Quality Model. 
 

 Temperature adjustments for the other processes are taken from published values (e.g., 

the published values of  for CBOD removal range from 1.02 to 1.09). 

 

Water-Quality Standards 

 The standards applicable to Segment 15 for dissolved oxygen, as given in Regulation 38 

of the Water Quality Control Commission, are shown in Appendix C. Limits are given separately 

for early life stages and older life stages. Time intervals relevant to the standards include a single 

day, seven days, and 30 days. Variables used in predicting oxygen concentrations were measured 

during special 24-hour studies spread over most months of the year. Therefore, the empirical 

basis of the model is best suited for application to one-day limits and 30-day limits, but not 

seven-day limits. Modeling and projection of effluent limits for present purposes are based on an 

instantaneous (one-day) minimum of 3.0 mg/L for the early life-stage interval (1 April through 

31 July) and 2.0 mg/L for the older life stage interval, as well as the 30-day average limit of 4.5 

mg/L for older life stages. As an indicator of likely compliance or lack of compliance with a 

seven-day limit of 5.0 mg/L for early life stages, 5.0 mg/L is evaluated on a 30-day basis (except 

below Lupton Bottom Ditch in Segment 15, where it is always 4.6 mg/L). Low-flow water 

quality is sufficiently stable to justify this substitution. A 7-day mean minimum of 2.5 mg/L is 

equated here with a 1-day minimum of 2.0 mg/L for older stages.  
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 Oxygen standards for middle South Platte Segment 1a are identical to those for upper 

South Platte Segment 15, except that the 4.6 mg/L limit below Lupton Bottom Ditch does not 

apply (limit is 5.0 mg/L). 

 Both Segment 15 and Segment 1a carry ammonia standards (Regulation 31) for 

protection of aquatic life. The current standards correspond to calculations made with 

AMMTOX software. For both Segment 15 and Segment 1a, standards for total ammonia are 

calculated from standard equations in AMMTOX. The standards vary with position along the 

river because they are dependent upon both pH and temperature. For modeling purposes, the 

standard is portrayed as a graph of maximum allowable concentration versus distance along the 

river. 

 Nitrate carries an acute standard of 10 mg/L (Regulation 31) in both segments, for 

drinking water compliance. The standard applies at points of use, but points of use are so 

abundant that the WQCD expects the entire Segment 15/1a reach to comply with the 10 mg/L 

standard. Regulation 85 carries a TIN limit for effluent of 15 mg/L as an annual median and 20 

mg/L as a 95th percentile; dischargers will need to reconcile nitrate plus ammonia to these limits. 

 For Regulation 85, total P is subject to an effluent limit of 1 mg/L as an annual median 

and 2.5 mg/L as an annual 95th percentile. Total P is not yet limited by Regulation 31, but will be 

in 2022, at which time the stream standard will be 0.170 mg/L, but the Metro District has an 

overriding limit of 0.100 mg/L from the Milton Reservoir TMDL. 

 

Use of the Diel Studies to Quantify Rates 

 Fifteen sites were included in the diel (24 hour) studies: 64th Avenue, the two Metro 

RWHTF effluent discharges, nine main-stem sites on the South Platte, and three tributary sites 
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(Sand Creek, Clear Creek, and Big Dry Creek). The relevant span of time for which diel studies 

are appropriate for purposes of the model calibration is August 2006 to December 2012; the data 

set used for calibration is based on sampling for 13 dates within this time period.  

 

Nitrogen Conversion Rates 

 Use of the South Platte Water-Quality Model for prediction of ammonia and nitrate 

concentrations requires knowledge of nitrogen conversion rates (Figure 12) along the length of 

Segments 15 and 1a. These rates are derived from the 13 diel studies mentioned above. 

Validation studies of rates show that N conversions are best modeled with zero-order kinetics. 

First-order kinetics may be preferable at the lowest concentrations, but the lowest concentrations 

are of least regulatory relevance.  

 
 
Figure 12. Summary of N fluxes relevant to modeling. 

 

 Nitrogen conversion rates show high instability near the RWHTF discharge point, 

probably because of poor mixing close to the discharge. Therefore, rate computations begin with 

data for the span reaching from the effluent discharge point to 88th Avenue. Below 88th Avenue, 
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each additional pair of stations produces separate estimates of process rates for nitrogen species. 

Analysis of biotic ammonia and nitrate fluxes as necessary for modeling of inorganic N 

concentrations must take into account ammonification, nitrification, denitrification, 

ANAMMOX, and incorporation of N into biomass or release of N from biomass.  

 Empirically based estimation of metabolic rates for nitrogen conversion processes begins 

with quantification of mass balance for total organic nitrogen (TON) across pairs of stations 

along the South Platte River. The analysis includes mass balance changes caused by ground 

water, tributary flow, and ditch withdrawals. Data on total organic nitrogen from the diel studies 

were used in calculating the expected net gain or loss caused by physical transport processes 

between stations. The expected transport between stations caused by physical processes was then 

compared with observed transport between stations. The deviation between expected and 

observed transport for TON is attributed to biotic processes.  

 Relevant biotic processes include decomposition of TON involving ammonification 

(ammonia release) by microbes and biotic release of TON by algae. Given that the diel studies 

provide quantitative data on photosynthesis rate, it is possible to estimate the expected TON 

release between stations through photosynthetically driven processes. These estimates show that 

biotic release of TON could account for less than 10% of the observed TON biotic fluxes. 

Therefore, deviations from mass balance of TON between stations is attributed to 

ammonification without correction for photosynthetically driven creation of new TON.  

 Figure 13 shows the data on ammonia production (ammonification) rates calculated as 

explained above. The calculated rates for individual dates were corrected to a common 

temperature (20 °C, Θ = 1.020) so that they can be compared across dates and stations on a 
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common basis. For predictive purposes, when incorporated into the recalibrated model, 

temperature is used in correcting rates for temperature on specific dates at specific locations.  

 The temperature corrected data as shown in Figure 13 indicate that the sampling reaches 

nearest the Metro RWHTF outfall experience considerably higher median and variance for 

ammonification than sampling reaches downstream. Downstream reaches show variation in 

medians and in variance, but the ranges are strongly overlapping and the medians are below 1 

gN/m2/day. There is no indication of seasonal patterns in the ammonification rates when the rates 

are temperature corrected. Therefore, seasonality in rates is simply a reflection of seasonality in 

temperature. 

 Nitrification causes loss of ammonia and loss of oxygen. Oxygen mass balance is used in 

estimating the nitrification rate (Figure 12, see oxygen dynamics section for further explanation). 

The appropriate temperature correction for nitrification can be affected by oxygen limitation or 

ammonia limitation of the ammonification process2. Oxygen limitation pushes the Θ value for 

temperature correction of nitrification toward 1.0, whereas exhaustion of ammonia pushes the Θ 

value toward 1.08. A weighted average value of 1.029 was used in making temperature 

corrections that are appropriate for the South Platte River below the RWHTF discharge.  

 ANAMMOX also can cause loss of ammonia (Figure 12). Partitioning ammonia loss into 

its two main components (nitrification, which produces NO3
-, and ANAMMOX, which produces 

N2) is accomplished by use of the oxygen based estimate of standard nitrification (Figure 12); the 

residual loss is attributed to ANAMMOX. Depending on month and location, ANAMMOX can 

account for as much as 50% of ammonia loss in the South Platte below RWHTF. ANAMMOX 

                                                        
2 Salvetti, R., A. Azzellino, R. Canziani, L. Bonomo. 2006. Effects of temperature on tertiary nitrification in 
moving-bed biofilm reactors. Water Research 40: 2981-2993. 
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has not been studied in rivers and clearly deserves study in the South Platte below RWHTF. The 

Θ for ANAMMOX is assumed to be 1.0793. 

 
Figure 13. Estimated nitrogen conversion rates between pairs of stations extending from 
the RWHTF outfall to road 32.5. Each shows median, quantiles, and range for 13 
sampling dates (24-hour studies). 
 

 Standard denitrification (Figure 12) is the process by which microbes convert nitrate or 

nitrite to N2 gas as a means of conducting respiration under conditions of very low or negligible 

oxygen concentrations (Θ = 1.045). While the water column of the South Platte River sustains 

                                                        
3 Rysgaard,S. R.N. Guld, N. Risgaard-Petersen, T. Dalsgaard. 2004. Denitrification and anammox activity in Artic 
marine sediments. Limnology and Oceanography. 45(5): 1493-1502. 
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oxygen concentrations far higher than the threshold for denitrification, the hyporheic zone of the 

river, which consists of sand and gravel through which water moves within the sediment bed, 

becomes anoxic through respiration processes and therefore meets the requirements for 

denitrification. Nitrate loss rates in the South Platte River are well documented and are among 

the highest recorded for river ecosystems4. Biotically driven nitrate loss is beneficial as a natural 

removal mechanism for nitrate. Loss of nitrate occurs not only through standard denitrification, 

but also through ANAMMOX (Figure 12). Algae may also remove nitrate from water for protein 

synthesis, but this process is unlikely in the presence of ammonia and in any case could account 

for only a small proportionate loss of nitrate in the South Platte River. Figure 13 shows that 

nitrate loss rates are highest and most variable near the Metro District, where nitrate 

concentrations are highest. Rates decline downstream and become less variable as nitrate 

concentrations decline. The rates shown in Figure 13 are adjusted to a common temperature of 

20 degrees centigrade.  

 

Validation of Conversion Rates for Nitrogen Species 

 Validation can be approached by any of three methods. Option one is to remove some 

field data from the calibration process and then to use these data for testing the calibration. The 

problem with this approach is that it weakens the calibration data set. Option two, which allows 

all of the data to be used in calibration, involves a bootstrap procedure by which repeated 

calibrations and validations are done with subsets of the data. This approach was used previously 

for the South Platte Water Quality Model. A third option is to use all of the data simultaneously 

in a calibration. The previous calibration work showed that options two and three produce nearly 

                                                        
4 McCutchan, J. H. Jr. and W. M. Lewis, Jr.  2008.  Spatial and temporal patterns of denitrification in an effluent-
dominated plains river. Verh. Internat. Verein. Limnol. 30: 323-328. 



 57 
 

 
 

the same results. Consequently, the present validation was conducted by option three, which is 

simpler than option two. 

 

 

Figure 14. Validation results (median error; bars show standard error in amount of error). 
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 The 10 main stem stations correspond to 10 sets of data, each with 13 dates. Median 

concentrations for all relevant constituents were used in calibrating rates for 13 dates at each of 

the 10 sampling sites. Figure 14 shows validation as median errors and standard errors of the 

errors (deviation from observed). 

 Validation modeling for nitrogen species, as summarized in Figure 14 indicate acceptable 

degrees of error. For TON, variance in error is consistently low and bias is negligible, likely 

reflecting the lower relative biotic lability of TON as compared with ammonia or nitrate. For 

nitrate, the variance and median error increase downstream. Higher error likely is explained by 

increase in concentration of nitrate downstream. Bias requires a different type of explanation. 

Most estimation bias is likely attributable to processes in the stream that are not represented in 

the model. Such processes include biological disequilibrium caused short term changes in flow, 

interannual differences in the pace of seasonal changes involving a given month, and other 

related factors that cannot feasibly be captured in the model at present. For ammonia, bias and 

variance are highest near the point of discharge, where concentrations are highest. For both 

nitrate and ammonia, the degree of variation is within the boundaries that are expected and 

required for this model.  

 
 

Method for Determination of Ammonia, Nitrate, and TIN Effluent Limits 

 Projection of effluent limits requires assumptions about allocation of waste load for both 

nitrate and ammonia. The assumptions used here reflect application of the State’s basic guidance 

for allocation, i.e., that all dischargers are to be given equal access to assimilative capacity.  

  At the top of Segment 15, the Xcel Cherokee facility releases industrial effluent just 

above the Metro District’s outfall. Xcel Cherokee releases are mixed with upstream water as 



 59 
 

 
 

reflected by routine sampling at 64th Avenue. For present modeling purposes, it is assumed that 

water reaching the Metro District’s outfall location, as represented by sampling at 64th Avenue, 

will comply with a nitrate standard of 10 mg/L and will comply with an ammonia limit that is 

established for the Metro District at the point of discharge. Thus, Xcel Cherokee would be able 

to discharge nitrate concentrations above 10 mg/L to the extent that dilution is available from 

upstream waters. The nitrate limit at 64th Avenue is very important to Xcel because the 

maximum nitrate concentrations of Xcel Cherokee effluent historically have exceeded 10 mg/L. 

Thus, the proposed allocation scheme based on 10 mg/L at 64th Avenue may or may not be 

consistent with current effluent quality for Xcel Cherokee. The ammonia limit is less critical for 

Xcel because Xcel Cherokee discharges very little ammonia. Xcel effluent quality has a very 

small effect on the mixed flow below Metro RWHTF because of the high volume of RWHTF 

discharge. 

 Given the above mentioned assumptions about Xcel Cherokee and the quality of water 

for the South Platte at 64th Avenue, the maximum possible effluent concentrations on a monthly 

basis can be determined for the Metro District’s outfall and for all other effluents in the modeling 

region (down to Road 32.5). This is an allocation process. First, the ammonia concentration for 

Metro RWHTF and all other effluent releases below RWHTF were set to zero. The effluent 

concentrations of total ammonia for all of these discharges, including the Metro District’s at 

RWHTF, were then raised incrementally until the downstream critical point reached the 

ammonia standard (acute or chronic) for a given month. The next step in the ammonia allocation 

procedure involves only discharges below the downstream critical point. If the critical point is 

upstream of some discharges, additional assimilative capacity is expected downstream. The 

concentrations assumed for ammonia in effluent discharges below the critical point therefore 
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were raised to the fullest extent possible to take advantage of assimilative capacity (i.e., until a 

second critical point was reached). This process was then repeated as necessary for discharges 

below the second critical point. The result is a set of acute and chronic effluent limits for 

ammonia that use all available assimilation capacity. A similar procedure was used for nitrate. 

All effluent limits were set to the standard (10 mg/L acute). This led to projected nitrate 

concentrations above 10 mg/L where nitrification was dominant below an effluent outfall. In this 

case, the effluent limit for the outfall was lowered as necessary to achieve compliance. This 

process was repeated downstream for each outfall. 

 There is no chronic nitrate limit, but the acute limit sets a de facto chronic limit. For this 

reason, chronic concentrations for nitrate are included in the results. As a final step, compliance 

with the oxygen standard was checked. Had the stream been out of compliance, further 

adjustment of ammonia to meet the oxygen standard would have been necessary, but no 

exceedances were predicted. 

 For tributary flows, the analysis described above assumes ambient conditions (85th 

percentile) for Clear Creek and Big Dry Creek. Sand Creek, however, is treated in a different 

manner because of its relatively small volume of flow and the close proximity of the Sand Creek 

dischargers to the main stem. At Sand Creek low flow, Sand Creek at the mouth is assumed to 

have the same nitrate and ammonia concentrations as the Metro District effluent. At the main 

stem low flow, assumed concentrations at the Sand Creek mouth are set to Metro’s limit adjusted 

for dilution reflecting the monthly ratio of Sand Creek at main stem low flow to Sand Creek low 

flow (ratio is ≥1). 
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Ammonia and Nitrate Limits 

 Ammonia limits were determined by application of AMMTOX modeling on the South 

Platte River at locations ranging from 64th Avenue to Road 32.5. Both temperature (chronic 

only) and pH (chronic and acute) are required for computation of the AMMTOX standard. 

Temperature data were taken from data loggers at multiple stations over the interval 2009-2012. 

This information was used in determining temperature amplitudes and time of temperature 

maximum at specific locations as needed for AMMTOX based modeling (Table 27, 28). pH 

amplitudes were quantified on the basis of 24 hour (diel) studies (Table 29). A continuous record 

of pH and temperature for years 2009-2012 was then constructed by use of the information in 

Tables 27-29 in addition to data on pH and temperature taken at biweekly intervals over years 

2009-2012. 

 The continuous record of pH and temperature for the five year interval was used in 

determining setpoint conditions for pH and temperature at each of the sampling stations by use 

of the AMMTOX recurrence module. Results are as shown in Figure 15. Setpoints at specific 

stations are the basis for interpolation of setpoint conditions between stations. Given the 

continuous information on setpoints across distance, an ammonia standard can be calculated for 

any location on the river for any month, as necessary for determining ammonia standards 

monthly between 64th Avenue and Road 32.5. 

 Tables 30 and 31 show results from AMMTOX modeling and the assumption that the 

new regional facility (Metro NTP) is operating at capacity (28.8 mgd). The ammonia limits were 

set to meet the aquatic life requirement.  

 Nitrate limits were set to 10 mg/L and lowered by small amounts where necessary to 

accommodate downstream increases in nitrate concentrations. The final result is compliant with 
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the 10 mg/L standard at all points. Higher nitrate concentrations in the effluent might be possible 

in some cases (but not for the Metro District) in return for even lower total ammonia limits, but 

this is a matter to be considered only if dischargers request it.  

 

 SP
-6

4 

SP
-8

8 

SP
-1

04
 

SP
-1

24
 

SP
-1

60
 

SP
-R

D
8 

SP
-F

TL
 

SP
-R

D
18

 

SP
-R

D
28

 

SP
-R

D
32

.5
 

Jan 1.71 2.08 1.54 1.50 1.40 1.55 1.75 1.72 1.74 1.92 
Feb 1.78 2.53 1.62 2.12 1.78 1.82 2.17 1.96 1.89 2.48 
Mar 2.41 2.68 1.62 2.57 2.34 2.38 2.75 2.53 2.74 3.03 
Apr 2.13 2.48 1.62 2.34 2.62 2.29 2.66 2.94 2.69 3.17 
May 2.22 2.18 1.84 2.11 2.48 2.16 2.09 2.11 2.84 2.33 
Jun 2.30 1.82 1.69 1.82 2.55 2.15 2.49 2.65 3.00 3.07 
Jul 2.39 1.95 2.22 2.03 2.61 2.33 2.35 2.47 2.88 3.20 
Aug 2.32 2.22 2.29 2.56 2.68 2.61 2.59 2.73 3.26 3.79 
Sep 2.89 2.57 2.60 2.64 2.58 2.50 2.86 3.03 3.66 3.63 
Oct 2.38 2.40 2.25 2.04 1.98 2.09 2.20 2.25 2.52 2.58 
Nov 1.60 2.12 1.60 1.12 1.28 1.33 1.51 1.54 1.65 1.68 
Dec 1.38 1.72 1.40 1.27 1.16 1.26 1.39 1.50 1.63 1.66 

Table 27. Temperature amplitudes (medians; 2009 – 2012) for stations on the 
South Platte main stem, calculated from hourly records of temperature. 
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Jan 15:00 16:00 18:00 16:00 16:00 15:00 16:00 16:00 16:00 16:00 
Feb 15:00 15:00 16:00 16:00 16:00 15:00 15:00 16:00 16:00 15:00 
Mar 16:00 15:00 17:00 17:00 16:00 16:00 16:00 17:00 16:00 16:00 
Apr 16:00 16:00 17:00 17:00 17:00 17:00 16:00 17:00 16:00 16:00 
May 17:00 16:00 17:00 17:00 17:00 17:00 16:00 16:00 16:00 16:00 
Jun 16:00 16:00 17:00 17:00 17:00 17:00 16:00 17:00 16:00 16:30 
Jul 15:00 16:00 16:00 17:00 15:30 17:00 16:00 16:00 16:00 16:00 
Aug 16:00 16:00 16:00 17:00 16:30 17:00 16:00 16:00 16:00 16:00 
Sep 16:00 16:00 17:00 17:00 17:00 17:00 16:00 16:00 16:00 16:00 
Oct 14:00 16:00 17:00 16:00 16:00 16:00 16:00 16:00 16:00 16:00 
Nov 17:00 16:00 18:00 17:00 16:00 16:00 16:00 16:00 16:00 16:00 
Dec 15:00 17:00 18:00 16:00 15:00 16:00 16:00 16:00 16:00 16:00 

Table 28. Time of maximum temperature (medians; 2009 – 2012) for stations on 
the South Platte main stem, calculated from hourly records of temperature. 
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Dec - Feb 0.221 0.152 0.152 0.152 0.173 0.173 0.173 0.154 0.154 0.154 
Mar - May 0.14  0.06 0.14 0.09 0.16 0.05 0.05 0.05 0.08 0.09 
Jun - Aug 0.16 0.16 0.17 0.22 0.32 0.27 0.16 0.16 0.19 0.22 
Sep - Nov 0.221 0.162 0.162 0.162 0.143 0.143 0.143 0.154 0.154 0.154 
1 Median Sep – Feb     3 Median for SP-160, SP-RD8, SP-FTL 
2 Median for SP-88, SP-104, SP-124   4 Median for SP-RD18, SP-RD28, SP-RD32.5 
 

Table 29. pH amplitudes (medians; 2009 - 2012) for stations on the South Platte 
main stem, calculated from diel studies. Data for cool months (Dec – Feb and Sep 
– Nov) were pooled across stations, as shown in footnotes. 

 

 
Figure 15. Setpoint conditions for AMMTOX modeling. 
 
 

 TIN limits computed as the sum of ammonia and nitrate limits in some cases would 

exceed limits set by Regulation 85. In such cases, dischargers would need to adjust ammonia, 

nitrate, or both as needed to satisfy Regulation 85. 



 64 
 

 
 

1 Basis for permitting. 
2 < 1 mgd; not subject to Regulation 85. 
 
 

Table 30. Acute effluent limits (mg/L, as N) consistent with the ammonia standard for aquatic life (AMMTOX). 
Ammonia is capped at 20 mg/L and nitrate is capped at 10 mg/L. Shaded area shows TIN inconsistent with Regulation 
85; dischargers may need to adjust ammonia, nitrate, or both to satisfy Regulation 85. 

 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Total ammonia1             
Metro RWHTF 8.21 7.78 7.96 13.16 9.51 7.33 7.67 7.86 7.53 7.12 10.00 9.28 
South Adams WWTF 8.21 7.78 7.96 13.16 9.51 7.33 7.67 7.86 7.53 7.12 15.53 9.28 
Brighton RO 8.21 7.78 7.96 13.16 9.51 7.33 7.67 7.86 7.53 7.12 15.53 9.28 
Brighton WWTF 8.21 14.11 15.33 14.32 13.37 7.33 7.67 7.86 7.53 7.12 15.53 9.28 
Metro NTP 8.21 14.11 15.33 14.32 13.37 7.33 7.67 7.86 7.53 7.12 15.53 9.28 
Ft. Lupton WWTF 8.21 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 15.53 13.78 
Platteville WWTF 8.21 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 13.78 
             
Nitrate 1             
Metro RWHTF 9.85 9.49 9.58 10.00 10.00 9.74 9.63 10.00 10.00 9.95 9.77 9.77 
South Adams WWTF 9.85 9.49 9.58 10.00 10.00 9.74 9.63 10.00 10.00 10.00 9.77 9.77 
Brighton RO 9.85 9.49 9.58 10.00 10.00 9.74 9.63 10.00 10.00 10.00 9.77 9.77 
Brighton WWTF 9.85 9.49 9.58 10.00 10.00 9.74 9.63 10.00 10.00 10.00 9.77 9.77 
Metro NTP 9.85 9.49 9.58 10.00 10.00 9.74 9.63 10.00 10.00 10.00 9.77 9.77 
Ft. Lupton WWTF 9.85 9.49 9.58 10.00 10.00 9.74 9.63 10.00 10.00 10.00 9.77 9.77 
Platteville WWTF 10.00 9.49 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 
             
TIN             
Metro RWHTF 18.06 17.27 17.54 23.16 19.51 17.07 17.30 17.86 17.53 17.07 19.77 19.05 
South Adams WWTF 18.06 17.27 17.54 23.16 19.51 17.07 17.30 17.86 17.53 17.12 25.30 19.05 
Brighton RO 18.06 17.27 17.54 23.16 19.51 17.07 17.30 17.86 17.53 17.12 25.30 19.05 
Brighton WWTF 18.06 23.60 24.91 24.32 23.37 17.07 17.30 17.86 17.53 17.12 25.30 19.05 
Metro NTP 18.06 23.60 24.91 24.32 23.37 17.07 17.30 17.86 17.53 17.12 25.30 19.05 
Ft. Lupton WWTF 18.06 29.49 29.58 30.00 30.00 29.74 29.63 30.00 30.00 30.00 25.30 23.55 
Platteville WWTF2 18.21 29.49 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00 23.78 
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1 Basis for permitting. 
2 < 1 mgd; not subject to Regulation 85. 
 

Table 31. Chronic effluent limits (mg/L, as N) consistent with the ammonia standard for aquatic life (AMMTOX). 
Ammonia is capped at 15 mg/L and nitrate is capped at 10 mg/L. Shaded area shows TIN inconsistent with Regulation 
85; dischargers may need to adjust ammonia, nitrate, or both to satisfy Regulation 85.

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Total ammonia1             
Metro RWHTF 5.73 6.06 5.64 4.96 3.83 3.83 3.44 3.21 3.33 3.93 4.37 5.12 
South Adams WWTF 8.21 6.06 5.64 6.14 4.68 4.38 7.67 7.86 7.53 7.12 14.47 9.28 
Brighton RO 8.21 7.78 7.96 11.09 9.51 7.33 7.67 7.86 7.53 7.12 14.47 9.28 
Brighton WWTF 8.21 11.45 9.97 11.09 9.61 7.33 7.67 7.86 7.53 7.12 14.47 9.28 
Metro NTP 8.21 11.45 9.97 11.09 9.61 7.33 7.67 7.86 7.53 7.12 14.47 9.28 
Ft. Lupton WWTF 8.21 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00 13.78 
Platteville WWTF 8.21 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00 13.78 
             
Nitrate              
Metro RWHTF 9.85 9.49 9.58 10.00 10.00 9.74 9.63 10.00 10.00 9.95 9.77 9.77 
South Adams WWTF 9.85 9.49 9.58 10.00 10.00 9.74 9.63 10.00 10.00 10.00 9.77 9.77 
Brighton RO 9.85 9.49 9.58 10.00 10.00 9.74 9.63 10.00 10.00 10.00 9.77 9.77 
Brighton WWTF 9.85 9.49 9.58 10.00 10.00 9.74 9.63 10.00 10.00 10.00 9.77 9.77 
Metro NTP 9.85 9.49 9.58 10.00 10.00 9.74 9.63 10.00 10.00 10.00 9.77 9.77 
Ft. Lupton WWTF 9.85 9.49 9.58 10.00 10.00 9.74 9.63 10.00 10.00 10.00 9.77 9.77 
Platteville WWTF 10.00 9.49 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 
             
TIN             
Metro RWHTF 15.58 15.55 15.22 14.96 13.83 13.57 13.07 13.21 13.33 13.88 14.14 14.89 
South Adams WWTF 18.06 15.55 15.22 16.14 14.68 14.12 17.30 17.86 17.53 17.12 24.24 19.05 
Brighton RO 18.06 17.27 17.54 21.09 19.51 17.07 17.30 17.86 17.53 17.12 24.24 19.05 
Brighton WWTF 18.06 20.94 19.55 21.09 19.61 17.07 17.30 17.86 17.53 17.12 24.24 19.05 
Metro NTP 18.06 20.94 19.55 21.09 19.61 17.07 17.30 17.86 17.53 17.12 24.24 19.05 
Ft. Lupton WWTF 18.06 24.49 24.58 25.00 25.00 24.74 24.63 25.00 25.00 25.00 24.77 23.55 
Platteville WWTF2 18.21 24.49 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 23.78 
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Requirements for Compliance with the Dissolved Oxygen Standard 

 The purpose of the analysis described here is to use the diel data on oxygen and 

temperature, as well as information on flow and cross-sections to estimate rates of oxygen 

metabolism on each of the dates for which the Metro District has taken diel measurements, and 

to use this information in determining the need, if any, for further restrictions on oxygen-

demanding constituents, as dictated by the dissolved oxygen standard. 

 

Barometric Pressure 

 Metabolic rates are calculated from the deviation between an oxygen saturation 

concentration and an observed oxygen concentration in the water column. The saturation 

concentration is dependent on temperature, dissolved solids, and barometric pressure. Dissolved 

solids are not present in sufficient amounts to have a meaningful effect on dissolved oxygen 

concentration in this case, and temperatures are available from field measurements. Therefore, it 

is essential to make some estimates of barometric pressure. 

 Records of barometric pressure at hourly intervals were obtained from Denver 

International Airport. The source of data is the NOAA Satellite Information Service / National 

Climate Data Center. These estimates were matched (to the nearest hour) to each of the 

measurements of temperature and oxygen that were made in the field on all of the sampling dates 

at each of the sites.  

 Barometric pressures at DIA do not exactly match barometric pressures at the same time 

of day on the South Platte River. Furthermore, barometric pressures change with location along 

the river according to elevation. The relationship between the barometric pressure at DIA was 

tested statistically for relationship to the barometric pressure at a given river mile on the South 
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Platte River below the Metro District. The equation is as follows: C = 65.447 – 0.18857 (river 

mile). The correction factor (C) is added to the measurement at DIA. The R2 value for the 

relationship is 0.998. 

 

Estimation of Flows and Reaeration 

 Flow must be estimated from mass-balance data for water on a given date at a given 

place. The low-flow component of the model was used for this purpose. From estimates of 

discharge and channel geometry, depth of the channel was estimated upstream of each station. 

Metabolism estimates also require knowledge of the gas exchange (reaeration) coefficient at the 

time and place of measurement. The basis for estimating reaeration coefficients is the 

relationship between channel slope and the reaeration coefficient, as described in the previous 

section on reaeration. 

 

Oxygen Content of Ungaged Flow 

 Because the South Platte accrues water at low flow from alluvial sources, some estimate 

must be given for the amount of oxygen in this source. There is spatial variation in the oxygen 

content of alluvial water as shown by monitoring (Figure 11). Treatment of the data for oxygen 

in groundwater was the same as for other groundwater constituents (see previous section). 

Medians were used in modeling. 

 

Rationale for the Calculations 

 The analyses were based on the following mass-balance equation for a thin parcel of 

water moving downstream in a rectangular channel (McCutchan et al. 2002): 
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where dm/dt is the rate of change in mass (m) of oxygen over time (t), Cg is the oxygen 

concentration of groundwater, and Qg is the rate of groundwater flux to the parcel (i.e, the rate of 

change in volume for the parcel). P and R are rates of photosynthesis and respiration, A is the 

area of the channel covered by the parcel, k is the reaeration rate coefficient for oxygen, and S is 

the saturation concentration for oxygen. The volume of the parcel (v[t]) and the mass of oxygen 

in the parcel (m[t]) are functions of time. This equation describes an upstream-downstream (two-

station) model developed from the approach that Odum (1956) used to estimate metabolism at 

Silver Springs, Florida. Except for groundwater flux, water does not enter or leave the parcel as 

it flows downstream (i.e., it is assumed that the parcel does not gain or lose water in the 

upstream-downstream dimension and that direct precipitation and evaporation have a trivial 

influence on the volume of the parcel). It is assumed that the parcel represented in the equation 

corresponds to a thin slice of the stream and not to a study reach (Fig. 12). The collection of data 

occurs at two stations (typically 0.1 -1.0 km apart), and the rate of change applicable to the thin 

parcel is estimated from the measured change in concentration between the two stations. An 

important assumption implicit in the open-channel method is that the processes affecting the 

oxygen mass-balance for the parcel (i.e., metabolism, groundwater flux, and reaeration) are 

spatially homogeneous between the upstream and downstream stations. As the thin parcel moves 

downstream, volume of the parcel will change if there is net flux of groundwater across the 

sediment-water interface and the mass of oxygen in the parcel will change unless all fluxes of 

oxygen exactly cancel each other. Eq. 1 can be solved for m[t], after which division by v[t], 

followed by rearrangement, gives the rate of metabolism (P+R) as follows: 
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where Ct is the oxygen concentration at time t, C0 is the oxygen concentration at time 0,  and z0 

is the depth of the parcel at time 0. Alternatively, rates of metabolism can be estimated with a 

simplified equation (as in McCutchan et al. 2003) as follows: 

 

where ∆t is the travel time between stations. Over short intervals of time (i.e., travel time is 

small), estimates of metabolism calculated with Eq. 3 are very similar (±1%) to estimates 

calculated with Eq. 2; if the reaeration rate is very high, however, estimates Eq. 3 may differ 

substantially from estimates with Eq. 2. 

 

 
Figure 16. Model of oxygen mass-balance for a parcel of water flowing 
downstream in a rectangular channel. Rates of metabolism for the reach between 
stations are calculated from the change in oxygen concentration for the parcel 
between upstream and downstream stations, after correction for reaeration flux 
and groundwater flux of oxygen. In this example, the vertical velocity of 
groundwater flux (Qg/A) is positive and zt > z0; if Qg/A were negative (as in a 
losing stream), depth for the parcel would decrease over the reach. 
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 The conceptual model illustrated in Figure 16 reflects the Lagrangian nature of sampling 

with an upstream-downstream (two-station) application of the open-channel method. With a 

single-station (single-curve; Hall and Moll 1975) application of the open-channel method, it is 

tempting to envision the mass balance for a single, stationary reach in which the flow out of the 

reach downstream is balanced by flow into the reach from upstream and groundwater flux, but 

such a conceptual model is not correct because it cannot be assumed that the reach is well mixed 

in the upstream-downstream dimension. In fact, the upstream-downstream model illustrated in 

Figure 16 applies to single-station as well as two-station applications (McCutchan et al. 2002, 

McCutchan and Lewis 2006). With the single-station approach, it is assumed that diel changes in 

temperature and oxygen concentration are identical at the station where measurements are taken 

and at a point upstream; the travel time between the point upstream and the station where 

measurements are taken is equal to the time interval between measurements (Hall and Moll 

1975). With the upstream-downstream (two-station) approach, the distance between stations is 

fixed, but travel time between stations will vary if discharge is not constant (i.e., the mean 

velocity of flow changes). With the single-station (single-curve) approach, the time between 

measurements is constant, but the implicit reach length (i.e., the distance water travels over the 

time between measurements) will vary if discharge changes. Thus, upstream-downstream and 

single-station applications of the open-channel method both are based on an upstream-

downstream model (as in Figure 16), but the single-station approach depends on the assumption 

of spatial homogeneity upstream and that variation in current velocity is not an important source 

of error for the estimates.  
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 Oxygen concentrations for the 48-hour studies are shown in Figure 17, and rates of 

photosynthesis are summarized in Table 32. Respiration was estimated from its component 

processes and observed oxygen concentrations, as reported in the next section. 

 
Figure 17. Variation in oxygen concentrations across the main-stem sites (mean, 
quantiles, range), and grand mean (line across graph are shown). 
 
 

 Modeling of photosynthesis is inherently different from modeling of nitrogen 

components because of the means by which it is estimated. As explained above in connection 

with methods of measuring photosynthesis under open-channel conditions, the estimates apply 

not to a reach between stations, but rather to a short reach of river upstream of a single point. Use 

of physical or mass-balance data between stations in conjunction with photosynthesis data that 

apply only to a portion of the distance between stations can introduce bias. Therefore, rates given 

for each reach are the means of rates derived by the open-channel method associated with each 

end of the reach, except at the top and bottom of the modeling zone. Results are shown in Table 

32. 
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 Distance, 

mi 

 Biotic Oxygen Flux, gO2 m-2 d-1 
Station  Net Photo-

synthesis 
Total O2 

Loss 
Algal 

respiration 
Other 

Respiration Nitrification 
RWHTF 0.17  2.34 -8.31 -0.23 -5.13 -2.95 
SP-88 3.68  1.96 -5.59 -0.20 -2.30 -3.09 
SP-104 7.13  1.13 -4.03 -0.11 -1.67 -2.25 
SP-124 11.39  1.46 -5.61 -0.15 -0.05 -5.41 
SP-160 17.17  1.79 -7.12 -0.18 -1.72 -5.22 
SP-RD8 22.24  1.60 -8.44 -0.16 -2.47 -5.81 
SP-FTL 25.18  1.43 -4.33 -0.14 -1.08 -3.11 
SP-RD18 28.52  1.35 -5.40 -0.14 -0.52 -4.74 
SP-RD28 35.17  0.96 -3.61 -0.10 -0.55 -2.96 

 
Table 32. Summary of rates affecting oxygen mass balance (gO2/m2/day). Positive 
values correspond to production of oxygen (median of rates corrected to a 
common temperature of 20 °C, n = 13). 

 

 

Partitioning of Biotic Oxygen Loss 

 Knowledge of the amounts of oxygen entering or leaving the South Platte River at 

specific points along with water flow, combined with reaeration rates and knowledge of 

photosynthesis, provides a basis for estimation of total oxygen loss attributable to biotic 

processes. Categories of biotic oxygen loss include respiration of algae, respiration of 

heterotrophic microbes through decomposition of organic matter, and nitrification leading to the 

conversion of ammonia to nitrite or nitrate. Quantitative separation of these processes as 

contributors to total nitrogen loss is essential for modeling of dissolved oxygen concentrations. 

 

Algal Respiration 

 Measurements of algal metabolism were made by methods described in the previous 

section of this report. The field based measurements provide an estimate of algal net 

photosynthesis and biotic oxygen loss (sometimes called community respiration, which is 

somewhat misleading for the South Platte because it includes nitrification, which is not 
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respiration). Algal net photosynthesis is attributed to algae only, but biotic oxygen loss is 

attributable to algae plus all other oxygen using organisms that are present (heterotrophs and, in 

this case, nitrifiers). It is assumed that metabolic processes removing oxygen over any given 24 

hour cycle are the same at night as during daylight, after temperature correction. Therefore, algal 

net growth metabolism (net photosynthesis) is equal to the amount of oxygen increase during the 

daytime in excess of the biotic oxygen consumption at night (Table 32). 

 The algal contribution to oxygen loss can be obtained from the photosynthesis rate of 

algae. For nutrient saturated algal populations subject to daytime saturating irradiance, as would 

be the case on most days of the year for benthic algae in the South Platte River over the relevant 

reach for present purposes, the ratio of respiration to photosynthesis in algae is about 10%, which 

is assumed to apply in the South Platte (Table 32). The algal respiration estimate contributes to 

partitioning of total biotic oxygen consumption in the river. 

 

Oxygen Loss Through Nitrification 

 Conversion of ammonia to nitrate by microbes is a specialized autotrophic process that 

removes oxygen from water. It is designated as NOD, nitrogenous oxygen demand, and is 

designated as nitrification, although loss of ammonia also involves ANAMMOX (Figure 12). It 

is not a form of respiration; it is most accurately described as a non respiratory form of biotic 

oxygen loss. 

 In the case of the South Platte studies, it is possible to make a specific estimate of  the 

loss of oxygen to nitrification by use of the following equation (terms defined in Figure 12). 

RN = (RM + RR) - (RC + RA) 
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Nitrification loss (RN) is equal to the total oxygen consumption between two adjacent sampling 

stations (RM + RR) minus heterotrophic respiration (RC) and algal respiration (RA). Oxygen loss 

measurements were made at specific stations, but metabolism estimates are needed for the entire 

distance between stations. Therefore, an estimate for the upstream station (RM) is corrected (RR) 

to reflect respiration rate at the downstream station. The estimated respiration for a station pair is 

intermediate between the rates at the upstream and the downstream stations. 

 Non-algal respiration (RC) is estimated from carbonaceous oxygen demand by 

heterotrophic microbes, as determined from loss of CBOD between stations. Loss of CBOD as 

measured over the 13 sampling dates across all stations is as shown in Figure 18. Variation 

across stations is considerable, and probably reflects the influence of varied water sources 

(tributaries, upstream flow, effluent, groundwater) on the percent of BOD that is labile. Total 

organic carbon content of the water source may also be important, and may play a role in 

stimulating oxygen consumption near the point of discharge for RWHTF. 

 
 
Figure 18. Loss of CBOD caused by nonalgal (bacterial) respiration (2009-2012). 
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 The treatment of CBOD as explained here provides no quantification of CBOD that 

originates from stored organic matter in the sediments of the river. Because the influence of new 

organic matter (from photosynthesis) on CBOD is likely to exceed greatly the influence of older 

organic matter (stored organic matter), error caused by the omission of an estimate for stored 

organic matter is likely to be small. Acceptability of this assumption is verified by the validation 

process explained below. 

 

Validation for Prediction of Oxygen for Permit Analysis 

 Calibration for prediction of oxygen was tested through the use of a validation procedure 

similar to the one described in the previous section on nitrogen conversions. Results are shown in 

Figure 19.  

 

 
Figure 19. Validation results for dissolved oxygen based on data for 2009-2012 
(mean error plus or minus standard error of the mean error). 
 
 



 
 
 

76 

Predicting Oxygen Concentrations 

 Dissolved oxygen was predicted as a function of distance using the calibrated rates for all 

processes. The assumed ammonia concentrations were consistent with aquatic life limits for total 

ammonia adjusted downward as necessary to be also consistent with the nitrate limitation for 

drinking-water compliance. Daily minimum oxygen concentrations are predicted from 24-hour 

mean concentrations. At 64th Avenue, above the Metro District discharge, there is a linear 

relationship between daily mean and daily minimum oxygen concentration. Below 64th Avenue, 

there is a second linear relationship with a different slope and more scatter (Figure 20). The 10 

individual station pairs below 64th Avenue were tested individually for statistical significance of 

the photosynthesis/depth (P/z) ratio in explaining scatter. P/z explains scatter (Table 33) because 

a deeper water column suppresses the daily oscillation of dissolved oxygen by dilution of 

metabolic influence on oxygen. Therefore P/z ratio was used in formulation of 10 equations for 

reaches below RWHTF (Table 33). The mean intercept for stations below the RWHTF is 0.943, 

and is used in prediction. The following equation is used to predict slope for the relationship 

between ratio of minimum to mean DO and P/z:  Slope = -0.01799 + 0.0001678 (Distance, mi); 

r2 = 0.78, p < 0.001. Two stations with r2 < 0.67 (SP-160, SP-RD28; Table 33) were excluded 

from the regression that gives the equation for predicting slope from distance. 

Station Intercept, mg mg-1 Slope, m3 d mg-1 r2 p < 
SP-64 0.940 -0.0052 0.70 0.0005 
SP-88 0.964 -0.0180 0.68 0.0005 
SP-104 0.931 -0.0177 0.78 0.001 
SP-124 0.965 -0.0139 0.82 0.0001 
SP-160 0.944 -0.0101 0.66 0.001 
SP-RD8 0.931 -0.0138 0.86 0.0001 
SP-FTL 0.935 -0.0150 0.89 0.0001 
SP-RD18 0.954 -0.0132 0.88 0.0001 
SP-RD28 0.923 -0.0091 0.56 0.005 
SP-RD32.5 0.939 -0.0114 0.81 0.0001 

 
Table 33.  Regressions of ratio of minimum to mean DO against P/z ratio.  P is 
photosynthesis, with units of g O2 m-2 d-1, and z is depth in m. 
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Figure 20. Relationships between the ratio of daily minimum to daily mean DO 
and the ratio of photosynthetic rate to depth above Metro (solid circles; 
DOmin/DOmean = 0.929 - 0.00455P/z, r2 = 0.98) and below Metro (open circles; 
DOmin/DOmean = 0.913 - 0.00914P/z, r2 = 0.69). 

 

 No reductions in ammonia limits are needed to achieve compliance with the oxygen 

standard. This reflects steadily improved oxygen conditions in the South Platte River over the 

last decade as well as new information on nitrification and other nitrogen transformations. 

Results are as shown in Figures 21 and 22 for all 12 months; Figure 23 shows an enlargement for 

the most extreme month (July) with landmarks inserted. Modeling assumes uniform effluent 

limits for CBOD (25 mg/L acute, 17 mg/L chronic and 7-day) and for dissolved oxygen (3 mg/L 

acute, 5 mg/L chronic). 
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Figure 21. Modeled oxygen concentrations (daily minimum). 
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Figure 22. Modeled oxygen concentrations (30-day average). 
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Figure 23. Modeled oxygen concentrations (30-day average) for July. 

 

Phosphorus Dynamics 

 Total phosphorus was analyzed for mass balance in a manner identical to that described 

above for components of total nitrogen. In the case of phosphorus, components of total P are not 

of direct relevance because the regulatory path for control of phosphorus is through total 

phosphorus and not through phosphorus components. 

 Figure 24 shows deviations (expressed as net loss rate) from the transport mass balance 

of phosphorus as measured on the 13 diel study dates. On most dates and at most locations, the 

mass balance analysis shows a deficit of actual versus expected total phosphorus across 

individual pairs of sampling sites (net TP loss >0). Mechanisms of phosphorus loss from the 

water column are both biotic and physical. Algal uptake of phosphorus as needed to support 

synthesis of algal biomass is the main biotic loss, but the loss rate that can be accounted for by 

this process is very small; it cannot explain a significant proportion of the observed loss rates that 

are shown in Figure 24. Furthermore, the loss rate accounted for by biotic processes is offset by 

release of phosphorus from algae in the form of sloughed (detached) algae that enter the water 
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column, excretion of organic P, or death of algae. Algal biomass on a time scale of weeks to 

months or seasons shows irregular oscillations around a mean biomass that is near the carrying 

capacity of the substrate to which the algae are attached. The gains and losses of phosphorus in 

algal biomass are nearly balanced over any substantial period of time because of the limited 

accumulation capacity for biomass growing on the substrate. Therefore, the biotic mechanisms 

for phosphorus loss are insignificant as an explanation for the observed phosphorus losses. 

 
Figure 24. Net loss of total P for 13 dates (medians shown with quantiles and 
ranges between pairs of stations). Negative rates indicate gain rather than loss. 
 
 

 The physical mechanism for phosphorus loss from the South Platte River is 

sedimentation of particulate phosphorus. Particulate phosphorus occurs in both organic and 

inorganic forms. The organic form consists of biomass, which may be either living or nonliving, 

whereas the inorganic form consists of phosphorus that adheres to particles. Electrostatic 

attraction of inorganic phosphorus or of dissolved organic phosphorus to inorganic surfaces is 

well known and can account for substantial amounts of phosphorus in flowing waters. 

 Phosphorus attached to particles is subject to sedimentation. Sedimentation rates vary 

spatially and temporally according to flow. Sampling dates for diel studies are scheduled when 

flows that are low to moderate but not high. Figure 24 indicates that at most locations, water 
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velocities at times of diel studies are low enough to allow significant sedimentation of particulate 

phosphorus from the water column. One reach is an exception in showing more TP gain than loss 

and most stations show a few dates on which phosphorus gain occurs between stations. Because 

the configuration of the channel causes channel segments to differ in mean water velocity, it is 

not surprising that some locations are more inclined to store phosphorus than others. Figure 24 

indicates that most locations store phosphorus on most dates during times of moderate to low 

flow. It can be inferred that some of all of this phosphorus is remobilized during brief periods of 

high flow. 

 

Validation for Total Phosphorus Modeling 

 Validation for phosphorus modeling was conducted by a procedure similar to that used 

for modeling for nitrogen species. As shown in Figure 25, the validation process shows the 

predictions for phosphorus concentrations as compared with expectations based on sampling to 

show very little bias and very low amounts of error. Exceptionally low error for these predictions 

is explained by the fact that total phosphorus is subject to much simpler transformation processes 

than nitrogen species.  

 
Figure 25. Validation analysis for total phosphorus. 
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Predictions of Phosphorus Concentrations and Limits 

 Until 2022, phosphorus limits for dischargers within the modeling reach will be set 

according to the requirements of Regulation 85. Regulation 85 calls for total P not to exceed 1 

mg/L as an annual median, and for the 95th percentile of total P not to exceed 2.5 mg/L (Table 

34). 

  Effluent limits for Total P, mg/L 

  Metro 
RWHTF 

South 
Adams 
WWTF 

Brighton 
RO 

Brighton 
WWTF 

Metro 
NTP 

Fort 
Lupton 
WWTF 

Platteville 
WWTF 

Prior to 2022 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
After 2022 0.100** 0.406 0.406 0.406 0.406 0.830 1.000* 
* < 1 mgd; not subject to Regulation 85. Analysis shows that the limit could be higher than 1.0 but it is 

set to 1.0 for consistency with Regulation 85. 
** Regulation 31 would require a limit of 0.170, but the Milton Reservoir TMDL requires 0.100. 
 

Table 34. Effluent limits for total P prior to 2022 as determined by Regulation 85 
and expected limits consistent with Regulation 31 beginning in 2022. 

 

 Following 2022, limits for total phosphorus will be derived from the phosphorus standard 

for Regulation 31, which specifies a maximum total P of 0.170 mg/L (warm water stream 

standard, interpreted as an annual median concentration). For the Metro District’s RWHTF, 

Regulation 31 is overridden by the Milton Reservoir TMDL, which calls for a limit of 0.100 

mg/L. 

 Figure 26 (upper panel) shows the longitudinal profile of total P in the river at low flow 

discharge in December for limits of 1 mg/L total P. The lower panel of Figure 26 shows the same 

information for future compliance with the Regulation 31 stream standard and the TMDL for 

RWHTF. The lower panel shows compliance problems caused by high concentrations of total P 

at 64th Avenue, Clear Creek, and Big Dry Creek, even with all dischargers limited to and effluent 

P concentration consistent with 0.170 mg/L at the point of discharge, and with Metro limited to a 
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total P concentration of 0.100 mg/L. Application of Regulation 31 to tributary discharges will 

reduce and thus may eliminate the exceedance problem. Exceedance problems from tributaries 

are a greater problem for phosphorus than for nitrogen species because the currently regulated 

nitrogen species (ammonia, nitrate) are, unlike phosphorus, subject to substantial biotic removal 

in transit, which reduces tributary effects. 

 
 
Figure 26. Modeled total P concentrations in December at low flow for pre 2022 
conditions (limits = 1 mg/L TP upper panel) and conditions beginning in 2022 
(lower panel), assuming limits as shown in Table 34. The dashed line shows the 
standard of 0.170 mg/L. 
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Appendix A. 

 

Projections of flows for the main stem, with tributaries and diversions consistent with DFLOW 

analyses; effluent discharges are set to rated capacities and seepage rates are set to monthly 

medians for low-flow conditions. 
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I. Water Quality Assessment Summary

Table A-I includes summary infonnation related to this WQA. This summary table includes key 

regulatory starting points used in development of the WQA such as: receiving stream infonnation; 
threatened and endangered species; 303(d) and Monitoring and Evaluation listings; low flow and 

facility flow summaries; and a list of parameters evaluated.
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II. Introduction
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The water quality assessment (WQA) of Sand Creek near the Sand Creek Water Reuse Facility 

(SCWRF) and Suncor Wastewater treatment facility (Suncor WWTF), located in Adams County, is 

intended to determine the assimilative capacities available for pollutants found to be of concern. 
This WQA describes how the water quality based effluent limits (WQBELs) are developed. These 

parameters mayor may not appear in the permit with limitations or monitoring requirements, subject 
to other determinations such as reasonable potential analysis, evaluation of federal effluent limitation 

guidelines, implementation of state-based technology based limits, mixing zone analyses, 303( d) 

listings, threatened and endangered species listing, or other requirements as discussed in the permit 
rationale. Figure A-I contains a map ofthe study area evaluated as part of this WQA.

FIGURE A-I
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The SCWRF and Suncor wastewater treatment facility discharge to Sand Creek, which is stream 

segment COSPUS 16a. This means the South Platte Basin, Upper South Sub-basin, Stream Segment 
16a. This segment is composed of the "Mainstem of Sand Creek from the confluence of Murphy
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and Coal Creek in Arapahoe County to the confluence with the South Platte River." Stream segment 
COSPUS 16a is classified for Aquatic Life Warm 2, Recreation Class E and Agriculture. The 
downstream segment COSPUS 15 is also be included in this WQA due to the proximity to the 

discharge and it is classified as ’Water Supply". However, the Division is not going to run a full 
assessment for the segment since most of the limitations will be control by the receiving water 

(COSOUS16a). The additional parameters due to the water supply classification will be the focus for 

segment caspus 15 in this WQA. This is further explained in the following paragraph.

The "Sensitivity Study" performed by Lewis and McCutchan (2005) entitled "Use of Modeling to 
Determine Consistency of Ammonia Limits in Sand Creek with Ammonia Limits in the South Platte 

Mainstem", determined that if the ammonia concentration in Sand Creek was allowed to go up to the 

stream standard, that a very limited effect would be had on the South Platte mainstem dischargers 
(Segment 15 with water use classification), around only 0.1 % of a difference. Therefore, ammonia 
limitations will be developed based upon the full assimilative capacity of Sand Creek. This 

sensitivity analysis will be extended to other parameters except for organics and drinking water 
based limitations due to the fact that any parameter will be diluted about 25 times at the confluence 

of Sand Creek and the South Platte River. This is because the South Platte River has a chronic low 

flow of 102 cfs (102 cfs acute low flow) below Metro District discharge (assumed above the 

confluence with Sand Creek) based on another study performed by Lewis and McCutchan (2007) 
entitled "Exploratory modeling of hydraulic capacity for proposed effluent limits affecting dissolved 

oxygen, nitrate and ammonia on the South Platte River below the effluent discharge of the Metro 

District". For organics and other drinking water parameters, water supply standards will be applied 
since there is large difference between water supply and aquatic life only table value standards, and 
the dilution provided by the South Platte River may/may not cover this difference. However, for 

those parameters the facility will be eligible for assimilative capacities from both Sand Creek and the 

South Platte River.

This area of Colorado is highly urbanized and both the South Platte River and Sand Creek can be 

dominated by domestic and/or industrial discharges during times of low flow. The lower portions of 

Sand Creek are surrounded by large industrial areas. Note that Sand Creek is currently listed in the 

Colorado’s 303(d) list of water quality impacted streams for selenium and E. coli, which are 

parameters of concern for these discharges and are discussed later in this assessment.

Information used in this assessment includes data gathered from the Suncor and Sand Creek Water 

Reuse Facilities, Division, Colorado Division of Water Resources (DWR) , Colorado Division of 

Wildlife, U.S. Environmental Protection Agency (EPA), and the U.S. Geological Survey (USGS). 
The data used in the assessment consist of the best information available at the time of preparation of 

this WQA analysis.

III. Water Quality Standards

Narrative Standards

Narrative Statewide Basic Standards have been developed in Section 31.11 (1) of the regulations, and 

apply to any pollutant of concern, even where there is no numeric standard for that pollutant. Waters
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of the state shall be free from substances attributable to human-caused point source or nonpoint 
source discharges in amounts, concentrations or combinations which:

for all surface waters except wetlands;

(i) can settle to form bottom deposits detrimental to the beneficial uses. Depositions are stream 
bottom buildup of materials which include but are not limited to anaerobic sludge, mine slurry or 

tailings, silt, or mud; or (ii) form floating debris, scum, or other surface materials sufficient to harm 

existing beneficial uses; or (iii) produce color, odor, or other conditions in such a degree as to create 

a nuisance or harm existing beneficial uses or impart any undesirable taste to significant edible 

aquatic species or to the water; or (iv) are harmful to the beneficial uses or toxic to humans, animals, 

plants, or aquatic life; or (v) produce a predominance of undesirable aquatic life; or (vi) cause a film 

on the surface or produce a deposit on shorelines; and

for surface waters in wetlands;

(i) produce color, odor, changes in pH, or other conditions in such a degree as to create a nuisance or 
harm water quality dependent functions or impart any undesirable taste to significant edible aquatic 
species of the wetland; or (ii) are toxic to humans, animals, plants, or aquatic life of the wetland.

In order to protect the Basic Standards in waters of the state, effluent limitations and/or monitoring 

requirements for any parameter of concern could be put in CDPS discharge permits.

Standards for Organic Parameters and Radionuclides

Radionuclides: Statewide Basic Standards have been developed in Section 31.11 (2) and (3) of The 
Basic Standards and Methodologies for Surface Water to protect the waters of the state from 

radionuclides and organic chemicals.

In no case shall radioactive materials in surface waters be increased by any cause attributable to 

municipal, industrial, or agricultural practices or discharges to as to exceed the following levels, 
unless alternative site-specific standards have been adopted. Standards for radionuclides are shown 
in Table A-2.

Table A-2

Radionuclide Standards

Parameter Picocuries per Liter

Americium 241 * 0.15

Cesium 134 80

Plutonium 239, and 240* 0.15

Radium 226 and 228* 5

Strontium 90* 8

Thorium 230 and 232* 60

Tritium 20,000
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*Radionuc1ide samples for these materials should be analyzed using unfiltered (total) samples. 
These Human Health based standards are 30-day average values for both plutonium and 
americium.

Organics: The organic pollutant standards contained in the Basic Standards for Organic Chemicals 
Table are applicable to all surface waters of the state for the corresponding use classifications, unless 
alternative site-specific standards have been adopted. These standards have been adopted as 
"interim standards" and will remain in effect until alternative permanent standards are adopted by 
the Commission. These interim standards shall not be considered final or permanent standards 

subject to antibacksliding or downgrading restrictions. Although not reproduced in this WQA, the 

specific standards for organic chemicals can be found in Regulation 31.11 (3).

In order to protect the Basic Standards in waters of the state, effluent limitations and/or monitoring 

requirements for radionuclides, organics, or any other parameter of concern could be put in CDPS 

discharge permits.

The aquatic life standards for organics apply to all stream segments that are classified for aquatic 
life. The water supply standards apply only to those segments that are classified for water supply. 
The water + fish standards apply to those segments that have a Class 1 aquatic life and a water 

supply classification. The fish ingestion standards apply to Class 1 aquatic life segments that do not 
have a water supply designation. The water + fish and the fish ingestion standards may also apply to 
Class 2 aquatic life segments, where the Water Quality Control Commission has made such 

determination.

Because the Sand Creek is classified for Aquatic Life Warm 2, without a water supply designation, 

only the aquatic life standards apply to this discharge.

Temperature

Temperature shall maintain a normal pattern of diurnal and seasonal fluctuations with no abrupt 

changes and shall have no increase in temperature of a magnitude, rate, and duration deemed 

deleterious to the resident aquatic life. This standard shall not be interpreted or applied in a manner 
inconsistent with section 25-8-104, C.R.S.

Segment Specific Numeric Standards

Numeric standards are developed on a basin-specific basis and are adopted for particular stream 

segments by the Water Quality Control Commission. The standards in Table A-3a have been 

assigned to stream segment COSPUS 16a in accordance with the Classifications and Numeric 

Standards for South Platte River Basin, Laramie River Basin, Republican River Basin, Smoky Hill 

River Basin.
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Table A-3a

Dissolved Oxygen (DO) = 5 mg/I, minimum 

pH = 6.5 - 9 su 

E. coli chronic = 126 colonies/l 00 ml 

Temperature March-Nov = 27.50 C MWAT and 28.60 C DM 

Temperature Dec-Feb = 13.80 C MWAT and 14.30 C DM

Total Ammonia acute and chronic = TVS 

Chlorine acute = 0.019 mg/I 

Chlorine chronic = 0.011 mg/I 

Free Cyanide acute = 0.005 mg/I 

Sulfide chronic = 0.002 mg/I 

Boron chronic = 0.75 mg/I 

Nitrite acute = 0.05 mg/I 

Nitrate acute = 100 mg/I 
. 

>ij r>Mel/iZ 

Dissolved Arsenic acute = 340 /lg/I 

Total Recoverable Arsenic chronic = 100 /lg/I 

Dissolved Cadmium acute and chronic = TVS 

Total Recoverable Trivalent Chromium chronic = NA /lg/I 

Dissolved Trivalent Chromium acute and chronic = TVS 

Dissolved Hexavalent Chromium acute and chronic = TVS 

Dissolved Copper acute and chronic = TVS 

Cu (ac/ch) = TVSx2.6 below the SCWRF outfall. (Type iii). Expiration date of 12/31/2015. 

Total Recoverable Iron chronic = 1,000 /lg/I 

Dissolved Lead acute and chronic = TVS 

Dissolved Manganese acute and chronic = TVS 

Total Mercury chronic = 0.01 /lg/I 

Dissolved Nickel acute and chronic = TVS 

Dissolved Selenium acute and chronic = TVS 

Temporary modifications: Se(ch)= current condition (Type iii) Expiration date of 12/31/2015. 

Dissolved Silver acute and chronic = TVS 

Dissolved Zinc acute and chronic = TVS

As there are no downstream water supplies on this segment, the chronic total recoverable arsenic 

standard for water supplies is not applied. Instead, the agricultural standard for total recoverable of 

100 ugll will apply, based on Regulation 31. However in considering the downstream segment 

(mainstem of the South Platte, see standards for the segment COSPUS 15 in Table A-3b), the 

drinking water standard range of 0.02 - 10 is considered.
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Table A-3b

In-stream Standards for Stream Se~ment COSPUS15
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Dissolved Oxygen (DO) = Site Specific

pH = 6.5 - 9 su PH = 6.0-9.0 from 64th Ave. Downstream 2 miles

E. coli chronic = 126 coloniesllOO ml

Temperature March-Nov = 24.20 C MWAT and 290 C DM Temp Mod T= current conditions (Type
iii)Expiration Date of 12/31/2015

Temperature Dec-Feb = 12.10 C MWAT and 14.50 C DM Temp Mod T= current conditions (Type
iii)Expiration Date of 12/31/2015
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Total Ammonia acute and chronic = TVS Temp Mod applies until 12/31/2014

Chlorine acute = 0.019 mg/l

Chlorine chronic = 0.011 mg/I

Free Cyanide acute = 0.005 mg/l

Sulfide chronic = 0.002 mg/I

Boron chronic = 0.75 mg/l

Nitrite cute = 1 mg/l

Nitrate acute = 10 mg/I

Chloride chronic = 250 mg/I

Sulfate chronic = For WS, the greater of ambient water quality as of January 1,2000 or 250 mg/I
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Dissolved Arsenic acute = 340 !lg/I

Total Recoverable Arsenic chronic = 0.02 - 10 !lg/I

Dissolved Cadmium acute and chronic = TVS

Total Recoverable Trivalent Chromium acute = 50 !lg/l

Dissolved Hexavalent Chromium acute and chronic = TVS

Dissolved Copper acute and chronic = TVS Temp Mod Cu= TVS*2.3 (Type iii)Expiration date of
12/31/2015

Dissolved Iron chronic = For WS, the greater of ambient water quality as of January 1,2000, or 300 !lg/l

Total Recoverable Iron chronic = 1000 !lg/l

Dissolved Lead acute and chronic = TVS

Dissolved Manganese chronic = 400 !lg/I

Dissolved Manganese acute and chronic = TVS

Total Mercury chronic = 0.01 !lg/I

Dissolved Nickel acute and chronic = TVS

Dissolved Selenium acute and chronic = TVS

Dissolved Silver acute and chronic = TVS

Dissolved Zinc acute and chronic = TVS

Note that nonylphenol (only domestic major) and total recoverable aluminum may also be applied to 
this segment.
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Standards for metals are generally shown in the regulations as Table Value Standards (TVS), and 
these often must be derived from equations that depend on the receiving stream hardness or species 
of fish present; for ammonia, standards are discussed further in Section IV of this WQA. The 

Classification and Numeric Standards documents for each basin include a specification for 

appropriate hardness values to be used. Specifically, the regulations state that:

The hardness values used in calculating the appropriate metal standard should be based 

on the lower 95% confidence limit of the mean hardness value at the periodic low flow 
criteria as determined from a regression analysis of site-specific data. Where 

insufficient site-specific data exists to define the mean hardness value at the periodic 
low flow criteria, representative regional data shall be used to perform the regression 
analysis. Where a regression analysis is not appropriate, a site-specific method should 
be used.

Hardness data for Sand Creek near the point of discharge of the SCWRFwere insufficient to conduct 

a regression analysis based on the low flow. Therefore, the Division’s alternative approach to 

calculating hardness was used, which involves computing a mean hardness.

The mean hardness was computed to be 626 mg/l based on sampling data from Aurora Sand Creek 

Station (downstream) located on Sand Creek just downstream from the Sand Creek Water Reuse 

Facility. Data were available from January 2, 2002 to December 5, 2007. This hardness value and 
the formulas contained in the TVS were used to calculate the in-stream water quality standards for 

metals, with the results shown in Table A-4.

The Basic Standards and Methodologies for Surface Water indicates that hardness must be capped at 
400 mg/l when determining in-stream metal water quality standards using the equations in the TVS.

The Division is not including the TVS based standards for COSPUS 15 in this WQA since the water 

supply standards are independent of hardness, as provided in the standards table "Dissolved Iron 
chronic = For WS, the greater of ambient water quality as of January 1, 2000, or 300 Ilg/l", as an 

example.
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Table A-4

TVS-Based Metals Water Quality Standards for C00026611 and COOOO1147
Based on the Table Value Standards Contained in the Colorado Department of Public Health and

Environment Water Quality Control Commission Regulation 38
" 
. 
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Aluminum, Total Acute 10,071 1lg/1 e(1.3695(1n(hardness))+ 1.8308)

Recoverable Chronic 1,438 1lg/1 e(1.3695(1n(hardness))-0.1158)

Acute 9.1 1lg/1 [I. 136672-0.041 838In(hardness)]e 
(0.9151 (In(hardness))-3.1485)

Cadmium, Dissolved
Chronic 1.2 1lg/1 [1.10 I 672-0.04 I 838In(hardness)]e 

(0. 7998(1n(hardness))-4.445I )

Trivalent Chromium, Acute 1,773 1lg/1 e 
(0. 819(1n(hardness))+ 2.5736)

Dissolved Chronic 231 1lg/1 e(0.819(1n(hardness))+0.5340)

Hexavalent Acute 16 Ilg/1 Numeric standards provided, formula not applicable

Chromium,
Chronic 11 Ilg/1Dissolved

Numeric standards provided, formula not applicable

Copper, Dissolved
Acute 50 1lg/1 e(0.9422(1n(hardness))-1.7408)

Chronic 29 1lg/1 el U.1S:>4:>llnlnaraneSS))-I./4l1S)

Copper, Dissolved Acute 130 Ilg/1 2.6*e(0.9422(1n(hardness))-1.7408)

Temp Mod Until
Chronic 75 1lg/1 2.6 *e(0.8545(1n(hardness))-1.7428)

December 31, 2015

Lead, Dissolved
Acute 281 1lg/1 [1.46203-0.145712In(hardness)][e 

(1.273(ln(hardness))-1.46)]

Chronic 11 1lg/1 [1.46203-0. 1457 12In(hardness)][e 
II DJllnlnaraneSS))-4./U:>)J

Manganese, Acute 4,738 Ilg/1 e(0.333 I (In(hardness))+6.4676)

Dissolved Chronic 2,618 Ilg/1 elU.JJJ IllnlnaraneSS))+:>.1S/4J)

Acute 1,513 Ilg/l e 
(0. 846(1n(hardness))+ 2.253)

Nickel, Dissolved
Chronic 168 Ilg/l e(0.846(ln(hardness))+0.0554)

Selenium, Dissolved
Acute 18.4 1lg/1 Numeric standards provided, formula not applicable

Chronic 4.6 1lg/1 Numeric standards provided, formula not applicable

Selenium, Dissolved Acute 1lg/1 Current Condition

Temp Mod Until
Chronic 1lg/1 Current Condition

December 31,2015

Acute 22 1lg/1 ~ (1.72(1n(hardness))-6.52)
2 e

Silver, Dissolved
Chronic 3.5 Ilg/1 e(I.72(1n(hardness))-9.06)

Acute 467 1lg/1 0.978e(0.8525(ln(hardness))+ 1.0617)

Zinc, Dissolved
Chronic 405 Ilg/1 0.986 e(0.8525(ln(hardness))+0.9109)
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Total Maximum Daily Loads and Regulation 93 - Colorado’s Section 303(d) List of Impaired 
Waters and Monitoring and Evaluation List

This stream segment is on the 303(d) list of water quality impacted streams for selenium and E.coli.

For a receiving water placed on this list, the Restoration and Protection Unit is tasked with 

developing the Total Maximum Daily Loads (TMDLs) and the Waste Load Allocation (WLAs) to be 

distributed to the affected facilities. WLAs for selenium and E.coli have not yet been established 

and the allowable concentration calculated in the following sections may later change upon further 

evaluation by the Division.

IV. Receiving Stream Information

Low Flow Analysis

The Colorado Regulations specify the use of low flow conditions when establishing water quality 
based effluent limitations, specifically the acute and chronic low flows. The acute low flow, referred 

to as lE3, represents the one-day low flow recurring in a three-year interval, and is used in 

developing limitations based on an acute standard. The 7-day average low flow, 7E3, represents the 

seven-day average low flow recurring in a 3 year interval, and is used in developing limitations 

based on a Maximum Weekly Average Temperature standard (MWAT). The chronic low flow, 
30E3, represents the 30-day average low flow recurring in a three-year interval, and is used in 

developing limitations based on a chronic standard.

To determine the low flows available to the SCWRF and Suncor WWTF, USGS gage station 

394839104570300 (Sand Creek at Mouth Near Commerce City, CO) was used. This flow gage is 

located downstream from both facilities. Therefore, daily discharge flow data were received from 
both facilities and subtracted from the total flow. The SCWRF has provided the discharge data for its 
outfall 001A. The Suncor facility has provided discharge records for three outfalls, one of which was 
discontinued. The daily average flow data from all the facilities and the USGS gage station were 
matched by date. The final period of record for low flow calculation was from April 14, 2002 to 

April 14, 2011.

To calculate daily average stream flow above the SCWRF all the historic discharge flows were 
deducted from the gage flow. Then the 1E3, 7E3, and 30E3 low flows were calculated using U.S. 
Environmental Protection Agency (EPA) DFLOW software on this flow record. The output from 
DFLOW provides calculated acute and chronic low flows for each month. It should be noted that the 
low flows lower than 1 cfs were set to 1 cfs as was done previously.

Based on the low flow analysis described previously, the upstream low flows available to the 
SCWRF were calculated and are presented in Table A-5a.
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7E3 

Chronic 

30E3 

Chronic

Table A-Sa 

Low Flows for Sand Creek at the SCWRF

1.0 1.1 1.0 1.8 3.0 1.3 4.5 4.1 2.1 1.1 1.4 1.6 1.3

1.6 1.7 1.6 2.3 4.5 4.5 6.9 4.6 2.7 1.7 1.7 2.1 1.7

1.6 1.7 1.6 2.9 4.5 4.5 6.9 4.6 2.7 1.7 1.7 2.1 1.7

In the months the 7-day low flow calculated by DFLOW exceeded the chronic low flow. In 

accordance with Division standard procedures the 7-day low flow was thus set equal to the chronic 
low flow for those months.

The ratio of the low flow of Sand Creek to the SCWRF design flow is 0.2:1.

To calculate daily average stream flows above the Suncor WWTF all the historic discharge flows 
from Suncor Energy (USA) Inc. facility were deducted from the gage flow. Then the lE3, 7E3, and 
30E3 low flows were calculated using U.S. Environmental Protection Agency (EPA) DFLOW 
software on this flow record. The output from DFLOW provides calculated acute and chronic low 
flows for each month.

Based on the low flow analysis described previously, the upstream low flows available to the Suncor 

were calculated and are presented in Table A-5b. Note that no Burlington Ditch return flows were 
considered in this calculation.

Table A-5b 

Low Flows for Sand Creek at the Sun cor Ener

’ifLf!w
"Flow

f’(cfs/~~
01’ ’:;-; 

.

",’ ,-1."

lE3
2.5 2.5 3.9 4.2 5.2 4.2 5.7 6.2 4.3 2.5

Acute

7E3
4.2 4.2 4.9 5.6 7.3 9.6 9.6 8.2 4.9 4.2

Chronic

30E3
5.5 5.5 5.9 6.4 7.6 14 14 9.4 5.5 5.5

Chronic

3.7 4.3 4.1

4.2 4.9 4.2

5.5 5.7 5.5

In the months the 7-day low flow calculated by DFLOW exceeded the chronic low flow. In 

accordance with Division standard procedures the 7-day low flow was thus set equal to the chronic 

low flow for those months.
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The ratio of the low flow of Sand Creek to the Suncor WWTF outfalls design flows are 1.7: 1 and 

2.4: 1 for Outfalls 003A and 002A, respectively.

The Division also looked at the downstream flow regime for downstream segment protection. The 

low flows were calculated for the South Platte River above Sand Creek confluence using the low 

flow provided for the South Platte River in the report by (Lewis and McCutchan, 2007) and 

discharge flow information for the Denver Metro Reclamation District from 1/1/2001 to 12/13/2011. 

For the acute low flow calculation the minimum of the daily discharges for any given month was 

taken and added on the low flow from Lewis and McCutchan (2007) for the corresponding month. 

Same procedure has been followed for the chronic low flow. The results are provided in Table A-5c.

Table A-Sc

IE3 

Acute 

30E3 

Chronic

102 102 124 146 198 213 214 210 219 204 205 120 120

102 102 124 146 198 214 214 210 219 204 205 120 120

The acute low flow calculated exceeded the chronic low flow. In accordance with Division standard 

procedures the acute low flow was thus set equal to the chronic low flow for those months.

Since the Division used the minimum daily flow for the acute low flow calculation to be most 

conservative those values were similar to the minimum monthly records and therefore, similar acute 

and chronic flow numbers were obtained for any given month. These results are mostly in agreement 
with the data given in Lewis and McCutchan (2006).

Mixing Zones

The amount of the available assimilative capacity (dilution) that may be used by the permittee for the 

purposes of calculating the WQBELs may be limited in a permitting action based upon a mixing 
zone analysis or other factor. These other factors that may reduce the amount of assimilative 

capacity available in a permit are: presence of other dischargers in the vicinity; the presence of a 

water diversion downstream of the discharge (in the mixing zone); the need to provide a zone of 

passage for aquatic life; the likelihood of bioaccumulation of toxins in fish or wildlife; habitat 

considerations such as fish spawning or nursery areas; the presence of threatened and endangered 

species; potential for human exposure through drinking water or recreation; the possibility that 

aquatic life will be attracted to the effluent plume; the potential for adverse effects on groundwater; 
and the toxicity or persistence of the substance discharged.

Unless a facility has performed a mixing zone study during the course of the previous permit, and a 
decision has been made regarding the amount of the assimilative capacity that can be used by the 

facility, the Division assumes that the full assimilative capacity can be allocated. Note that the 

review of mixing study considerations, exemptions and perhaps performing a new mixing study (due
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to changes in low flow, change in facility design flow, channel geomorphology or other reason) is 
evaluated in every permit and permit renewal.

If a mixing zone study has been performed and a decision regarding the amount of available 
assimilative capacity has been made, the Division may calculate the water quality based effluent 
limitations (WQBELs) based on this available capacity. In addition, the amount of assimilative 

capacity may be reduced by T &E implications.

For these facilities, 100% of the available assimilative capacity may be used as the facility has not 
had to perform a mixing zone study, and the discharge is not to a T&E stream segment, and is not 

expected to have an influence on any of the other factors listed above.

Ambient Water Quality

The Division evaluates ambient water quality based on a variety of statistical methods as prescribed 
in Section 31.8(2)(a)(i) and 31.8(2)(b )(i)(B) of the Colorado Department of Public Health and 
Environment Water Quality Control Commission Regulation No. 31, and as outlined in the 
Division’s Policy for Characterizing Ambient Water Quality for Use in Determining Water Quality 
Standards Based Effluent Limits (WQP-19). Ambient water quality is evaluated in this WQA 

analysis for use in determining assimilative capacities and in completing antidegradation reviews for 

pollutants of concern, where applicable.

To conduct an assessment of the ambient water quality in Sand Creek, data were gathered from 
several sources. First, data were available from the City of Aurora/SPCURE station "Upstream", 
which is located on Sand Creek upstream from the SCWRF. Data from this location were available 

for a period of record from January 2002 to December 2009. In addition to this data, DOW station 
SP0121 (Sand Creek at Buckley Road), DOW station SP0866 (Sand Creek at Colfax) and DOW 
station SP0869 (Sand Creek at Chambers Road) were used. These stations, which are located 

approximately 4 miles, 5 miles and 2.5 miles upstream from the SCWRF (respectively) provided 
data for a period of record from July 2000 through June 2001. Also CDPHE Station 5265 (Sand 
Creek Above SCWRF) data available from September, 2007 to June, 2008 were used. A summary of 
the upstream data from this source is presented in Table A-6.
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Table -6
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Temp (oC) 133 2.5 12 21 12 27 NA

DO (mg/l) 133 8.7 11 13 11 19 5

pH (su) 133 7.8 8.1 8.3 8 8.8 6.5-9

E coli (#1100 ml) 150 13 130 685 113 30000 126 1

Nitrate as N (mg/l) 47 0.56 0.89 1.8 1.1 3.5 100

Nitrite as N (mg/l) 47 0 0 0 0.021 0.5 0.05 2

NH3 as N, Tot (mg/l) 138 0 0.1 0.78 0.34 6.5 TVS 2

AI, TR (Jlg/\) 30 5.6 125 1367 455 2055 1438 1

As, TR (Jlg/\) 30 0 0 0 0 0 100 2

As, Dis (Jlg/I) 31 0 0 0 0.032 1 340 2

Cd, Dis (Jlg/l) 127 0 0.1 0.14 0.16 5.4 1.20 2

Cr, TR (Jlg/l) 30 0 0 0 0.012 0.19 NA 2

Cu, Dis (Jlg/\)* 128 1 2.3 14 6.4 44 29

Fe, TR (Jlg/l) 5 96 150 300 193 390 1000

Pb, Dis (Jlg/\) 5 0 0 0 0 0 11.00 2

Mn, Dis (Jlg/\) 5 92 160 286 185 340 2618

Se, Dis (Jlg/l)* 148 6.1 14 22 15 53 4.6 3

Ag, Dis (Jlg/l) 5 0 0 0 0 0 3.5 2

U, Dis (Jlg/l) 5 19 27 30 25 32 6915

Zn, Dis (Jlg/\) 5 0 19 51 25 62 405 2

Chloride (mg/I) 27 32 81 142 85 226 NA

Sulfate (mg/I) 163 417 757 914 695 1040 NA

Hardness as CaC03
129 420 640 769 626 1200 NA

(mg/I)

Note I: The calculated mean is the geometric mean. Note that for summarization purposes, the value of one was used where there was no
detectable amount because the geometric mean cannot be calculated using a value equal to zero.

Note 2: When sample results were below detection levels, the value of zero was used in accordance with the Division’s standard approach for

summarization and averaging purposes.

Note 3 : The existing water quality for this parameter exceeds the water quality standard; see the text for further discussion.

*Temp mods will apply until 12/3112015

V. Facility Information and Pollutants Evaluated

Facility Information

The SCWRF is a domestic WWTF located at in the NW 114, NW 114, SE 114, Sect. 26, T3S, R67W, 6th 

P.M., at 11405 E. 30th Ave., Aurora, CO in Adams County. The current design capacity of the 

facility is 5 MGD (7.7 cfs). Wastewater treatment is accomplished using a mechanical wastewater 
treatment process. The technical analyses that follow include assessments of the assimilative 

capacity based on this design capacity. It should be noted that the SCWRF is also authorized to use
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its effluent for landscape irrigation, and therefore not all discharge enters Sand Creek. However, 
according to Division proceedure, the technical analyses will include the entire design capacity. A 

separate Notice of Authorization for water reuse issued by the Division controls the quality of 

landscape irrigation water.

Suncor Energy (USA) Inc. WWTF is located at Section 12, T3S, R68W, at 5801 Brighton Boulevard 
in Commerce City, in Adams County. There are currently two physical discharge points for Suncor; 
Outfalls 002A and 003A. Outfall 002A is the discharge of industrial process water. Outfall 003A is 
the discharge from an industrial groundwater remediation project. Design flow for outfall 002A is 
1.5 MGD (2.3 cfs) and for outfall 003A is 2.16 MGD (3.3 cfs). The two outfalls (002A and 003A) 
are located within approximately 200 feet of each other. Outfall 003A is located upstream from 
outfall 002A. The groundwater component (003A) is not expected to share all pollutants of concern 
with 002A. Additionally, all domestic wastes from Suncor West are routed to the municipal sanitary 
sewer and treated by the Metro Wastewater Reclamation District, and thus coliforms are not 
evaluated for this facility. The facility in the previous permit had compliance outfall OlOA which 
will be continued until outfalls 002A and 003A physically combined and generated outfall 020A. 
The effluent concentration at the outfall OlOA was calculated based on the flow-weighted average of 
outfalls 002A and 003A. In the new permit the facility proposes a new outfall 020A which 

physically combines Outfalls 002A and 003A. This approach is the best suited discharge model for 
this facility since it removes the flow weighted calculation from effluent limits, ensures that there 
will not be an exceedance of the water quality standards in stream between the two outfalls (when 
003 has higher concentration of a parameter than 002 does) and the assimilative capacity does not 
have to be divided between two physically separate discharge points. Therefore, in this renewal the 
division added an outfall 020A which will carry limitations developed in this WQA for 01 OA since 

the outfall 01 OA is effectively a combination of outfalls 002A and 003A. The facility will be given 
time (compliance schedule) to physically combine the outfalls 002A and 003A. At the end of the 

compliance schedule outfall 020A will be the sole outfall for all permit limitations except for 

applicable federal ELGs which will still be applicable to an internal outfall point of compliance. 
Until outfall 020A is constructed, the OlOA outfall will continue to be the main compliance outfall, 
with effluent limitations for outfalls 002A and 003A that will only carry applicable ELGs and those 

contained in Regulation 62.

Nearby Sources

There are no other permitted point sources that currently discharge to Sand Creek, prior to its 

confluence with the South Platte River. However, there are numerous domestic and industrial 

discharges to the South Platte River, both above and below the confluence with Sand Creek. Due to 
limited effluent concentrations in Sand Creek, large relative dilution of the South Platte River, and 

the results of a "Sensitivity Analysis" described earlier in this assessment, it was not necessary to 
model South Platte River dischargers in conjunction with the Sand Creek dischargers at this time.

Pollutants of Concern

Pollutants of concern may be determined by one or more of the following: facility type; effluent 

characteristics and chemistry; effluent water quality data; receiving water quality; presence of 

federal effluent limitation guidelines; or other information. Parameters evaluated in this WQA may 
or may not appear in a permit with limitations or monitoring requirements, subject to other
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determinations such as a reasonable potential analysis, mixing zone analyses, 303( d) listings, 
threatened and endangered species listings or other requirement as discussed in a permit rationale.

There are no site-specific in-stream water quality standards for BODs or CBODs, TSS, percent 
removal, and oil and grease for this receiving stream. Thus, assimilative capacities were not 
determined for these parameters. The applicable limitations for these pollutants can be found in 

Regulation No. 62 and will be applied in the permit for the SCWRF and Suncor WWTFs.

The following parameters were identified by the Division as pollutants to be evaluated for the 

SCWRF:

. Total Residual Chlorine 

. pH 

. E. coli 

. Ammonia 

. Temperature 

. Metals and Cyanide

The following parameters were identified by the Division as pollutants to be evaluated for the 

SUNCOR WWTF:

.pH

.Ammonia

.Temperature

.SARand EC

.Metals and Cyanide

. Organics

It is the Division’s standard procedure to consider metals and cyanide as potential pollutants of 

concern for all major domestic WWTFs.

According to the Rationalefor Classifications, Standards and Designations of the South Platte, there 

are no existing public water supply uses from Sand Creek downstream from the SCWRF and Suncor 
facilities. However, there are water intakes on the downstream stream segment of COSPUS 15 which 

will be impacted with the discharges and therefore, the nitrate standard, which is applied at the point 
of intake to a water supply, is also evaluated as part of this analysis, as well as other drinking water 
standards.

During assessment of the facility, nearby facilities, and receiving stream water quality, no additional 

parameters were identified as pollutants of concern.

VI. Determination of Water Quality Based Effluent Limitations (WQBELs)

Technical Information

Note that the WQBELs developed in the following paragraphs, are calculations of what an effluent 
limitation may be in a permit. The WQBELs for any given parameter, will be compared to other 
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potential limitations (federal Effluent Limitations Guidelines, State Effluent Limitations, or other 

applicable limitation) and typically the more stringent limit is incorporated into a permit. If the 

WQBEL is the more stringent limitation, incorporation into a permit is dependent upon a reasonable 

potential analysis.

In-stream background data and low flows evaluated in Sections II and III are used to determine the 
assimilative capacity of Sand Creek near the SCWRF for pollutants of concern, and to calculate the 

WQBELs. For all parameters except ammonia, it is the Division’s approach to calculate the 

WQBELs using the lowest of the monthly low flows (referred to as the annual low flow) as 
determined in the low flow analysis. For ammonia, it is the standard procedure of the Division to 
determine monthly WQBELs using the monthly low flows, as the regulations allow the use of 
seasonal flows.

The Division’s standard analysis consists of steady-state, mass-balanc calculations for most 

pollutants and modeling for pollutants such as ammonia. The mass-balance equation is used by the 
Division to calculate the WQBELs, and accounts for the upstream concentration of a pollutant at the 

existing quality, critical low flow (minimal dilution), effluent flow and the water quality standard. 
The mass-balance equation is expressed as:

M2 = 
M3Q3-MIQI 

Q2

Where,

QJ = Upstream low flow (IE3 or 30E3) 
Q2 = Average daily effluent flow (design capacity) 
Q3 = Downstream flow (QJ + Q2) 
MJ = In-stream background pollutant concentrations at the existing quality 
M2 = Calculated WQBEL 
M3 = Water Quality Standard, or other maximum allowable pollutant concentration

The upstream background pollutant concentrations used in the mass-balance equation will vary 
based on the regulatory definition of existing ambient water quality. For most pollutants, existing 
quality is determined to be the 85th percentile. For metals in the total or total recoverable form, 

existing quality is determined to be the 50th percentile. For pathogens such as fecal coliform and E. 

coli, existing quality is determined to be the geometric mean.

For temperature, the highest 7-day mean (for the chronic standard) of daily average stream 

temperature, over a seven consecutive day period will be used in calculations of the chronic 

temperature assimilative capacity, where the daily average temperature should be calculated from a 
minimum ofthree measurements spaced equally through the day. The highest 2-hour mean (for the 

acute standard) of stream temperature will be used in calculations of the acute temperature 
assimilative capacity. The highest 2-hour mean should be calculated from a minimum of 12 

measurements spaced equally through the day.

Because the facilities are in close proximity, they must be modeled together for shared parameters of 

concern. When facilities are modeled together, the design flow, Q2, reflects the combined design
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flow of the facilities modeled together for a particular parameter, thereby resulting in the calculation 

of the WQBELs, M2, applicable to the modeled facilities as set forth below. Modeling the SCWRF 
and Suncor WWTF together will be used for ammonia and metal parameters.

Calculation of WQBELs for shared parameters of concern

U sing the mass-balance equation provided in the beginning of Section VI, the acute and chronic low 
flows set out in Section IV, ambient water quality as discussed in Section IV, and the in-stream 

standards shown in Section III, the WQBELs for both SCWRF and the Suncor WWTF were 
calculated. The data used and the resulting WQBELs, M2, are set forth in Table A-7a for the chronic 

WQBELs and A-7b for the acute WQBELs for the SCWRF and Suncor outfalls 002A and 003A, as 
well as 020A, since no significant tributary contribution to Sand Creek exists.

Where a WQBEL is calculated to be a negative number and interpreted to be zero, the Division 
standard procedure is to allocate the water quality standard to prevent further degradation of the 

receiving waters. 
Chlorine: There are no point sources discharging total residual chlorine within one mile of the 
SCWRF and Suncor WWTF. Because chlorine is rapidly oxidized, in-stream levels of residual 
chlorine are detected only for a short distance below a source. Ambient chlorine was therefore 
assumed to be zero.

E. coli: There are no point sources discharging E. coli within one mile of the SCWRF. Thus, 
WQBELs were evaluated separately. In the absence of E. coli ambient water quality data, fecal 
coliform ambient data are used as a conservative estimate of E. coli existing quality. For E. coli, the 
Division establishes the 7-day geometric mean limit as two times the 30-day geometric mean limit 
and also includes maximum limits of 2,000 colonies per 100 ml (30-day geometric mean) and 4,000 
colonies per 100 ml (7-day geometric mean). This 2000 colony limitation also applies to discharges 
to ditches.

Temperature: A WQBEL for temperature can only be calculated if there is representative data, in 
the proper form, to determine what the background Maximum Weekly Average Temperature and 

Daily Maximum ambient temperatures are. As this data is not available at this time, the temperature 
limitation will be set at the water quality standard and will be revisited in the future when 

representative temperature data becomes available.

Appendix A (WQA V 7 I) Page 19 of 50 Last Revised September 5, 2012/KD



["-

City of Aurora SCWRF and Suncor (USA) Inc. WWTF WQA C00026611; COOOO 1147

Table A-7a

Chronic WQBELs for the SCWRF and Suncor 003A, 002A, OlOA and 020A

’l?ar m ter\;:’.:~’," ,";JQ~(CfS).M
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li QJ(cf~F,
Temp MW A T (oC)

1.6 13.3 14.9 NA 28 27.5
March-Nov

Temp MW A T (oC)
1.6 13.3 14.9 NA 14 13.8

Dec-Feb

E. coli (#/100 m!) 1.6 7.7 9.3 113 126 129

TRC (mg/I) 1.6 7.7 9,3 0 0,011 0.013

AI, TR (J,lg/I) 1.6 13.3 14.9 125 1,438 1,596

As, TR (J,lg/I) 1.6 13.3 14.9 0 100 112

Cd, Dis (J,lg/!) 1.6 13.3 14,9 0.14 1.2 1.3

Cr+3, Dis (J,lg/l) 1.6 13.3 14,9 0 231 259

Cr+6, Dis (J,lg/I) 1.6 13,3 14,9 0 11 12

Cu, Dis (jlg/I) 1.6
13.3 14.9

14 29 31 Starting 1/1/2016

Cu, Dis (jlg/I), Temp
1.6 13.3 14.9 14 75 83 Until 12/31/2015

Mod

Fe, TR (J,lg/I) 1.6 13.3 14.9 150 1,000 1,102
Pb, Dis (J,lg/I) 1.6 13.3 14.9 0 11 12

Mn, Dis (J,lg/l) 1.6 13.3 14.9 286 2,618 2,899

Mo, TR (J,lg/I) 1.6 13.3 14.9 0 210 235

Hg, Tot (J,lg/l) 1.6 13.3 14.9 0 0.01 0.011

Ni, Dis (J,lg/l) 1.6 13.3 14.9 0 168 188

Se, Dis (jlgll) 1.6 13.3 14.9 22 4.6 4.6
Starting 1/1/2016

0)
Ag, Dis (J,lg/l) 1.6 13.3 14.9 0 3.5 3.9

U, Dis (J,lg/!) 1.6 13.3 14.9 30 6,915 7,743

Zn, Dis (J,lg/I) 1.6 13.3 14.9 51 405 448

Sulfide as H2S (mg/I) 1.6 13.3 14.9 0 0.002 0.0022

Nonylphenol (Ilg/I) 1.6 7.7 14.9 0 6.6 7.97

Note 1 : The existing water Quality for this parameter exceeds the water Quality standard; see the text for further discussion.
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Table A-7b

Acute WQBELs for the SCWRF and Suncor 003A, 002A OlOA and 020A
. 
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Temp Daily Max (oC)
1 l3.3 14.3 NA 28.6 28.6

March-Nov

Temp Daily Max (oC)
1 l3.3 14.3 NA 14.3 14.3

Dec-Feb

DO (mg/I) 1 l3.3 14.3 13 5 4.40

E. coli (#/1 00 m\) 258

TRC (mg/I) 1 7.7 8.7 0 0.019 0.021

As, Dis (1lg!1) 1 13.3 14.3 0 340 366

Cd, Dis (Ilg/I) 1 l3.3 14.3 0.14 9.1 9.8

Cr+3, Dis (1lg!1) 1 l3.3 14.3 0 1,773 1,906

Cr+6, Dis (Ilg/l) 1 l3.3 14.3 0 16 17

Cu, Dis (1lg!1) 1 l3 14 14 50 53
Starting
W/2016

~rikCu, Dis (Ilg!\), Temp Mod 1 l3 14 14 130 139 12/~/20 5-.

CN, Free (1lg!1) 1 13.3 14.3 0 5 5.4
"

’"

Pb, Dis (J,lg/I) 1 13.3 14.3 0 281 302

Mn, Dis (1lg!1) 1 l3.3 14.3 286 4,738 5,073

Ni, Dis (1lg/1) 1 13.3 14.3 0 1,513 1,627

Se, Dis (Ilg!l) I l3.3 14.3 22 18.4
Starting

18.4 1/1/2016 (1)

Ag, Dis (J,lg/l) 1 l3.3 14.3 0 22 24

U, Dis (J,lg!l) 1 l3.3 14.3 30 11,070 11,900

Zn, Dis (J,lg/l) I l3.3 14.3 51 467 498

Nonylphenol (J,lg!I) 1 7.7 14.3 0 28 32

Note I: The existing water quality for this parameter exceeds the water quality standard; see the text for further discussion.

Calculation of WQBELs for other parameters of concern

There are parameters specific to Suncor only and the parameters that have drinking water standards, 

requiring further calculations which are shown in Table A-7c and d. The low flows used here are 
those above Suncor (Table A-5b) for Sand Creek and for the South Platte River (Table A-5c), using 

only the Suncor design flows. Facility flow used for Suncor in this section is the sum of both outfalls 

002A and 003A flow. It should be noted applicable standards are provided in Table A-3b for 

drinking water limitations. Based on a report entitled "Modeling and RP Analysis for Conservative 
Substances in Support of CDPS Permit Renewal for the Metro District’s Effluent Discharge to 

Upper South Platte River, Segment 15" and Table A-3b, the drinking water standards for iron, 

manganese, chloride and sulfate are 300 Ilg/l, 400 Ilg/l, 250 1lg/1 and 535 Ilg/l, respectively. The 
dissolved iron standard is 300 Ilg/1 since the report indicates that 85 percentile of data from South 
Platte Station at 64, was 54.3 Ilg/I. This decision is also supported by the Riverwatch Site 788 (270 
Ped Br) located on South Platte River Gust downstream from the confluence of Sand Creek and the 
South Platte River). Limited data from the station indicated that highest dissolved iron was 99 Ilg/1 in 
2000. The current stream standard for dissolved manganese is 400 Ilg/l which used in this WQA, as 

compared to the highest manganese (66.6 Ilg/l) measured at the Riverwatch Site 788 in 2000. As for 
the sulfate, the 2000 standard was set to 535 mg/l based on modeling report above. Chloride was set 
250 mg/l since the modeling report showed that it was 239 mg/I.
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Table A-7c

Chronic WQBELs for Parameters ApJlicable to Suncor and Aurora (South Platte)
r ~;am’et r: ’.~~r;t" ~, :~~1 :,QI fe s)’h~ ~i"’{ (clsj:~:’ 1’::;ii/(jsJ ,,",’:’L1i,~1 cJ;’ ~~1:~ M:"l& ~)’. ~:t’> 

, , )~.l{
.:};i .f >1} i

"’~ ’. 

’" 
} ’-< .,’ ~ 

t!~ ." (t". . ~~ot~S,,"

As, TR (Ilg/I) 102 13 115 0 0.02 10*

Fe, Dis (Ilg/l) 102 13 115 44 300 2309

Mn, Dis (Ilg/I) 102 13 115 286 400 1294

Chloride (mg/I) 102 13 115 142 250 1097

Sulfate (mg/I) 102 13 115 914 535 535 1

Benzene (Ilg/l) 102
5.6(Suncor

107.6 234 2.3 5**** 1
Only)

MTBE (Ilg/l) 102
5.6(Suncor

107.6 0 20## 384
Only)

Note 1 The existing water quality for this parameter exceeds the water quality standard; see the text for further discussion.

Table A-7d

Acute WQBELs for Parameters Applicable to Suncor and Aurora (South Platte)

!f fu~( ,’y, .;,.,,~J ’Q{’(jS),; ’t*#J: i,A’,’j!.I’_,ltt;’j;
l’l 

(b(ejs)." ,\M1’j.:!,~. :.’,l~Mnt~I~) .KM~~~\\i,,,
hi’ +, ~,{, .

"’Notes
"" fI .~:z ’’::’J.’;’/’’ ’,..’ ,,,,(v ’

Nitrate as N (mg/l) 102 13 115 0 10 88

Mn, Dis (Ilg/l) 102 13 115 286 4738 39669

BTEX (Ilg/I) 102 5.6(Suncor Only) 107.6 0 100*** 100****

Table A-7e 

Chronic WQBELs for Parameters A 

P j. :net~;)’~:J:f’i" 
. ~ ~ 

’"

MTBE (Ilg/l) 5.5 5.6

Table A-7f 

Acute WQBELs for Parameters Applicable to Suncor and Aurora Sand Creek) 
",. "t’.., , 

..’’’’’,’, .,,, ’r if ’" ..’, .,,, .. ., 

.’M’... 1",’: ", "’1..,,< ",’M" .,’."3’ ".,..,..,........ ,.,.~~. .M2’:.;0f~: ..!.."l\...:..TOJ’t~’S’: l~!,,!j i!er .’ /,,i "f’t" ,.’,iQ; (e/$); ’A~QiyfS):,", !4i1Qf(f$}. .’~ ’,’ .U I’.;. . ... "’. ’0 ;~:h ,1!.’ 

Benzene (Ilg/l) 2.50 5.6 8.1 0 5300 100# 

MTBE (1lg/1) 2.50 5.6 8.1 0 151000** 218411 

BTEX (1lg/1) 2.50 5.6 8.1 0 100*** 100....

* The arsenic range given in the standards for Segment 15 (South Platte River mainstem) is 0.02 - 

10, meaning that the WQBELs will be calculated based on the 0.02 value, but the limit will not be 
less than 10. Therefore the applicable limitation is 10 ug/l.
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**Aquatic life based criteria by EPA (see website link provided in references), No dilution is 

a plicable 
# 
Colorado Division of Oil and Public Safety Remediation Section, Department of Labor and 

Employment, Limit is based on EPA drinking water advisory, 1997, dilution is applicable since it is 

not a technology based standard. 
*** Assigned the standard (0.1 mg/l = 100 J.lg/I) used in previous permit 
****No dilution is applicable, either a technology based limit (Model NPDES permit for Discharge 
Resulting from the Clean up Gasoline Released from Underground Storage Tanks, June 1989) or in- 

stream exccedence. BTEX and benzene concentrations downstream from the facility (at the South 
Plate and Sand Creek Confluence and further downstream on South Plate) are currently exceeding 
the standards (average BTEX and Benzene concentration of 234 J.lg/l data from 12/2/2011 to 

4/30/2012), and therefore the Division is setting the limitation to the stream standards. Note that in 

case of drinking water standards the stream standard is a range from 2.3 to 5 J.lg/l and therefore it is 

set to 5 J.lg/I similar rationale to arsenic under footnote * above). 
#Since benzene is a component ofBTEX and BTEX is limited to 100 J.lg/I, it is set to BTEX

Benzene (5 J.lg/I) and BTEX (100 J.lg/l) limitations calculated for Suncor are for the combined 

discharge. For the ourfall 003A, benzene standard is taken from the EPA’ Model NPDES permit for 

Discharge Resulting from the Clean up Gasoline Released from Underground Storage Tanks, June 
1989/

MTBE: MTBE is an organic chemical that has been used as a gasoline additive throughout the U.S. 
to improve the combustability of gasoline and reduce air pollutants. MTBE is highly volatile, very 
soluble in water, and resistant to natural degradation in groundwater. Because of its chemical 

properties and widespread use as a fuel additive, concerns were raised over the potential risks to 

aquatic life from exposure to MTBE in surface water.

MTBE would have to occur in freshwater over the short-term (acute toxicity) at or above 

concentrations of 151000 J.lg/L to be harmful for aquatic life. Over the long-term (chronic toxicity), 
MTBE would have to occur in freshwater at or above 51000 J.lg/L to be harmful for aquatic life 

(EPA, accessed in 2011). Also, the Division of Oil and Public Safety (OPS) has developed new 

regulations, effective May 30, 2005, that incorporate methyl-tertiary butyl ether (MTBE) as a 
chemical of concern. The regulations are applicable for all leaking petroleum storage tank sites that 
have not received a "No Further Action" as well as for all future release discoveries. One of the key 
elements in this guidance is that the MTBE was set to 20 J.lg/I based on taste and odor criteria. Note 
that this limit is based on an EPA Drinking Water Advisory stating that concentrations ofMTBE in 
the range of 20 to 40 J.lg/L or below will probably not cause unpleasant taste or odor for most people, 
recognizing that human sensitivity to taste and odor varies widely. The advisory is a guidance that 
recommends keeping concentrations below that range. Therefore, the Division setting the limit at 20 

J.lg/L. Note that the previous permit limit of 2400 J.lg/L (2.4 mg/l) was developed using the upper end 
of the range with an applied dilution. Since the limit is based on a narrative standard (31.14(4)), and 

is use based and not technology based, it is eligible for dilution considerations. Based on Table A-7c 

resulting permit limit is 384 J.lg/L.

Note that in case ofMTBE, the Division also looked at deduction of contribution from the 

unpermitted sources into South Platte River and calculating the MTBE limitation. However, recent 
data indicated that the maximum potential contribution from the unpermitted sources would be 1.9
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flg/l which would be within a rounding error as compared to allowable concentration for the 

permitted sources (384 flg/l). Therefore, no action has been taken.

BTEX: The four alkyl benzene volatile organic compounds (benzene, toluene, ethyl benzene, and the 

ortho, para, and meta xylenes) are common constituents of petroleum fuels. Gasoline may contain 

approximately 2% ethylbenzene, 5% benzene, and 11-12% toluene and xylenes depending on the 
formulation. The term BTEX, representing the sum of the concentrations of these four compounds, 
is commonly used by the petroleum industry in measuring the quality of fuels.

EPA’s Model NPDES Permit/or Discharges Resulting From The Cleanup of Gasoline Released 
From Underground Storage Tanks (June 1989), recommends a total BTEX limit of 100 ug/L. This 
limit is based on the typical removal efficiency of99.5% or better for BTEX using a commercially 
available air stripper unit. Based on EPA’s model permit and the observed performance of control 

equipment at historical or existing cleanup sites, EP A has set a technology based limit for BTEX at 
100 flg/l. Therefore, the Division is setting this technology limit in this WQA. It is the same as that 
in the previous permit because no dilution is applicable since it is a technology based limitation.

Benzene: Of the compounds in gasoline, benzene has one of the highest solubilities in water. 
Benzene is also one of the most toxic constituents (listed as a carcinogen in EPA’s drinking water 

standards), and is the risk driver at most petroleum contaminated sites. Therefore, an effluent 
limitation on benzene is needed, and will insure adequate control of the majority of the many other 
volatile gasoline constituents.

Drinking water standards for benzene for the South Platte River is a range 2.3-5 flg/l and applicable 
to Outfalls 002A and 01 OA, 020A. The division applied mass-balance equation to the lowest range 
with a stream concentration 234 flg/l, average Benzene concentration (data from 12/2/2011 to 

4/30/2012), and therefore the Division sets the limitation to stream standards at the higher end, 5 

ug/l.

As for the 003A, EPA’s Model NPDES Permit for Discharges Resulting From The Cleanup of 
Gasoline Released From Underground Storage Tanks (June 1989), recommends a total BTEX limit 
of 5 ug/L. The Division is setting this technology limit in this WQA. No dilution is applicable for 
this parameter since it is a technology based limitation.

Ammonia: The Ammonia Toxicity Model (AMMTOX) is a software program designed to project 
the downstream effects of ammonia and the ammonia assimilative capacities available to each 

discharger based on upstream water quality and effluent discharges. To develop data for the 
AMMTOX model, an in-stream water quality study should be conducted of the upstream receiving 
water conditions, particularly the pH and corresponding temperature, over a period of at least one 

year.

Temperature and corresponding pH data sets reflecting upstream ambient receiving water conditions 

were available for Sand Creek based on a study conducted by the City of Aurora (Aurora monitoring 
station (upstream)). The data, reflecting a period of record from January 2005 through December 

2009, were used to establish the setpoint and average headwater conditions in the AMMTOX model. 

Effluent pH and temperature data were also available for the time period from the SCWRFand were 
used to establish the average facility contributions in the AMMTOX model. 

Appendix A (WQA v 7.1) Page 24 of 50 Last Revised September 5, 2012/KD



City of Aurora SCWRF and Suncor (USA) Inc. WWTF WQA C00026611; COOOO 1147

As for the Suncor WWTF, temperature and corresponding pH data sets reflecting upstream ambient 

receiving water conditions were also available for Sand Creek based on a study conducted by the 

City of Aurora (Aurora monitoring station (downstream)). The data, reflecting a period of record 

from January 2005 through December 2009, were used to establish the setpoint and average 
headwater conditions in the AMMTOX model. Average effluent temperature data were provided by 
the facility based on a 2006 study. Facility pH was summarized from DMR records from November 

2006 to June 2011.

The AMMTOX may be calibrated for a number of variables in addition to the data discussed above. 

The values used for the other variables in the model are listed below: 

. Stream velocity = 0.3Q04d 

. Default ammonia loss rate = 6/day 

. pH amplitude was assumed to be medium 

. Default times for pH maximum, temperature maximum, and time of day of occurrence 

. pH rebound was set at the default value of 0.2 su per mile 

. Temperature rebound was set at the default value of 0.7 degrees C per mile.

The results of the ammonia analyses for the SCWRF are presented in Table A-8a. The results of the 

ammonia analyses for the Suncor WWTF (outfall 002A) are presented in Table A-8b.
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Table A-Sa 

AMMTOX Results for Sand Creek 

at the SCWRF 

Design 015 MGD (7.7 cis) 
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5,9 16 

6.2 18 

4,8 12 

7,5 16 

6.1 23 

6.3 16 

4.2 29 

4,4 23 

3,1 21 

3,8 22 

4,1 16 

4,8 15,6
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Table A-8b

AMMTOX Results for Sand Creek

at the Suncor Facility WWTF (Outfall 002A)

Design of 1.5 MGD (2.3 cfs)

’’’T~@, "" ;li, ""’:~ Total m1lJo1J! "rh~ ii
4 
C,fJg(l),:;+ .j.Hd’,lFfl/i~l, q ;, .’ "’~ ,,,,’

M~nlhi ,
," ’$";( "t"" 4.cU~!l",i/lrti 

January 10.5 27

February 12.5 23

March 13 20

April 7 16

May 9.5 24

June 5.9 16

July 10.5 45

August 9.5 37

September 9.3 35

October 10 41

November 8.5 31

December 8.9 32

Agricultural Use Parameters (SAR and EC):

Section 31.11 (1 )(a)(iv) of The Basic Standards and Methodologies for Surface Waters (Regulation 
No. 31) includes the narrative standard that State surface waters shall be free of substances that are 
harmful to the beneficial uses or toxic to humans, animals, plants, or aquatic life. The interpretation 
of these conditions (i.e., "no harm to plants" and "no harm to the beneficial uses") and how they 
were to be applied in permits were contemplated by the Division as part of an Agricultural Work 

Group, and culminated in the most recent policy entitled Implementing Narrative Standards in 

Discharge Permits for the Protection of Irrigated Crops (hereafter the Narrative Standards policy).

Based on available information, the water in Sand Creek is potentially used for irrigation water. The 
evaluation of the suitability (i.e., quality) of irrigation water is complex and involves the detailed 

understanding of the interactions of plant tolerances, soil types, and agricultural management 
practices. Irrigation water has two properties - salinity and sodicity - that can have concurrent 

impacts on the irrigated crop beneficial use. The Division has thus determined that two parameters, 
specifically electrical conductivity (EC) and sodium absorption ratio (SAR), are the best parameters 
to regulate in discharge permits to control levels of salts to minimize both the loss of irrigated crop 
yield and the sodium hazard. In order to establish "standards" and limits for EC and SAR, the 

Division must: (1) determine the most sensitive crop usually grown in the area downstream from the 

discharge and determine the corresponding EC of irrigation water (ECw) threshold value for no 
reduction in yield below 1 00%; and (2) determine the SAR based on the ECw value, with 

consideration of existing water quality, to prevent the exceedance ofthe SAR.

Electrical Conductivity: The electrical conductivity (EC) is also known as specific conductance, 
conductance, conductivity, or specific conductivity. Crops have varying sensitivity to electrical
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conductivity. Studies have established the maximum conductivity in the water in the root zone that 

will result in no reduction of crop yield. This value is referred to as the EC saturation extract or ECe. 

However, the ECe is not the same as the EC of the irrigation water (ECw). The ECw is the maximum 

conductivity in the irrigation water that will result in no reduction in crop yield.

Common crop ECw thresholds are reproduced from the Narrative Standards Policy, and are 

summarized in Table A-9a. Note that other ECw are listed in tables in appendixes to the Narrative 

Standards Policy.

Table A-9a

Maximum ECw That Will Not Reduce The 100% Yield of Selected Irrigated Crops

Comm nColorado Crops . 

,1." >’::i’>"."’>>>> " 
"

Irrigation Water Electrical ConductiviiVjrECw))~:,iil:::I( ..,

Beans 0.7

Onion 0.8

Com (grain) 1.1

Potato 1.1

Com (silage) 1.2

Alfalfa 1.3

Wheat 4.0

Sugarbeet 4.7

Barley 5.3

The ECw that is used in the development of permit limits is determined based on the most sensitive 

of the ECw’s for the crops grown in the area. Based on available information from the Colorado 

Decision Support Systems by Colorado Division of Water Resources, for waters originating from 

Sand Creek and potentially used for crop irrigation, beans (CDWR-CDDS shows that the vegetables 

are irrigated downstream) was determined to be the most sensitive crop. Table A-9b shows the 

WQBEL calculation for electrical conductivity. In this calculation low flow of Sand Creek available 

for this parameter (5.5 cfs) and low flow of the South Platte River developed for downstream of 

Metro District (107.5 cfs) (Lewis and McCutchan, 2007) are combined since the irrigation 
diversions are below the confluence of Sand Creek and the South Platte River.

Table A-9b 

Maximum ECw That Will Not Reduce The 100% Yield of Selected Irr mted Cro I>S 

..;-ilii I "’;?’ ~l !:;~/. ,J.:V 1~>,~.i~~O,’ (~J~):: ’;:[1,.; JWi; ~" ~ 

.’:H’,’!!,’!!M dS/ifi)~i ~f~h( dS/m)’ "i .~Mi( is/in) ;1~:: 
EC, dS/m 107.50 5.7 113.2 0.97 0.7 0.97* 

*Based on the Policy #24 

**Ml: is the 85th percentile of EC values from Metro South and Metro North (data from 2007 to 

2010)

It should be noted here that the 85th percentile of EC for Sand Creek measured below Aurora 

Downstream Station is 2.42 dS/m.

Since the available upstream EC values (85th percentile) are 0.97 dS/m (85th percentile ofEC values 
from Metro South and Metro North) and 2.42 dS/m (Sand Creek) the most stringent of these values 

(0.97 dS/m) will be set as EC for this facility based on the WQP Policy #24 which states that "If the
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representative upstream SAR-ECw water-quality (i.e., 85th percentile based on historic data) is of a 
lower quality than the SARlECw criteria, and upstream permitted point-source discharges of SAR- 
ECw water do not significantly contribute to the lower water quality, then the SAR-ECw criteria for 
use in determining permit conditions will be set equal to the upstream water quality. The ECw value 
will be based on the ambient stream data and the SAR value will be the ambient value present with 

the ambient ECw value and not based on the SAR limit in Table 4 for the ambient ECw value." Note 

that Table 4 meant to be Figure 4.

The Division estimated an EC, based screening data collected on March 3,2010, of 1.5 dS/m for the 
combined water from both outfalls 003A and 002A based on calcium, magnesium and sodium 

analysis results. Since the estimated effluent EC is higher than the 85th percentile of the upstream 
data the limitations will be required.

The policy #24 calls for 85th percentile of the SAR instead of SAR from Figure 4. However, since 
there is no data to calculate 85th percentile of SAR for Sand Creek, the Division used an SAR based 
on Figure 4. The allowable SAR value is tied to the EC, the EC/SAR equation (SAR = (7.1 * EC)- 
2.48) will be the SAR limit in the permit, however the allowable SAR of the effluent will be capped 
at 4.4, is applicable. When the ambient EC is substituted for the EC in the formula the resulting 
SAR would be 4.4. The 85th percentile of the SAR value for the South Platte River is 3.1 based on 
Metro discharge data. Note that the Division estimate for SAR based on the limited data (screening 
data collected on March 3, 2010) available is 4.6. Also no specific adverse impact of any parameter 
is expected (i.e. sodium).

VII. Antidegradation Evaluation

As set out in The Basic Standards and Methodologies for Surface Water, Section 31.8(2)(b), an 

antidegradation analysis is required except in cases where the receiving water is designated as "Use 
Protected." Note that "Use Protected" waters are waters "that the Commission has determined do 

not warrant the special protection provided by the outstanding waters designation or the 

anti degradation review process" as set out in Section 31.8(2)(b). The antidegradation section of the 

regulation became effective in December 2000, and therefore antidegradation considerations are 

applicable to this WQA analysis.

According to the Classifications and Numeric Standards for South Platte River Basin, Laramie River 

Basin, Republican River Basin, Smoky Hill River Basin, stream segment COSPUS 16a is 

Undesignated. Thus, an anti degradation review is required for this segment if new or increased 

impacts are found to occur. The segment COSPUS15 is a use-protected and drinking water related 

parameters are not subject to anitdegration based on Section 31.8(2)(b).

Introduction to the Antidegradation Process

The antidegradation process conducted as part of this water quality assessment is designed to 
determine if an antid gradation review is necessary and if necessary, to complete the required 
calculations to determine the limits that can be selected as the anti degradation-based effluent limit 

(ADBEL), absent further analyses that must be conducted by the facility.
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As outlined in the Antidegradation Significance Determinationfor New or Increased Water Quality 

Impacts, Procedural Guidance (AD Guidance), the first consideration of an anti degradation 
evaluation is to determine if new or increased impacts are expected to occur. This is determined by 
a comparison of the newly calculated WQBELs verses the existing permit limitations in place as of 

September 30, 2000, and is described in more detail in the analysis. Note that the AD Guidance 

refers to the permit limitations as of September 30, 2000 as the existing limits.

If a new or increased impact is found to occur, then the next step of the antidegradation process is to 

go through the significance determination tests. These tests include: 1) bioaccumulative toxic 

pollutant test; 2) temporary impacts test; 3) dilution test (100:1 dilution at low flow) and; 4) a 
concentration test.

As the determination of new or increased impacts, and the bioaccumulative and concentration 

significance determination tests require more extensive calculations, the Division will begin the 

antidegradation evaluation with the dilution and temporary impact significance determination tests. 
These two significance tests may exempt a facility from further AD review without the additional 

calculations.

Note that the antidegradation requirements outlined in The Basic Standards and Methodologies for 

Surface Water specify that chronic numeric standards should be used in the antidegradation review; 
however, where there is only an acute standard, the acute standard should be used. The appropriate 
standards are used in the following antidegradation analysis.

Significance Tests for Temporary Impacts and Dilution

The ratios of the chronic (30E3) low flow to the design flow are 0.2:1 for the SCWRF and 0.98:1 

(combined flows) for Suncor WWTF, and are less than the 100:1 significance criteria. Therefore 

these facilities are not exempt from an AD evaluation based on the dilution significance 
determination test, and the AD evaluation must continue.

F or the determination of a new or increased impact and for the remaining significance determination 

tests, additional calculations are necessary. Therefore, at this point in the antidegradation evaluation, 
the Division will go back to the new or increased impacts test. If there is a new or increased impact, 
the last two significance tests will be evaluated.

New or Increased Impact and Non Impact Limitations (NILs)

To determine if there is a new or increased impact to the receiving water, a comparison of the new 

WQBEL concentrations and loadings verses the concentrations and loadings as of September 30, 
2000, needs to occur. If either the new concentration or loading is greater than the September 2000 
concentration or loading, then a new or increased impact is determined. If this is a new facility 
(commencement of discharge after September 30, 2000) it is automatically considered a new or 
increased impact.

Note that the AD Guidance document includes a step in the New or Increased Impact Test that 
calculates the Non-Impact Limit (NIL). The permittee may choose to retain a NIL if certain 
conditions are met, and therefore the AD evaluation for that parameter would be complete. As the 
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NIL is typically greater than the ADBAC, and is therefore the chosen limit, the Division will 

typically conclude the AD evaluation after determining the NIL. Where the NILs are very stringent, 
or upon request of a permittee, the Division will calculate both the NIL and the AD limitation so that 
the limitations can be compared and the permittee can determine which of the two limits they would 

prefer, one which does not allow any increased impact (NIL), or the other which allows an 

insignificant impact (AD limit).

The non impact limit (NIL) is defined as the limit which results in no increased water quality impact 
(no increase in load or limit over the September 2000 load or limit). The NIL is calculated as the 

September 2000 loading, divided by the new design flow, and divided by a conversion factor of 
8.34. If there is no change in design flow, then the NIL is equal to the September 2000 permit 
limitation.

If the facility was in place, but did not have a limitation for a particular parameter in the September 
2000 permit, the Division may substitute an implicit limitation. Consistent with the First Update to 
the AD Guidance of April 2002, an implicit limit is determined based on the approach that specifies 
that the implicit limit is the maximum concentration of the effluent from October 1998 to September 
2000, if such data is available. If this data is unavailable, the Division may substitute more recent 

representative data, if appropriate, on a case by case basis. Note that if there is a change in design 
flow, the implicit limitlloading is subject to recalculation based on the new design flow. For 

parameters that are undisclosed by the permittee, and unknown to the Division to be present, an 

implicit limitation may not be recognized.

Both the SCWRF and Suncor facilities were in place as dischargers prior to September 30,2000, and 
therefore the new or increased impacts test must be conducted. As the design flow for the SCWRF 

facility is the same as it was in September 2000, the NILs are equal to the permit limitations as of 

September 2000. As the design flow of this facility has changed, the equations for the NIL 
calculations are shown below. As the design flows for the Suncor facility (outfall 002A and 003A) 
have changed, the equations for the NIL calculations are shown below.

For total residual chlorine, total ammonia, dissolved selenium, cyanide and E.coli, the limitations in 

the previous permit were used in the evaluation of new or increased impacts for the SCWRF since 
this segment recently changed from use-protected to reviewable. The copper NIL of 102 ug/l has 
been taken from Ad period.

For all metals except dissolved selenium and cyanide, data from the last five-years of DMR for the 

SCWRF were used to determine an implicit limitation. In accordance with the Division’s practice 

regarding E. coli, an implicit limit for E. coli is determined as 0.32 times the permit limit for fecal 
coliform. The implicit NILs for the following metals are, Cadmium = 2.1 f.lg/l, Tot Iron = 323 f.lg/l, 

Manganese = 66.1 f.lg/l, and Zinc = 81 Ilg/l.

For total ammonia, the limitations in the previous permit were used in the evaluation of new or 
increased impacts for the Suncor 002A since this segment recently changed from use-protected to 
reviewable. Similarly, for total arsenic, dissolved copper, total recoverable iron, dissolved lead, 
dissolved manganese, dissolved selenium, dissolved silver and benzene, the limitations in the 

previous permit were used in.the evaluation of new or increased impacts for the Suncor 010A since 

this segment recently changed from use-protected to reviewable.
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For all metals, data from the last five-years of DMRs for Suncor 002A and 003A were used to 
determine an implicit limitation.

Calculation of Loadings for New or Increased Impact Test

The equations for the loading calculations are given below. Note that the AD requirements outlined 
in The Basic Standards and Methodologies for Surface Water specify that chronic numeric standards 
should be used in the AD review; however, where there is only an acute standard, the acute standard 
should be used. Thus, the chronic low flows will be used later in this AD evaluation for all 

parameters with a chronic standard, and the acute low flows will be used for those parameters with 

only an acute standard. 
Previous permit load = Mpermitted (mg/l) x Qpermitted(mgd) X 8.34 
New WQBELs load = M2 (mg/l) x Q2 (mgd) x 8.34 

Where,

Mpermitted 
Qpermitted 
Q2 
M2 

8.34

= September 2000 permit limit (or implicit limit) (mgll) 
= design flow as of September 2000 (mgd) 
= current design flow (same as used in the WQBEL calculations) 
= new WQBEL concentration (mgll) 
= unit conversion factor

Table A-I 0 shows the results of these calculations and the determination of a new or increased 

impact for the SCWRF and Table A-lla and b show the results of these calculations and the 
determination of a new or increased impact for the Suncor 002A and 003A, respectively.

Calculation of Non-Impact Limitations

The design flows of the Suncor 002A and 003A as of September 30, 2000 were 1.39 MOD and 1.66 

MOD, respectively. The new design flows of this facility are 1.5 MOD and 2.16 MOD, respectively, 
for Outfalls 002A and 003A. To determine if new or increased impacts are to occur, the previous 
permit concentrations need to be adjusted for this new design flow. The equations are shown below. 

Previous permit load = Mpermitted x Qpermitted x 8.34 
Non Impact Limit (NIL) = previously permitted load +- New Design Flow +- 8. 34

Where, 

Mpermitted = Previous permit limit or implicit limit (mgll) 
Qpermitted = Previous design flow (mgd) 
Q2 = new or current design flow (mgd) 
8.34 = Unit conversion factor

Table A-I 0 shows the results of these calculations and the determination of a new or increased 

impact for SCWRF.

Appendix A (WQA v 7.1) Page 31 of 50 Last Revised September 5, 2012/KD



City of Aurora SCWRF and Suncor (USA) Inc. WWTF WQA C00026611; COOOO 1147

Table A-lO

Determination of New or Increased Impacts for SCWRF
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E. coli (#1100 ml) 127 5296 127 129 5379 Yes

TRC (mg/I) 0.013 0.54 0.013 0.013 0.54 No

NH3, Tot (mg/I) Jan 14 584 14 5.9 246 No

NH3, Tot (mg/I) Feb 16 667 16 6.2 259 No

NH3, Tot (mg/I) Mar 14 584 14 4.8 200 No

NH3, Tot (mg/I) Apr 11 459 11 7.5 313 No

NH3, Tot (mg/I) May 10 417 10 6.1 254 No

NH3, Tot (mg/I) Jun 7.7 321 7.7 6.3 263 No

NH3, Tot (mg/I) Jul 8.1 338 8.1 4.2 175 No

NH3, Tot (mg/I) Aug 6.7 279 6.7 4.4 183 No

NH3, Tot (mg/I) Sep 11 459 11 3.1 129 No

NH3, Tot (mg/I) Oct 13 542 13 3.8 158 No

NH3, Tot (mg/I) Nov 19 792 19 4.1 171 No

NH3, Tot (mg/I) Dee 20 834 20 4.8 200 No

AI, TR (ilg/I) NA NA NA 1596 67 Yes

As, TR (ilg/I) NA NA NA 10 0.42 Yes

As, Dis (ilg/I) NA NA NA 366 15 Yes

Cd, Dis (ilg/I) 2.1 0.088 2.1 1.3 0.054 No

Cr+3, Dis (ilg/I) NA NA NA 259 11 Yes

Cr+6, Dis (ilg/I) NA NA NA 12 0.5 Yes

Cu, Dis (ilg/I) 51 0.68 51 31 1.3 No

CN, Free (ilg/I) 5.4 0.23 5.4 5.4 0.23 Yes

Fe, TR (ilg/I) 323 13 323 1102 46 Yes

Pb, Dis (ilg/I) NA NA NA 12 0.5 Yes

Mn, Dis (ilg/I) 66.1 2.8 66.1 2899 121 Yes

Mo, TR (ilg/I) 5.46 0.23 5.46 235 9.8 Yes

Hg, Tot (ilg/I) NA NA NA 0.011 0.00046 Yes

Ni, Dis (ilg/I) NA NA NA 188 7.8 Yes

Se, Dis (ilg/I) 4.6 0.19 4.6 4.6 0.19 No

Ag, Dis (ilg/l) NA NA NA 3.9 0.16 Yes

U, Dis (ilg/I) NA NA NA 7743 323 Yes

Zn, Dis (ilg/I) 81 3.4 81 448 19 Yes

Nonylphenol (ilg/I) NA NA NA 7.97 0.31 Yes

As shown in Table A-I 0, there are no new or increased impacts to the receiving stream based on the 

new WQBELS for ammonia, TRC, copper, selenium and cadmium and for these parameters the AD 

evaluation is complete and the WQBELs are the final result of this WQA.
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For the rest of the parameters for the SCWRF, there are new or increased impacts and in accordance 

with regulation, the permittee has the option of choosing either the NIL’s or ADBAC’s. Because the 

ADBAC’s are generally more stringent than NIL’s, the Division assumes that the permittee will 

choose NIL’s rather than ADBAC’s. Normally, the Division would assign the NILs as permit 

limitations, or prescribe monitoring to determine the appropriate implicit limitations as necessary, 
however, in this case, the NILs are very stringent for some parameters and therefore the Division 

will automatically calculate the ADBACs for comparison.

As for the Suncor facility, the division is going to conduct new and increased impact analysis on all 

the outfalls. However, for the permit limitation purposes the division will use the results from the 

outfall OlOA for new and increased impact since it is the combined outfall. The division will use the 

new and increased impact results from 002A for ammonia since they are enforced at this outfall. 

Table A-lla shows the results of these calculations and the determination of a new or increased 

impact for the Suncor 002A.

Since this segment was a use-protected segment previously, the Division assigned the most recent 

permit limits for ammonia as September 2000 limits for determining new and increased impact. The 

flow for September 2000 permit load calculation has been the sum of outfalls 001A (0.314 MOD) 
and outfall 002A (1.08 MOD, this is the flow of 002A when 001A was in operation) and 003A (1.66 

MOD).

Table A-lla

NH3, Tot (mgll) Jan 15 382 12.5 10.5 321 No

NH3, Tot (mgll) Feb 18 458 15 12.5 382 No

NH3, Tot (mgll) Mar l3 331 10.8 l3 397 Yes

NH3, Tot (mgll) Apr 11 280 9.2 7 214 No

NH3, Tot (mgll) May 10 254 8.3 9.5 290 Yes

NH3, Tot (mgll) Jun 7.4 188 6.2 5.9 180 No

NH3, Tot (mgll) Jul 8 203 6.7 10.5 321 Yes

NH3, Tot (mgll) Aug 6.2 158 5.2 9.5 290 Yes

NH3, Tot (mgll) Sep 10 254 8.3 9.3 284 Yes

NH3, Tot (mgll) Oet 14 356 11.7 10 305 No

NH3, Tot (mgll) Noy 22 560 18.3 8.5 259 No

NH3, Tot (mgll) Dee 27 687 22.5 8.9 272 No

As shown in Table A-lla, there are no new or increased impacts for ammonia for some months to
the receiving stream based on the new WQBELS for some parameters and for these parameters the
AD evaluation is complete and the WQBELs are the final result of this WQA.
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For ammonia for some months for the Suncor facility, there are new or increased impacts and in 

accordance with regulation, the permittee has the option of choosing either the NIL’s or ADBAC’s. 
Because the ADBAC’s are generally more stringent than NIL’s, the Division assumes that the 

permittee will choose NIL’s rather than ADBAC’s. Therefore the Division will assign the NILs as 

permit limitations, or prescribe monitoring to determine the appropriate implicit limitations as 

necessary. The permitee should notify the Division if the ADBACs are preferred and the Division 

will complete the AD evaluation for ammonia for the months which new and increased impacts 
exist.

Table A-lIb shows the results of these calculations and the determination of a new or increased 

impact for the Suncor 010A. As stated above new WQBELs are the same as those for outfall 002A. 

For the NILs that are applicable to both outfalls (002A and 003A), a flow weighted average of NILs 

from Tables lla and llb were calculated, when no previous limit existed. These parameters 
included cadmium, chromium, nickel and zinc. Flows used for this process were taken from the 2009 

Permit modification.
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Table A-llb

AI, TR (flg/I) NA NA NA 1596 49 Yes

As, TR (flg/I) 116 3 97 10 0.31 No

Cd, Dis (flg/I) NA NA NA l.3 0.04 Yes

Cr+3, Dis (flg/I) NA NA NA 259 7.9 Yes

Cr+6, Dis (flg/I) NA NA NA 12 0.37 Yes

Cu, Dis (flg/I) 86 2.2 72.0 31 0.93 No

Fe, TR (flg/I) 1100 28 917 1102 34 Yes

Ph, Dis (flg/I) 12 0.31 10.0 12 0.37 Yes

Mn, Dis (flg/I) 2900 74 2417 2899 88 Yes

Mo, TR (flg/I) NA NA NA 235 7.2 Yes

Hg, Tot (flg/l) 0.011 0.00028 0.009 0.011 0.00035 Yes

Ni, Dis (flg/I) NA NA NA 188 5.7 Yes

Se, Dis (flg/l) 60 1.5 50 4.6 0.14 No

Ag, Dis (flg/I) 3.9 0.099 3.3 3.9 0.12 Yes

U, Dis (flg/l) NA NA NA 7743 236 Yes

Zn, Dis (flg/I) NA NA 298 448 14 Yes

Sulfide as H2S (mg/I) 0.0033 0.084 0.00275 0.0022 0.067 No

BTEX (flg/I) NA NA NA 100 0.0031 NA

Benzene (flg/I) 5300 0.13 4420 5* 0.00015 No

MTBE (flg/I) 2400 0.061 2000 384 0.0122 No

As shown in Table A-lIb, there are no new or increased impacts to the receiving stream based on 
the new WQBELS for some parameters and for these parameters the AD evaluation is complete and 

the WQBELs are the final result of this WQA.

For the rest of the parameters for the Suncor facility, there are new or increased impacts and in 

accordance with regulation, the permittee has the option of choosing either the NIL’s or ADBAC’s. 

Because the ADBAC’s are generally more stringent than NIL’s, the division assumes that the 

permittee will choose NIL’s rather than ADBAC’s. The division will assign the NILs as permit 
limitations, or prescribe monitoring to determine the appropriate implicit limitations as necessary. If 

permittee prefers ADBAC then the permittee will have to let the division know and then the division 

will complete the AD evaluation.

Based on these results, the final two significance determination tests (bioaccumulative and 

concentration) need to be applied, to determine if AD limits are applicable for SCWRF. For the 

bioaccumulative test, the determination of the baseline water quality (BWQ), the baseline water 

quality loading (BWQload), the threshold load (TL) and the threshold load concentration (TL conc) 
needs to occur. For the concentration test, the BWQ, significant concentration thresholds (SCT) and
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anti degradation based average concentrations (ADBACs) need to be calculated. These calculations 

are explained in the following sections, and each significance determination test will be performed 
as the necessary calculations are complete. The AD low flow may also need to be calculated when 

determining the BWQ for an existing discharger (as of Sept 2000) when upstream water quality data 
are used. The AD flow rate for this renewal is considered to be the sum of the flows from both 

facilities. This is because of the fact that the Suncor facility may need AD calculations in the future 
and if it not included in this calculation then the SCWRF will have more stringent AD limitations 
next time around. The AD flow (3.05 MOD) for the Suncor facility is taken as a sum of 0.314 

(outfall 001A, removed), 1.08 (002A) and 1.66 (003A) based on the permit issued in 2006.

Determination of Baseline Water Quality (BWQ)

The BWQ is the ambient condition of the water quality as of September 30, 2000. The BWQ 
defines the baseline low flow pollutant concentration, and for bioaccumulative toxic pollutants, the 
baseline load. The BWQ is to take into account the influence of the discharger if the discharge was 
in place prior to September 30, 2000. In such a case, data from a downstream location should be 
used to determine the BWQ. If only upstream data is available, then a mass balance equation may 
be applied, using the facilities effluent data to determine the BWQ. If the discharge was not present 
prior to September 30, 2000, then the influence of that discharge would not be taken into account in 

determining the BWQ. If the BWQ has already been determined in a previous WQA AD evaluation, 
it may not need to be recalculated as the BWQ is the water quality as of September 30, 2000, and 
therefore should not change unless additional data is obtained or the calculations were in error.

Consistent with current Division procedures, the BWQ concentrations for all pollutants of concern 
should be established so that it can be used as part of an antidegradation review.

These dischargers were in place as of September 30, 2000, and therefore the BWQ will include the 
influence of the dischargers. Data collected at Aurora Monitoring Station (Downstream), located 

approximately immediately downstream from the Aurora SCWRF, were determined to be 

representative of fully mixed condition downstream from this facility, without other influences, and 
thus the data were used to determine the BWQ concentrations. Currently, it is the Division’s 

approach to evaluate five years of ambient water quality data, if available, for the five years prior to 

September 30, 2000, when determining the BWQ. Data from this location were available for a 

period of record of January 2005 through December 2009.

The ambient water quality data are summarized in Table A-12a for SCWRF. The BWQ 
concentrations based on these data, represented by the 50th percentile for total recoverable metals 
and total metals, and the 85th percentile for dissolved metals and other pollutants, are summarized in 

Table A-12b.
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Table A-12a

E. coli (#/100 ml) 

Cd, Dis (J.lgll) 

Fe, TR (J.lgll) 

Mn, Dis (flg/l) 

Se, Dis (flgll) 

Zn, Dis (flgll)

72 

73 

32 

74 

72 

74

26 

o 

267 

36 

5.8 

0.02

105 

o 

545 

181 

11 

0.055

583 

0.1 

961 

392 

21 

23

119 

0.033 

819 

3103 

13 

9.4

Downstream 

Downstream 

Downstream 

Downstream 

Downstream 

Downstream

Note that ambient water quality for Benzene and MTBE were considered zero.

Table A-12b

BWQ Concentrations for Potential Pollutants of Concern

Based on Downstream Ambient Water Quality
Concentrations
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E. coli (#/100 ml) 119 126

As, TR (flgll) 0 100

Cr+3, Dis (flgll) 0 231

Cr+6, Dis (flgll) 0 11

CN, Free (flgll) 0 5

Fe, TR (flgl\) 545 1000

Pb, Dis (flgll) 0 11

Mn, Dis (flgll) 392 2618

Hg, Tot (flgll) 0 0.01

Ni, Dis (flgl\) 0 168

Ag, Dis (flgll) 0 3.5

U, Dis (flgll) 0 6915

Zn, Dis (flgll) 23 405

For the parameters that dId not have ambIent data BWQ IS assumed to be zero

In cases where the BWQ concentration exceeds the water quality standard, the calculated BWQ 
concentration must then be set equal to the water quality standard. This occurred for none of the 

pollutants. No data was available for molybdenum and therefore it is set to zero.
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Note that the AD requirements outlined in The Basic Standards and Methodologies for Surface 
Water specify that chronic numeric standards should be used in the antidegradation review; however, 
where there is only an acute standard, the acute standard should be used. Chronic standards were 
available for all pollutants except.

Bioaccumulative Significance Test

Parameters associated with the bioaccumulative significance test are not parameters of concern for 
the SCWRF due to the low effluent concentration (less than 0.003 ugll).

Significant Concentration Threshold

The SCT is defined as the BWQ plus 15% of the baseline available increment (BAI), and is 
calculated by the following equation:

SCT = (0.15 x BAI) + BWQ

The BAI is the concentration increment between the baseline water quality and the water quality 
standard, expressed by the term (WQS - BWQ). Substituting this into the SCT equation results in:

SCT = 0.15 x (WQS-BWQ) + BWQ

Where,

WQS = Chronic standard or, in the absence of a chronic standard, the acute standard 

BWQ = Value from Table A-12b

Determination of the Antidegradation Based Average Concentrations

Antidegradation based average concentrations (ADBACs) are determined for all parameters except 
ammonia, by using the mass-balance equation, and substituting the SCT in place of the water quality 
standard, as shown in the following equation:

ADBAC= 
SCTxQ3 -M, xQ, 

Q2

Where, 

Ql 

Q2 

Q3 
Ml 

SeT

= Upstream low flow (IE3 or 30E3 based on either the chronic or acute standard) 
= Current design capacity of the facility 
= Downstream flow (Ql + Q2) 
= Current ambient water quality concentration (From Section III) 
= Significant concentration threshold

The ADBACs were calculated using the SCTs, and are set forth in Table A-B.
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Table A-13

SCTs and ADBACs
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E. coli (#1100 m\)* 1.6 7.7 9.3 113 120 121

As, TR lgll) 1.6 13.3 14.9 0 1.5 1.7

Cr+3, Dis lgll) 1.6 13.3 14.9 0 35 39

Cr+6, Dis lgll) 1.6 13.3 14.9 0 1.7 1.9

Cd, Dis (llgl1) 1.6 13.3 14.9 0.14 0.27 0.29

CN, Free (llgl1) 1 13.3 14.3 0 0.75 0.81

Fe, TR (llgl1) 1.6 13.3 14.9 150 613 669

Pb, Dis (llgl1) 1.6 13.3 14.9 0 1.7 1.9

Mn, Dis (llgl1) 1.6 13.3 14.9 286 726 779

Ni, Dis (Ilgl\) 1.6 13.3 14.9 0 25 28

Hg, Tot (llgl1) 1.6 13.3 14.9 0 0.0015 0.0017

Ag, Dis lgll) 1.6 13.3 14.9 0 0.53 0.59

U, Dis (llgl1) 1.6 13.3 14.9 30 1037 1158

Zn, Dis (llgl1) . 1.6 13.3 14.9 51 80 83

Sulfide as H2S (mgll) * * 5.5 5.7 11.2 0 0.0003 0.00059

* Applicable to SCWRF; ** Applicable only to Suncor

Concentration Significance Tests

The concentration significance determination test considers the cumulative impact of the discharges 
over the baseline condition. In order to be insignificant, the new or increased discharge may not 

increase the actual instream concentration by more than 15% of the available increment over the 

baseline condition. The insignificant level is the ADBAC calculated in Table A-13 above. If the 

new WQBEL concentration (or potentially the TL Cone for bioaccumulatives) is greater than the 

ADBAC, an AD limit would be applied. This comparison is shown in Tables A-14a for SCWRF 

and in Tbale A-14b for Suncor.
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Table A-14a 

Concentration Si~nificance Test for SCWRF
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E. coli (#1100 ml) 129 

As, TR (/lg!l) 10 

Cr+3, Dis (/lg!l) 259 

Cr+6, Dis (/lg!l) 12 

CN, Free (/lg!l) 5.4 

Fe, TR (/lg!I) 1102 

Pb, Dis (/lg!l) 12 

Mn, Dis (/lg/l) 2899 

Ni, Dis (/lg!l) 188 

Ag, Dis (/lg!l) 3.9 

U, Dis (/lg!l) 7743 

Zn, Dis (/lg!l) 448

, 
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121 Significant 

1.7 Significant 

39 Significant 

1.9 Significant 

0.81 Significant 

669 Significant 

1.9 Significant 

779 Significant 

28 Significant 

0.59 Significant 

1158 Significant 

83 Significant

For all parameters, the WQBELs are greater than the ADBACs and therefore, the concentration test 
results in a significance determination, and the antidegradation based effluent limitations (ADBELs) 
must be determined.

Table A-14b

Concentration Significance Test for Suncor
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If,pll*imt’ 
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Cd, Dis (/lg!I) 

Cr+3, Dis (/lg!I) 

Cr+6, Dis (/lg!I) 

CN, Free (/lg!I) 

Fe, TR (/lg!I) 

Pb, Dis (/lg!l) 

Mn, Dis (/lg!l) 

Ni, Dis (/lg!l) 

Ag Dis (/lg!I) 

U, Dis (/lg!l) 

Zn, Dis (/lg!l)
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1.3 

259 

12 

5.35 

1102 

12 

2899 

188 

3.9 

7743 

448
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0.29 Significant 

39 Significant 

1.9 Significant 

0.81 Significant 

669 Significant 

1.9 Significant 

779 Significant 

28 Significant 

0.59 Significant 

1158 Significant 

83 Significant

For all parameters, the WQBELs are greater than the ADBACs and therefore, the concentration test 

results in a significance determination, and the antidegradation based effluent limitations (ADBELs) 
must be determined.

Antidegradation Based Effluent Limitations (ADBELs)

The ADBEL is defined as the potential limitation resulting from the AD evaluation, and may be 

either the ADBAC, the NIL, or may be based on the concentration associated with the threshold load
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concentration (for the bioaccurnulative toxic pollutants). ADBACs, NILs and TLs have already 
been determined in the AD evaluation, and therefore to complete the evaluation, a final comparison 
of limitations needs to be completed.

Note that ADBACs and NILs are not applicable when the new WQBEL concentration (and loading 
as evaluated in the New and Increased Impacts Test) is less than the NIL concentration (and 

loading), or when the new WQBEL is less than the ADBAC.

Where an ADBAC or NIL applies, the permittee has the final choice between the two limitations. A 
NIL is applied as a 30-day average (and the acute WQBEL would also apply where applicable) 
while the ADBAC would be applied as a 2 year rolling average concentration. For the purposes of 
this WQA, the Division has made an attempt to determine whether the NIL or ADBAC will apply. 
The end results of this AD evaluation are in Table A-15a for SCWRF and in Table A-15b for 

Suncor, including any parameter that was previously exempted from further AD evaluation, with the 
final potential limitation identified (NIL, WQBEL or ADBAC).
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Table A-1S
.

Final Selection of WQBELs, NILs, and ADBACs for SCWRF

i!ni
’ "’H.

.. 

.,~:’ 

." ":~i,:;;~
,"ii’ , "

" 

,. 

’,~." ,;;:~ 
, 

;Iii!, .’ ’!ff ,:,,1’1 .’ ii" 
". .:+0’

1";’/ . 
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E. coli (#1100 ml) 127 129 121 NIL ,

TRC (mg/I) 0.013 0.013 NA ,’; ....WQBEL ,

NH3 as N, Tot (mg/I) Jan 14 5.9 NA
,1;(: WQBlSL ,[.:,;

NH3 as N, Tot (mg/I) Feb 16 6.2 NA
’: ’WQBEL ,;,

NH3 as N, Tot (mg/I) Mar 14 4.8 NA
;;,

WQBEL

NH3 as N, Tot (mg/I) Apr 11 7.5 NA .;ii{ Vv’.QB IY 
.,

NH3 as N, Tot (mg/I) May 10 6.1 NA
."
WQBEL "

NH3 as N, Tot (mg/I) Jun 7.7 6.3 NA WQBEL ’,:

NH3 as N, Tot (mg/I) Jul 8.1 4.2 NA :. WQBEL

NH3 as N, Tot (mg/I) Aug 6.7 4.4 NA ::WQBEL

NH3 as N, Tot (mg/I) Sep 11 3.1 NA WQBEL
NH3 as N, Tot (mg/I) Oct 13 3.8 NA "WQBEL’
NH3 as N, Tot (mg/I) Nov 19 4.1 NA ::\VQBEV 

’.

NH3 as N, Tot (mg/I) Dee 20 4.8 NA .\VQBEL

As, TR (/lg/I) NA 10 1.7 ’;;AI5 AC
.....

As, Dis (/lg/I) NA 366 55 ADBAC",;; ’"

Cd, Dis (/lg/I) 2.1 1.3 NA WQBEL’.;.1:

Cr+3, Dis (/lg/I) NA 259 39 ADBAC

Cr+6, Dis (/lg/I) NA 12 1.9 J’ ADB C

CU, Dis (/lg/I) 51 31 NA WQBEL

CN, Free (/lg/I) 5.4 5.4 0.85 WQBEL

Fe, TR (/lg/I) 323 1102 669 ADBAC

Pb, Dis (/lg/I) NA 12 1.9 ADBAC’’h"

Mn, Dis (/lg/I) 66.1 2899 779 ADBAC,

Hg, Tot (/lg/I) NA 0.011 0.0017 ADBAC

Ni, Dis (/lg/I) NA 188 28 ’ADBAQ .’::.

Se, Dis (/lg/I) 4.6 4.6 NA ’ WQBEL

Ag, Dis (/lg/I) NA 3.9 0.59 n’.ADBAC

U, Dis (/lg/I) NA 7743 1158 ADBAC

Zn, Dis (/lg/I) 81 448 83 ,ADBAC

For the following several parameters, the ADBACs have been established for this facility. The 

ADBACs were selected as they are less stringent than the WQBELs and the NILs, or perhaps due to 
the application as a two-year rolling average. However, the facility has the final choice between the 
NILs and ADBACs, and if the NIL is preferred, the permit writer should be contacted.
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Table A-ISb

Final Selection of WQBELs, NILs, and ADBACs for Suncor 

IB~ji~l:’~~:>:Ht@ill~I;Jit~t,;;iJ~>)~~’’’!;~~;il~ ""t~~t~~~;:’;;ri;IM1’i!i;.;ii;,/Ec!t ;;!;;i1l!i)~ I,^ ,e! !~ 3’&lC.,: 

~ .;’~!!~)!l~!!-:’:l,~! ;.I.......~lW, rY~L<~(ifl:l!!i!!"![n!t’li!mi;J’8~ . ..... h!] %,d’+k~ m.hF .. 

NH3 as N, Tot (mg/I) Jan 12.5 10.5 NA 

NH3 as N, Tot (mg/I) Feh 15 12.5 NA 

NH3 as N, Tot (mg/I) Mar 10.8 13 NA 

NH3 as N, Tot (mg/I) Apr 9.2 7 NA 

NH3 as N, Tot (mg/I) May 8.3 9.5 NA 

NH3 as N, Tot (mg/I) Jun 6,2 5.9 NA 

NH3 as N, Tot (mg/I) Jul 6.7 10.5 NA 

NH3 as N, Tot (mg/I) Aug 5.2 9.5 NA 

NH3 as N, Tot (mg/I) Sep 8.3 9.3 NA 

NH3 as N, Tot (mg/I) Oct 11.7 10 NA 

NH3 as N, Tot (mg/I) Noy 18.3 8.5 NA 

NH3 as N, Tot (mg/I) Dee 22.5 8.9 NA 

As, TR (~g/I) 97 10 NA 

As, Dis (~g/I) NA 366 55 

Cd, Dis (~g/I) NA 1.3 0.29 

Cr+3, Dis (~g/I) NA 259 39 

Cr+6, Dis (~g/I) NA 12 1.9 

Cu, Dis (~g/I) 72 31 NA 

CN, Free (~g/I) NA 5.35 0.81 

Fe, TR (~g/I) 917 1102 669 

Ph, Dis (~g/I) 10 12 1.9 

Mn, Dis (~g/I) 2417 2899 779 

Mo, TR (~g/I) NA 235 36 

Hg, Tot (~g/I) 0.009 0.011 0.0017 

Ni, Dis (~g/I) NA 188 28 

Se, Dis (~g/I) 50 4.6 NA 

Ag, Dis (~g/I) 3.25 3.9 0.59 

U, Dis (~g/I) NA 7743 1158 

Zn, Dis (~g/I) 298 448 83 

Sulfide as H2S (mg/I) 0.00275 0.0022 NA 

BTEX (Ilg/I) 100 NA 

Benzene (~g/I) 4420 5 NA 

MTBE (Ilg/I) 2000 384 NA

WQBEL’ 

I"!",,~ NIL~. 
" 

~WQBEt 
NIL,; 

, 

~WQBEL’. 

.. . NIL’ .! 

/!NIL’ ; 

NIL 

WQBEL 
. 

WQBEL 
" WQBEL,. 

WQBEV 

ADBAC, 

ADBAC 

ADBAC 

BAe. 

WQBEL 

’’’.: BAC’ 

. 

NIL 

’;.".-: NIL" 
~ 

NIL’ :’, 
. 

"’: ADBA.C 

NIL 

-::::;- AD~AC 

WQBEL 

I,., NIL 
. 

,’ADBAC:’; 

I NIL 
" 

I, 
W r’:c.’, 

EPA 1989 

IWQBEL’ 
EPA,1997

Alternatives Analysis

If the permittee does not want to accept an effluent limitation that results in no increased impact 

(NIL) or in insignificant degradation (ADBAC), the applicant may conduct an alternatives analysis 

(AA). The AA examines alternatives that may result in no degradation or less degradation, and are 

economically, environmentally, and technologically reasonable. If the proposed activity is 

determined to be important economic or social development, a determination shall be made whether
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the degradation that would result from such regulated activity is necessary to accommodate that 

development. The result of an AA may be an alternate limitation between the ADBEL and the 
WQBEL, and therefore the ADBEL would not being applied. This option can be further explored 
with the Division. See Regulation 31.8 (3)( d), and the Antidegradation Guidance for more 
information regarding an alternatives analysis.

VIII. Technology Based Limitations

Federal Effluent Limitation Guidelines

For SCWRF, the Federal Effluent Limitation Guidelines for domestic wastewater treatment facilities 
are the secondary treatment standards. These standards have been adopted into, and are applied out 
of, Regulation 62, the Regulations for Effluent Limitations.

Federal effluent limitations at 40 CFR Part 419, Subpart B, Cracking Subcategory, apply to 
discharges from titled Petroleum Refining Point Source Category facilities. These limitations are 
shown in Table A-16, and will normally be applied in a permit unless a more stringent limitation is 
to be applied. These ELGs are applicable to Outfall 002A of this facility since these outfalls will 
have petroleum refining process water.

Table A-16 

Federal ELG Limitations (lbs per day / 1000 bbls feedstock)

’"
, , ,j, ,;J’ 

CT BPT ’i!; BAT B ’ 

~\ 

30 Day ~aily3QDay Daily 30 Day Daily 
Avg Max 

. Avg . Max AvgJ’;;[; Max 

-----------------------------------lbs per day /1000 bbls feedstock------------~--

Parameter’: 
’

BOD 5.5 9.9 5.5 9.9

TSS 4.4 6.9 4.4 6.9

COD 38.4 74 38.4 74

Oil and Grease 1.6 3.0 1.6 3.0

Phenolic
0.036 0.074 Calculated Calculated

Compounds

Ammonia 3.0 6.6 3.0 6.6

Sulfide 0.029 0.065 0.029 0.065

Total Chromium ,0.088 0.15 Calculated Calculated

Total Hexavalent
0.0056 0.012 Calculated Calculated

Chromium

pH 6.0-9.0 6.0 - 9.0 6.0-9.0
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The nwnbers in the above table are subject to size and process factors, as shown in 40 CFR Section 

419.22b. The actual limitation is calculated by taking the appropriate value from the table above 

times the size factor, times the process factor, times the total production rate (per 1000 bbls 

feedstock, Table A-17), provided by the facility. The size factor and process factors are summarized 

in Table A-I8. Under the BAT category, limitations for phenolic compounds, total chromiwn and 
total hexavalent chromiwn are calculated based on a further breakdown of production. Summaries 
ofthese values are given in Table A-19. The comparison of all Federal ELGs are shown in Table A- 
20.

Table -17 

Federal ELG Limitations (lbs per day /1000 bbls feedstock)

Process Process Production

Process Rate (1,000 bbl of 

foodstock/streamday)

Crude

Atmospheric Crude Distallation 107.75

Crude Desalting 107.75

Vacuum Crude Distallation 34.2

Cracking and Cooking

Visbreaking 0

Thermal Craking 0

Fluid Catalytic Cracking 30.225

Moving Bed Catalytic Cracking 0

Hydrocracking 0

Delayed Cooking 0

Fluid Cooking 0

Hydrotreating 32.9

Asphalt

Asphalt Production 8.4

2000F Softening Point Unfluxed

Asphalt 0

Asphalt Axidizing 0

Asphalt Emulsifiying 0

Lube

None

Reforming and Alkylation

H2S04 Alkylation 0

Catalystic Reforming 21.9
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Table A-IS

Federal ELG Limitations (lbs per day / 1000 bbls feedstock)

Process Rate (1,000
Process bblof Fraction Process

Process Production foodstockjstreamday) of Total Weight Configuration
Crude

Atmospheric
Crude

Distallation 107.75 1

Crude Desalting 107.75 1

Vacuum Crude

Distallation 34.2 0.32

Total 2.32 1 2.32

Cracking
and

Visbreaking 0

Cooking
Thermal Craking 0

Fluid Catalytic

Cracking 30.225 0.28

Moving Bed

Catalytic

Cracking 0

’Hyd rocracki ng 0

Delayed Cooking 0

Fluid Cooking 0

Hyd rotreati ng 32.9 0.31

Total 0.59 6 3.52

Asphalt

Asphalt
Production 8.4 0.08

2000F Softening
Point Unfluxed

Asphalt 0

Asphalt Axidizing 0

Asphalt

Emulsifiying 0

Total 0.08 12 0.94

Sum 6.77

BPT Process Factor from the facility from 40 CFR 

419.22(b)(2) 
BPT Size Factor from the facility from 40 CFR 

419.22(b)(l)

1.19

1.23
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Table A-19

Calculation of Limitations for Chromium, Hexavalent Chromium and Phenolics under

BAT in 40 CFR 419.23(c)

30-day

Daily Max Average
Limit Limit Facility

Feedstock 30-day
Ibs/l000 bbls (1000 Daily Max Average

Pollutant Process Type feedstock bbls) Limit* Limit**

Crude 0.013 0.003 249.7 4.7513 1.0965

Cracking and
0.147 0.036 63.1 13.5768 3.3249

coking
Phenolic

Asphalt 0.079 0.019 8.4 0.9713 0.2336
Compounds

Lube 0.369 0.09 0 0 0

Reforming and
0.132 0.032 21.9 4.2313 1.0258

alkylation

Phenolic Compunds Limitation (Ibs/day) 23.5307 5.6808

Crude 0.011 0.004 249.7 4.0203 1.4619

Cracking and
0.119 0.041 63.1 10.9908 3.7867

coking
Total

Asphalt 0.064 0.022 8.4 0.7869 0.2705
Chromium

Lube 0.299 0.104 0 0 0

Reforming and
0.107 0.037 21.9 3.4299 1.1860

alkylation

Total Chromium Limitations (lbs/day) 19.2279 6.7052

Crude 0.0007 0.0003 249.7 0.2558 0.1096

Cracking and
0.0076 0.0034 63.1 0.7019 0.3140

coking
Hexavalent

Asphalt 0.0041 0.0019 8.4 0.0504 0.0234
Chromium

Lube 0.0192 0.0087 0 0 0

Reforming and 0.0069 0.0031

alkylation
21.9 0.2212 0.0994

Hexavalent Chromium Limitation (lbs/day) 1.2294 0.5464
. . . . . .* Is equal to the dally maxImum hmlt * amount offeedstock*Process factor*Slze factor, actual hmltatlon equals the sum of the mdlvldual process 

types. 
** Is equal to 30-day average limit * amount offeedstock*Process factor*Size factor, actual limitation equals the sum of the individual process types.
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Table A-20

Parameter 
= ..JO Day. 

A

Comparison of Federal ELG Limitations (lbs per day / 1000 bbls feedstock) 

Chosen 

;, Limitation;!; 

Daily 30 Day D ily." 30 Day ,,Daily 
1\1 A M AM

BPT BAT BCT

..
= vg ax vg ax " vg ax vg ax

BOD 875 1575 875 1575 875 1575

TSS 700 1098 700 1098 700 1098

COD 6108 11770 6108 11770 6108 11770

Oil and
254 477 254 477 254 477

Grease

Phenolic
5.7 12 5.6808 23.5307 5.6808 12

Compounds

Ammonia 477 1050 477 1050 477 1050

Sulfide 4.6 10 4.6 10 4.6 10

Total
14 24 6.7052 19.2279 6.7052 19.2279

Chromium

Hexavalent
0.89 1.9 0.5464 1.2294 0.5464 1.2294

Chromium

pH 6.0-9.0 6.0 - 9.0 6.0 - 9.0 6.0-9.0

Daily. 
1\1: 

..

Regulations for Effluent Limitations

Regulation No. 62, the Regulations for Effluent Limitations, includes effluent limitations that apply 
to all discharges of wastewater to State waters, with the exception of storm water and agricultural 
return flows. These regulations are applicable to the discharge from the proposed discharge.

According to Part 62.4(2) of the Regulations for Effluent Limitations "If the Commission has not so 

promulgated effluent limitation guidelines for any particular industry, but that industry is subject to 
effluent limitation guidelines promulgated by the United States Environmental Protection Agency 

pursuant to the Federal Water Pollution Control Act of 1972, the effluent from these industries shall 

be subject to the applicable EPA guidelines and shall not be subject to the effluent limitations of 

Regulation 62.4." Therefore, the limitation for oil and grease in Regulation 62.5 (10 mg/l) shall not 

apply to this discharge.

Table A-21 contains a summary of the applicable limitations for pollutants of concern at these 
facilities.
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Table A-21

Re2ulation 62 Based Limitations

Parameter 30-Day Avera1!e 7-Day Avera1!e Instantaneous Maximum

BODs 30 mg/l 45 mg/l NA

BODs Percent Removal 85% NA NA

TSS, mechanical plant 30 mg/l 45 mg/l NA

TSS Percent Removal 85% NA NA

Total Residual Chlorine NA NA 0.5 mg/l

pH NA NA 6.0-9.0 s.U.

Oil and Grease NA NA 10 mg/l

IX. References

Regulations: 
The Basic Standards and Methodologies for Surface Water, Regulation 31, Colorado Department 
Public Health and Environment, Water Quality Control Commission, effective January 1,2012.

Classifications and Numeric Standards for South Platte River Basin, Laramie River Basin, 

Republican River Basin, Smoky Hill River Basin, Regulation No. 38, Colorado Department Public 

Health and Environment, Water Quality Control Commission, effective January 1,2012.

Colorado’s Section 303(d) List of Impaired Waters and Monitoring and Evaluation List, Regulation 
93, Colorado Department Public Health and Environment, Water Quality Control Commission, 
effective April 30, 2012.

Policy and Guidance Documents: 

Antidegradation Significance Determination for New or Increased Water Quality Impacts, 
Procedural Guidance, Colorado Department Public Health and Environment, Water Quality Control 

Division, December 2001.

Memorandum Re: First Update to (Antidegradation) Guidance Version 1.0, Colorado Department 
Public Health and Environment, Water Quality Control Division, April 23, 2002.

Rationale for Classifications, Standards and Designations of Segments of the South Platte, Colorado 

Department Public Health and Environment, Water Quality Control Division, effective October 29, 
2002.

Policy Concerning Escherichia coli versus Fecal Coliform, CDPHE, WQCD, July 20,2005.

Colorado Mixing Zone Implementation Guidance, Colorado Department Public Health and 

Environment, Water Quality Control Division, effective April 2002.

Policy for Conducting Assessments for Implementation of Temperature Standards in Discharge 
Permits, Colorado Department Public Health and Environment, Water Quality Control Division 

Policy Number WQP-23, effective July 3, 2008.
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Implementing Narrative Standards in Discharge Permits for the Protection of Irrigated Crops, 
Colorado Department Public Health and Environment, Water Quality Control Division Policy 
Number WQP-24, effective March 10, 2008.

Policy for Characterizing Ambient Water Quality for Use in Determining Water Quality Standards 
Based Effluent Limits, Colorado Department Public Health and Environment, Water Quality Control 
Division Policy Number WQP-19, effective May 2002.

AQUATIC LIFE CRITERIA FOR MTBE - METHYL TERTIARy-BUTYL ETHER 

http://water.epa.gov/scitechlswguidance/standards/criteria/aqlife/pollutants/mtbe/index.cf , 

ACCESSED ON NOVEMBER 2, 2011

Lewis, William M., Jr., and James H. McCutchan Jr. 2007. "Exploratory modeling of hydraulic 
capacity for proposed effluent limits affecting dissolved oxygen, nitrate and ammonia on the South 
Platte River below the effluent discharge of the Metro District". March 16,2007.

Lewis, William M.~ Jr., and James H. McCutchan Jr. 2005. "Use of Modeling to Determine 
Consistency of Ammonia Limits in Sand Creek with Ammonia Limits in the South Platte Main Stem". 
October 31,2005.

EPA, 1989. Model NPDES Permit for Discharge Resulting From the Cleanup of Gasoline Released 

from Underground Storage Tanks.

Lewis, M.L. and McCutchan, J.H. Jr. 2006. Water-Quality Modeling in support of perm itting for 
Effleunt Discharge by the Metro Wastewater Reclamation District to the South Platte River with 

emphasis on dissolved oxygen and ammonia, and nitrate.
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UPPER SOUTH PLATTE RIVER SEGMENT 15 

Site-Specific Minimum Dissolved Oxygen and Ammonia Standards 

 

UNDERLYING STANDARDS 

Dissolved Oxygen 

 

Early Life Stage Protection Period (April 1 through July 31) 

1-Day1,5,6   3.0 mg/L (acute) 

7-Day Average 1.2.,4  5.0 mg/L 

Older Life Stage Protection Period (August 1 through March 31) 

1-Day 1,5   2.0 mg/L (acute) 

7-Day Mean of Minimums1,3 2.5 mg/L 

30-Day Average 1.2.  4.5 mg/L 

 

TEMPORARY MODIFICATION 

 

During the period until October 31, 2001, the Segment 15 dissolved oxygen standards from 88th 
Avenue north to the end of the Segment shall be the currently existing ambient conditions as 
monitored in 1992, 1993, and 1994 by the Division and by the Metro District.  Beginning November 1, 
2001, the standards shall apply to all sections of Segment 15 south of the Brighton Ditch diversion.  
The standards north of the Brighton Ditch diversion shall continue to be the ambient conditions 
existing in 1992, 1993, and 1994.  Beginning November 1, 2004, the standards shall apply to all 
sections of Segment 15. 

 
Refer to Section 38(6)(4)(c) for Dissolved Oxygen assessment locations. 

 
Footnotes 

1. For the purposes of determining compliance with the standards, dissolved oxygen measurements 
shall only be taken in the flowing portion of the stream at mid-depth, and at least six inches above 
the bottom of the channel.  All sampling protocols and test procedures shall be in accordance 
with procedures and protocols approved by the Division. 
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2. A minimum of four independent daily means must be used to calculate the average for the 7-Day 
Average standard.  A minimum of eight independent daily means must be used to calculate the 
average for the 30-Day Average standard.  The four days and the eight days must be 
representative of the 7-Day and the 30-Day periods respectively.  The daily means shall be the 
mean of the daily high and low values.  In calculating the mean values, the dissolved oxygen 
saturation value shall be used in place of any dissolved oxygen measurements which exceed 
saturation. 

3. The 7-Day Mean minimum is the average of the daily minimums measured at the location on 
each day during any 7-Day period. 

4 North of the Lupton Bottoms Ditch diversion, the ELS 7-Day average standards for the period July 
1 – June 31 shall be 4.6 mg/L. 

5. During a 24 hour day dissolved oxygen levels are likely to be lower during the nighttime when 
there is no photosynthesis.  The dissolved oxygen levels should not drop below the acute 
standard (ELS acute standard of 3.0 mg/L or the  OLS standards of 2.0 mg/L).  However, if during 
the ELS period multiple measurements are below 3.0 mg/L during the same nighttime period, the 
multiple measurements shall be considered a single exceedance of the acute standard.  For 
measurements below 2.0 mg/L during either the ELS or the OLS periods, each hourly 
measurement below 2.0 mg/L shall be considered an exceedance of the acute standards. 

6. In July, the dissolved oxygen level in Segment 15 may be lower than the 3.0 mg/L acute standard 
for up to 14 exceedances in any one year and up to a total of 21 exceedances in three years 
before there is a determination that the acute dissolved oxygen standards is not being met.  
Exceedances shall be counted as described in Footnote 5. 

 

Ammonia: 

 

 Early Life Stage Protection Period (April 1 through July 31) 

 
Ammonia Warm Water = (mg/l as N)Total 

204.7
101

4.58
204.7

101

411.0
−

+
+−

+
= pHpHacute  

 ( ))25(028.0
1045.1,85.2688.7

101

487.2
688.7

101

0577.0
)311(

T
MINpHpHJulyAprchronic

−
∗∗−

+
+−

+
=− 








( )( )7,25028.0
1045.1688.7

101

487.2
688.7

101

0577.0
)311(

TMAX
pHpHMarAugchronic

−∗
∗∗−

+
+−

+
= 








−

 

______________ _______________________________________________________ 

NH3 = old TVS Warm Water Acute = 0.62/FT/FPH/2(4 old) in mg/ (N) 
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Site-Specific Minimum Dissolved Oxygen and Ammonia Standards for Middle South Platte Segment 1a 
 

Dissolved Oxygen: 
 

STANDARDS  
Early Life Stage Protection Period (April 1 through July 31)  
1-Day 

1.4,5 
3.0 mg/L (acute)  

7-Day Average 
1.2 

5.0 mg/L  
Older Life Stage Protection Period (August 1 through March 31)  
1-Day 

1.4 
2.0 mg/L (acute)  

7-Day Mean of Minimums 
1.3. 

2.5 mg/L  
30-Day Average 

1.2. 
4.5 mg/L  

 
Refer to Section 38(6)(4)(c) for Dissolved Oxygen assessment locations. 
 
Footnotes  

 
1. For the purpose of determining compliance with the standards, dissolved oxygen measurements 
shall only be taken in the flowing portion of the stream at mid-depth, and at least six inches above the 
bottom of the channel. All sampling protocols and test procedures shall be in accordance with 
procedures and protocols approved by the Division.  
 
2.  A minimum of four independent daily means must be used to calculate the average for the 7-Day 
Average standard. A minimum of eight independent daily means must be used to calculate the 
average for the 30-Day Average standard. The four days and the eight days must be representative of 
the 7-Day and the 30-Day periods respectively. The daily mean shall be the mean of the daily high 
and low values. In calculating the mean values, the dissolved oxygen saturation value shall be used in 
place of any dissolved oxygen measurements which exceed saturation.  
 
3.  The 7-Day Mean Minimum is the average of the daily minimums measured at a location on each 
day during any 7-Day period.  
 
4.  During a 24 hour day, dissolved oxygen levels are likely to be lower during the nighttime when 
there is no photosynthesis. The dissolved oxygen levels should not drop below the acute standard 
(ELS acute standard of 3.0 mg/L or the OLS standard of 2.0 mg/L). However, if during the ELS period 
multiple measurements are below 3.0 mg/L during the same nighttime period, the multiple 
measurements shall be considered a single exceedance of the acute standard. For measurements 
below 2.0 mg/L during either the ELS or the OLS periods, each hourly measurement below 2.0 mg/L 
shall be considered an exceedance of the acute standard.  
 
5.  In July, the dissolved oxygen level in Segment 1a may be lower than the 3.0 mg/L acute standard 
for up to 14 exceedances in any one year and up to a total of 21 exceedances in three years before 
there is a determination that the acute dissolved oxygen standards is not being met. Exceedances 
shall be counted as described in Footnote 4.  

 

Ammonia: 

 

 Early Life Stage Protection Period (April 1 through July 31) 

 35 
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