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Executive Summary 

This report documents the data and assessment used to establish TMDLs for chlorides, 

sulfates and total dissolved solids (TDS) for selected waterbodies in the Rush Creek watershed. 

Data assessment and total maximum daily load (TMDL) calculations are conducted in 

accordance with requirements of Section 303(d) of the CWA, Water Quality Planning and 

Management Regulations (40 CFR Part 130), U.S. Environmental Protection Agency (EPA) 

guidance, and Oklahoma Department of Environmental Quality (DEQ) guidance and 

procedures. DEQ is required to submit all TMDLs to EPA for review. Approved 303(d) listed 

waterbody-pollutant pairs or surrogates TMDLs will received notification of the approval or 

disapproval action. Once the EPA approves a TMDL, then the waterbody may be moved to 

Category 4a of a stateôs Integrated Water Quality Monitoring and Assessment Report, where it 

remains until compliance with water quality standards (WQS) is achieved (EPA 2003).  

The purpose of this TMDL report is to establish pollutant load allocations for minerals in 

impaired waterbodies, which is the first step toward restoring water quality and protecting 

public health. TMDLs determine the pollutant loading a waterbody can assimilate without 

exceeding the WQS for that pollutant. TMDLs also establish the pollutant load allocation 

necessary to meet the WQS established for a waterbody based on the relationship between 

pollutant sources and in-stream water quality conditions. A TMDL consists of a wasteload 

allocation (WLA), load allocation (LA), and a margin of safety (MOS). The WLA is the 

fraction of the total pollutant load apportioned to point sources, and includes stormwater 

discharges regulated under the National Pollutant Discharge Elimination System (NPDES). The 

LA is the fraction of the total pollutant load apportioned to nonpoint sources. MOS can be 

implicit and/or explicit. An implicit MOS is achieved by using conservative assumptions in the 

TMDL calculations. An explicit MOS is a percentage of the TMDL set aside to account for the 

lack of knowledge associated with natural process in aquatic systems, model assumptions, and 

data limitations. 

This report does not stipulate specific control actions (regulatory controls) or management 

measures (voluntary best management practices) necessary to reduce the dissolved mineral 

concentrations within each watershed. Watershed-specific control actions and management 

measures will be identified, selected, and implemented under a separate process. 

E.1 Problem Identification and Water Quality Target 

 This TMDL report focuses on waterbodies, identified in Table  

ES-1 that DEQ placed in Category 5 [303(d) list] of the Water Quality in Oklahoma, 2010 

Integrated Report (2010 Integrated Report)
1
 for nonsupport of the agriculture water supply 

beneficial use. Six of the waterbodies within the Study Area were listed as a result of elevated 

levels of chlorides, while Murray Creek was listed for elevated levels of sulfates and total 

dissolved solids (TDS). 

                                                 
1
  When the study was done, the 2008 Integrated Report was used. However, there were no differences in 

beneficial uses or impairments for these waterbodies in the Rush Creek watershed between the 2008 and 

2010 Integrated Report.  
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Elevated levels of chloride, sulfates, and TDS above the WQS numeric criteria result in 

the requirement that a TMDL be developed. The TMDLs established in this report are a 

necessary step in the process to develop the pollutant loading controls needed to restore the 

agriculture water supply use designated for each waterbody. The TMDL priority shown in 

Table ES-1 is directly related to the TMDL target date. 

Table ES-1 Excerpt from the 2010 Integrated Report ï Oklahoma 303(d) List of 

Impaired Waters (Category 5) 

Waterbody ID Name 
Stream 
Miles 

TMDL 
Date 

Priority Chloride Sulfates TDS 

Designated 
Use 

Agriculture 
Water 

Supply 

OK310810050040_00 Murray Creek 6.66 2021 4 
 

X X N 

OK310810050130_00 Cox City Creek 3.206 2021 4 X 
  

N 

OK310810050140_00 West Cox City Creek 1.5 2021 4 X 
  

N 

OK310810050110_00 Rush Creek Tributary D 0.71 2021 4 X 
  

N 

OK310810050120_00 Rush Creek Tributary E 3.397 2021 4 X 
  

N 

OK310810010270_00 Rush Creek Tributary G 4.034 2021 4 X 
  

N 

OK310810010090_10 Rush Creek 10.302 2021 4 X 
  

N 

N = Not attaining; X = Criterion exceeded 

Source:  2010 Integrated Report, DEQ 2010 

Table ES-2 summarizes water quality data collected from the water quality monitoring 

(WQM) stations between 1997 and 2010. The data summary in Table ES-2 provides an 

understanding of the limited amount of water quality data available and an evaluation of the 

exceedances of the water quality criteria. This data was used to support the decision to place 

specific waterbodies within the Study Area on the DEQ 2010 §303(d) list (DEQ 2010). Within 

the Study Area, five of the waterbodies have elevated levels of chloride for which TMDLs will 

be required. 

Further investigation of the chlorides data used to originally list Rush Creek Tributary D 

(OK310810050110_00) found that these samples were actually taken from a tributary to Rush 

Creek Tributary E; therefore no TMDL is required for Rush Creek Tributary D. Additionally, 

no water quality data was available for TDS in Murray Creek (OK310810050040_00); 

therefore no TMDL is required for this pollutant.  
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Table ES-2 Summary of Minerals Samples, 1997-2010 

Waterbody ID 
Waterbody 

Name 
Indicator 

Data Period of 
Record 

Number of 
Samples 

Arithmetic 
Mean 

Concentration 
(mg/L)* 

Number of 
Samples 

Exceeding 
Single 

Sample 
Criterion** 

% Samples 
Exceeding 

Single 
Sample 

Criterion 
(NS>10%) 

AG 
Use 

Notes 

OK310810050040_00 Murray Creek 

Sulfates 2/28/02 - 8/12/02 3 368 0 0 FS TMDL Not Required 

TDS - - - - - - - - - - - - 
Insufficient number 
of samples; TMDL 

not required 

OK310810050130_00 
Cox City 
Creek 

Chlorides 12/14/05 - 02/8/06 2 513 2 100 NS TMDL Required 

OK310810050140_00 
West Cox City 
Creek 

Chlorides 2/12/07 - 4/16/07 2 892 2 100 NS TMDL Required 

Sulfates
2
 2/12/07 - 4/16/07 2 169 0 0 FS TMDL Not Required 

OK310810050110_00 
Rush Creek 
Tributary D 

Chlorides 2/18/97 - 2/6/98 0 - - 0 0 X 

TMDL Not Required; 
Lack of data; 

samples used for 
2010 assessment 

were collected from 
adjacent watershed 

OK310810050120_00 
Rush Creek 
Tributary E 

Chlorides 10/11/05 - 8/29/06 3 222 2 67 NS TMDL Required 

OK310810010270_00 
Rush Creek 
Tributary G 

Chlorides 8/29/05 - 3/12/07 4 304 2 50 NS TMDL Required 

OK310810010090_10 Rush Creek Chlorides 8/24/04 - 3/2/10 31 132 14 45 NS TMDL Required 

NS = Not Supporting 

* Long-term average water quality criteria: Chlorides = 127 mg/l; Sulfates = 755 mg/l; TDS = 3008 mg/l 

** Single sample water quality criteria: Chlorides = 170 mg/l; Sulfates = 958 mg/l; TDS = 4409 mg/l 

 

                                                 
2
  West Cox City Creek was not listed on the 303(d) list for sulfates. But since the samples for chlorides and sulfates were collected at the same time, the 

sulfate data was also examined to make sure that West Cox City Creek was still supporting its beneficial use for Agriculture. Since West Cox City Creek 

was found to not be impaired for sulfates, it is still fully supporting its Agriculture beneficial use.  
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The definition of agriculture is summarized by the following excerpt from Chapter 45 

(785:45-5-13) of the Oklahoma WQS. 

785:45-5-13. Agriculture  

(a)    General. The surface waters of the State shall be maintained so that toxicity does not 

inhibit continued ingestion by livestock or irrigation of crops. 

(b)    Definitions. The following words and terms, when used in this Section, shall have the 

following meaning unless the context clearly indicates otherwise: 

(1)    "Long term average concentration" means the arithmetic mean of at least ten 

samples taken across at least twelve months. 

(2)    "Short term average concentration" means the arithmetic mean of all samples taken 

during any 30-day period. 

(c)    Subcategories of the Agriculture beneficial use.  

(1) The narrative and numerical criteria stated or referenced in this section and in 

Appendix F of this chapter are designed to maintain and protect the beneficial use 

classification of "Agriculture". This classification encompasses two subcategories 

which are capable of sustaining different agricultural applications. These 

subcategories are Irrigation Agriculture and Livestock Agriculture.  

(2) Irrigation Agriculture means a subcategory of the Agriculture beneficial use 

requiring water quality conditions that are dictated by individual crop tolerances. 

(3)  Livestock Agriculture is a subcategory of the Agriculture beneficial use requiring 

much less stringent protection than crop irrigation. 

(4)  If a waterbody is designated in Appendix A of this Chapter with the Agriculture 

beneficial use but does not have a designation of a subcategory thereof, the criteria 

for Irrigation Agriculture shall be applicable.  

(d) Highly saline water. Highly saline water should be used with best management practices 

as outlined in "Diagnosis and Reclamation of Saline Soils," United States Department of 

Agriculture Handbook No. 60 (1958). 

(e)  General criteria for the protection of Irrigation Agriculture. This subsection prescribes 

general criteria to protect the Irrigation Agriculture subcategory. For chlorides, sulfates 

and total dissolved solids at 180°C (see Standard Methods); the arithmetic mean of the 

concentration of the samples taken for a year in a particular segment shall not exceed the 

historical "yearly mean standard" determined from the table in Appendix F of this 

Chapter. For permitting purposes, the long term average concentration shall not exceed 

the yearly mean standard. Yearly mean standards shall be implemented by the permitting 

authority using long term average flows
3
 and complete mixing of effluent and receiving 

water. For permitting purposes, the short term average concentration shall not exceed the 

                                                 
3
  OWRB has proposed revising this language to ñusing the greater of 1.47 cfs or long term average flowsò. See 

Page 3 of ñRegulatory Default Flows for Implementing the Agriculture Beneficial Useò at: 

http://www.owrb.ok.gov/quality/standards/pdf_standards/2012DeterminationOfRegulatoryFlowsForImplementingTheAgricultureBeneficialUse.pdf. 

http://www.owrb.ok.gov/quality/standards/pdf_standards/2012DeterminationOfRegulatoryFlowsForImplementingTheAgricultureBeneficialUse.pdf
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sample standard. Sample standards shall be implemented by the permitting authority using 

short term average flows
4
 and complete mixing of effluent and receiving water. The data 

from sampling stations in each segment are averaged, and the mean chloride, sulfate, and 

total dissolved solids at 180°C are presented in Appendix F of this Chapter. Segment 

averages shall be used unless more appropriate data are available. 

(f)     Historic concentrations. The table in Appendix F of this Chapter contains statistical 

values from historical water quality data of mineral constituents. In cases where mineral 

content varies within a segment, the most pertinent data available should be used.  

(g)    Criteria to protect Irrigation Agriculture subcategory. For the purpose of protecting the 

Irrigation Agriculture subcategory, neither long term average concentrations nor short 

term average concentrations of minerals shall be required to be less than 700 mg/L for 

TDS, nor less than 250 mg/L for either chlorides or sulfates. 

To implement Oklahomaôs WQS for agriculture use, OWRB promulgated Chapter 46, 

Implementation of Oklahomaôs Water Quality Standards (OWRB 2011a). The excerpt below 

from Chapter 46: 785:46-15-8, stipulates how water quality data will be assessed to determine 

support of the agriculture use as well as how the water quality target for TMDLs will be 

defined for each mineral.  

As stipulated in the WQS, both the arithmetic mean of all samples collected and the 

percentage of samples exceeding the single sample standard shall be used to assess the 

impairment status of the agriculture use for a waterbody. Therefore, both the arithmetic mean 

and the single sample criterion for each water body will be used to develop TMDLs for 

chlorides, sulfates and TDS.   

785:46-15-8. Assessment of Agriculture support  

(a) Scope. The provisions of this Section shall be used to determine whether the beneficial use 

of Agriculture designated in OAC 785:45 for a waterbody is supported.  

(b)   General support tests for chlorides, sulfates and TDS.  

(1) The Agriculture beneficial use designated for a waterbody shall be deemed to be 

fully supported with respect to chloride if the mean of all chloride sample 

concentrations from that waterbody do not exceed the yearly mean standard 

prescribed in Appendix F or site specific criteria promulgated in Appendix E of OAC 

785:45 and no more than 10% of the sample concentrations from that waterbody 

exceed the sample standard prescribed in Appendix F or site specific criteria 

promulgated in Appendix E of OAC 785:45. 

(2)  The Agriculture beneficial use designated for a waterbody shall be deemed to be not 

supported with respect to chloride if the mean of all chloride sample concentrations 

from that waterbody exceeds the yearly mean standard prescribed in Appendix F or 

site specific criteria promulgated in Appendix E of OAC 785:45, or greater than 10% 

                                                 
4
  OWRB has proposed revising this language to ñusing the greater of 1.0 cfs or short term average flowsò. See 

Page 3 of ñRegulatory Default Flows for Implementing the Agriculture Beneficial Useò at: 

http://www.owrb.ok.gov/quality/standards/pdf_standards/2012DeterminationOfRegulatoryFlowsForImplementingTheAgricultureBeneficialUse.pdf. 

http://www.owrb.ok.gov/quality/standards/pdf_standards/2012DeterminationOfRegulatoryFlowsForImplementingTheAgricultureBeneficialUse.pdf
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of the sample concentrations from that waterbody exceed the sample standard 

prescribed in Appendix F or site specific criteria promulgated in Appendix E of OAC 

785:45. Provided, if the chloride sample concentrations are each less than 250 mg/L, 

then the Agriculture beneficial use shall be deemed to be fully supported with respect 

to chloride. 

(3)  The Agriculture beneficial use designated for a waterbody shall be deemed to be 

fully supported with respect to sulfate if the mean of all sulfate sample 

concentrations from that waterbody do not exceed the yearly mean standard 

prescribed in Appendix F or site specific criteria promulgated in Appendix E of OAC 

785:45 and no more than 10% of the sample concentrations from that waterbody 

exceed the sample standard prescribed in Appendix F or site specific criteria 

promulgated in Appendix E of OAC 785:45. 

(4)  The Agriculture beneficial use designated for a waterbody shall be deemed to be not 

supported with respect to sulfate if the mean of all sulfate sample concentrations 

from that waterbody exceeds the yearly mean standard prescribed in Appendix F or 

site specific criteria promulgated in Appendix E of OAC 785:45, or greater than 10% 

of the sample concentrations from that waterbody exceed the sample standard 

prescribed in Appendix F or site specific criteria promulgated in Appendix E of OAC 

785:45. Provided, if the sulfate sample concentrations are each less than 250 mg/L, 

then the Agriculture beneficial use shall be deemed to be fully supported with respect 

to sulfate. 

 (5)  The Agriculture beneficial use designated for a waterbody shall be deemed to be 

fully supported with respect to TDS if the mean of all TDS sample concentrations 

from that waterbody do not exceed the yearly mean standard prescribed in Appendix 

F or site specific criteria promulgated in Appendix E of OAC 785:45 and no more 

than 10% of the sample concentrations from that waterbody exceed the sample 

standard prescribed in Appendix F or site specific criteria promulgated in Appendix 

E of OAC 785:45. 

(6)  The Agriculture beneficial use designated for a waterbody shall be deemed to be not 

supported with respect to TDS if the mean of all TDS sample concentrations from 

that waterbody exceeds the yearly mean standard prescribed in Appendix F or site 

specific criteria promulgated in Appendix E of OAC 785:45, or greater than 10% of 

the sample concentrations from that waterbody exceed the sample standard 

prescribed in Appendix F or site specific criteria promulgated in Appendix E of OAC 

785:45. Provided, if the TDS sample concentrations are each less than 700 mg/L, 

then the Agriculture beneficial use shall be deemed to be fully supported with respect 

to TDS. 

785:46-15-3. Data Requirements 

(d)  Minimum number of samples. 

(1)  Streams. Except when (f) of this Section or any of subsections (e), (h), (i), (j), (k), (l), 

or (m) of 785:46-15-5 applies, a minimum of 20 samples shall be required to assess 

beneficial use support due to field parameters including but not limited to DO, pH 

and temperature, and due to routine water quality constituents including but not 
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limited to coliform bacteria, dissolved solids, and salts. Analyses may be aggregated 

to meet the 10 samples minimum requirements in non-wadable stream reaches that 

are 25 miles or less in length, and in wadable stream reaches that are 10 miles or 

less in length, if water quality conditions are similar at all sites. Provided, a 

minimum of 10 samples shall not be necessary if the existing samples already assure 

exceedance of the applicable percentage of a prescribed screening level.    

E.2 Pollutant Source Assessment 

A pollutant source assessment characterizes known and suspected sources of pollutant 

loading to impaired waterbodies. Sources within a watershed are categorized and quantified to 

the extent that information is available. Chlorides, sulfates and TDS may originate from point 

sources such as industrial and municipal continuous dischargers, mines, CAFOs, or nonpoint 

sources such as natural background sources from geological formations, roadway salts used for 

deicing, agricultural irrigation, groundwater diversions, and abandoned or improperly capped 

oil and gas wells. 

A sodium/chloride (Na/Cl) ratio below 0.6 is indicative of a produced water/oilfield brine 

source. The Oklahoma Corporation Commission found this ratio in samples from the streams in 

question except Murray Creek. Unfortunately, before 1980 lax rules allowed produced water to 

be held in unlined or poorly lined open pits prior to re-injection into the subsurface; even 

further back evaporation in brine disposal pits (which seemingly made the high volumes of 

saline water go away) and discharge to streams were common. These practices have not been 

allowed for more than 30 years. In the study area there are many historic areas of saline 

polluted groundwater, which are now seeping into area streams. 

Point sources discharge treated wastewater and are permitted through the NPDES program. 

Nonpoint sources are diffuse sources that typically cannot be identified as entering a waterbody 

through a discrete conveyance at a single location. There are no active permitted municipal or 

industrial point source facilities within the Study Area. 

Nonpoint sources may emanate from natural sources or land activities that contribute or 

have historically contributed minerals to surface water as a result of rainfall runoff, or to 

groundwater that later flows into surface water. The potential nonpoint sources for chlorides, 

sulfates, or TDS considered in this report were: 

¶ Background loads from local geological formations; 

¶ Agricultural irrigation; 

¶ Salts from roadway deicing; 

¶ Groundwater;  

¶ Commercial soil farming sites; 

¶ Abandoned or improperly capped oil and gas wells; 

¶ Historic oil and gas well related spill sites and drilling mud pits; 

¶ Historic oilfield produced water/brine ñevaporation pitsò and holding pits; and 

¶ Damaged and poorly maintained well casing and lines for underground injection wells. 
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For the TMDLs in this report, all sources of pollutant loading not regulated by NPDES 

permits are considered nonpoint sources.  

Nonpoint sources include those sources that cannot be identified as entering a waterbody at 

a specific location. Minerals may originate from natural background loads from local geologic 

conditions and groundwater flows. Possible anthropogenic sources of minerals are septic 

wastes, animal waste, fertilizer, agricultural irrigation return flows, road salting for deicing of 

roadways, and produced water and drilling muds from oilfield operations. Possible origins of 

natural sources of minerals are groundwater and sandstone and gypsum geologic units. TDS 

can originate from natural sources (e.g. mineral springs, carbonate deposits, salt deposits) and 

urban and agricultural runoff (Wilkes University 2005). Sources of minerals can originate 

upstream at great distances or nearby the surface-water sampling sites (Mashburn and Sughru 

2003).  

E.3 Using Load Duration Curves to Develop TMDLs 

The TMDL calculations presented in this report are derived from load duration curves 

(LDC). LDCs facilitate rapid development of TMDLs, and as a TMDL development tool can 

help identifying whether impairments are associated with point or nonpoint sources. The 

technical approach for using LDCs for TMDL development includes the three following steps: 

¶ Preparing flow duration curves for gaged and ungaged WQM stations; 

¶ Estimating existing loading in the waterbody using ambient water quality data; and 

estimating loading in the waterbody using measured water quality data; and 

¶ Using LDCs to identify if there is a critical condition. 

Use of the LDC obviates the need to determine a design storm or selected flow recurrence 

interval with which to characterize the appropriate flow level for the assessment of critical 

conditions. For waterbodies impacted by both point and nonpoint sources, the ñnonpoint source 

critical conditionò would typically occur during high flows, when rainfall runoff would 

contribute the bulk of the pollutant load, while the ñpoint source critical conditionò would 

typically occur during low flows, when WWTF effluents would dominate the base flow of the 

impaired water. However, flow range is only a general indicator of the relative proportion of 

point/nonpoint contributions. It is not used in this report to quantify point source or nonpoint 

source contributions. Violations that occur during low flows may not be caused exclusively by 

point sources. Violations during low flows have been noted in some watersheds that contain no 

point sources. 

LDCs display the maximum allowable load over the complete range of flow conditions by 

a line using the calculation of flow multiplied by a water quality criterion. The TMDL can be 

expressed as a continuous function of flow, equal to the line, or as a discrete value derived from 

a specific flow condition. The basic steps to generating an LDC involve: 

¶ Obtaining daily flow data for the site of interest from the USGS;  

¶ Sorting the flow data and calculating flow exceedance percentiles; 

¶ Obtaining the water quality data;  
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¶ Displaying a curve on a plot that represents the allowable load determined by 

multiplying the actual or estimated flow by the WQS numeric criterion for each 

parameter; and 

¶ Matching the water quality observations with the flow data from the same date and 

determining the corresponding exceedance percentile. 

The culmination of these steps is expressed in the following formula, which is displayed on 

the LDC as the TMDL curve: 

TMDL (lb/day) = WQS * flow (cfs) * unit conversion factor 

Where: 170 mg/L for chloride; or 958 mg/L for sulfate (single sample criteria) 

unit conversion factor = 5.39377 

Historical observations of chloride or sulfate concentrations are paired with flow data and 

are plotted on the LDC for a stream.  

As noted earlier, runoff has a strong influence on loading of nonpoint pollution. Yet flows 

do not always correspond directly to runoff; high flows may occur in dry weather (e.g., lake 

release to provide water downstream) and runoff influence may be observed with low or 

moderate flows. 

E.4 TMDL Calculations 

A TMDL is expressed as the sum of all WLAs (point source loads), LAs (nonpoint source 

loads), and an appropriate MOS, which attempts to account for the lack of knowledge 

concerning the relationship between pollutant loading and water quality.  

This definition can be expressed by the following mathematical equation:   

TMDL = WLA_WWTF + WLA_MS4 + LA + MOS 

The WLA is the portion of the TMDL allocated to existing and future point sources. The 

LA is the portion of the TMDL allocated to nonpoint sources, including natural background 

sources. The MOS is intended to ensure that WQSs will be met. For chloride, TMDLs are 

expressed in pounds (lbs) per day which will represent the maximum one-day load the stream 

can assimilate while still attaining the WQS. 

The LDC approach recognizes that the assimilative capacity of a waterbody depends on the 

flow, and that maximum allowable loading varies with flow condition. Existing loading and 

load reductions required to meet the TMDL water quality target can also be calculated under 

different flow conditions. The difference between existing loading and the water quality target 

is used to calculate the loading reductions required. PRGs for chloride or sulfate are calculated 

using two criteria: 1) through an iterative process of taking a series of percent reduction values, 

applying each value uniformly to the concentrations of samples and verifying than no more 

than 10% of the samples exceed the single sample WQS; and 2) calculating the required 

reduction for the average of all the data to be at or below the yearly mean WQS. The PRG is 

the greater of the two reductions. It was not possible to calculate a PRG for most of the 

waterbodies in the Study Area because of the very small number of samples available. Given 
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the lack of monitoring data, the PRG could only be calculated for one of the waterbodies within 

the Study Area: Rush Creek (OK310810010090_10). For Rush Creek, a 30% reduction is 

required to meet the single sample WQS, while a 13% reduction is required to meet the yearly 

mean WQS. Thus, the PRG for Rush Creek is 30%.  

Since there are no NPDES-permitted facilities or areas designated as MS4 within the 

watersheds of the Study Area, the WLA is zero for each impaired waterbody.  The LAs for 

each waterbodies are calculated as the difference between the TMDL, MOS, and WLA, as 

follows: 

LA = TMDL ï WLA_ WWTF  ï WLA_ MS4 ï MOS 

Since the WLA for the Study Area is zero, the equation is reduced to: 

LA = TMDL ï MOS 

Federal regulations (40 CFR §130.7(c)(1)) require that TMDLs account for seasonal 

variation in watershed conditions and pollutant loading. Seasonal variation for the mineral 

TMDLs established in this report was accounted for by using more than five years of water 

quality data and by using the longest period of USGS flow records when estimating flows to 

develop flow exceedance percentiles. Federal regulations (40 CFR §130.7(c)(1)) also require 

that TMDLs include an MOS. The MOS, which can be implicit or explicit, is a conservative 

measure incorporated into the TMDL equation that accounts for the lack of knowledge 

associated with calculating the allowable pollutant loading to ensure WQSs are attained. For 

chloride TMDLs, an explicit MOS was set at 10%. 

The TMDL represents a continuum of desired load over all flow conditions, rather than 

fixed at a single value, because loading capacity varies as a function of the flow present in the 

stream. The higher the flow is, the more wasteload the stream can handle without violating 

water quality standards. Regardless of the magnitude of the WLA calculated in these TMDLs, 

future new discharges or increased load from existing discharges will be considered consistent 

with the TMDL provided the NPDES permit requires in-stream criteria to be met. 

E.5 Reasonable Assurance 

Reasonable assurance is required by the EPA guidance for a TMDL to be approvable only 

when a waterbody is impaired by both point and nonpoint sources and where a point source is 

given a less stringent wasteload allocation based on an assumption that nonpoint source load 

reductions will occur. The impairments to the waterbodies in this report are not be caused by 

point sources. Since there are no point source WLAs in this TMDL report, reasonable 

assurance does not apply. 

 

 



2013 Rush Creek Watershed Mineral TMDLs Introduction  

\\file1\wqddata\planning\TMDL \Mineral TMDLs\Rush Creek\Final drafts\Rush_Creek_TMDLReport_July2013.docx 1-1 DRAFT

  July 2013 

SECTION 1 
INTRODUCTION 

1.1 TMDL Program Background  

Section 303(d) of the Clean Water Act (CWA) and U.S. Environmental Protection Agency 

(EPA) Water Quality Planning and Management Regulations (40 Code of Federal Regulations 

[CFR] Part 130) require states to develop total maximum daily loads (TMDL) for all 

waterbodies and pollutants identified by the Regional Administrator as suitable for TMDL 

calculation. Waterbodies and pollutants identified on the approved 303(d) list as not meeting 

designated uses where technology-based controls are in place will be given a higher priority for 

development of TMDLs. TMDLs establish the allowable loadings of pollutants or other 

quantifiable parameters for a waterbody based on the relationship between pollution sources 

and in-stream water quality conditions, so states can implement water quality-based controls to 

reduce pollution from point and nonpoint sources (including pre-existing historic sources not 

regulated) and restore and maintain water quality (EPA 1991). 

This report documents the data and assessment used to establish TMDLs for chlorides, 

sulfates and total dissolved solids (TDS) for selected waterbodies in the Rush Creek watershed. 

Data assessment and TMDL calculations are conducted in accordance with requirements of 

Section 303(d) of the CWA, Water Quality Planning and Management Regulations (40 CFR 

Part 130), EPA guidance, and Oklahoma Department of Environmental Quality (DEQ) 

guidance and procedures. DEQ is required to submit all TMDLs to EPA for review. Approved 

303(d) listed waterbody-pollutant pairs or surrogates TMDLs will received notification of the 

approval or disapproval action. Once the EPA approves a TMDL, then the waterbody may be 

moved to Category 4a of a stateôs Integrated Water Quality Monitoring and Assessment Report, 

where it remains until compliance with water quality standards (WQS) is achieved (EPA 2003).  

The purpose of this TMDL report is to establish pollutant load allocations for minerals in 

impaired waterbodies, which is the first step toward restoring water quality and protecting 

public health. TMDLs determine the pollutant loading a waterbody can assimilate without 

exceeding the WQS for that pollutant. TMDLs also establish the pollutant load allocation 

necessary to meet the WQS established for a waterbody based on the relationship between 

pollutant sources and in-stream water quality conditions. A TMDL consists of a wasteload 

allocation (WLA), load allocation (LA), and a margin of safety (MOS). The WLA is the 

fraction of the total pollutant load apportioned to point sources, and includes stormwater 

discharges regulated under the National Pollutant Discharge Elimination System (NPDES). The 

LA is the fraction of the total pollutant load apportioned to nonpoint sources. MOS can be 

implicit and/or explicit. An implicit MOS is achieved by using conservative assumptions in the 

TMDL calculations. An explicit MOS is a percentage of the TMDL set aside to account for the 

lack of knowledge associated with natural process in aquatic systems, model assumptions, and 

data limitations. 

This report does not stipulate specific control actions (regulatory controls) or management 

measures (voluntary best management practices) necessary to reduce the dissolved mineral 

concentrations within each watershed. Watershed-specific control actions and management 

measures will be identified, selected, and implemented under a separate process involving 
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stakeholders who live and work in the watersheds, along with tribes, and local, state, and 

federal government agencies.   

This TMDL report focuses on waterbodies that DEQ placed in Category 5 [303(d) list] of 

the Water Quality in Oklahoma, 2010 Integrated Report (2010 Integrated Report)
5
 for 

nonsupport of the agriculture water supply beneficial use. The waterbodies considered for 

TMDL development in this report, which are presented upstream to downstream, include:   

¶ Murray Creek OK310810050040_00 

¶ West Cox City Creek OK310810050140_00 

¶ Cox City Creek OK310810050130_00 

¶ Rush Creek Tributary D OK310810050110_00 

¶ Rush Creek Tributary E OK310810050120_00 

¶ Rush Creek Tributary G OK310810010270_00 

¶ Rush Creek OK310810010090_10 

Figure 1-1 shows these Oklahoma waterbodies and their contributing watersheds. The map 

also displays locations of the water quality monitoring (WQM) stations used as the basis for 

placement of these waterbodies on the Oklahoma 303(d) list. These waterbodies and their 

surrounding watersheds are hereinafter referred to as the Study Area. 

Elevated levels of chloride, sulfates, and TDS above the WQS numeric criteria result in the 

requirement that a TMDL be developed. The TMDLs established in this report are a necessary 

step in the process to develop the pollutant loading controls needed to restore the agriculture 

water supply use designated for each waterbody. Table 1-1 provides a list and description of the 

locations of WQM stations from which water quality data was obtained to conduct beneficial 

use assessments. A station identification number was not assigned to the location which water 

quality samples were collected from West Cox City Creek; therefore this waterbody was not 

listed in Table 1-1.  

Table 1-1 Water Quality Monitoring Stations used for Assessment of Streams 

Station ID Waterbody Name and Station Location Waterbody ID 

310810050040B Murray Creek OK310810050040_00 

310810050040C Murray Creek OK310810050040_00 

310810050130A Cox City Creek (Rush Trib) OK310810050130_00 

310810050110A Rush Creek Tributary D OK310810050110_00 

310810050110B Rush Creek Tributary D OK310810050110_00 

310810050120B Rush Creek Tributary E 34-3N-5W OK310810050120_00 

310810000000 Rush Creek Tributary G  22-3N-1W OK310810010270_00 

310810010090E Rush Creek OK310810010090_10 

310810010090B Rush Creek OK310810010090_10 

OK310810-01-0090G Rush Creek OK310810010090_10 

OK310810-05-0010D Rush Creek OK310810010090_10 

                                                 
5
  When the study was done, the 2008 Integrated Report was used. However, there were no differences in 

beneficial uses or impairments for these waterbodies in the Rush Creek watershed between the 2008 and 

2010 Integrated Report.  
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Figure 1-1 Rush Creek Watersheds Not Supporting Agriculture Beneficial Use  
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1.2 Watershed Description  

General: The watersheds addressed in the Study Area are located in the southern 

portion of Oklahoma. The waterbodies addressed in this report flow through 

portions of Garvin, Grady and Stephens Counties. These counties are part 

of the Central Great Plains and Cross Timbers Level III ecoregions (Woods, 

A.J, Omerik, J.M., et al 2005). The watersheds in the Study Area are 

located in the Anadarko Basin geological province. Within the Anadarko 

Basin geological province the targeted watersheds in the Study Area are 

part of the Central Red-Bed Plains and Western Sandstone Hills 

geomorphic provinces (Goines and Goble 2006). Table 1-2, derived from 

the 2010 U.S. Census, demonstrates that the counties in which these 

watersheds are located are sparsely populated (U.S. Census Bureau 2010). 

The only city within the Rush Creek watershed (OK310810010090_10) is 

Pauls Valley, which is in Garvin County and has a population of 

approximately 6,250 (U.S. Census Bureau 2010). 

Table 1-2 County Population and Density 

County Name Population (2010 Census) Population Density (per square mile) 

Garvin 27,576 34 

Grady 52,431 47 

Stephens 45,048 51 

Climate: Table 1-3 summarizes the average annual precipitation for each Oklahoma 

waterbody derived from a geospatial layer developed to display annual 

precipitation using data collected from Oklahoma weather stations between 

1971 through 2000. The average annual precipitation (includes moisture 

from snow) values among the watersheds in this portion of Oklahoma range 

between 35 and 39 inches (NOAA 2002).    

Table 1-3  Average Annual Precipitation by Watershed 

Waterbody Name Waterbody ID 
Average Annual 

Precipitation 
(inches) 

Murray Creek OK310810050040_00 35 

West Cox City Creek OK310810050140_00 35 

Cox City Creek OK310810050130_00 35 

Rush Creek Tributary D OK310810050110_00 35 

Rush Creek Tributary E OK310810050120_00 35 

Rush Creek Tributary G OK310810010270_00 39 

Rush Creek OK310810010090_10 39 
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Land Use: Table 1-4 summarizes the percentages and acreages of the land use 

categories for the contributing watershed associated with each respective 

Oklahoma waterbody addressed in the Study Area. The land use/land cover 

data were derived from the U.S. Geological Survey (USGS) 2001 National 

Land Cover Dataset (USGS 2007). The percentages provided in Table 1-4 

are rounded so in some cases may not total exactly 100%. The land use 

categories are displayed in Figure 1-2. The most dominant land use 

category of the watersheds within the Study Area is grasslands. Deciduous 

forest is the second most dominant category for all watersheds, except 

Murray Creek (OK310810050040_00) and West Cox City Creek 

(OK310810050140_00) which have a high percentage of cultivated crops. 

The aggregated total of low, medium, and high intensity developed land 

accounts for less than 3% of the land use in each watershed. The watersheds 

targeted for TMDL development in this Study Area range in size from 236 

acres (Rush Creek tributary D, OK310810050110_00) to 29,702 acres 

(Rush Creek, OK310800030010_00). 

1.3 Stream Flow Conditions  

Stream flow characteristics and data are key information when conducting water quality 

assessments such as TMDLs. The USGS operates flow gages throughout Oklahoma, from 

which long-term stream flow records can be obtained. Not all of the waterbodies in this Study 

Area have historical flow data available. Flow data from the surrounding USGS gage stations 

and the instantaneous flow measurement data taken with water quality samples have been used 

to estimate flows for ungaged streams. The water chemistry data results available for each 

waterbody are provided in Appendix A. A summary of the method used to project flows for 

ungaged streams and flow exceedance percentiles from projected flow data are provided in 

Appendix B. 
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Figure 1-2  Land Use Map  
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Table 1-4 Land Use Summaries by Watershed 

Landuse Category 
Watershed 

Murray Creek West Cox City Creek Cox City Creek Rush Creek, Trib D Rush Creek, Trib E Rush Creek, Trib G Rush Creek 

Waterbody ID OK310810050040_00 OK310810050140_00 OK310810050130_00 OK310810050110_00 OK310810050120_00 OK310810010270_00 OK310810010090_10 

Percent of Open Water 2.12 0.00 1.39 0.00 0.66 0.74 0.68 

Percent of Developed, 
Open Space 

2.67 4.16 2.40 0.66 2.37 6.04 6.45 

Percent of Developed, 
Low Intensity 

0.01 1.39 0.20 0.56 0.45 0.76 1.93 

Percent of Developed, 
Medium Intensity 

0.00 0.79 0.04 0.00 0.31 0.00 0.42 

Percent of Developed, 
High Intensity 

0.00 0.00 0.00 0.00 0.00 0.00 0.24 

Percent of Barren Land 
(Rock/Sand/Clay) 

0.00 1.78 0.21 0.47 0.47 0.00 0.01 

Percent of Deciduous 
Forest 

11.97 4.49 40.98 19.57 24.75 17.91 15.03 

Percent of Shrub/Scrub 0.01 0.00 0.00 0.00 0.00 0.00 0.00 

Percent of 
Grassland/Herbaceous 

54.65 74.92 48.94 72.44 59.24 65.03 53.40 

Percent of Pasture/Hay 0.24 0.00 0.00 0.00 3.23 8.05 7.75 

Percent of Cultivated 
Crops 

28.30 12.48 5.85 6.30 8.52 1.48 14.10 

Percent of Emergent 
Herbaceous Wetlands 

0.02 0.00 0.00 0.00 0.00 0.00 0.00 

                

Acres Open Water 205 0 30 0 21 14 201 

Acres Developed, Open 
Space 

258 14 52 2 75 117 1,915 

Acres Developed, Low 
Intensity 

1 5 4 1 14 15 573 

Acres Developed, 
Medium Intensity 

0 3 1 0 10 0 126 

Acres Developed, High 
Intensity 

0 0 0 0 0 0 71 

Acres Barren Land 
(Rock/Sand/Clay) 

0 6 4 1 15 0 2 

Acres Deciduous Forest 1,157 15 886 46 780 347 4,463 

Acres Shrub/Scrub 1 0 0 0 0 0 0 

Acres 
Grassland/Herbaceous 

5,283 252 1,058 171 1,867 1,259 15,861 

Acres Pasture/Hay 23 0 0 0 102 156 2,303 

Acres Cultivated Crops 2,736 42 127 15 268 29 4,187 

Acres Emergent 
Herbaceous Wetlands 

2 0 0 0 0 0 0 

Total (Acres) 9,667 337 2,162 236 3,151 1,936 29,702 
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SECTION 2 
PROBLEM IDENTIFICATION AND WATER QUALITY TARGET 

2.1 Oklahoma Water Quality Standards  

Title 785 of the Oklahoma Administrative Code contains Oklahomaôs Water Quality 

Standards in Chapter 45 (OWRB 2011) and implementation procedures in Chapter 46 (OWRB 

2011a). The Oklahoma Water Resources Board (OWRB) has statutory authority and 

responsibility concerning establishment of State water quality standards, as provided under 

82 Oklahoma Statute [O.S.], §1085.30. This statute authorizes the OWRB to promulgate rules 

éwhich establish classifications of uses of waters of the State, criteria to maintain and protect 

such classifications, and other standards or policies pertaining to the quality of such waters. 

[O.S. 82:1085:30(A)]. Beneficial uses are designated for all waters of the State. Such uses are 

protected through restrictions imposed by the antidegradation policy statement, narrative water 

quality criteria, and numerical criteria (OWRB 2011). An excerpt of the Oklahoma WQS (Title 

785) summarizing the State of Oklahoma Antidegradation Policy is provided in Appendix C. 

Table 2-1, an excerpt from the 2010 Integrated Report (DEQ 2010), lists beneficial uses 

designated for each impaired stream in the Study Area. The beneficial uses include:    

¶ AES ï Aesthetics  

¶ AG ï Agriculture Water Supply 

¶ Fish and Wildlife Propagation 

o WWAC ï Warm Water Aquatic Community 

¶ FISH ï Fish Consumption  

¶ PBCR ï Primary Body Contact Recreation 

 

Table 2-1 Designated Beneficial Uses for Each Waterbody in this Report 

Waterbody ID Waterbody Name AES AG WWAC FISH PBCR 

OK310810050040_00 Murray Creek I N I X X 

OK310810050140_00 West Cox City Creek I N I X X 

OK310810050130_00 Cox City Creek I N I X X 

OK310810050110_00 Rush Creek, Tributary D I N I X X 

OK310810050120_00 Rush Creek, Tributary E I N I X X 

OK310810010270_00 Rush Creek, Tributary G I N I X X 

OK310810010090_10 Rush Creek I N F X X 

 F = Fully Supporting; N = Not Supporting; I = Insufficient Information; X = Not Assessed  

Table 2-2 summarizes the dissolved mineral impairment status for streams in the Study 

Area. The TMDL priority shown in Table 2-2 is directly related to the TMDL target date. The 

TMDLs established in this report, which are a necessary step in the process of restoring water 

quality, only address dissolved solid impairments that affect the agriculture beneficial use. 
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Table 2-2 Excerpt from the 2010 Integrated Report ï Oklahoma 303(d) List of 

Impaired Waters (Category 5) 

Waterbody ID Name 
Stream 
Miles 

TMDL 
Date 

Priority Chloride Sulfates TDS 

Designated 
Use 

Agriculture 
Water 

Supply 

OK310810050040_00 Murray Creek 6.66 2021 4 
 

X X N 

OK310810050130_00 Cox City Creek 3.206 2021 4 X 
  

N 

OK310810050140_00 West Cox City Creek 1.5 2021 4 X 
  

N 

OK310810050110_00 Rush Creek Tributary D 0.71 2021 4 X 
  

N 

OK310810050120_00 Rush Creek Tributary E 3.397 2021 4 X 
  

N 

OK310810010270_00 Rush Creek Tributary G 4.034 2021 4 X 
  

N 

OK310810010090_10 Rush Creek 10.302 2021 4 X 
  

N 

N = Not Attaining; X = Criterion Exceeded  

Source:  2010 Integrated Report, DEQ 2010. 

 

The definition of agriculture is summarized by the following excerpt from Chapter 45 

(785:45-5-13) of the Oklahoma WQS. 

785:45-5-13. Agriculture  

(a)    General. The surface waters of the State shall be maintained so that toxicity does not 

inhibit continued ingestion by livestock or irrigation of crops. 

(b)    Definitions. The following words and terms, when used in this Section, shall have the 

following meaning unless the context clearly indicates otherwise: 

(1)    "Long term average concentration" means the arithmetic mean of at least ten 

samples taken across at least twelve months. 

(2)    "Short term average concentration" means the arithmetic mean of all samples taken 

during any 30-day period. 

(c)    Subcategories of the Agriculture beneficial use.  

(1) The narrative and numerical criteria stated or referenced in this section and in 

Appendix F of this chapter are designed to maintain and protect the beneficial use 

classification of "Agriculture". This classification encompasses two subcategories 

which are capable of sustaining different agricultural applications. These 

subcategories are Irrigation Agriculture and Livestock Agriculture.  

(2) Irrigation Agriculture means a subcategory of the Agriculture beneficial use 

requiring water quality conditions that are dictated by individual crop tolerances. 

(3)  Livestock Agriculture is a subcategory of the Agriculture beneficial use requiring 

much less stringent protection than crop irrigation. 
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(4)  If a waterbody is designated in Appendix A of this Chapter with the Agriculture 

beneficial use but does not have a designation of a subcategory thereof, the criteria 

for Irrigation Agriculture shall be applicable.  

(d) Highly saline water. Highly saline water should be used with best management practices 

as outlined in "Diagnosis and Reclamation of Saline Soils," United States Department of 

Agriculture Handbook No. 60 (1958). 

(e)  General criteria for the protection of Irrigation Agriculture. This subsection prescribes 

general criteria to protect the Irrigation Agriculture subcategory. For chlorides, sulfates 

and total dissolved solids at 180°C (see Standard Methods); the arithmetic mean of the 

concentration of the samples taken for a year in a particular segment shall not exceed the 

historical "yearly mean standard" determined from the table in Appendix F of this 

Chapter. For permitting purposes, the long term average concentration shall not exceed 

the yearly mean standard. Yearly mean standards shall be implemented by the permitting 

authority using long term average flows
6
 and complete mixing of effluent and receiving 

water. For permitting purposes, the short term average concentration shall not exceed the 

sample standard. Sample standards shall be implemented by the permitting authority using 

short term average flows
7
 and complete mixing of effluent and receiving water. The data 

from sampling stations in each segment are averaged, and the mean chloride, sulfate, and 

total dissolved solids at 180°C are presented in Appendix F of this Chapter. Segment 

averages shall be used unless more appropriate data are available. 

(f)     Historic concentrations. The table in Appendix F of this Chapter contains statistical 

values from historical water quality data of mineral constituents. In cases where mineral 

content varies within a segment, the most pertinent data available should be used.  

(g)    Criteria to protect Irrigation Agriculture subcategory. For the purpose of protecting the 

Irrigation Agriculture subcategory, neither long term average concentrations nor short 

term average concentrations of minerals shall be required to be less than 700 mg/L for 

TDS, nor less than 250 mg/L for either chlorides or sulfates. 

To implement Oklahomaôs WQS for agriculture use, OWRB promulgated Chapter 46, 

Implementation of Oklahomaôs Water Quality Standards (OWRB 2011a). The excerpt below 

from Chapter 46: 785:46-15-8, stipulates how water quality data will be assessed to determine 

support of the agriculture use as well as how the water quality target for TMDLs will be 

defined for each mineral.  

As stipulated in the WQS, both the arithmetic mean of all samples collected and the 

percentage of samples exceeding the single sample standard shall be used to assess the 

                                                 
6
  OWRB has proposed revising this language to ñusing the greater of 1.47 cfs or long term average flowsò. See 

Page 3 of ñRegulatory Default Flows for Implementing the Agriculture Beneficial Useò at: 

http://www.owrb.ok.gov/quality/standards/pdf_standards/2012DeterminationOfRegulatoryFlowsForImplementingTheAgricultureBeneficialUse.pdf. 

7
  OWRB has proposed revising this language to ñusing the greater of 1.0 cfs or short term average flowsò. See 

Page 3 of ñRegulatory Default Flows for Implementing the Agriculture Beneficial Useò at: 

http://www.owrb.ok.gov/quality/standards/pdf_standards/2012DeterminationOfRegulatoryFlowsForImplementingTheAgricultureBeneficialUse.pdf. 

http://www.owrb.ok.gov/quality/standards/pdf_standards/2012DeterminationOfRegulatoryFlowsForImplementingTheAgricultureBeneficialUse.pdf
http://www.owrb.ok.gov/quality/standards/pdf_standards/2012DeterminationOfRegulatoryFlowsForImplementingTheAgricultureBeneficialUse.pdf
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impairment status of the agriculture use for a waterbody. Therefore, both the arithmetic mean 

of the long-term average and the single sample criterion for each water body will be used to 

develop TMDLs for chlorides, sulfates and TDS.   

785:46-15-8. Assessment of Agriculture support  

(a) Scope. The provisions of this Section shall be used to determine whether the beneficial use 

of Agriculture designated in OAC 785:45 for a waterbody is supported.  

(b)   General support tests for chlorides, sulfates and TDS.  

(1) The Agriculture beneficial use designated for a waterbody shall be deemed to be 

fully supported with respect to chloride if the mean of all chloride sample 

concentrations from that waterbody do not exceed the yearly mean standard 

prescribed in Appendix F or site specific criteria promulgated in Appendix E of OAC 

785:45 and no more than 10% of the sample concentrations from that waterbody 

exceed the sample standard prescribed in Appendix F or site specific criteria 

promulgated in Appendix E of OAC 785:45. 

(2)  The Agriculture beneficial use designated for a waterbody shall be deemed to be not 

supported with respect to chloride if the mean of all chloride sample concentrations 

from that waterbody exceeds the yearly mean standard prescribed in Appendix F or 

site specific criteria promulgated in Appendix E of OAC 785:45, or greater than 10% 

of the sample concentrations from that waterbody exceed the sample standard 

prescribed in Appendix F or site specific criteria promulgated in Appendix E of OAC 

785:45. Provided, if the chloride sample concentrations are each less than 250 mg/L, 

then the Agriculture beneficial use shall be deemed to be fully supported with respect 

to chloride. 

(3)  The Agriculture beneficial use designated for a waterbody shall be deemed to be 

fully supported with respect to sulfate if the mean of all sulfate sample 

concentrations from that waterbody do not exceed the yearly mean standard 

prescribed in Appendix F or site specific criteria promulgated in Appendix E of OAC 

785:45 and no more than 10% of the sample concentrations from that waterbody 

exceed the sample standard prescribed in Appendix F or site specific criteria 

promulgated in Appendix E of OAC 785:45. 

(4)  The Agriculture beneficial use designated for a waterbody shall be deemed to be not 

supported with respect to sulfate if the mean of all sulfate sample concentrations 

from that waterbody exceeds the yearly mean standard prescribed in Appendix F or 

site specific criteria promulgated in Appendix E of OAC 785:45, or greater than 10% 

of the sample concentrations from that waterbody exceed the sample standard 

prescribed in Appendix F or site specific criteria promulgated in Appendix E of OAC 

785:45. Provided, if the sulfate sample concentrations are each less than 250 mg/L, 

then the Agriculture beneficial use shall be deemed to be fully supported with respect 

to sulfate. 

 (5)  The Agriculture beneficial use designated for a waterbody shall be deemed to be 

fully supported with respect to TDS if the mean of all TDS sample concentrations 



2013 Rush Creek Watershed Mineral TMDLs Problem Identification and Water Quality Target  

\\file1\wqddata\planning\TMDL \Mineral TMDLs\Rush Creek\Final drafts\Rush_Creek_TMDLReport_July2013.docx 2-5 DRAFT

  July 2013 

from that waterbody do not exceed the yearly mean standard prescribed in Appendix 

F or site specific criteria promulgated in Appendix E of OAC 785:45 and no more 

than 10% of the sample concentrations from that waterbody exceed the sample 

standard prescribed in Appendix F or site specific criteria promulgated in Appendix 

E of OAC 785:45. 

(6)  The Agriculture beneficial use designated for a waterbody shall be deemed to be not 

supported with respect to TDS if the mean of all TDS sample concentrations from 

that waterbody exceeds the yearly mean standard prescribed in Appendix F or site 

specific criteria promulgated in Appendix E of OAC 785:45, or greater than 10% of 

the sample concentrations from that waterbody exceed the sample standard 

prescribed in Appendix F or site specific criteria promulgated in Appendix E of OAC 

785:45. Provided, if the TDS sample concentrations are each less than 700 mg/L, 

then the Agriculture beneficial use shall be deemed to be fully supported with respect 

to TDS. 

785:46-15-3. Data Requirements 

(d)  Minimum number of samples. 

(1)  Streams. Except when (f) of this Section or any of subsections (e), (h), (i), (j), (k), (l), 

or (m) of 785:46-15-5 applies, a minimum of 20 samples shall be required to assess 

beneficial use support due to field parameters including but not limited to DO, pH 

and temperature, and due to routine water quality constituents including but not 

limited to coliform bacteria, dissolved solids, and salts. Analyses may be aggregated 

to meet the 10 samples minimum requirements in non-wadable stream reaches that 

are 25 miles or less in length, and in wadable stream reaches that are 10 miles or 

less in length, if water quality conditions are similar at all sites. Provided, a 

minimum of 10 samples shall not be necessary if the existing samples already assure 

exceedance of the applicable percentage of a prescribed screening level.    

2.2 Problem Identification  

In this subsection water quality data summarizing waterbody impairments caused by 

elevated levels of chlorides, sulfates and TDS are summarized. Table 2-3 summarizes all 

available water quality data collected from the WQM stations identified in Table 1-1 between 

1997 and 2010. The data summary in Table 2-3 provides an understanding of the limited 

amount of water quality data available and an evaluation of the exceedances of the water 

quality criteria. This data was used to determine if a TMDL is necessary for the specific 

waterbody/pollutant combinations that were originally identified on the DEQ 2010 §303(d) list 

(DEQ 2010) within the Study Area. Within the Study Area, five of the waterbodies have 

elevated levels of chloride for which TMDLs will be required. Water quality data used to 

prepare Table 2-3 are provided in Appendix A.  

Further investigation of the chlorides data used to originally list Rush Creek Tributary D 

(OK310810050110_00) found that these samples were actually taken from a tributary to Rush 

Creek Tributary E. Therefore since there is no water quality data collected directly from Rush 

Creek Tributary D no TMDL is required for this waterbody. Additionally, no water quality data 

was available for TDS in Murray Creek (OK310810050040_00); therefore no TMDL is 

required for this pollutant.  
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2.2.1 Chlorides  

Given the small amount of chloride data available from the waterbodies in the Study 

Area, no seasonal pollutant concentration pattern can be discerned. Comparing chloride 

concentrations to stream flow and precipitation can help identify if there is seasonal 

variation in pollutant loading, however, this type of data analysis was not performed on the 

waterbodies in the Study Area because of the limited available data.  

Despite the dearth of water quality and flow data, some general inferences can be 

made about minerals and their effect on water quality. The highest concentrations of 

minerals usually occur during relatively low flow periods and high flow periods usually 

have low concentrations. This pattern is consistent with the assumption that chronic 

nonpoint source loads being transported under dry conditions are the primary source for 

minerals in the Study Area. Because high flow periods usually have low concentrations of 

minerals, storm runoff from the watershed does not appear to be a major cause of water 

quality standards violations for chloride, sulfate, or TDS. 

2.2.2 Sulfat es 

TMDLs for sulfates for Murray Creek (OK310810050040_00) and West Cox City 

Creek (OK310810050140_00) are not required. No seasonal pattern is discernible from the 

limited number of sulfate samples available for Murray Creek (OK310810050040_00) and 

West Cox City Creek (OK310810050140_00). A comparison of sulfate concentrations to 

stream flow and precipitation was not conducted for either creek given the small amount of 

sulfate samples available.  

2.2.3 Total Dissolved  Solids  

No TDS data were available for Murray Creek (OK310810050040_00), therefore a 

TDS TMDL will not be performed for Murray Creek.  

2.3 Water Quality Target s 

The Code of Federal Regulations (40 CFR Ä130.7(c)(1)) states that, ñTMDLs shall be 

established at levels necessary to attain and maintain the applicable narrative and numerical 

water quality standards.ò  Each individual water quality target established for chloride, sulfate 

or TDS must demonstrate compliance with the both the long-term numeric and short-term 

numeric criteria prescribed in Oklahoma WQS Chapter 45 (785:45-5-13) (OWRB 2011). 

TMDLs for chloride, sulfates, and TDS in streams designated with an agriculture use must 

maintain both the yearly mean standard and no more than 10% of the samples may exceed the 

single sample standard prescribed in Chapter 45 and 46. The water quality targets for chlorides, 

sulfates and TDS summarized in Table 2-4 are derived from Chapter 45 Appendix F of the 

Oklahoma WQS. These criteria are used when one or more samples in each data set for each 

pollutant exceed the default criteria in 250, 250, and 700 mg/L for chloride, sulfates, and TDS 

respectfully, as defined in OAC 785:45-5-13(g). The allowable mineral load is derived by using 

the actual or estimated flow record multiplied by the water quality target. The line drawn 

through the water quality target (single sample standard) for any given flow represents the 

maximum load that still satisfies the WQS. 
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Table 2-3 Summary of Minerals Samples, 1997-2010 

Waterbody ID 
Waterbody 

Name 
Indicator 

Data Period of 
Record 

Number of 
Samples 

Long-term 
Arithmetic 

Mean 
Concentration 

(mg/L)* 

Number of 
Samples 

Exceeding 
Single 

Sample 
Criterion** 

% Samples 
Exceeding 

Single 
Sample 

Criterion 
(NS>10%) 

AG 
Use 

Notes 

OK310810050040_00 Murray Creek 

Sulfates 2/28/02 - 8/12/02 3 368 0 0 FS TMDL not required  

TDS - - - - - - - - - - - - 
Insufficient number 
of samples; TMDL 

not required 

OK310810050130_00 
Cox City 
Creek 

Chlorides 12/14/05 - 02/8/06 2 513 2 100 NS TMDL required 

OK310810050140_00 
West Cox City 
Creek 

Chlorides 2/12/07 - 4/16/07 2 892 2 100 NS TMDL required 

Sulfates
8
 2/12/07 - 4/16/07 2 169 0 0 FS TMDL not required  

OK310810050110_00 
Rush Creek 
Tributary D 

Chlorides 2/18/97 - 2/6/98 0 - - 0 0 X 

TMDL not required; 
Lack of data; 

samples used for 
2010 assessment 

were collected from 
adjacent watershed 

OK310810050120_00 
Rush Creek 
Tributary E 

Chlorides 10/11/05 - 8/29/06 3 222 2 67 NS TMDL required 

OK310810010270_00 
Rush Creek 
Tributary G 

Chlorides 8/29/05 - 3/12/07 4 304 2 50 NS TMDL required 

OK310810010090_10 Rush Creek Chlorides 8/24/04 - 3/2/10 31 132 14 45 NS TMDL required  

NS = Not Supporting; FS = Full Support; X = Not Assessed 

* Yearly mean water quality criteria: Chlorides = 127 mg/l; Sulfates = 755 mg/l; TDS = 3008 mg/l 

** Single sample water quality criteria: Chlorides = 170 mg/l; Sulfates = 958 mg/l; TDS = 4409 mg/l 

                                                 
8
  West Cox City Creek was not listed on the 303(d) list for sulfates. But since the samples for chlorides and sulfates were collected at the same time, the 

sulfate data was also examined to make sure that West Cox City Creek was still supporting its beneficial use for Agriculture. Since West Cox City Creek 

was found to not be impaired for sulfates, it is still fully supporting its Agriculture beneficial use.  



2013 Rush Creek Watershed Mineral TMDLs Problem Identification and Water Quality Target  

\\file1\wqddata\planning\TMDL \Mineral TMDLs\Rush Creek\Final drafts\Rush_Creek_TMDLReport_July2013.docx 2-8 DRAFT

  July 2013 

2.4 Water Qualit y Target s 

The Code of Federal Regulations (40 CFR Ä130.7(c)(1)) states that, ñTMDLs shall be 

established at levels necessary to attain and maintain the applicable narrative and numerical 

water quality standards.ò  Each individual water quality target established for chloride, sulfate 

or TDS must demonstrate compliance with the both the long-term numeric and short-term 

numeric criteria prescribed in Oklahoma WQS Chapter 45 (785:45-5-13) (OWRB 2011). 

TMDLs for chloride, sulfates, and TDS in streams designated with an agriculture use must 

maintain both the yearly mean standard and no more than 10% of the samples may exceed the 

single sample standard prescribed in Chapter 45 and 46. The water quality targets for chlorides, 

sulfates and TDS summarized in Table 2-4 are derived from Chapter 45 Appendix F of the 

Oklahoma WQS. These criteria are used when one or more samples in each data set for each 

pollutant exceed the default criteria in 250, 250, and 700 mg/L for chloride, sulfates, and TDS 

respectfully, as defined in OAC 785:45-5-13(g). The allowable mineral load is derived by using 

the actual or estimated flow record multiplied by the water quality target. The line drawn 

through the water quality target (single sample standard) for any given flow represents the 

maximum load that still satisfies the WQS. 

Table 2-4 Water Quality Criteria (Chapter 45)  

WQ Segment 
(Sub-watershed) 

Chloride (mg/L) Sulfate (mg/L)  TDS at 180
o
C (mg/L) 

Yearly 
Mean 

Standard 

Sample 
Standard 

Yearly 
Mean 

Standard 

Sample 
Standard 

Yearly 
Mean 

Standard 

Sample 
Standard 

310810 127
1
 170

1
 755

1
 958

1
 3008

1
 4409

1
 

 Source:  OWRB 2011; Oklahoma Water Resources Board. 

1 = Chapter 45, Appendix F 
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SECTION 3 
POLLUTANT SOURCE ASSESSMENT 

A pollutant source assessment characterizes known and suspected sources of pollutant 

loading to impaired waterbodies. Sources within a watershed are categorized and quantified to 

the extent that information is available. Chlorides, sulfates, and TDS may originate from point 

sources such as industrial and municipal continuous dischargers, mines, CAFOs, or nonpoint 

sources such as natural background sources from geological conditions, roadway salts used for 

deicing, agricultural irrigation, groundwater diversions, and abandoned or improperly capped 

oil and gas wells.   

Point sources discharge treated wastewater and are permitted through the NPDES program. 

Nonpoint sources are diffuse sources that typically cannot be identified as entering a waterbody 

through a discrete conveyance at a single location. Nonpoint sources may emanate from natural 

sources or land activities that contribute or have historically contributed minerals to surface 

water as a result of rainfall runoff, or to groundwater that later flows into surface water. The 

potential nonpoint sources of chlorides, sulfates, and TDS considered in this report include: 

¶ Underlying local geological formations and its effect on groundwater; 

¶ Agricultural irrigation; 

¶ Salts from roadway deicing; 

¶ Commercial soil farming sites; 

¶ Abandoned or improperly capped oil and gas wells; 

¶ Historic oil and gas well related spill sites and drilling mud pits; 

¶ Historic oilfield produced water/brine ñevaporation pitsò and holding pits; and 

¶ Damaged and poorly maintained well casing and lines for underground injection wells. 

For the TMDLs in this report, all sources of pollutant loading not regulated by NPDES 

permits are considered nonpoint sources. The following discussion describes what is known 

regarding point and nonpoint sources of chlorides, sulfates, and TDS in the impaired 

watersheds. 

3.1 Continuous Point Source Dischargers  (NPDES-Permitted Facilities ) 

Under 40 CFR, §122.2, a point source is described as a discernible, confined, and discrete 

conveyance from which pollutants are or may be discharged to surface waters. NPDES-

permitted facilities classified as point sources that may contribute minerals include:  

¶ NPDES municipal wastewater treatment facility (WWTF); 

¶ NPDES industrial WWTF; 

¶ NPDES Concentrated Animal Feeding Operation (CAFO); and 

¶ NPDES-regulated stormwater discharges [MS4 (Municipal separate storm sewer system) 

permits, Industrial multi-sector general permits, and Construction general permits]. 

Continuous point source discharges such as municipal or industrial WWTFs, could result 

in discharge of elevated concentrations of chlorides. Sodium chloride is a common constituent 
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in sewage, and any appreciable pollution is marked by an increase in chloride. Stormwater 

runoff from MS4 areas, which is now regulated under the EPA NPDES Program, can also 

contain dissolved mineral concentrations. 40 C.F.R. § 130.2(h) requires that NPDES-regulated 

stormwater discharges must be addressed by the wasteload allocation component of a TMDL. 

CAFOs are recognized by EPA as significant sources of pollution, and may have the potential 

to cause serious impacts to water quality if not properly managed. 

3.1.1 NPDES Municipal Wastewater Treatment Facility (WWTF)  

There are no active permitted municipal point source facilities within the Study Area. 

3.1.2 NPDES Industrial  WWTF  

There are no active permitted industrial point source facilities within the Study Area.  

3.1.3 Concentrated Animal Feeding Operations  

The Agricultural Environmental Management Services (AEMS) of the Oklahoma 

Department of Agriculture, Food and Forestry (ODAFF) was created to help develop, 

coordinate, and oversee environmental policies and programs aimed at protecting the 

Oklahoma environment from pollutants associated with agricultural animals and their 

waste. Through regulations established by the Oklahoma Concentrated Animal Feeding 

Operation (CAFO) Act, Swine Feeding Operation (SFO) Act and Poultry Feeding 

Operation (PFO) Registration ACT, AEMS works with producers and concerned citizens to 

ensure that animal waste does not impact the waters of the State. 

A CAFO is an animal feeding operation that confines and feeds at least 1,000 animal 

units for 45 days or more in a 12-month period (ODAFF 2012). The CAFO Act is designed 

to protect water quality through the use of best management practices (BMP) such as dikes, 

berms, terraces, ditches, or other similar structures used to isolate animal waste from 

outside surface drainage, except for a 25-year, 24ïhour rainfall event (ODAFF 2012). 

CAFOs are considered no-discharge facilities for the purpose of the TMDL calculations in 

this report. 

CAFOs are designated by EPA as significant sources of pollution and may have the 

potential to cause serious impacts to water quality if not managed properly (ODAFF 2012). 

CAFOs can contribute chlorides which are found in animal waste. There are no CAFOs 

located in the Study Area. 

Poultry feeding operations not licensed under the Oklahoma Concentrated Animal 

Feeding Operation Act must register with the State Board of Agriculture. A registered PFO 

is an animal feeding operation which raises poultry and generates more than 10 tons of 

poultry waste (litter) per year. PFOs are required to develop an Animal Waste Management 

Plan or an equivalent document such as a Nutrient Management Plan. These plans describe 

how litter will be stored and applied properly in order to protect water quality of streams 

and lakes located in the watershed. Applicable BMPs shall be included in the Plan. There 

are no PFOs located in the Study Area.  
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3.1.4 NPDES Municipal Separate Storm Sewer System  

Phase I MS4 

In 1990, the EPA developed rules establishing Phase I of the NPDES Stormwater 

Program which was designed to prevent harmful pollutants from being washed by 

stormwater runoff into MS4s (or from being dumped directly into the MS4) and then 

discharged into local water bodies (EPA 2005). Phase I of the program required 

operators of medium and large MS4s (those generally serving populations of 

100,000 or greater) to implement a stormwater management program as a means to 

control polluted discharges. Approved stormwater management programs for medium 

and large MS4s are required to address a variety of water quality-related issues, 

including roadway runoff management, municipal-owned operations, and hazardous 

waste treatment. The National Stormwater Quality Database (NSQD) summarizes 

concentrations for a number of pollutants of concern in stormwater runoff from around 

the country (Pitt et. al. 2008). Based on data summarized in the NSQD, median 

chloride concentrations for runoff from urban land uses (commercial, industrial, open 

space, and residential) were all below 10 mg/L (Pitt et. al. 2008). In the NSQD median 

effluent TDS concentrations in stormwater from urban land uses ranged from 61 to 119 

mg/L. There are no Phase I MS4 permits within the watersheds addressed in the Study 

Area.  

Phase II MS4 

Phase II of the rule extends coverage of the NPDES stormwater program to certain 

small MS4s. Small MS4s are defined as any MS4 that is not a medium or large MS4 

covered by Phase I of the NPDES Stormwater Program. Phase II requires operators of 

regulated small MS4s to obtain NPDES permits and develop a stormwater 

management program. Programs are designed to reduce discharges of pollutants to the 

ñmaximum extent practicable,ò protect water quality, and satisfy appropriate water 

quality requirements of the CWA. Small MS4 stormwater programs must address the 

following minimum control measures: 

¶ Public Education and Outreach; 

¶ Public Participation/Involvement; 

¶ Illicit Discharge Detection and Elimination; 

¶ Construction Site Runoff Control; 

¶ Post-Construction Runoff Control; and 

¶ Pollution Prevention/Good Housekeeping. 

The small MS4 General Permit for communities in Oklahoma became effective on 

February 8, 2005. DEQ provides information on the current status of the MS4 program 

on its website, which can be found at:  

http://www.deq.state.ok.us/WQDnew/stormwater/ms4/.  

There are no Phase II MS4s permits in the Study Area. 

http://www.deq.state.ok.us/WQDnew/stormwater/ms4/
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3.2 Nonpoint Sources  

The following section provides general information on nonpoint sources contributing 

chlorides, sulfates and TDS loading within the watersheds of the Study Area. Nonpoint sources 

include those sources that cannot be identified as entering a waterbody at a specific location. 

Nonpoint sources of minerals from natural sources include surface water runoff, soils, bedrock, 

and groundwater. Possible anthropogenic sources of minerals are septic wastes, animal waste, 

fertilizer, agricultural irrigation runoff, road salting for deicing of roadways, and various 

oilfield operations (e.g. mud pits, produced water, soil farming, injection disposal wells). Based 

on data from the NSQD presented in subsection 3.1.4, runoff from urban areas is not 

considered to be a significant source of minerals.  

3.2.1 Natural  Background Loads  

The Rush Springs Study Area mostly consists of grasslands and deciduous forests. 

Rain falling onto and through soils, alluvium deposits, bedrock outcroppings (e.g. 

sandstone, siltstones, shale), is a natural source of minerals as it flows into the 

watershed. Sulfate is dissolved from many rocks and soils - especially from large 

quantities of gypsum and beds of shale. Chloride and TDS is present in surface water 

runoff, being dissolved from rocks or from natural salt deposits. 

The Rush Springs hydrologic basin which consists of the Permian-age Rush 

Springs and Marlow Formations of the White Horse group geologic formations which 

are exposed at the surface. This hydrologic basin is in western Oklahoma, and 

encompasses parts of Blaine, Caddo, Canadian, Comanche, Custer, Dewey, Ellis, 

Grady, Harper, Kiowa, Major, Stephens, Washita, Woods, and Woodward counties 

(Osborn and Hardy 1999). The Rush Springs Aquifer includes the Rush Springs 

Formation which is massive, fine-grained, poorly-cemented sandstone with some 

interbedded dolomite, gypsum, shale, alluvial and terrace deposits along major streams. 

The Marlow Formation is in the eastern part of the Aquifer boundary area and is 

composed of interbedded sandstones, siltstones, mudstones, gypsum-anhydrite, and 

dolomite (OSDH 1983; Becker and Runkle 1998). The parts of the Marlow Formation 

that have high permeability and porosity are where the Marlow Formation is included as 

part of the Rush Springs Aquifer (Becker 1997). 

The Rush Springs Aquifer underlies about 2,400 square miles in west-central 

Oklahoma where the Aquifer is used predominantly for agricultural water supply 

(Mashburn and Becker 2012). The Rush Springs sandstone contains very large 

quantities of groundwater in storage, and the topography of the surface and the texture 

of the sandstone are favorable for recharge. Most of the communities overlying the 

Aquifer rely either solely or partly on groundwater from this Aquifer. The Rush Springs 

Aquifer is also an important source of water for industrial, municipal, and domestic use 

(Becker 1997). Figures 3-1a and Figure 3-1b display the general boundaries of the 

groundwater aquifers in the Study Area. Perennial streamflow occurs in many creeks 

overlying the Rush Springs Aquifer and originate from springs and seeps discharging 

from the Rush Springs Aquifer. Therefore groundwater quality in the Study Area has a 

direct impact on surface water quality.  
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 All groundwater contains minerals dissolved from rocks and soils through which 

aquifers have come in contact. The quality of dissolved minerals in groundwater 

primarily depends on the type of rock or soil through which the water has passed, the 

length of time of contact, and the pressure and temperature conditions (Norman 1955). 

Many aquifers in western Oklahoma have high concentrations of naturally occurring 

minerals because of various salt deposits in the Permian-age rock formations.  

 Chloride comes from groundwater in direct contact with halite (NaCl). Chloride 

concentrations in groundwater influence surface water quality either through 

groundwater/surface water interaction or by transporting groundwater to the land or 

receiving streams through human activities. In some groundwater, sodium chloride is 

the principal chemical constituent and occurs in such high concentrations that it makes 

the water unsuitable for most industrial, agricultural, and/or domestic uses. The residue 

left over from the evaporation of water consists primarily of minerals.  

Sulfates come from groundwater in direct contact with gypsum (CaS04*2H2O). 

Gypsum is a very soluble mineral and can lead to very high sulfate concentrations when 

dissolved in groundwater. Gypsum deposits in adjoining geologic units and within the 

Rush Springs Aquifer can result in very high sulfate concentrations (Mashburn and 

Becker 2012).  

Saline waters (such as those with chloride and sulfates) from adjoining Permian 

bedrock aquifers can migrate into portions of alluvial aquifers. Salinity also increases 

with depth in most bedrock aquifers from brines that are present in underlying geologic 

units (OWRB 2011b).    

Table 3-1 provides a limited data set of groundwater quality samples collected from 

water wells in the vicinity of the Rush Creek watershed. The date range for this 

groundwater data collected by OWRB was from June 1984 to August 1992. Figures 3-

1a and Figure 3-1b display the location of the six wells near the Study Area used to 

characterize the concentrations of chlorides, sulfates and TDS in groundwater. While all 

six wells are not located directly in the watersheds of the Study Area, the data results do 

provide a general characterization of the groundwater quality in the area. The TDS 

content in a water sample is often used as a general indicator of water quality. Although 

OWRB considers groundwater with dissolved solid concentrations less than 5,000 mg/L 

(milligrams per liter) to be fresh, water is not considered desirable for drinking if the 

quantity of minerals exceeds 500 mg/L (OWRB 2011b).  

The concentration of TDS in groundwater based on OWRB well sampling data 

ranged from 1,504 ppm to 377 ppm; averaging 789 ppm. The chloride content of 

groundwater based on OWRB well sampling data ranged from 110 ppm to less than 10 

ppm; averaging 56 mg/L. The sulfate concentrations in groundwater ranged from 841 

ppm to less than 20 ppm; averaging 191 ppm.  




