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INTRODUCTION 

On March 20, 2012, the Central Valley Regional Water Quality Control Board (Regional Board) 
issued a Tentative Waste Discharge Requirements Order (TO) and for the City of Modesto (City) 
Water Quality Control Facility’s (WQCF) discharge to the San Joaquin River (SJR).  The TO 
includes mixing zones and dilution credits for long term water quality criteria for 1) disinfection 
byproducts (carbon tetrachloride, chlorodibromomethane and dichlorobromomethane), which are 
long-term carcinogen-based criteria and 2) molybdenum, which is an agricultural water quality 
goal for the San Joaquin River between Merced and Vernalis.  The molybdenum goal is based on 
livestock consumption of irrigated grass forage. The TO requires the City to submit a study that 
defines the edge of the mixing zone and evaluates the point of complete mixing under “critical 
reasonable worst-case conditions.”  

The City contracted Larry Walker Associates (LWA) to perform an evaluation to determine: 1) 
the point of complete mixing downstream of the City’s proposed discharge, 2) the point at which 
the discharge is diluted at a minimum of 20:1 (D=20, S=21), and 3) the distance downstream to 
reach a dilution ratio equivalent or sufficient to authorize the requested protective performance-
based molybdenum effluent limitations (for a maximum daily effluent limit or MDEL, D=0.6, 
for an average monthly effluent limit or AMEL, D=1.8).  

1 Revisions included to cover future tertiary discharge conditions not reported in April 20, 2012 memorandum; edits 
are noted in underline-strikeout. 

[Technical Reviewer]
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This mixing zone study report satisfies the mixing zone allowance requirements of the State 
Implementation Plan2

BACKGROUND INFORMATION 

 (SIP) for long-term human health constituents, and is consistent with the 
Basin Plan’s protection of agricultural water supplies, including molybdenum.  

State Implementation Plan Incomplete Mixing Requirements 
To consider dilution for discharges with “incomplete” mixing, the SIP requires the discharger to 
complete an “independent mixing zone study” that demonstrates the mixing zone does not: 

1. compromise the integrity of the entire water body; 

2. cause acutely toxic conditions to aquatic life passing through the mixing zone; 

3. restrict the passage of aquatic life; 

4. adversely impact biologically sensitive or critical habitats, including, but not limited to, 
habitat of species listed under federal or state endangered species laws; 

5. produce undesirable or nuisance aquatic life; 

6. result in floating debris, oil, or scum; 

7. produce objectionable color, odor, taste, or turbidity; 

8. cause objectionable bottom deposits; 

9. cause nuisance; 

10. dominate the receiving water body or overlap a mixing zone from different outfalls; or 

11. be allowed at or near any drinking water intake. A mixing zone is not a source of drinking 
water. To the extent of any conflict between this determination and the Sources of Drinking 
Water Policy (SWRCB Resolution No. 88-63), this determination supersedes the provisions 
of that policy. 

Furthermore, the SIP specifies “The application for the permit shall include, to the extent 
feasible, the information needed by the Regional Board to make a determination on allowing a 
mixing zone, including the calculations for deriving the appropriate receiving water and effluent 
flows, and/or the results of a mixing zone study.” Specifically, the State Board requested in the 
City of Tracy remand order3

Long Term Human Health Mixing Zone 

 that according to the SIP, the mixing zone shall 1) be as small as 
practicable and 2) not dominate the receiving water body. The State Board interprets the SIP to 
also require that a permit “identify the mixing zone boundaries.”  

CTR drinking water based human health water quality criteria apply to water bodies with an 
existing or potential “municipal water supply” beneficial use (MUN). In the Basin Plan, the 
                                                 
2 State Water Resources Control Board, “Policy for Implementation of Toxics Standards for Inland Surface Waters, 
Enclosed Bays, and Estuaries of California” (California Environmental Protection Agency, 2005) 
3 State Water Resources Control Board, “Order WQ 2009-0003 (City of Tracy)” (State of California) 
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Regional Board has identified MUN as a potential beneficial use of the San Joaquin River reach 
to which the City discharges. The CTR human health water quality criteria are calculated as a 
one-in-a-million cancer risk increase for 70 years of daily exposure. Fish/organism consumption 
is not a significant pathway for volatile organic constituent exposure as they have low 
bioconcentration factors as evident by the significantly higher “organism only” CTR human 
health water quality criteria. The mixing zone is sized as the distance to complete mixing in 
order to maximize available dilution, although the full dilution is not granted above 20:1. 
Because of the long-term and limited exposure pathway, longer mixing zones can be acceptable.  

Molybdenum Mixing Zone 
The TO granted a 20:1 dilution credit applicable to the agricultural water quality goal for the 
seasonal disinfected secondary discharge and a 7.7:1 credit for the year-round tertiary discharge. 
However, the Regional Board found that granting of the dilution credits could allocate an 
unnecessarily large portion of the receiving water’s assimilative capacity for molybdenum. 
Therefore, the TO included the performance-based maximum daily effluent limitation for 
molybdenum of 23 μg/L from the previous order for both the secondary and tertiary discharges.  

LWA calculated an equivalent dilution ratio that would result in the performance-based MDEL 
 (i.e., the dilution required for in-stream compliance at the effluent limitation 

concentration). The dilution ratio for a corresponding AMEL of 23 . 
Table III-1 of the Basin Plan identifies site objectives for molybdenum in the SJR, from the 
mouth of the Merced River to Vernalis. The maximum (total) concentration objective for 

10 
TO background calculation was based on ten background receiving water samples collected from 

Effluent characterization was based on 67 samples for molybdenum 
(total) in the secondary effluent. The MEC for molybdenum (total)  with a mean 
effluent concentration of 10.9 . The standard deviation of the samples was 3.7 , which 
results in a coefficient of variation (CV) of approximately 0.34.  

The Regional Board used these data to perform a reasonable potential analysis (RPA) per the 
methods outlined in the SIP, which is replicated here to calculate the necessary dilution for the 
proposed effluent limitation. According to the results of the RPA, a MDEL of 
obtained when a dilution (D) of 0.6 is used and for an AMEL of a dilution (D) of 1.8 
would be required. Table 1 summarizes the molybdenum effluent limitation calculations based 
on the analysis in the TO. 
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Table 1. Molybdenum Dilution Calculations from Tentative Order’s Effluent Limitation 

  Human Health 
MDEL ( ) 23 
ECA  14.2 
Criteria ( ) 10 
Dilution Credit 1.6:1 
Dilution (D) 0.6 
AMEL ( ) 23 
ECA  23 
Criteria ( ) 10 
Dilution Credit 2.8:1 
Dilution (D) 1.8 

METHODS 
Based on a previous study4, which included field survey and calibration data collection, LWA 
prepared and ran the Cornell Mixing Zone Expert System (CORMIX) to simulate the discharge 
plume’s hydraulic interaction with the San Joaquin River. LWA examined critical hydraulic 
conditions based on SIP guidance (SIP, Table 3). LWA developed primary ‘base scenario’ 
critical hydraulic conditions (effluent and river flows to calculate dilution ratios) for both the 
CTR human health and the two (secondary and tertiary discharge) performance based 
molybdenum mixing zones (model scenarios No. 1 and No. 2  through No. 3

1. distance downstream to complete mixing under SIP-specified long-term human health 
hydraulic conditions (i.e. a dilution of D=20, S=21, where D is the effluent limitation 
calculation upstream dilution and S is the CORMIX output downstream dilution), where the 
discharge is the annualized daily average of 12 cubic feet per second (cfs) and the river flow 
is the calculated harmonic mean of 799 cfs,

, respectively). 
LWA ran the model to determine the following outcomes: 

2. distances downstream to dilutions of D=0.6 (S=1.6) and D=1.8 (S=2.8), where a calculated 
performance based molybdenum maximum daily effluent limitation (MDEL) and average 
monthly effluent limitation (AMEL) is more protective than the water quality based effluent 
limitation

 and 

. For the case of secondary discharge, a scenario where when the effluent flow rate 
is conservatively estimated as the maximum permitted flow rate of 70 mgd (108 cfs) and the 
river is conservatively estimated as the minimum flow rate permissible for secondary 
discharge (2166 cfs) was modeled. Secondary discharge is only permitted when the ratio of 
flows between the river and effluent is greater than 20:1. Operational constraints limit the 
minimum discharge rate to 10 mgd.

3. 
, and  

                                                 
4 Larry Walker Associates. Mixing Zone – Dilution and Copper Translator Study. Prepared for the City of Modesto. 
May 2003. 

distances downstream to dilutions of D=0.6 (S=1.6) and D=1.8 (S=2.8), where a calculated 
performance based molybdenum maximum daily effluent limitation (MDEL) and average 
monthly effluent limitation (AMEL) is more protective than the water quality based effluent 
limitation. For the case of tertiary discharge, a scenario where the effluent flow rate is 



City of Modesto Mixing Zone Study  page 5 

conservatively estimated as the maximum permitted flow rate of 19.1 mgd (30 cfs) and the 
river is conservatively estimated as the 1Q10 flow rate of 148 mgd (229 cfs) per the 
recommendation of the TO (page F-25) was modeled. 

Hydraulic Conditions 
The SIP specifies that the dilution ratio for CTR human health criteria is the harmonic mean 
receiving water flow to the long-term arithmetic mean effluent flow during period of discharge. 
SJR flows from 1980 through 2006 (9,861 days) were analyzed for critical conditions using the 
USEPA’s DFLOW 3.0 program and were presented in the TO. The critical low flow conditions 
described in the TO are presented in Table 2.  

Table 2. Critical Low Flow Rates of the San Joaquin River as presented in the Tentative Order. 

Design Flow  SJR @ Patterson (cfs)  SJR @ Patterson (mgd) 
1Q10  229  148 
7Q10  238  154 

Harmonic Mean  799  516 
 
The annualized daily average flow of 12 cfs was used as the effluent flow rate representative of 
the long term daily average secondary river discharge. LWA modeled this hydraulic scenario for 
carbon tetrachloride, chlorodibromomethane, and dichlorobromomethane assuming these volatile 
constituents were conservative.  

The Basin Plan does not provide specific guidance on critical flow conditions for a molybdenum 
mixing zone. To model the case of maximum discharge, the maximum permitted flow rate of 70 
mgd (108 cfs) was used. The critical lowest upstream ambient flow rate of 2,166 cfs was used 
based on minimum permit requirements.  

LWA used the base scenario input conditions to estimate the resultant downstream dilution at the 
edge of the potential mixing zones. The base scenario hydraulic conditions are specified in Table 
3. 

Table 3. Modeled Hydraulic Conditions: Base Scenarios 

Model 
Scenario. 

Effluent 
Flow (cfs) 

Effluent Flow Basis San Joaquin 
River Flow (cfs) 

San Joaquin River 
Flow Basis 

CTR Human 
Health 

12 Annualized Daily 
Average 

799 Harmonic Mean 

Basin Plan 
Agricultural 

Goal 

108 Maximum Permitted 2,166 20:1 Upstream Dilution 
Requirement 

Basin Plan 
Agricultural 

Goal 

30 Maximum Permitted 
Year-round 

229 1Q10 highly 
conservative acute 
conditions 
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CORMIX Modeling 
CORMIX is a software system for the analysis, prediction and design of aqueous pollutant 
discharges into water bodies. CORMIX is a collection of subprograms that model the different 
“regimes” of fluid dynamics from the near-field mixing that is a physical interaction to far-field 
dispersion. The river cross section geometry, discharge structure geometry, river and effluent 
flow rate and velocity, and constituent concentrations are used by the “expert system” section of 
CORMIX to evaluate the most appropriate subprogram for a particular point within a system. 
The major computational effort and development emphasis is on the initial, near-field mixing 
zone. USEPA approved CORMIX for use in mixing zone determinations, and CORMIX has 
been used in many Regional Board-approved mixing zone applications. Receiving water and 
discharge data are required to model the effluent mixing. CORMIX can model side channel 
discharges and diffuser outfalls into river receiving waters. Graphical results of various projects 
are posted on the CORMIX website (www.cormix.org). (USEPA, 1996). 

The research and development supporting CORMIX has focused on the expert system to select 
model coefficients internally, transparent to the user. Using CORMIX successfully revolves 
around developing geometrical representations of the riverbed and discharge, along with and 
river staging relationships. The accuracy of the CORMIX calculations in estimating specific site 
data is directly tied to how well the geometry and flows have been characterized (Doneker and 
Jirka, 2002). Data from the mixing zone study may be used to define the proper schematizations 
for the CORMIX model to represent the conditions specific to the WQCF effluent and the San 
Joaquin River.  

CORMIX is a steady state model. Mixing processes occur on the order of minutes, so long as 
flow rates may be considered constant over several minutes, the steady state model is adequate. 

MODEL INPUTS AND ASSUMPTIONS  
The previous study performed for the City (LWA, 2003) is the basis for this model setup run 
with the current version of CORMIX. A summary of the 2003 inputs and the new assumptions 
made for this modeling effort are presented below. 

Ambient River Conditions 
CORMIX requires that the cross section of the ambient water body be described by an equivalent 
rectangular channel. Furthermore, that channel is assumed to be uniform in the downstream 
direction; the actual water body “mean” flow may be non-uniform or meandering. The process of 
describing a receiving water body’s geometry with a rectangular cross-section is known as 
schematization (USEPA 1996).  To develop the schematized cross section, the available dilution 
volume and average water velocity should be preserved. The depth of the cross section should 
represent the local water depth surrounding the discharge.  

The 2003 modeling effort identified a depth of 3.65 ft (1.11 m) and a flowrate of 759 cfs as the 
schematized water surface. Setting the depth allowed calculation of the schematized width to be 
221 ft (67.4 m). A representation of the localized channel width, depth, and schematized values 
are presented in Figure 1. 
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Figure 1. San Joaquin River cross section at the point of discharge and the Schematized cross 
section utilized in the CORMIX runs. The section presented is for a river flowrate of 759 cfs and a 
schematization depth of 3.65 ft. 
In 2003, field observations found that a Manning’s equation approximation did not appropriately 
estimate mean ambient flow depth for the San Joaquin River. Actual river depths were less than 
anticipated. Using a total of nine field measurements, LWA and the field team developed a best-
fit equation relating average depth and flow rate of the San Joaquin River surrounding the 
WQCF discharge, presented here as Equation 1. The measured river depths and the values 
calculated for use in this study at the discharge outlet are presented in Table 4.

Equation 1. Mean Ambient Depth (H) and Ambient Flow (Q) of the San Joaquin River at the 
Modesto WQCF discharge. 

  

0.51106.40+101.36-101.51 3263-10 QQQH  
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Table 4. River Depths Calculated for a Given Flow with at the Modesto WQCF discharge. 

River Flow (cfs) Flow Characteristic River Depth (feet) Calculation Method 
310 Measured 1.3 Measured 
400 Measured 1.85 Measured 
500 Measured 2.4 Measured 
600 Measured 2.91 Measured 
800 Measured 3.83 Measured 

1,000 Measured 4.67 Measured 
1,500 Measured 6.5 Measured 
2,000 Measured 8.1 Measured 
4,347 Measured 14.1 Measured 

229 1Q10 0.89 Calculated 
238 7Q10 0.94 Calculated 
799 Harmonic Mean 3.81 Calculated 

2,166 20:1 dilution for Maximum 
Permitted Flow Rate 8.52 Calculated 

Effluent Conditions 
In the 2003 report, LWA prepared a representation of the Modesto WQCF discharge for use in 
CORMIX model applications. This representation is presented in Figure 2. The WQCF effluent 
discharges from a side channel on the right side of the San Joaquin River with an angle of 
approximately 45 degrees. The side channel’s depth at discharge is dependent upon the water 
depth within the river, modeled as the river depth minus 0.81 feet. In circumstances where the 
river depth was anticipated to be less than 1 foot, the side channel depth would be estimated as 
inappropriately shallow. In these circumstances, the side channel depth was set equal to the river 
depth. The channel’s width was schematized as 2.5 feet, and modeled with a slope of 0.9 percent. 
A summary of all of CORMIX model assumptions are presented in Table 5. 
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Figure 2. Sketch of the side discharge geometry required as input for the CORMIX Model. 
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Table 5. CORMIX Model Assumptions for Modesto WQCF. 

CORMIX Model Parameter Value or Basis 
Schematized River Width 64.7 meters (221 feet) 
Schematized River Flow and Depth  Table 4 
Effluent Flow Rate Table 3 
Temperature of Ambient and Effluent Flow Both 16 degrees C 
Manning’s n of River 0.033 
Ambient River Irregularity Highly Irregular 
Channel Depth at Discharge River Depth - 0.81 feet (River Depth if < 1 feet) 
Discharge angle to Ambient Flow 45 degrees 
Effective Discharge Channel Width 2.5 feet 
River bottom slope at Discharge 0.9% 

RESULTS 
Detailed model outputs are included as Appendix A for all scenarios. Based on the model 
scenario type (i.e., CTR Human Health or Basin Plan Agricultural Goal), LWA evaluated either:  

1) the downstream distance at which the effluent is diluted at D=20 (S=21) and completely 
mixed (i.e. maximum possible dilution) under harmonic mean river and average daily 
effluent flows,

2) the distance at which dilution D=0.6 (S=1.6) and D=1.8 (S=2.8) under maximum 
permitted 

 or 

secondary effluent flows and a river flow 20 times greater than the effluent., or

3) 
  

The model results are summarized in 

the distance at which dilution D=0.6 (S=1.6) and D=1.8 (S=2.8) under maximum 
permitted tertiary effluent flows and the 1Q10 river flow. 

Table 6. 

Table 6. Results 

Additional secondary scenario summary results 
are included as Appendix B. 

of

Model Scenario 

 CORMIX Modeling Scenarios.  

Distance 
Downstream 

to 
S = 21 

(meters) 

Distance 
Downstream to 

Complete 
Mixing  

(meters) 

Distance 
Downstream to 

S = 1.6 
(meters) 

Distance 
Downstream 

to S = 2.8 
(meters) 

1 Ambient Flow 799 cfs, 
Effluent Flow 12 cfs 1,218 12,548 2.9 N/A 14.3 

2 

N/A 

Ambient Flow 2166 cfs, 
Effluent Flow 108 cfs  6,070 N/A 6,070 7.7 N/A 23.4 

3 Ambient flow 229 cfs, 
Effluent Flow 30 cfs N/A 24,897 5.2 86.7 

N/A – not applicable to scenario conditions N/A - Ratio of Ambient to Effluent is insufficient for a dilution of S = 21. 
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Initial mixing at the point of discharge is predominantly based upon the momentum of the 
discharge, while the ambient velocity of the river is relatively small and the plume is non-
bouyant or weakly buoyant.  Recirculation regions may be present in the near field. While 
complete mixing is eventually achieved more slowly through dispersion as the narrow plume 
“hugs” the eastern bank of the river. This plume behavior was also observed during the 2003 
modeling scenarios. 

DISCUSSION 
The CORMIX model adequately describes mixing conditions at potential mixing zone 
boundaries for the proposed discharge to the San Joaquin River. The base condition scenarios 
can be used to conservatively represent mixing conditions and permit regulatory mixing zones 
that are consistent with SIP requirements for both human health CTR water quality criteria and 
the Basin Plan molybdenum agricultural goal.  

Human Health Mixing Zone and Associated Effluent Limitation Calculations  
Fully mixed conditions consistent with the SIP dilution requirements for CTR human health 
water quality criteria occurs approximately 12.6 kilometers (7.8 miles) downstream from the 
proposed discharge. The calculated dilution for effluent limitation development (D = S-1, where 
D is the effluent limitation calculation upstream dilution and S is the CORMIX output 
downstream dilution) at this location is 67 (799 cfs / 12 cfs).  

Although the human health mixing zone is approximately eight miles long, this is only a fraction 
of the total river reach, and only potential drinking water consumption on the eastern bank would 
be affected by the plume prior to complete mixing. This mixing zone does not extend into 
another mixing zone, contain any known drinking water intakes, or cause the conditions 
prohibited by the SIP. 

There are no known drinking water intakes downstream prior to the Sacramento-San Joaquin 
River Delta at Vernalis (approximately 16.7 miles downstream of the mixing zone edge)5

For reference, the RPA and effluent limitation calculations presented in the TO for 
chlorodibromomethane, dichlorobromomethane, and carbon tetrachloride are presented in 

. With 
no established drinking water intakes in the less than eight-mile mixing zone, long term and 
frequent drinking water use of the San Joaquin River at this location is highly unlikely. The 
proposed CTR human health water quality criteria mixing zone does not cause any of the SIP 
prohibited conditions. This proposed mixing zone does not impact aquatic life, cause a nuisance, 
overlap with another mixing zone or contain a known drinking water intake.  

Table 
7 through Table 9. These values consider the maximum permissible dilution of 20:1, while 
actual dilution at the point of complete mixing would measure 67:1. 

                                                 
5 City of Turlock Mixing Zone Study, June 15 2009 
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Table 7. Chlorodibromomethane Effluent Limitation Calculation 

  Human Health 
Criteria (μg/L) 0.41 
Dilution Credit (D) 20:1 
ECA  5.4 
AMEL (μg/L) 5.4 
MDEL/AMEL Multiplier 2.83 
MDEL (μg/L) 15 

Table 8. Dichlorobromomethane Effluent Limitation Calculation 

 Human Health 
Criteria (μg/L) 0.56 
Dilution Credit (D) 20:1 
ECA  9.0 
AMEL (μg/L) 9.0 
MDEL/AMEL Multiplier 1.5 
MDEL (μg/L) 13.4 

Table 9. Carbon Tetrachloride Effluent Limitation Calculation 

  Human Health 
Criteria (μg/L) 0.25 
Dilution Credit (D) 20:1 
ECA  4.1 
AMEL (μg/L) 4.1 
MDEL/AMEL Multiplier 3.19 
MDEL (μg/L) 13 

Molybdenum Mixing Zone  
A molybdenum mixing zone extending 5.2 meters downstream for tertiary discharges and 
7.7 meters downstream for secondary discharges is consistent with the SIP requirements. LWA 
evaluated several other critical flow scenarios and found that no scenario significantly changes 
the distance to an adequate MDEL mixing zone protecting human health. During very low 
critical flow rates (e.g. 1Q10, 7Q10), achieving a dilution of S=2.8 for an AMEL mixing zone 
would extend significantly further than the MDEL mixing zone. Such a dilution is relatively 
closer to a complete mixing case in these low flow scenarios, and would rely more upon far field 
dispersion than initial plume momentum for mixing. There are no agricultural intakes in the 
vicinity of the discharge. The adjacent property several thousand meters downstream on the 
discharge side of the river is part of the City’s treatment facility.



 

Appendix A – CORMIX Model Outputs 



 

 
Model Scenario 

1 
Description of Model Results 

Long Term Human Health hydraulic 
conditions, effluent discharge rate of 12 
cfs, ambient discharge rate of 799 cfs. 

2 

Buoyant surface jet for the first 31 meters. Continues as 
a jet plume from 31 meters downstream to 71 meters 
downstream. Vertically fully mixed in the first 4 meters of 
discharge. Recirculation bubble in the first 14 meters of 
discharge. Dilution reaches S = 1.6 at 2.9 meters 
downstream and S = 2.8 at 14.3 meters downstream. 
Plume undergoes buoyant ambient spreading after 71 
meters downstream. Dilution reaches S = 21 at 1218 
meters downstream. Fully laterally mixed (S = 67.6) at 
12548 meters downstream. 

Secondary Effluent hydraulic conditions, 
effluent discharge rate of 108 cfs, 
ambient discharge rate of 2166 cfs. 

3 

Buoyant surface jet with a recirculation bubble for the 
first 137 meters. Dilution reaches S = 1.6 at 7.7 meters 
downstream and S = 2.8 at 23.4 meters downstream. 
Continues as jet plume from 137 meters downstream to 
294 meters downstream. Plume undergoes passive 
ambient mixing after 294 meters downstream. Fully 
laterally mixed (S = 21.1) 6070 meters downstream. 
Dilution of S = 21 has been rounded to the full lateral 
mixing condition as a 20:1 ratio was the intent of the 
assigned hydraulic conditions. 

Tertiary Effluent hydraulic conditions, 
effluent discharge rate of 30 cfs, ambient 
discharge rate of 229 cfs, the 1Q10 flow 
for the river. 

Buoyant surface jet for the first 109 meters.  
Recirculation bubble in the first 52 meters of discharge. 
Dilution reaches S = 1.6 at 5.2 meters downstream and 
S = 2.8 at 86.7 meters downstream. Continues as jet 
plume from 109 meters downstream to 151 meters 
downstream. Plume undergoes passive ambient mixing 
after 151 meters downstream. Fully laterally mixed 
(S=8.7) 24,897 meters downstream. 
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Appendix B – Secondary Model Outputs 



 

The following model scenarios were run at non-critical conditions as a sensitivity of the critical 
conditions. Scenarios 4 and 5 examined the WQCF minimum pumping rate at the river’s 
harmonic mean flow rate and a flow rate to dilute the effluent at a ratio of 20:1, respectively. 
Scenario 6 examined the maximum flow rate for tertiary discharge at the 7Q10 flow of the river. 
No significant changes were observed across the model runs, as the plumes exhibited similar 
behavior across all scenarios. 

Model Scenario 

Distance 
Downstream to 

S = 21 
(meters) 

Distance 
Downstream to 

Complete Mixing  
(meters) 

Distance 
Downstream 

to S = 1.6 
(meters) 

4 

Distance 
Downstream 

to S = 2.8 
(meters) 

Ambient Flow 799 cfs, 
Effluent Flow 15.5 cfs 2,028 12,615 6.5 

5 

26.8 

Ambient Flow 310 cfs, 
Effluent Flow 15.5 cfs  29,490 29,490 1.3 

6 

8.1 

Ambient Flow 238 cfs, 
Effluent Flow 29.55 cfs  N/A 29,624 5.3 73.5 

N/A - Ratio of Ambient to Effluent is insufficient for a dilution of S = 21. 
 


