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One Total Maximum Daily Load 
 for Dissolved Oxygen 

 in Mid Cibolo Creek 
 

Executive Summary 
This document describes the total maximum daily load (TMDL) required to address low 
levels of dissolved oxygen in Mid Cibolo Creek (Segment 1913). Mid Cibolo Creek is 
located northeast of the city of San Antonio in south-central Texas. The segment begins 
immediately downstream of Interstate 10 (IH-10) and ends at the Missouri-Pacific Rail-
road Bridge west of Bracken in Comal County. However, only a small reach of Segment 
1913 is impaired—an area located above Schaefer Road in the city of Cibolo—for its des-
ignated use for limited support of aquatic life. This use was first identified as impaired in 
the State of Texas 1999 Clean Water Act Section 303(d) List (TCEQ 1999). 
  
The goal for this TMDL is to determine the allowable loading the stream can receive that 
will still allow support of the aquatic life use. Attainment of the aquatic life use is evalu-
ated by the assessment of dissolved oxygen levels. Although not considered a pollutant, 
low concentrations of dissolved oxygen may indicate excessive loadings of certain pollut-
ants. Levels of dissolved oxygen are occasionally depressed in Mid Cibolo Creek, 
probably due to the presence of oxygen-demanding substances originating from sources 
within the watershed.  
 
In 2001, the Texas Commission on Environmental Quality (TCEQ) initiated an investiga-
tion to verify the extent of the use impairment. Field investigations revealed that levels of 
dissolved oxygen fall below the minimum criterion during low flow periods (critical con-
ditions). Additional analysis identified a single point source that does not comply with 
existing permit limits as the most likely source of load that contributes to the impairment.  
 
Based on the load allocation analysis, a TMDL to meet the standards for the limited aquatic 
life use requires: 

 13 percent reduction of loading of carbonaceous biochemical oxygen demand 
(CBOD), and 

 73 percent reduction of loading of ammonia-nitrogen (NH3-N). 
 

Introduction 
Section 303(d) of the Clean Water Act requires all states to identify waters that do not 
meet, or are not expected to meet, applicable water quality standards. States must develop 
a TMDL for each pollutant that contributes to the impairment of a listed water body. The 
TCEQ is responsible for ensuring that TMDLs are developed for impaired surface waters 
in Texas. 
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In simple terms, a TMDL is like a budget that determines the amount of a particular pol-
lutant that a water body can receive and still meet its applicable water quality standards. 
In other words, TMDLs are the best possible estimates of the assimilative capacity of the 
water body for a pollutant under consideration. A TMDL is commonly expressed as a 
load with units of mass per period of time, but may be expressed in other ways. TMDLs 
must also estimate how much the pollutant load must be reduced from current levels in 
order to achieve water quality standards.  
  
This TMDL will address impairments to the limited aquatic life use due to low dissolved 
oxygen concentrations in Mid Cibolo Creek, Segment 1913. The TMDL Program is a ma-
jor component of Texas’ overall process for managing surface water quality. The Program 
addresses impaired or threatened streams, reservoirs, lakes, bays, and estuaries (water 
bodies) in, or bordering on, the state of Texas. The primary objective of the TMDL Pro-
gram is to restore and maintain the beneficial uses—such as drinking water supply, 
recreation, support of aquatic life, or fishing—of impaired or threatened water bodies. 
 
Section 303(d) of the Clean Water Act and the implementing regulations of the U.S. En-
vironmental Protection Agency (EPA) in Title 40, Code of Federal Regulations, Part 130 
(40 CFR 130) describe the statutory and regulatory requirements for acceptable TMDLs. 
The EPA provides further direction in its Guidance for Water Quality-Based Decisions: 
The TMDL Process (USEPA 1991). This TMDL document has been prepared in accor-
dance with those regulations and guidelines.  
 
The TCEQ must consider certain elements in developing a TMDL; they are described in the 
following sections: 

 Problem Definition 
 Endpoint Identification 
 Source Analysis 
 Linkage Analysis 
 Seasonal Variation 
 Margin of Safety 
 Pollutant Load Allocation 
 Public Participation 
 Implementation and Reasonable Assurance 

 
The commission adopted this document on Month, Day, Year. Upon EPA approval, this 
TMDL will become an update to the state’s Water Quality Management Plan.  
 

Problem Definition  
Mid Cibolo Creek is a third order, freshwater stream situated in the San Antonio River 
Basin. It originates west of Boerne and flows to the San Antonio River southeast of the 
city of San Antonio. Mid Cibolo Creek is 19 miles long, with a 46-square-mile water-
shed. It extends from a point 100 meters downstream of IH-10, at the border between 
Bexar and Guadalupe counties, to the Missouri-Pacific Railroad Bridge west of Bracken 
in Comal County (Figure 1).  
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Figure 1.  Project Watershed 
 
 
Land use in the area is primarily pasture and forest, although historically, it was primarily 
agricultural. However, land use is changing due to residential development associated 
with the growth of San Antonio (Figure 2). Upper Cibolo Creek, Segment 1908, is imme-
diately upstream of Mid Cibolo Creek and is included in the Edwards Aquifer recharge 
and contributing zones; as a result, there is typically little to no flow from the headwaters 
into Mid Cibolo Creek under normal conditions. 
 
Mid Cibolo Creek is designated for contact recreation, limited aquatic life use, and public 
water supply in Appendix A of the Texas Surface Water Quality Standards (TCEQ 2000). 
The criteria for assessing the limited aquatic life use are based on dissolved oxygen con-
centrations, rather than direct measurements of oxygen-demanding substances such as 
CBOD and ammonia-nitrogen.  
 
The designation of Mid Cibolo Creek for the limited aquatic life use was based on the 
presence of tolerant (non-sensitive) biological communities that are adapted to low flows 
associated with the extreme weather conditions in this portion of Texas. Dissolved oxy-
gen criteria for the limited aquatic life use are presented in Table 1. 
 
This segment was initially included on the 1999 303(d) List as partially supporting the 
aquatic life use due to depressed dissolved oxygen levels in the stream. The results for the 
most recent Texas Water Quality Inventory and 303(d) List (TCEQ 2004) are included in 
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Table 2. The table also identifies assessment units, which are hydrologically similar por-
tions of the segment; the assessment units are also delineated in Figure 1.  
 
 

 
Figure 2.  Land Use 
 
 
Table 1:  Criteria for Attainment of the Limited Aquatic Life Use 

 
 
The conclusion that Mid Cibolo Creek was impaired in 1999 was based on the compari-
son of individual grab samples, which are ordinarily taken only once on any particular day 
that the TCEQ collects samples, to the 24-hour average criterion of 3 milligrams per liter 
(mg/L) of dissolved oxygen. Historically, dissolved oxygen levels in Mid Cibolo Creek 
have been highly variable due to the extreme weather conditions experienced in this re-
gion of Texas. Consequently, individual grab samples could not accurately predict 24-
hour average concentrations, though at the time, collection of adequate data from which 
to compile a 24-hour average concentration was not very practical. 
 

Dissolved Oxygen Criteria 

Use Daily Minimum (mg/L) 24-hour Average (mg/L) 

Limited Aquatic Life  2.0 3.0 
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Table 2:  2004 Water Quality Assessment 

 
 
The TMDL Program retrieved and analyzed the data used in 1999 to determine that Mid 
Cibolo Creek was impaired from the TCEQ’s ambient monitoring database, called 
TRACS. Figure 3 shows dissolved oxygen grab samples collected throughout the Mid 
Cibolo segment from 1968 through 2001. Drought conditions and corresponding low-
flow conditions in the mid 1980s and 1990s contributed to low levels of dissolved oxygen 
in the stream. 
 
In recent years, new methods of measuring instream water quality have allowed for more 
in-depth assessment, particularly for evaluation aquatic life uses. Data loggers may be 
deployed instream and monitored remotely, which offers the capability to continuously 
monitor water quality over a specified time period. This, in turn, makes it both practical 
and possible to calculate the average and minimum values observed for dissolved oxygen 
in a water body.  
 
The 2002 Guidance for Assessing Texas Surface and Finished Drinking Water Quality 
Data (TCEQ 2002) requires the use of 24-hour average and minimum dissolved oxygen 
values for making decisions about attainment of the aquatic life use. TMDL project staff 
deployed data loggers to collect conventional and chemical water quality data to assess 
current conditions for the attainment of the aquatic life use in Mid Cibolo Creek. Biologi-
cal data were also collected. The dissolved oxygen data collected for each of the 
assessment units is presented in Figures 4a, 4b, and 4c. 

Assessment 
Unit 

 

Description 

 

Assessment Method 
Number of 
Samples Exceedances

1913_01 Lower 7 miles of segment 
from IH 10 to Bexar CR 320 Dissolved oxygen grab average 32 0 

1913_02 
From Schaefer Road (Bexar CR 
320) to approx. 0.10 miles up-
stream of Buffalo Ln in Cibolo 

Dissolved oxygen grab average 10 0 

1913_03 
From approx. 0.10 mi. upstream 
of Buffalo Ln in Cibolo to upper 
end of segment 

Dissolved oxygen grab average 22 4 

1913_01 Lower 7 miles of segment 
from IH 10 to Bexar CR 320 

Dissolved oxygen grab mini-
mum 32 0 

1913_02 
From Schaefer Road (Bexar CR 
320) to approx. 0.10 miles up-
stream of Buffalo Ln in Cibolo 

Dissolved oxygen grab mini-
mum 10 0 

1913_03 
From approx. 0.10 mi. upstream 
of Buffalo Ln in Cibolo to upper 
end of segment 

Dissolved oxygen grab mini-
mum 22 2 
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Figure 3.  Historical Dissolved Oxygen Data 
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Figure 4a.  Assessment Unit 1 – 24-hour Dissolved Oxygen Data 
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Figure 4b.  Assessment Unit 2 – 24-hour Dissolved Oxygen Data 
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Figure 4c.  Assessment Unit 3 – 24-hour Dissolved Oxygen Data 
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The additional data collected by the TMDL program demonstrated that in assessment 
units 1 and 3, neither the minimum nor the 24-hour average criteria were exceeded (Fig-
ures 4a and 4c). It also demonstrated that in several instances, minimum concentrations of 
dissolved oxygen did not meet the criterion of 2.0 mg/L (Figure 4b). This result at odds 
with the original listing, which found that dissolved oxygen levels were depressed in As-
sessment Unit 3.  
 
Based on the combined data, the TMDL program investigated possible sources of oxy-
gen-demanding substances in the creek, and found that depressed dissolved oxygen 
concentrations coincide with increased loadings from a point source in the Mid Cibolo 
Creek watershed.  
 
The Cibolo Creek Municipal Authority’s (CCMA’s) Odo J. Riedel Wastewater Treatment 
facility is the single point source discharge in the Mid Cibolo Creek watershed. In recent 
years, this facility has significantly increased its pollutant discharges (Figures 5a and 5b). 
The CCMA is currently under an enforcement order issued by the TCEQ (Attachment 1), 
and is in the process of upgrading the facility to comply with Texas Pollutant Discharge 
Elimination System (TPDES) permit limits, after which levels of ammonia-nitrogen and 
CBOD in the CCMA’s discharges are expected to comply with TPDES limits. 
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Figure 5a.  Monthly CBOD in Cibolo Creek Municipal Authority Discharge 
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Figure 5b.  Monthly Ammonia-Nitrogen in Cibolo Creek Municipal Authority Discharge 
 
 

Endpoint Identification 
The endpoints for these TMDLs are concentrations of 10 mg/L of CBOD and 3 mg/L of 
NH3-N, which should result in attainment of the 24-hour average and minimum dissolved 
oxygen criteria to support aquatic life use.  
 
The aquatic life use must be maintained through the control of point source discharges 
under the TPDES. Attainment of dissolved oxygen criteria is ensured through water-
quality-based limits included in state-issued permits. Specifically, permits issued by the 
TCEQ include limits for CBOD and ammonia-nitrogen, which can affect the levels of 
dissolved oxygen in receiving waters. The TCEQ derives these limits using the QUAL-
TX model, based on steady-state conditions and segment-specific waste load evaluations 
(WLEs). 
 
Mid Cibolo Creek is included in the Waste Load Evaluation for Cibolo Creek Below the 
Edwards Aquifer Recharge Zone in the San Antonio River Basin (TWC 1987). This 
document includes estimates of loading to Cibolo Creek from all point sources within the 
segments below the Edwards Aquifer Recharge Zone. As mentioned previously, the 
CCMA is the sole point source discharger to Mid Cibolo Creek. The CCMA’s current 
TPDES permit includes limits of 10 mg/L for CBOD and 3 mg/L for NH3-N, based on the 
QUAL-TX model and the WLE.  
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Analysis for this TMDL indicates that after facility upgrades are completed, the resulting 
instream levels of CBOD and NH3-N will be 7.31 mg/L and 2.24 mg/L, respectively, at 
the point where the discharge enters the stream. The analysis assumes that the facility is 
discharging the maximum permitted flow (6.2 million gallons per day (MGD)) and that 
the seven-day, two-year low-flow (7Q2) upstream of the discharge point is 2.5 cubic feet 
per second (cfs). These levels are predicted to result in a minimum daily average dis-
solved oxygen concentration of 2.9 mg/L approximately 2 miles downstream of the 
discharge.  
 

Source Analysis 
Pollutants may come from several sources, both point and nonpoint. The Mid Cibolo 
Creek watershed includes both types of sources. Nonpoint sources of pollutants are lim-
ited to runoff from land surfaces. 
 
Nonpoint Sources (Load Allocations) 
Nonpoint sources of pollution include all diffuse sources from which land surface runoff 
reaches a water body. Nonpoint sources of oxygen-demanding substances to Mid Cibolo 
Creek include: 

 loads in the creek originating from the watershed of Upper Cibolo Creek, Segment 
1908 (outside the project watershed), and 

 loads in runoff that flows directly to Mid Cibolo Creek from within its delineated 
watershed (inside the project watershed). 

The TMDL program developed load allocations using estimates of nonpoint source load-
ings from runoff in both of these watersheds. 
 
Nonpoint source loadings under low-flow conditions are based on the headwater flows 
specified in the QUAL-TX model, as documented in the Cibolo Creek WLE. Specifically, 
low-flow load allocations for CBOD (LFLACBOD) and ammonia-nitrogen (LFLANH) are 
calculated as follows: 
 

(a) LFLACBOD = (CBOD concentration)(headwater flow)(conversion factor) 
 LFLACBOD = (1.3mg/L)(1.62 MGD)(8.345) 
 LFLACBOD = (17.57 lbs/day) 
 
(b) LFLANH = (NH3N concentration)(headwater flow)(conversion factor) 
 LFLANH = (0.05mg/L)(1.62 MGD)(8.345) 
 LFLANH = (0.676 lbs/day) 

 
The concentrations of ammonia-nitrogen and CBOD shown above are from the WLE for 
Cibolo Creek (TWC 1987). The conversion factor translates the units of measure for flow 
and concentration to pounds per day (lbs/day).  
 
Additionally, the TMDL program developed nonpoint source loadings that result from 
rainfall runoff for both source watersheds. Flow data from the USGS gage station located 
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on Cibolo Creek at Selma, Texas (gage number 08185000), was used to develop these 
portions of the load allocation. The load allocations for runoff from the watershed of Up-
per Cibolo Creek (HFLA) were calculated using the annual average flow at the Selma 
gage (14.15 MGD) and the event mean concentration (EMC) for each constituent (City of 
Austin 2005): 
 

(c) HFLACBOD = (CBOD EMC)(annual average flow)(conversion factor) 
 HFLACBOD = (7.47 mg/L)(14.15 MGD)(8.345) 
 HFLACBOD = (882.4 lbs/day) 
 
(d) HFLANH = (NH3N EMC)(annual average flow)(conversion factor) 
 HFLANH = (0.180 mg/L)(14.15 MGD)(8.345) 
 HFLANH = (21.3 lbs/day) 

 
The load allocations originating from storm events within the watershed of Mid Cibolo 
Creek (INTLA) were also estimated. The flows used in this formula were derived as the 
ratio of the annual average flow (17 MGD) to the size of the watershed above the Selma 
gage (274 square miles) multiplied by the size of the Mid Cibolo watershed (46 square 
miles). The allocations were calculated using the following formula: 
 

(e) INTLACBOD = (CBOD EMC)(annual average flow )(conversion factor) 
 INTLACBOD = (7.47 mg/L)(2.85 MGD)(8.345) 
 INTLACBOD = (177.97 lbs/day) 
 
(f) INTLANH = (NH3N EMC)(annual average flow)(conversion factor) 
 INTLANH = (0.180 mg/L)(2.85 MGD)(8.345) 
 INTLANH = (4.29 lbs/day) 

 
The sum of the different nonpoint sources represents the total load allocations for CBOD 
and ammonia-nitrogen: 
 

(g) LACBOD = LFLACBOD + HWLACBOD + INTLACBOD 
 LACBOD = (17.6 lbs/day) + (882.4 lbs/day) + (177.9 lbs/day) 
 LACBOD = (1077.9 lbs/day) 
 
(h) LANH = LFLANH + HWLANH + INTLANH 
 LANH = (0.68 lbs/day) + (21.3 lbs/day) + (4.29 lbs/day) 
 LANH = (26.27 lbs/day) 

  
Point Sources (Waste Load Allocations) 
Mid Cibolo Creek receives point source discharge from only the CCMA plant. CBOD 
and ammonia-nitrogen loads were calculated using the maximum permitted flow estab-
lished in the individual permits. 
 
Loading estimates for the CCMA plant were developed using the average pollutant con-
centrations since January 1, 2004, which are included in self-reporting data, and the 
maximum permitted flow. Waste load allocation loadings from point sources for CBOD 
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(WLACBOD) and ammonia-nitrogen (WLANH) were developed using the following formu-
las: 
 

(i) WLACBOD = (average CBOD concentration)(permitted flow)(conversion factor) 
 WLACBOD = (11.5 mg/L)(6.2 MGD)(8.345) 
 WLACBOD = 595 lbs/day 
 
(j) WLANH = (average NH3N concentration)(permitted flow)(conversion factor) 
 WLANH = (11.15 mg/L)(6.2 MGD)(8.345) 
 WLANH = 576.8 lbs/day 

 
Non-Continuous WLA 
Loads associated with storm water discharges in urbanized areas covered under a general 
permit for municipal separate storm sewer systems (MS4s) should be accounted for in the 
WLA. The determination of the load attributed to storm water under the MS4 permit was 
based on the portion of the Mid Cibolo Creek watershed that is considered urbanized ac-
cording to the 1990 U.S. Census (59 percent). This portion can then be removed from the 
load allocation and included in the waste load allocation. 

 
(k) WLACBODMS4 = LA * % Watershed Urbanized, where  
 WLACBODMS4 = 1077.9 lbs/day * 0.59 
 WLACBODMS4 = 635.9 lbs/day 

 
(l) WLANHMS4 = LA * % Watershed Urbanized, where  
 WLANHMS4 = 26.3 lbs/day * 0.59 

  WLANHMS4 = 15.5 lbs/day 
 
Total Loads 
The current, estimated total loads of CBOD and ammonia-nitrogen to Mid Cibolo Creek 
are presented in Table 3. The loading responsible for the impairment is primarily from the 
municipal point source discharge, as expressed in the waste load allocation (WLA). 
 
 
Table 3:  Summary of Current Loadings to Mid Cibolo Creek 

 
 

Constituent (lbs/day) 
Source 

CBOD NH3-N 

LA 442.4 10.8 

WLA 1230.5 592.3 

Total 1672.9 603.1 
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Linkage Analysis 
Observed minimum levels of dissolved oxygen in Mid Cibolo Creek currently do not 
meet the criterion for the protection of a limited aquatic life use. This condition corre-
sponds to increased loadings of oxygen-demanding substances from the CCMA discharge 
to Mid Cibolo Creek. This situation is expected to persist until upgrades to the CCMA 
facility have been completed and the stream is allowed to return to equilibrium. After the 
upgrades have been completed, dissolved oxygen concentrations should return to levels 
above the minimum criterion specified in the water quality standards. 
 

Seasonal Variation 
Seasonal trends in dissolved oxygen are evident from the water quality data collected in 
Mid Cibolo Creek. These trends can be attributed more to differences in seasonal tem-
peratures and instream flows rather than to varying concentrations of CBOD and 
ammonia-nitrogen.  
 
The CCMA discharge, however, exhibits variability in flow, and thus effluent loads, re-
lated to seasonal factors. During the summer months, increased water re-use reduces the 
discharge flow (and load). This has resulted in decreased loadings of CBOD and ammo-
nia-nitrogen during summer periods relative to other times of the year. 
 

Margin of Safety 
The margin of safety (MOS) is a required component of the TMDL to account for any 
lack of knowledge concerning the relationship between effluent limitations and water 
quality and thus provide a higher level of assurance that the goal of the TMDL will be 
met. According to EPA guidance (Guidance for Water Quality-Based Decisions: The 
TMDL Process, 1991), the MOS can be incorporated into the TMDL implicitly by using 
conservative model assumptions to develop allocations. The QUAL-TX model applies 
conservative assumptions when deriving the target instream concentrations and therefore 
provides additional assurance that permits issued by the TCEQ will comply with applica-
ble water quality standards.  
 

Pollutant Load Allocation 
Typically, there are several possible allocation strategies that would achieve the TMDL 
endpoint and water quality standards. Available control options depend on the number, 
location, and character of pollutant sources. In this situation, the observed impairment is 
due to the noncompliance of a single point source discharger. Bringing that discharger 
into compliance with current permit limits should allow the stream to attain water quality 
standards. Since the low concentrations of dissolved oxygen observed were associated 
with low flows, reductions in runoff loads will not be necessary to achieve the endpoint 
concentrations of 10 mg/L of CBOD and 3 mg/L of NH3-N. 
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Tables 4 and 5 compare the load, concentration, and flow calculated for the current and 
target scenarios for CBOD and NH3-N using the existing permitted flows (included in the 
WLA). They also present the load reductions required to achieve the target values and 
attain the aquatic life use. Based on analysis of these data, the CCMA facility must reduce 
BOD must by 77.6 lbs/day and ammonia-nitrogen by 421.6 lbs/day in order to comply 
with its TPDES permit limits. 
 
 
Table 4.  Comparison of Load (L), Concentration (C), and Flow (Q) for the Current, Target, and 

Load Reductions Necessary to Achieve the Targeted CBOD Concentration 

Scenarios CBOD Load (lbs/day)1 Concentration (mg/L) Flow (MGD) 

Current 595.0 11.50 6.2 

Permitted Load 517.4 10 6.2 

Load Reduction 77.6 (13%) --- --- 
1L (lbs/day)  = C (mg/L) * Q (MGD) * (Conversion Factor) 
 = C (mg/L) * Q (MGD) * (8.345) 
 = C * Q * 8.345 

 
 
 
Table 5.  Comparison of Loads (L), Concentrations (C), and Flows (Q) for the Current, Target, 

and Load Reductions Necessary to Achieve the Targeted NH3-N Concentration 

Scenarios NH3-N Load (lbs/day)1 Concentration (mg/L) Flow (MGD) 

Current 576.78 11.15 6.2 

Permitted Load 155.2 3 6.2 

Load Reduction 421.6 (73%) --- --- 

1L (lbs/day) = C (mg/L) * Q (MGD) * (Conversion Factor) 
 = C (mg/L) * Q (MGD) * (8.345) 
 = C * Q * 8.345 

 
 
Several scenarios were tested to determine the TMDL. The load allocations for the se-
lected scenarios were calculated using the following equation: 
 

(m) TMDL = LA + WLA Where: 
 LA = load allocation (nonpoint source contributions); 
 WLA = wasteload allocation (point source allocation); and 
   

Values derived in the source analysis were used in this equation to develop the TMDL for 
Mid Cibolo Creek for CBOD and ammonia-nitrogen. 
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(n) TMDLCBOD = 3LA + 3WLA, where  
 TMDLCBOD = (LACBOD - WLACCBODMS4) + (WLA + WLACBODHMS4)  
 TMDLCBOD = (1077.9 lbs/day - 635.9 lbs/day) + (517.4 lbs/day + 635.9 lbs/day) 
 TMDLCBOD = 442 lbs/day + 1153.3 lbs/day 
 TMDLCBOD = 1595.3 lbs/day 
  
(o) TMDLNH3-N = 3LA + 3WLA, where  
 TMDLNH3-N = (LANH3-N - WLANHMS4) + (WLA + WLANHMS4) 
 TMDLNH3-N = (26.3 lbs/day - 15.5 lbs/day) + (155.2 lbs/day + 15.5 lbs/day) 
 TMDLNH3-N = 10.8 lbs/day + 170.7 lbs/day  

TMDLNH3-N = 181.5 lbs/day 
 
Reducing the current CBOD and NH3-N loads should have a significant positive impact 
on downstream dissolved oxygen concentrations. This is demonstrated in Figure 6, which 
depicts the results produced by the QUAL-TX model when using both permitted and ac-
tual conditions. Average dissolved oxygen concentrations should reach a minimum value 
of 2.9 mg/L approximately 1.2 miles downstream from the CCMA discharge point. Al-
though the QUAL-TX model does not predict effects on 24-hour dissolved oxygen 
concentrations, they should also be positively affected by the reductions in loads. 
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Figure 6.  Predicted Downstream Dissolved Oxygen Concentrations Based upon QUAL-TX  

Calculations 
 
 
As shown in Figure 6, the model indicates that under current conditions the average dis-
solved oxygen values (blue line) in the stream will not meet the 24-hour average criterion of 
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3.0 mg/L. However, field measurements taken during the 2002-2004 period indicate that 
average dissolved oxygen values met the criteria (Figure 4b). This discrepancy between 
simulated and measured dissolved oxygen values may be the result of several factors includ-
ing, but not limited to: 

1) Use of wrong flow and/or quality values. 
2) Eutrophication not represented in the QUAL-TX model. 
3) The conservative nature of the QUAL-TX model. 
4) Inappropriate assumptions with respect to the terms applied in the model. 

 

Public Participation 
The TCEQ maintains an inclusive public participation process. From the inception of the 
investigation, the project team sought to ensure that stakeholders were informed and in-
volved. The project team also recognized that communication and comments from the 
stakeholders in the watershed would strengthen the project and its implementation. 
 
The TCEQ held a public meeting for this project on July 27, 2006, in Cibolo, Texas. This 
meeting provided background information on the water quality impairment and the objec-
tives and status of the current study. The meeting was attended by local residents and 
representatives from government and utilities, including representatives of the discharger 
affected by this TMDL. 
 

Implementation and Reasonable Assurances 
The TMDL development process involves the preparation of two documents:  

1) a TMDL, which determines the maximum amount of pollutant a water body can 
receive in a single day and still meet applicable water quality standards, and  

2) an implementation plan (I-Plan), which is a detailed description and schedule of 
the regulatory and voluntary management measures necessary to achieve the pol-
lutant reductions identified in the TMDL.  

 
During TMDL development, the TCEQ determines the acceptable pollutant load for im-
paired water bodies and apportions the load among broad categories of pollutant sources 
in the watershed. This information is summarized in a TMDL report such as this docu-
ment. 
 
During TMDL implementation, the TCEQ develops the management strategies needed to 
restore water quality to an impaired water body. This information is summarized in an I-
Plan that references, but is separate from, the TMDL document. The I-Plan details load 
reduction and other mitigation measures planned to restore water quality in an impaired 
water body.  
 
The TCEQ is committed to developing I-Plans for all TMDLs adopted by the commission 
and to ensuring the plans are implemented. I-Plans are critical to ensure water quality 
standards are restored and maintained. They are not subject to EPA approval. 
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The TCEQ works with stakeholders to develop the strategies summarized in the I-Plan. I-
Plans may use an adaptive management approach that achieves initial loading allocations 
from a subset of the source categories. Adaptive management allows for development or 
refinement of methods to achieve the environmental goal of the plan.  
 
Periodic and repeated evaluations of the effectiveness of implementation measures assure 
that progress is occurring, and may show that the original distribution of loading among 
sources should be modified to increase efficiency. This adaptive approach provides rea-
sonable assurance that the necessary regulatory and voluntary activities to achieve the 
pollutant reductions will be implemented. 
 
This approach provides reasonable assurances that the necessary regulatory and voluntary 
activities to achieve the pollutant reductions identified will be implemented. In addition, 
the CCMA is currently under an enforcement order by the TCEQ. Under the terms of the 
Enforcement Order (Docket No. 2001-0896-MWD-E; Enforcement Case No 7995), the 
CCMA must be in compliance with its permit limits by June 2007. 
 
Implementation Processes to Address the TMDL 
Together, a TMDL and an I-Plan direct the correction of unacceptable water quality con-
ditions in an impaired surface water of the state. A TMDL broadly identifies the pollutant 
load goal after assessment of existing conditions, and the impact on those conditions from 
probable or known sources. A TMDL identifies a total loading from the combination of 
point sources and nonpoint sources that would allow attainment of the established water 
quality standard.  
 
An I-Plan specifically identifies required or voluntary implementation actions that will be 
taken to achieve the pollutant loading goals of the TMDL. Regulatory actions identified 
in the I-Plan could include adjustment of an effluent limitation in a wastewater permit, a 
schedule for the elimination of a certain pollutant source, identification of any nonpoint 
source discharge that would be regulated as a point source, a limitation or prohibition for 
authorizing a point source under a general permit, or a required modification to a storm 
water management program (SWMP) and pollution prevention plan (PPP).  
 
Strategies to optimize compliance and oversight are identified in an I-Plan when neces-
sary. Such strategies may include additional monitoring and reporting of effluent 
discharge quality to evaluate and verify loading trends, adjustment of an inspection fre-
quency or a response protocol to public complaints, and escalation of an enforcement 
remedy to require corrective action of a regulated entity contributing to an impairment.  
 
A TMDL and the underlying assumptions, model scenarios, and assessment results are 
not and should not be interpreted as required effluent limitations, pollutant load reduc-
tions that will be applied to specific permits, or any other regulatory action necessary to 
achieve attainment of the water quality standard. In simple terms, a TMDL is like a 
budget that determines the amount of a particular pollutant that the water body can re-
ceive and still meet a water quality standard. The I-Plan adopted by the Commission will 
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direct implementation requirements applicable to certain sources contributing a pollutant 
load to the impaired water.  
 
The I-Plan will be developed through effective coordination with stakeholders affected by 
or interested in the goals of the TMDL. In determining which sources need to accomplish 
what reductions, the I-Plan may consider factors such as cost, feasibility, the current 
availability or likelihood of funding, existing or planned pollutant reduction initiatives 
such as watershed-based protection plans, whether a source is subject to an existing regu-
lation, the willingness and commitment of a regulated or unregulated source, and a host 
of additional factors.  
 
Ultimately, the I-Plan will identify the commitments and requirements to be implemented 
through specific permit actions and other means. For these reasons, the I-Plan that is 
adopted may not approximate the predicted loadings identified category by category in 
the TMDL and its underlying assessment, but with certain exceptions, the I-Plan must 
nonetheless meet the overall loading goal established by the Commission-adopted and 
EPA-approved TMDL.  
 
An exception would include an I-Plan that identifies a phased implementation that takes 
advantage of an adaptive management approach. It is not practical or feasible to approach 
all TMDL implementation as a one-time, short-term restoration effort. This is particularly 
true when a challenging wasteload reduction or load reduction was required by the 
TMDL, high uncertainty with the TMDL analysis exists, there is a need to reconsider or 
revise the established water quality standard, or the pollutant load reduction would re-
quire costly infrastructure and capital improvements. Instead, activities contained in the 
first phase of implementation may be the full scope of the initial I-Plan and include 
strategies to make substantial progress towards source reduction and elimination, refine 
the TMDL analysis, conduct site-specific analyses of the appropriateness of an existing 
use, and monitor in stream water quality to gage the results of the first phase. Ultimately, 
the accomplishments of the first phase would lead to development of a phase two or final 
I-Plan or revision of TMDL. This adaptive management approach is consistent with es-
tablished guidance from EPA (USEPA 2006). 
 
The TCEQ maintains an overall water quality management plan (WQMP) that directs the 
efforts to address water quality problems and restore water quality uses throughout Texas. 
The WQMP is continually updated with new, more specifically focused WQMPs, or “wa-
ter quality management plan elements” as identified in federal regulations (40 CFR 
130.6(c)). Consistent with federal requirements, each TMDL is a plan element of a 
WQMP and Commission adoption of a TMDL is state certification of the WQMP update.  
 
Because the TMDL does not reflect or direct specific implementation by any one pollut-
ant discharger, the TCEQ certifies additional “water quality management plan elements” 
to the WQMP once the I-Plan is adopted by the Commission. Based upon the TMDL and 
I-Plan, the TCEQ will propose and certify WQMP updates to establish required water-
quality-based effluent limitations necessary for specific TPDES wastewater discharge 
permits. The TCEQ would normally establish best management practices (BMPs), which 
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are a substitute for effluent limitations in TPDES MS4 storm water permits as allowed by 
the federal rules where numeric effluent limitations are infeasible (USEPA 2002). Thus, 
TCEQ would not identify specific implementation requirements applicable to a specific 
TPDES storm water permit through an effluent limitation update. However, the TCEQ 
would revise a storm water permit, require a revised SWMP or PPP, or implement other 
specific revisions affecting storm water dischargers in accordance with an adopted I-Plan. 
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Cibolo Creek Municipal Authority
P.O. Box 930

Schertz, Texas, 78154

Re: Second Amended Schedule for COl11phanceWith Ordering Provisions
Cibolo Creek Municipal Authority located approximately 2.25 miles northeast of the center of
Randolph Air Force Base on the south bank of Cibolo Creek, Bexar County, Texas
Docket No. 2001-0896-MWD-E; Enforcement Case No. 7995
Agreed Order Effective Date: August 2, 2002

Dear Mr. Dennis:

We are in receipt of your letter dated February 14, 2006, which requested an amended schedule for
completion of Ordering Provision NO.3 of the above-referenced Agreed Order. Your letter also provided
specific reasons for delays in complying with this provision.

Based on the reviewed infom1ation, we approve of the amended schedule you have requested. The new
deadhne for compliance with Ordering Provision NO.3 is June 2007.

Thank you for your continuing efforts to achieve comphance. If you have any questions, please contact Ms.
Meri MatI of the Enforcement Division staff at (512) 239-4572.

Sincerely,

.~ r, S J;J~' '. '
, \, . ,"-'. "

~.f-'<-;~ < ' - . ~
( \
,-john Sadlier, Director

Enforcement Division

cc: Manager, Water Section, San Antol1lo Regional OffIce, TCEQ
Ms. Cindy TI<.ard,Section Manager, Water Quahty Compliance Monitoring Section, Enforcement
Dlvlsion

Ms. Meri MatI, Coordinator, Enforcement Division
Central Records, Building E, MC 2] 2
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